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MSRE SYSTEMS AND COMPONENTS PERFORMANCE

ABSTRACT

When the MSRE was shut down in Décember 1969, it had accumulated
13,172 full-bower hours of operation. Salt had.beeh circulaﬁed in the
fuel syétem for 21,788 hours and in the coolaqt;system for 26,076 hours.

Essentially no difficﬁlty ﬁas encoﬁntered with the primary éystem_
dufing 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 a small continuous leakage of lubricating oil into the fuel

pumﬁ 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. :

In early operatién, difficulty was encountered with the coolant. radi-
ator. The doors would not seal, 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 ihe objectives
of the Molten-Salt Reactor Program. The géal 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 demonstrete the
practicality of the molteﬁ-salt reactor concept, with emphesis on the
compatibility of the materials (fluoride salts, graphite, ‘and container
Valloy) the performence of key components, and the reliabllity and main-
tainebility of the plant.

In the course of 5 years of testing and operation of the MSRE (1964 -
1969) the operators sccumulated 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
Prdéram semieannual progress reports (Refs. 2 to 1l) but such reporting is
pie€cemeal and sometimes ratherveondensed. On the other hand, there is
much very detailed information in test reports and operations ahd,mainte—
- nance files, but these are relatively inaccessible and specifie informa-
tion is tedious to extract. It was considered worthwhile, therefdre, to
extract, organize,'evaluate end report the experience with MSRE systems
and components. o ' - |

The purpose of this report is to present a convenient, comprehensive
description of the MSRE experience. The first chapters briefly describe

the plant and outline the chronology bf its.operation. ﬁext there is a
B chapter on the overall plant performance, ihcluding statistics‘relative
to relisbility end maintainebiiity. The chapters which follow are each
devoted to one system or component. Finally, there is & chapter of dis-

cussion and conclusions.



2. DESCRIPTION OF THE PLANT

R. H. Guymon

The MSRE was a single—rzgion; circulating molten-salt fueled, thermal
reactor which produced heat at the rate of about 8 Mw. The fuel was UFy,
in a carrier salt of L1F—BeF2-ZrF4. At the operating temperature of 1200°F,
4this salt'is a liquid which has very good physical propertles: viccosity
about 8 centipoise, density sbout 135 1b/£t3, and'vapor pressure less than
0.1 mn Hg. | | |

 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—molybdenumriroﬁ-
‘chromium alloy with exceptionel 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 diem. by 8-ft high reactor vessel is shown
in Figure 2—3; If was filled with 2-in. by 2-in. gfaphite moderator stringers
which had grooves machinedrin the sides to form flow channels for the fuel
salt. ©Since the graphite‘is eoﬁpatible with the moltehrsalt, it was possible
to use unclad graphite which is desirable to obtain good neutron economy.
The heat generated in the fuel salt asbit passed through the reactor was
transferred in the heat exchanger to a molten LiF-BeF, coolant salt. The
“coolant salt was c1rcu1ated 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 radlator tubes to remove the heat which was sent
up the coolant stack where 1t was dissipated to the atmosphere.

Drain tanks were provided for storing the fuel and coolant salts at
high temperature when the reactor was not opefating., LiF-BeF, flush salt
used for flushing the fﬁel system before end 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 fo 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 8%Kr decayed and then
were diluted with air and discharged to the atmosphere.

The fuel and coolant systems were provided with equipment for teaking
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 therfuel 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 75~ft? batches of fuel salt with hydrogen fluoride or fluorine gases.
The hydrogen fluoride treatment was for removing oxide contamination from '
the salt as Hyp0. The fluorine treatment utilized the fluoride vdlatility
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) = 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; andr(6) an instrument air system. '

All of the primary salt system was located in the reactor and drain
tank cells. These sealédApressﬁre'vessels provided secondary containment.

For a fuller descripfidn Qf,the plant, see Reference 15.







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

Design of the MSRE began in the summer of 1960 and by August 196L,
instellation was far enough along 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.

Tsble 3-1. Milestones in MSRE Operation

Salt first loaded into tanks October 24, 196k
Salt first circulated through core January 12, 1965
First criticality (235u) June 1, 1965
First operation in megavatt range January 24, 1966
Full power reached May 23, 1966
Nuclear operation with 235y concluded » March 26; 1968’
Strip uranium from fuel salt August 23-29, 1968
First critical with 233U , October 2, 1968
Reach full power with 233y | Jenuary 28, 1969
Nuclear operation concluded ' December 12, 1969

The activities during the period of non-nuclear tésting, zZero-power
experiments, and preparatibn'forrpower operatioh are outlined in Fig. 3-1.
During the prenuclear testing, except for the usual startup troubles
due to early failures and inSt:uﬁent malfunctions, all systems operated
wWell and there were no unanticipated problems in hahdling the molten -
salt. Some plugging of the offgas syétem velves and filters was encoun-
- tered, but this did not seem'sefious. o : :
Criticality was attained by adding UFy-LiF enriching salt to the
--carrier salt. More uraﬁium was added fo bring the fuel gradually to the
desired operating concentration while fhe 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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meke some repairs and modifications, including replacement of the heat-
warped radiator doors. 'The'firstftest of the secondary containment was
made during this shutdown period.

After tests in the kilowatt range showed that the dynamlcs of the
system were as expected, the approach to full power was started in
January 1966. Plugging in the fuel offges system occurred immediately
efter increasing the power to one megawatt. Almost three months were
spent investigating and remedying the offgas problem byrinstallation 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 of
the heat-removai system, was attained in May.

High-power .operation was gbruptly 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 arrey of graphite and metal specimens was
removed from the core and & new array instelled. During the flushing
operetions before the specimen- removal the fuel-pump bowl was accidentally
over-filled and some flush salt froze in the attached gas lines. Tempo-
rary heeters were installed remotely to clear the lines and in November
the offgas line at the pump bowl weas cleared by running a tool through it.

Most of the remaining operation with 235y was at power. Restrictions
continued to develop inhthe‘offgas system but caused little delay in the
program. Shutdowns were necessaryrto make repairs on the fuel sampler-
enricher, the component coolant pumps, and in-cell air line disconnects
- whose leskage caused en indication of high cell leak rate. The core
nspecimens were replaced'pefieéicelly, annual containment testS'ﬁere made,

end verious experiments conducted. Operation with 2357 fuel wes termi-
‘nated on MErch 26, 1968 so that the urenium could be stripped from the
fuel salt end replaced with “3U

During the shutdcwn‘which followed, the core specimens were replaced,

and the fuel piping and,veesels wereesurveyed using remote gamma rey;spec-
troscopy to determine the distribution of fission products. Necessary and -
preventive maintenance was also done in preparatlon for operatlon w1th

© 233y fyel.

' After testing 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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urenium and remove the corrosion produéfs produced during the fluorina-

tion.}?

attached to & drein tank begén immediately fhereafter. The cells were

Loading of 2?3U into the carrier salt through'speéial eqﬂipmént

closed and lesk-tested before the reactor was made critiéélyﬁy small ad-
ditions of 233y thréuéh the sampler-enricher. On October 8, 1968, Glenn
Seaborg’ manipulated the controls to raise the pOWer to 100 kw maklng '
the MSRE the world's first reactor to’ operate .0 n 233y, o

Early in the zero-power phy51cs experiments, the amount of gas en-
trained in the circulating fuel héd increésed‘frém <0.1 to ~ 0.5 vol %.
Investigaetion of tﬁis, as weli as diffiéuities with the sampler?enriChér
and plugglng in the offgas system, delayed the approach to full pOWer
until Jenuary 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 in the fuel loop and it appeared that they were ‘most likgly"
caused by occasional release of some gas that collected in the core.$“
This hypothesis was -supported when, late in February, & varlable -frequency
generator was used to operaste the fuel pump at reduced speed. The gas
entréiﬁment,iﬁ the'iuel ciréulgtfng loop decreased sharply (from 0.7 to
<0.1 vol %) -and the perturbations ceased entirely.!® _

Operatibns continued at various nuclear powers and. fuel-pump speeds
until June 1 when the reacfbr,ﬁas shut down to replace the core specimens,
investigate the distribution of fission products in the primary loop by
gamma. scanning, remove the offgas restrictions, and-test the sebondary
conteinment., - For the first tlme one of the control rods did not scram
- and it was replaced durlng the shutdown. . ‘

7 The remaining months of operation were spent in various studies. of
"thé behavior.of.trltlum, xenon, and certein other fission products in the
“reactor. In NoveMbpr}it,becéme evident that sufficient funds would not
 be availsble to continue operation, and on December 12, 1969 nuclear  *
operation was concluded. Anotﬁer:first occurred shortly afterrthe 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 plenned for early in the next
fiscal year.19 The operating crews were disbanded and over the next six
~ 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 number was assigned
at the end of a major shutdown or when there were substantial changes in

.the purpose or type of operation. 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 11 ' January 24, 1967
2 May 11, 1965 12 June 8, 1967
3 May 31, 1965 13 September 3, 1967
L December 5, 1965 14 September 19, 1967
5 February T, 1966 15 August 1k, 1968
6 March 26, 1966 16 December 10, 1968
7 June 11, 1966 17 January 10, 1969
8 September 14, 1966 18 : April 11, 1969
.9 November 6, 1966 19 July 31, 1969
10 December 6, 1966 C 20 " November 20, 1969

aThese are the dates on which samples, logs, etc., began to receive
nev 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 Experiment has operated
success fully and has earned a reputation for relia- .
bility." USAEC CHairman Glemn T. Seaborg at the
“ceremony marking the first operation of a reactor
fueled Wzth 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 continued

through more than a year of added experlments with 233U fuel. These
statements are supported by the statistics on the overall plant performf
ance presented in this chapter. Later chapters describe the performance

of individual components and systems which made up the plant.

4.1 Cumulative Statistics

Several different‘ipdications of how long the MSRE ren ére’presented

in Table L4-1. The time critical is a commonly used index for reactor ex-

-'periménts. Another basis of comrarison with”othér regctors is the number

of equivalent full-power hours. Integrated power (Mw-hrs) is closely re-
lated. (The figures quoted here are based on a full power of 8.0 Mw,

- which is the value 1nd1cated by heat ba.lances.20 Analyses of isotopic

changes 1nd1cate that full power was T.34 Mw, in which case the tabu-
lated Mw-hrs should be multlplled by 0.92. ). The amounts of tlme that’

salt circulated in the loops are of 1nterest from the standp01nt ‘of the
demonstration of materials compatlbility.' Each pump operated a length of ‘

“time equal to the salt circulation plus helium circulation in that loop.

The number of thermalrcycles,of various kinds on different parts of
the salt system are listea'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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Accumulated Operating Data

Time Critical (hrs)
Integrated Power (Mw-hrs)®
Equivalent Full-Power Hours

Salt Circulating Time (hrs)
Fuel Loop
Coolant Loop
Helium Circulating Time (hrs)
Fuel Loop
Coolant Loop
Time Above 900°F (hrs)
Fuel Loop '
Coolant Loop
Fill and Drain Cycles

Fuel Loop
Coolant Loop

235y Operation 233y Operation Total
11,515 6,140 17,655
72,441 33,296 105,737
9,005 4,167 13,172
15,042 6,746 21,788
16,906 9,170 26,026
4, 0k6 3,384 7,430
3,172 1,535 L, 707
20,789 10,059 30,848
17,44y 9,994 - 27,L438
' 37 1k 51
13 6 19

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



Table 4,2 MBRE Cumulative Cycle History

‘ ; : ~ | Thaw | Usage
! . . Quench & { Factor
Component 'Heat/Cool |Fill/Drain|Pover |Quench ;‘ Time . On/Off | Thaw: Trans, &
Fuel System | a3 55 1 101 : '
Coolant System 11 18 97
Fuel Purp - 16 ¢ 51 101 | b 711
Coolant Pump 12 . 19 Cid i 156 .
Freeze Flanges 100, 101, 102 13 51 | 101 ; ; 99.09
Freeze Flanges 200, 201 12 ‘: 18 o ; ? 57.50"
Penetrations 200, 201 '~ 12 18 : or '
Freeze Vilve 103 B 29 €2
Freeze Valve 10k o1 f . i 12 3h
Freeze Valve 105 ‘ 21 : ; - 20 5T
Freeze Valve 106 23 ‘ : 3k Lk
Freeze Valve 107 15 22
- {Freeze Valve 108 16 , : 17 28
Freeze Valve 109 15 - . : 23 30
Freeze Valve 110 - 8 | ’ 4 10
Freeze Valve 111 ‘ 6 - : . - L 6
Freeze Valve 112 2 | 12
Freeze Valve 20L 12 . ‘ . 15 42
Freeze Valve 206 ' 12 \ 13 L1
FD-1 Cooler e 1 _ T L hrs
ED2 Cooler e LISV ' -

: *These figures are based on the original éalculations} Iflfhey were based on freeze flangé thermal
cycle tests, the usage factors would be 23.04% and 13.37%.

JAS
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' freeze flanges. Here the fuel flanges experienced 99% of the permissible
number of cycles based on early celculetions or 23% of the number perm1351-
blé on the basis of extended tests of a prototype flange.

In order to put the MSRE record in proper perspective, 1t is neces-
sary to measure it against those of other reactors in a similar stage of
development. A comparison on the basis of equivaient full-power hours is
made in Table 4-3. It is not invidious to say that the MSRE compares vell
with'othen reactors having the same purpose; that is, to demonstrate the

practicality of a reactor concept.

') Availability during Various Periods

The best index of the relisbility of a plant should be the fractlon
of time (over some extended period) that it is availeble for its intended
service. Perhaps inevitably, however, in experimental plants where the
» ebJectives include.mere:than eimply genereting‘power, the definition of
-availability is not elways so clearcut. Therefore we have presenteéd in
Table 4-4 an index which, in principle, is less significantﬁbut-whose' A
definition is quite clear; nemely,gthe time that the reactor was actually
critical in each 3-month period dnring the 4 years of power operation.
Percentages of elapsed time are shown for selected intervele, but these
must not be regarded as & measure of reliability since the reactor was
subcritical much of the timerbecause the planned program required it.
',(Durlng shutdowns for core specimen removal or the substitution of
233y, for example.)

" In the MSRE test progra.m16 it was planned that there be a perlod of
) 0peratlon for the prlmary purpose of demonstratlng plant rellablllty.
. This phase of the program covered the last 15 months of operation with
2353, Table 4-5 gives a breekdcwn of the time during this period. The
, reactor.weS'critical 80% of the time and the availability of the plant,
as defined in this table, was 86%. This amply justified Dr. Sesborg's
statement quoted at the head of this chapter. | )

Another indication of rellabllity is how long a plant can be kept
continuously on line. In the final run with 235y, 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

L - woo First bperation Interval h
Type Reactor ~ *Critical Terminated (years) ~ EFPH
Aqueous - ' o
Homogeneous . HRE-2 12/57 5/61 3.4 3,100 -
Organic-Cooled OMRE 9/57 - 4/63 5.6 5,93k
Piqua 6/63 - 1/66 - 2.6 5,642
Sodiun-Graphite SRE W57 2/64 6.8 8,140
c : Hallam 8/62 9/6k 2.1 2,661
HTGR | Peach Bottom _ 3/66 b 3.8 10,836
IMFBR 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 ’ o
(Core #1) 12/57 - 2/6h 6.2 27,781
BWR , EBWR 12/56 6/67 10.5 11,164
VBWR 8/57  12/63 6.3 11,81k
MSR '  MSRE 6/65  12/69 - k.5 13,172

®Calculated from thermal Mv-hrs and installed capacities reported
in USAEC-DRDT booklet "Operating History of U. S. Nuclear Power Reactors —
1969" except Shippingport Core-l data from April 1964 Nucleonics.
bOperation is ‘not yet ferminated. EFPH quoted is through 1969.

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

Hours ‘ Critical Time
Year Quarter Critical Elepsed Time
1 62 : 1
2 1070
1966 3 113
L 1221
! e ‘ 0 5TA
1067 2 118 L 73.9% (%3%y)
3 1292 . (1967)
' « 97.2 '
L 214k (qtr.) ‘
1 2045
2 0
1968 3 o
A 735 N
1 1800
2 1375
1969 5 105% 61.5% L 56%
L 2176 (1969) (23%y)
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[

- Table 4-5 Breskdown of Time during Susteined Operation Phase-
Of MSRE Program (December 14, 1966 - March 26, 1968)

Activity or Condition - - Time ~Percentage
Critical | 8934 hr  79.6
Available Chenging specimens I 264 5.6 086.3
Annual tests R 54 1.1
Air-line disconnects (1/67) 13 4 2.8
Sempler latch (8/67) 354 7.5
Maintenance Component - cooling pump (9/67T) 34 0.6 11
Sempler wiring (12/67) . -.34d 0.6
: | vView in reactor cell. :(6/67)» : 6 4. 1.3
Other ' 1 Miscellaneous ' Co o 0.9 22

Total elapsed | . 484  100.0
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~ the planned 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 relidbility,21 but it turned out that the availa-
bility of the plant was still remarkebly high. This is shown in Table 4-6.
Here available time includes (in addition to the critical time) suberiti-
cal intervals during the zero-powver expérimehts, time spent in changing
the pump power supply during varidble-épeed-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 4-1 provides a broad view of the MSRE operation and major 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
L figures and 11 tebles which follow.

Figure 4-2 covers 1966, the first year of power operation; It shows
when salt was in the fuel loop, when the reactor was at power, andAaSSigns
& number to each interruption in either. A number in a circle means the
interruption was due to some experiment. A number in a square meané that
the interruption was necessary because of trouble with some system or com-
ponent. Figures k-3, h-4, and 4-5 display the same kind of information
for 1967, 1968, and 1969 respectively.

In Tabies 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 4-1k.
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Teble 4-6 Time Critical and Time Availsble During 233U Phase

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

Hours

Percentage

 Overall (9/10/68 - 12/12/69) 10959

8609

| Periéd ’ : : Elapsed Crit. Ayail. Crit. Avail.

 Zero-power expts.'(9/10/§8 - 11/28/68) 1895 649 - 1852 34,2 97.7
Interim (11/28/68 - 1/12/69) 1092 86 10 7.9 10.1
First Power Runs (1/12/69 - 6€/1/69) 3355 - 3175 3268 9h4.6  9T.L
Shutdown (6/1/69) - 8/9/69) . 16k2 0 %8 0 24.8
Later Pover Runs (8/10/69 - 12/12/69) 297k = 2230 2971 T75.0 . 99.9
6140 56.0 78.6
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i j " fable k-7, INTERRUPTIONS OF CPERATION DURING 1966
What Happered Cause end Related Activities
3 £ i ol ¥ $lsls 3
IR RO AR R I AR
SHHHEDB R B R
o | we (Bl | B B8 d|Ba| 8] 8355 85] 5 085555 du)as) 5 5] £ T)ks|Ek
1 1/s51f20) M P ~
2 |y » P
3 1/22 M| ou P
oo/ I : ) P
5 1/23 M P-W
6 | 1/23 A : . N
7| 1/2% i A . P
8 | 1/25 Ul I ' P i
9 [i/es-1/2d M Ml u ) ow| pw| w{ w W v
10 2/16 » ] M v | pw v v
11 k/6 4 P-W
2 |. 412 M| u ? :
13 b/1h N ]
1k u/16 At 8 P
15 Lf20 M M b4
16 Lfz0 A* 8 P
7 h/21 M v
18 | k22 Alal al P }
19 | w/es A PW ’
20 4/25 A*f A 8 P
21 uf28 oA P
22 b/28 Iyl Y s |
23 8/29 M| M P-W
-2 kj29 3 ] v P
25 | s/ M PV
;- 26 | s5/12 2] a a| P
‘ ,5 27 5/16 ¥ . P
28 | s/19 AL oA )
29 | s/z3 » 8 P
30 5/25 N P :
31 s/26 ) P
32 5/26 M P P
33 5/26 " . P
% | 5/2% ¥ o . P
35 5/28 A W | P-W| 8w v v
% | 6 ¥ P
37 | 6/ N : W
38 6/19 X - P
39 6/26 ’ oA 8 P
%o 6/21 At} oA A A . P-W
u | 7/ A A P
k2 7/15 F oS Y P
43 T/17 A u M PV W W W W W w
s | 1020 ul . : 1.
k5 | 10/10 M Py
w6 | 10/12 1A . P
47 | 1016 I ' - P-W
8 | 10/ u P-W
9 | 10/31 | 4 ' P
50 | n/m ¥ P-W
51 fnie | M ?
52 | u/fis o ?
.53 | 1At M P-¥
sh | 11/20 M W W | W P-W v
55 | 12/23 Il P P
56 | 12/24 A P P
51 { 12/25 A R I P

*Reportable Unscheduled Rod Screm
= Automatic
= Manual
= Primary
= Secondary .
= Worked on During Period Following the Interruptién; Includes Preventive Maintenance

® w 'Y X
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INTERRUPTIONS OF OPERATION DURING 1967

Table &-8.

Cause and Related Activities
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oTRI 3RTE00

uUpmag Ty

g peog

wRIdg poy

a*

HoF3NPeY
aen0d

Date

1/18

1/12

5

1/28
1/30-2/2

o
8
S5

31
3/6
37
3/13

&

5/8

6/21
6/23
6/25
6/30
1/12

1/16

1213

*Reportable Unscheduled Rod Scram

Ko.

M1
16 | b/28-k /30
s/5

17
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19
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24

8/1
25]8/8-8/11
j:7281
9/18
9/18

26
27
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29| 10/9
%] 1o/
31| 10/23
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33

u| 1/

35

A = Automatic
¥ = Manual

P =

Primary

W = Worked on During Period Following the Interruption; Includes Preventive Maintenance

8 = Secondary



INTERRUPTIONS OF OPERATION DURING 1968

Table 4-9,

31

Cause and Related Activities
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S
o
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2/21

- 10/21
/27
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12/17

NoJ

123.u.56789mn
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15

*Reportable Unscheduled Rod Scram

= Automatic

A

Manual

M =

P = Primary

8 = Secondary

VW = Worked on During Period Following the Interruption; Includes Preventive Maintenance
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Table 4-10. INTERRUPTIONS OF OPERATION DURING 1969

What Bappened : Co . Ceuse and Related Activities
] ; g AR1E 3 : 5
B 3 H g £ Blowm] 8 4
HHEHMHHEE BB R HE R
% g - f) - o sﬂ ] g 53 ] 4 . -4 3 5 [

it HEIHHHHE R EHH B EHHIE R
1] 113 | m W
2] 123 | u P
3 1/26 u i 4
L} 1/28 L P
s 2f7 u 4
[ 2/ )] P
T 216 | w ]
8) 2/22 | v
9 2/21 N P
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= Automatic

= Manual -

= Primary

= Secondary

= Worked on During Period Following the Interruntion; Includes Preventive Maintenance
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Teble 4.11 Description of Interruptions of Operation
During 1966 ’
No. ‘Date Description and Related Activities

1 1/5-1/20

2 1/21

3 1/22

L 1/23

5 1/23

6* 1/23 /
T 1/2h

8*  1/25

9 1/25-1/26

10. 2/16

~“Low-power . tests to calibrate nuclear instruments,

check radiation levels, collect data for dynamlcs_
and noise analysis, obtain reactivity balances,
and check out the control circuits.

Rod scram due to acc1dental shorting of the 32-v dc'
power supply while 1nvest1gat1ng a No. 3 safety
channel trip.

Rod and load scram to test circuitry.

Rod scram due to & voltage sag. ‘ ,

Power-redudtion 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 faise low coolant flow indicatioh.

Rod scram due to inadvertent actuation of the manual
scram switch.

Fuel and coolent 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 suxiliary charcoal bed were re-
‘moved. -The filter in the main offgas line was re-
placed and-the pressure control valve (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 shleld air lock
problem was investigated.

Fuel drein 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

* .
Reporteble unscheduled rod scram.
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Teble 4.11 (continued) | N ' -

No. Date Description and Related Activities

10 (con't) space cooler No. 2 wés‘fixed. A statie inverter was
installed to replace motor generator No. L. 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 & drein tank
vent check valve.

12 h/12 Rod scram and load scram to test performance of the rods
and radistor doors.

13 L/1y Power reduction to collect data for noise analysis.

« :

1h 4/16 Rod scram due to the fuel pump stopping which was
caused by a false low salt level indication.

15 L/20 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. Qi)

17 /21 Power reduction due to charcoal beds plugging.

*

18 y/22 Rod scram, load scram, fuel drain and coolant drain
initiated by & faulty pump pressure relay which
tripped instrument power breskers. . Some salt froze
in radiator because the coolant pump could not be
started due to a lubricating oil flow switch
failure (FS-T5h).

% , )
19 L/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. '

%

21 4/28 Rod scram and load scram due to TVA power outage

caused by a storm.
. .

22 4/28 Rod scram end load scram due to spurious safety chan-
nel trips possibly caused by an electrical storm.

23 h/29‘ Manuel rod scram and load scram to check effect of

cold doors on radiator temperatures. Shutdown was
necessary to repair the latch on the sampler- F
enricher. ' &sf

%
Reporteble unscheduled rod scram.
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Table 4.11 (continued)

32

No. Date Description and Related Activities

2k - L/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. '

% . '

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 L4O°F
difference between actual temperature and temperature
demand setpoint. '

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

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

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

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

- & I - B
34 5/26 Msnual rod scram end load scram to investigate a
: false fire alarm.
35 .5/28 Fuel drain due to a failufe'of componeht ¢oolant pump

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

N B )
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 éomponenﬁ
, coolant pumps, the electrical load was redistributed
and sttempts were made to locate the water lesk
into the cells.

36 6/14 Power reduction due to & failure in the electrical
supply to the nuclear instruments. ,

37 6/14 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.
M .

4o 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.

. , 7 ,

L1 T/1k Rod scram and load scram due to a TVA power outage.

¥

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

43 T/17 Power reduction and coolant drain due to a catastrophic

failure of main blower No, ] hub. The fuel salt was
drained on T/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 offgaes line. Lesgks 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 wsater from them. Repairs were
made on the radiator door seals, radiator heaters,
and the main blower motors. All the electrical
switch gear breaskers were calibrated. Prior to
startup, the fuel and coolant pumps lube o0il was
changéd, the periodic check lists were completed and
the cells were lesk-tested at 10 psig.

—
Reportable unscheduled rod scram,
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Table L4.11 (continued)

No.

Date

- Description and Related Activities

Ly
L5

#

L6

L3

e
48

ko

50

-

°2

53

5l

#
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 & process

radiation detector (RE-528).

Power reduction due to en 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. = ' o

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 check 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 lesk 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). Hesters were installed on the inlets of
mein 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.

. SR
Reportable unscheduled rod scram.
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Table 4.11 (continued)

No. Date . Description and Related Activities

56 12/2h4 - 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.

5T 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.
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Table L4.12 Descrlptlon of Interruptions of Operation

Durlng 1967
No. Date Description and Related Activities
1 1/12 ' Rod scram and load scram due to a freeze valve (Fv-108)

relay tripping the reactor out of RUN during an in-
vestigation of the plastic keepers on the relays.

2 1/1k ’ Power reduction to observe xenon decay rate and ob-
tain zero-power reactivity balance data.

3 1/16 Fuel drein due to leaskage from the in-cell air line
' disconnects. The measured leakage was so high that
_reasonable cell lesk rate calculations were not pos-
sible. The disconnects were replaced. While shut
down, the main offgas fllter 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.

L 1/28 Power”reduetion:to test automatic load control.

5 1/30-2/2° , Power reductlon to take plctures of the radiator end
N investigate heat transfer of the radiator and heat
exchanger. Also made dynamic tests and checked the
temperature servo system.

6 2/5 Powerrrednctlon due to the failure of a freeze valve
module (FV-10T7) which trlpped the reactor out of :
RUN mode.ri
T 2/26 o Power,reqnetionrguehte main blower No,ll,vibration.
8 . 2/26-2/2T Power,reauCtien to-obtain,heat—tranSfer data.
9 3/1 . Power reduction due to coolant system offgas filter
, ' o plugglng-
‘lOVlr 3/6 l ~ Power reductlon due to electrlcal power supply trouble

to nuclear safety and rod servo.

-1 73/7 ' ‘l; » Powerfreductlon'due to a bad bearing on main blower
' : No. 3. Remained et low power to observe effect of
- xenon decay on reactivity balance.

* ‘ L
Reportable unscheduled rod scram.
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No.

Date

Descriptibn and Related Activities

3
12

13

1k

15

16
7T

18

19
20

21

22

3/13

3/19

3/23
h/ll

"4/28-14/30

5/5

5/8

6/21"
6/23

6/25 -

Rod scram and load scram due to false signal on safety

channel 3 while doing periodic instrument check lists.

Rod reverse and load scram due to false low fue14pump
speed indication while doing periodic instrument
check lists.

Power reduction due to vibration on main blower No. 3.

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

Power reduction to cdllect data for noise analysis.

Power reduction to test reactor response to load ‘
changes without rod changes.

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 braskes, 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 lesk-tested at 20 psig.

Power reduction to obtain heat-transfer data.

Power reduction to repair an oil pressure switch on
component coolant pump No. 1. A

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 (844) was re-
‘placed, and a heavier base was installed on main .
blower No. 3.

‘Rod scram and load scram due to an operator resetting

the wrong channel vhile doing periodic instrument
check lists.

# ‘
Reporteble unscheduled rod scram.
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No. Date Description and Related Activities
* .

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

o 8/7 Power reduction to obtain heat-transfer data.

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

26 9/11 Coolant drain due to the radiator door binding in the
guides.

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

28 9/18 Fuel drain due to a lesk through the discharge valve of
component coolant pump No. 2 which prevented repair
of the oil leak.

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

% t ) : :

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 reasctivity balance. .

32 11714 Power reduction to collecp data for noise analysis.

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

* e ; .

34 11/22 - Rod screm while maintenance was being performed on the

' rod servo instrumentat;nn.-
35 - 12/13 Power reduction to observe the effect of xenon poison-

~ ing on the reactivity balance and to collect data
for noise analysis.

® - . ;
Reportable unscheduled rod scram.
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Table 4.13 Descriﬁtion of Interruptions of Operation

During 1968

No. Date

Description and Related Activities

1 1/22
2 2/21
"3 2/29
Y 3/7
5  3/22
6 3/25
T 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 noise- analysis.

Power reduction to test the rod servo instrumentsation
"under simulated 233y 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 hegt-transfer data.

Power reduction to make dynamics tests.

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

Manuel rod scram to end 2335y ope;ation.

Fuel drain to end 23%y operation. Shutdown was emmi-
nent due to a tangled drive casble 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
vfggl processing plent where the 235y was removed.

U 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 leek-tested
at 20 psig. : '

Fuel drain for adding more 233U as part of the criti-
cality experiment.
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No.

Date

Description and Related Activities

10

11

12

13

S 1k

15

9/17

9/21

10/21

11/27

11/28

12/17

Fuel drain for adding more 233y as part ~of - the criti-
cality experiment.

Fuel drain for adding more 233y as part of the criti-
cality experlment.

Fuel drain due to inverter failure. Operator-failed to
reset reactor cell radiation monitor in time to pre-
vent drain.

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.

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.

Fuel drein 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.

% v
Reportaeble unscheduled rod scram.
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Table L4.14t 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".

L 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.

7 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 meking 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 varisble
frequency motor generator set.

. .

1L 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.

#
- Reporteble unscheduled rod scram,
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No. Date Description and Related Activities
* - , - S

16 L/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 L/12 Load scram due to a disturbance in the 48-v dc power
supply .

% .

18 Lk/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 vhich caused dlfflculty in emptylng the overflow
tank. )

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

%

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

26 5/27 Manual rod scram and 1oad scram due to fallure of the
variable speed motor generator set.

27 Manual rod scram, load scram,(fuel drain, .and coolant

6/1

" 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 date was taken. - A heater was in-
stelled on the main offgas line near the fuel pump
which aided in removing the plug. The overflow tank

%
Reportable unscheduled rod scram.



46

Table 4.1k (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 investigate
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‘speéd
motor generator set.

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

34 8/21 Power reduction due to failure of the varisble speed
: motor genersator set.
® _
35 8/28 Manual rod scram and load scram due to failure of the
variable speed motor generator set. >
* .
36 8/29 Menual 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 9/7 Power reduction due to an error in calculating the
regctivity balance.
39 9/9 Power reduction to collect data for noise analysis, to
: meke gamma scans and run rod drop tests.
Lo 9/16 Power reduction to connect the fuel pump to the normal

electrical supply.

* .
Reporteble unscheduled rod scram.

I\r\
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(- Table 4.14 (con't)
- No. Date Description and Related Activities
41 9/18 Power reductlon to replace a bearlng on Main Blower
o No. 1.

k2 9/23 . Power ‘reduction to replece a bearing on Main Blower
No. 1. While shut down, connected the fuel pump to
the variable speed. motor generator set.

43 9/30 Load scram due to dirty contacts on relays.

Ly 9/30 " Load scram due to dirty contacts on relays.

s 9/30 _‘ALoad scram due to dirty contacts on relays.

L6 9/30 Load scram due to dirty contacts on relays.

L7 9/30 : Load scram due to dirty contacts on relays.

48 10/1 " Power reduction to comnect the fuel pump to’ the normal

- electrical supply.
49 10/3 . Power Peduction due to door being inadvertently left
QEJ : ! : open in an exclusion area which caused inadequate

containment ventilation.

50 10/15 Power reduction to take a specisl fuel-pump gas sample.

51 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 trip of a coolant salt flow
relay while doing periodic instrument check lists.

53 10/24 o Load scram while testing relays after they were re-
paired. Operator_failed to reset the relsays.

Sk 11/2 - Manual rod scram, load. scram, fuel drain and coolant
drain to teke gamma-scan data. '

55  12/3 o Power reduction to teke 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 tebles summarize the foregoing mass of 1nformat10n on
interruptions. Table 4-15 is a summary by type; Table 4-16, by cause and
work done during the interruption. Because unscheduled scrams of the con-
Xrol rods are of speciael interest, a separate breskdown of these is given
in Teble 4-17. It should be noted that never were the rods scrammed because
of the reactor power, the ?eactqr period, or the fuel temperature going out

of limits.

4.4 Time Required for Operational Tasks

, One aspect of the opefability of a plant (and ohe which affects plant
availebility) 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 approiimate number of working hours required>for
various tasks are listed in Table 4-18. One must recognize that some of
these figures are subJeEt to considerable vaE}ation. The time required to
do & particular task depended on chance difficulties that were encountered,
the experience of the crew, other jobs being done concurrently and the
urgency of speedily completlng the task, i. e., whether or not it was given
a high brlorlty. Furthermore, sometimes extra requirements such as special
data-teking caused the Job to take longer than usual. The figures in Table
4-18 apply to fairly norﬁal situations; not the best nor the worst. Very
brief describtions of the tasks are given below, with references to the

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

4L.4.1 Auxiliary Systems Startup Check Lists

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

LA — 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  Total
Power Reduction: Automatic 3 -0 0 0 3
Manual 23 23 5 39 90

Rod Scram: Automatic 20 T 1 T 35
: Manual 6 1 2 3 12

Load Scram: Automatic 13 '8 1 1k 36
Manual 6 1 1 3 11

Fuel Drain Automatic 3 0 1 2 6
Manueal T L 6 3 20

Coolant Drain Automatic - 1 0 0 1 2
: Manual 3 3 1 3 10

Total 85 L7 18 75 225




Table 4-16.
Work Done During Interruption

Summary of Interruptions* by Cause and

50

S Number of Interruptions
1966 1967|1968 |__1969 | Total
Category P S W | P S W IP S W |P S Wip S W
Planned 8 0 o1k 00012 00 0f2k O 0|58 O O.

Unplanned
But Due to an

Experiment 3 00 0O 0 0OjOo O 013 0 0|16 0 ©
Check Lists 0 5 0 2 0looo}lo 10|11 8
Human Error T 1 0 21 01 102 3 01{11 6 -3

Fuel and '

Coolant Salt A

Systems '3 0ol 000|000 O0O|]0OO1f3 001
Radiator or

Blowers 6 1 5 Y o s{o 0 1|2 0 3|12 113
Offgas Bsytem 110 012 0 2]0 0 2 1 2|12 118
Water System 1 0 & 01 3/]0 00 o}l1 17
Component Coolant P

System 2 0 6 2 0 2 0O 0 2 0O 0 0 4 010
Containment and -

Ventilation 1 0 00/0 0O 0 2 1 3
TVA Power Outage 2 0 0j0 O O 0 1 0
Electrical and

Heaters L o-4; 1 0 1f{0 0 1;213 1| 713 7
Instrument Air ! ;

System 1 o1, 10110 0 0:0 0 11|2 03
Instrumentation 11 0 3{ 70 7|1 0 0111 0 9 {30 019
Control Rods 0O 02, 00 2}J0 0 210 0 1|0 0T
Freeze Valves 06 00 00O O}J0O0OO}j0110O 10
Samplers 2 03 2. 0 3}|112;0011]5 109
Periodic Con- ,

tainment Tests 0 0 3 0 210 0 1 0O L]0 0 7T
Core Specimens 0 o1! 10 0 0 1 0 2 0 L

ROTE ;
S .
W

nnan

preventive maintenance).

*
No interruption of operations during this entire perlod was caused

Primary cause of interruption.
Secondary cause of interruption.
Worked on during period following the interruption (includes

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



Table 4.17 MSRE Cumulative Cycle History

Thaw Usage
! ! Quench & Factor
Component Heat/Cool [Fill/Drain|Pover|Quench | Time On/0off| Thaw| Trans.: &
Fuel System 13 55 101
Coolant System 11 18 97
|Fuel Pump 16 51 101 71
i{Coolant Pump : 12 19 9T 156
Freeze Flanges 100, 101, 102! 13 51 101 | 99,00
Freeze Flanges 200, 201 12 18 o . 57.50"
Penetrations 200, 201 12 18 4 971 :
Freeze Valve 103 13 201 62
Freeze Valve 10l 21 12 34
Freeze Valve 105 21 20 . _ ST
Freeze Valve 106 23 34 L
Freeze Valve 10T 15 b ;22
Freeze Valve 108 16 17. 28
Freeze Valve 109 15 P23 ? 30
Freeze Valve 110 g R
Freeze Valve 111 6 ’ L
Freeze Valve 112 2 L1 2
Freeze Valve 204 12 ! | a5 ¢ o
Freeze Valve 206 122 ' 1301
FD-1 Cooler : % 4 hrs :
FD-2 Cooler f 5 13-1/h4 hr

*These figures are based on the original calculations, If they were based on
cycle tests, the usage factors would be 23,04% and 13.37%.

freeze flange thermal

18




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

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 1-7"
4B Instrument air system startup check list L-8 1-7"
ke Water system startup check list 4y -8 l-T*
kp Component cooling system startup check list 1-2 1-7"
LB 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 - 18 *%

(3 .Cell leak rate at pressure 60 o

(4 Evacuate cells and purge with nitrogen . 18 - 24 W

(s First cell leak rate at -2 psig >170 LR
LF Ventilation system startup check 1list : L -8 1-7%

%
iTe) leak detector system startup check list ' o 2-h 1-7
Ly -Instrumentation startup check list : 160 - 200 1-g, 1-7, 1-T
SA Purging oxygen and moisture from the fuel circulation system 30 - ko e
5B Startup of cover-gas and offgas systems 2 -k l-T*
*
5E Startup of lube oil systems : 2-14 1-T
5F Heatup of fuel and coolant systems ‘ 4o - 50 *Rik
SH Routine pressure test : .20 = 30 K
*

."Done on shift,

**Most of this was done on day shift with some assistance from the shifts,

***This did not require much attention.

This required the attention of most of the shift operating crev,

2s




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

This

This required the attention of most of the shift operating crew,

did not require much attention.

(continued)

\ . MANPOWER -
Operating E= Engineer
Procedures . Time to T= Technician

Section Complete P= Pipefitter
Nunber Operation (hrs) I= Instrument Mechanic
51 F1lling the fuel and coolant systems
(1) Filling the coolant system - 9- 12 HR
(2 Filling the fuel system with flush salt 9-12 ek
(3) = Drain of flush salt and secure 3-5 HRAK
(&) Prepare for fuel f£ill ‘ 8-9 Fe
" (5) 'F1lling the fuel system with fuel salt’ 10 - 12 L
5 © Criticality and power operation
(1) Preparation for eriticality and power operation 1-2 S 1
) Suberitical to full power 1 1-7
6A3 or . -

"~ 6AM Fuel salt sampling or enriching 3-1 2-7
6B Coolant salt sampling 1 1-T
8 Periodic instrument checks

8A Neutron level instruments 5 -7 2-1
8B Process ‘radiation monitors 1 3-T
' 8D " Bafety eircuit checks 2-4 2 to 3-T
9I Emptying the overflow tank 1/2-1 2-T
124 Logs _
128-2A  First control room log on each shift 3/h - 1-1/4 1-m"
*
Done on shift.
**Most of this was done on day shift with some assistance from the shifts,
)

€s



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

(continued)
— MANPOWER
Operating E= Engineer
Procedures Time to T= Technician
Section : Complete Pe= Pipefitter
Number Operation (hrs) I= Instrument Mechanic
124 Logs (continued) ‘ )
12A-2A  Second control room log on each shift 1/6 1~T:
12A-2B Pirst building log each day 1-1/2 - 2 1-T,
12A-2B  First bullding log on other shifts v 1/2 - 1 1-1T,
12A-2B Second building log on each shift 1/3 - 1/2 1-T
10 Shutdown of the Reactor
(1 Full pover to suberitical 0-1 1T,
2 Fuel salt drain and secure 3~-5 l-T*
3 Coolant salt drain and secure 2-1 1-7
b Cool down to LOO°F - L8 - 60 *
OA-1 Restarting equipment after an electrical power outage 1/6 RN
5J-1 Return to power after a load and rod scram 1 l-T*
114, 51, ‘
& 5J Return to power after a drain
(1) Drain to both drain tanks (transfer through transfer lines) 50 - 60 R
(2 Drain to both drain tanks (transfer through fill lines) 20 - 30 HHHK
(3 Drain to one drain tank 10 - 15 K
*
Done on shift, ,
**Most of this was done on day shift with some assistance from the shifts.
***This did not require much attention,
****This required the attention of the shift operating crew,

s
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4B — Instrument Air System Startup Check List assured that the com-
pressors and driers were operating properly, that the standby compressor
would automatiéallj start if needed, and that emergency nitrogen cylinders
were instelled. : ,

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

4D — Component Cooling Systems Sfartup Check List assured that all
va;ving was set properly and that all blowers were operable. .

4E — Shield end Containment Startup Chéck 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 shleldlng was also checked to assure that it
, had been relnstalled 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 to 20 psig
by adding instrument air. Part (3) involved teking pressure and tempera-
ture data periodically to establish the cell leak rate. Some containment
valves and lines were checked while at rreséure. The time required for
checking these is included in Part (1). Part (4) is the time required to
vent the cells, evacuate to -2 psig, and purge with nitrogen. Part (5)
also involved taking periodic data. Sinée there was -a small wéter legk in
the cell, it took about T days for the atmosphere to reach gquilibrium.

hF»—-Ventilation,Systemetartup Check List assured that a stack fan
was in operation, that the other one would automatically start, and that
ventilation was adequate in.all areas.

LG — Leak Detector Systems Startup Check List assured that all valves
were open to leak-detected flanges and that the overall leak-rate was
satisfactory. ' )

hH — Instrumentation Startup,Check List assured that each instrument
and ciréuit functioned pggperly}' 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 instrument 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 actuasl startup of the reactor'
(Section 5) are described below. “
' S5A — Purging Oxygen and Moisture from the Fuel Circulating System in-
volved setting the helium purge at maximum rate and opera;ing the fuel
pump to circulate it. The time of purge was a calculaﬁedvnumber.

5B — Startup of Cover Gas and Offgas System involved setting the
valves end checking the helium treatipg station.
‘ ;SE — Start of Lube.dil Sysfems involved checking the supply tank,
draining the oil catch tank, éetting velves and checking that the standby
pumps would start automatically. '

~ SF — Heatup of Fuel and Coolent Systems involved raising the heater

settingé end mainteining a reésonéble temperature distribution. The fuel
. and coolant systems could be heated simﬁlﬁgneously. The time given is -
for heating the coolant system from room tempersture and the reactor sys-
tem from L4OO°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.
All pressure switches and their control or alarm actions were checked.

5I — Filling the Fuel and Coolant Systems is divided into 4 parts.
Part (1) involved thawing the freeze valves, filling the coolant loop,
.checking 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
-dreining the flush salt, emptying the overflow tank and freezing the
freeze valve. Part’(4) involved thawing the freeze valve, sdjusting tem-
peratures, running rod drop times and various other safety checks and
teking base line countrate data. Part (5) involved £illing the fuel
loop with fuel salt, stopping at six levels toitake count rafe datsa,
freezing the drain freeze valve and starting the fuel pump.

5J —-Criticality_and Power Operation is divided into 2 parts.
Part (l) involved ruhning rod drop and other tests. The time doeé-hot
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include check lists 8A, 8B, or 8D which sometimes had to be done before
criticality (see 4.4.3). Part (2) involved menipulating the rqu‘and

heat-removal system components'to reach full power.

k.43 Operation

Various jobs were done while the resctor was operating. These are
described below. _ B

6A3 or 6A4 — 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. 7

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

8 — Periodic Instrument Checks involved testing as much of the

critical equipment as possible without interrupting operation of the
reactor. | |
91 — Emptying the Overflow Tank involved pressurizing it with helium
end 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 descrlbed below. - It is divided into 4 parts.
Part (1) involved reduc1ng the power. This could be done by scramming
the rods and the load or by inserting the rods and lowering the radiator
doors. Part (2) involved draining the fuel system and freezing the freeze
valves. Part (3) involved draining the coolant system‘and freezing the
freeze valves. Part (L) involved cooling the systems to 400°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 & desire to return to

operation as soon as possible. Some of these are described below.



DAYS
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ORNL-~-DWG 73-596

Repairs, modificati p i
and core specimen replacement,

{nstrumentation startup check list.
Containment stertup check list.

Other systems startup check lists.

Last closure of primary system,

Purge of primary system,

Weld membrane and instal! blocks on cells.
Pressurize cefls to 20 psig.

Leak~test celis at 20 psig.

évncum cells and pruge with nitrogen.
Heat up fuel and coolant loops.
Moisture reaching equilibrium in cells.
First cell lsak rate at vacuum.

Fill coolant system.

Fill fuel systém with flush salt,

Sample coolant salt,

Sample flush sait.

Drain flush salt.

Prepare for fuel salt fill.
VFIII fuel system with fuel salt.

Sample fuel salt.

Preparation for criticality and power operation.

Criticality and taking the reactor to full power,

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

8¢

—
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9A-1 — Restart Equipment After a Power Outage involved starting the
diesels, restarting equipment and resetting tripped instruments. o

5d-1 — Return to Power After & Load and Rod Scram involved ménipu-
lating the rods and heat-removal system components to return to po#ér. If
no instrument or equipment tests were necessary, this could be done in
less than an hour. ' | '

11A, 5I, and 5J — Return to Power After a Drain is divided into
3 parts. Part (1) assumes a drain to both drain tanks followed by a
transferbthrough 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

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

as shown in Fig. L4-6.

4.5 Changés Mede in the Plant

rThe number and kinds of'changes made in a plant after it begins
'operation are influenced by two aifferent things: original design and
 changing activities. In some single-purpose systgms 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 chéngeé in the mode of operation. Iﬁ any event,
time spent in meking changesiaffects the availaebility of the plant.

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

only a few caused significant delsy 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 any modification was made. (Section 13B of -
Reférence‘22,rwhich prescribes the procedure, defines a modificatioh as
"a change in the physical plant which produces & significently 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, 113 change requests were initiated of which 87
‘were gpproved.

Teble 4-19 summerizes for each 6-month period the number of requests
initiated and approved for the reactor. The tgble 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. 7

Teble 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.
- the 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 L-19
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Type Change

3U30

10

29
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12

1y

12

10

5
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10
61

60

3k

25
13
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17

L6

Supdpg

17

1L

18

100

TeoTUeYOSK |

11

11

11

51

mofe]

Reason for Change Requests

3430

19
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59

25
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12

12
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5

1%

" Number of

Requests
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27

115
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76

55
30

23

17

2

512

passanbay

3k

1126

173

103

69
34

32

‘18

2y

20

633

Period

JTeH |

1st®

2nd

1st

2nd

2nd

1st

2nd

1st

2nd

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

kT

1965

1966

1967 | 1st

1968

1969

Total

a



Summary of Chem Plant Change Requests

Table L4-20
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Type Change
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1968

1969
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4.6 Tabulatioh of Recorded Variables at Full power

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

reactor'variébles'atrnormhl conditions. However,‘even thbdgh the MSRE ran

" at full power much of the time, conditions were constantly chanéing due
méinly to the varlous-experiments which were performed. Also some of

the variables were not recordédrregularly thus making it difficult to
sélgct 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 logs and the weekly, monthly, and other check 1lists. These aré
tabulated in Tabies 4,21 and 4.22, A snapshot. listing all of the computer
inpdts 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 tb those used in the design drawings '
and other design documents. They can be used to further identify the

vériable.
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Table 4.21, Tabulation of recorded variables
- ~Qn 10/12/69 . a

o

Identification » Description ?§7i§7§9
TE-100-A5 Line 100 (Reactor butlet) temperature v ‘l205°F_
TE-100-A6 Line 100 temperatutre ‘ ' 1169°F
TE-101-2A Line 101 témperature : 1200°F
TE-101-3A Line 101 temperature 1215°F
TE-102-3A Line 102 temperature | ' - 1160°F
TE~102-B4A Line 102 temperature - 1152°F
TE-102-5A Line 102 (Reactor_inlet) temperafure 1173°F
TE-103-A1B Line 103 ﬁemperature ‘ | ~ 908°F
TE-103-B1 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 ILine 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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é Qﬁj Table 4.21. ‘(continued)

% Idgntifiqation Description §87i;7§9

| TE-200-AS-C1A 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-BlA 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;2011‘ Radiator power ,v 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 '§g7i;7§9
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-5248 Fuel pump upper off-gas flow rate 477%

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)

Line 702 temperature

Iden§§figation Description ~§§7i;7§9
A 0,1 548 Helium oxygen cbntent 0.4 ppm

A H,0 I 548 Helium moisturé;contént 2 ppm
FI-548A Helium oxygen anélyzer 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 ai: oxygen. analyzer flow 100 cc/min
AO; 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 bubblér flow rate - 25.2 psig
RM-596 Fuel pump gas supply radiation 0.1 mr/hr
'Fi-598'fv Coolanﬁ'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 135°F
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Table 4.21 (continued)

Identification Description §87i;7§9
FI-703 Fuel pump lube oil 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 oil 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
FI1-812 Condenser water flow rate (FD-2) 40 gpm
FI1-817 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 0T-1 water flow rate 8.4 gpm
TI-822-1 0T-2 water outlet temperature 81°F
TI-823-1" OT-2 water inlet temperature 77°F
FI-823A 0T-2 water flow rate 8.6 gpm
TI-826 Treated water cooler (IW out) temperature 98°F
RM-827 Process water radiation 3 mr/hr
TI-829 Treated water cooler (IW 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)

Identifigatidn Description ?g?i;?gg
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
FI1-873 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 compressef cooler outlet water temperatufe 86°F
TI-881-2B Alir compresser head outlet water temperature 92°F
PAI-900A ccp AP ' | i 8 psi
PI-927A Ventilation filter suction 2.2 in. H20
PdI-927B2 Ventilation stack filters AP 3.3 in. H;0
PI-927C Ventilation stack fan suction 5.5 in. H20
PdI-937A TR to 840 level AP 0.05 in. H,0
PAI-938A SESA to TR AP 0.04 in. H,0
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-GOOO—SV 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 poWér 7 MW
FI-9000 Instrument air flow 20%
PIC-9006-1 Emergency Nz setpoint 65 psig
FI-9006 V Instrument air flow (emergency headgr) 447
PdI-AD2-A2 Radiator air pressure drop ' 67%

ZI-AD2 Bypass damper position 10%
FI-AD3A "Radiator stack flow rate 702

TI-AD Radiator air inlet temperature 71°F
TI-AD3-8A Radiator air outlet temperature 190°F
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Tahle 4.21 (continued)

Identification .Description ?87:;7§9
PI-AR-1 Instruﬁent'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 témperature 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 37

Eil COP-1 Coolant o0il pump No. 1 current. 0 amps
EiI cop-2 Coolant oil pump No. 2 current 8.7 amps
TE-CP-1B Coolant pump flange-neck 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 A 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
Eil-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°FY
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Table 4.21 (continued)

Identification Description fg?i;?gg
TE-CPLE-A4 CP level element pot (upper) temperature 1097°F
TE-CPLE-A5 CP level element pipe (toﬁ) temperature 1102°F
TE-CPLE-A6 CP level element sensor (lower) temperature 515°F
TE~-CPLE-A7 CP level element sensor (upper) temperatuié 372°F
TE-CR-121 Coolant radiator inlet pipe temperature 1060°F
TE+CR5123 Flow venturi pipertemperature 1020°F
LI-DC Decontamination cell sump levél 0 in.
LI-DTC Drain tank cell sump‘level ' ’ 0 in.
TE-FD-1-2A Fuel drain tank No. 1 (uppér) temperature 1115°F
TE—FD1-13A Fuel drain tank No. 1 (middle) temperature 1170°F
TE-FD1-16A Fuel drain tank No. libayonet (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 . 116i5F
TE-FD1-20A Fuel drain tank No. 1 bayonet (bottom) temperature 1161°F
WR-FD1C Fuel drain tankrNo. 1 wéight ' 1)/4
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 bayoﬁet (center) temperature 1140°F
TE-FD2-19A Fuelldrainréaﬁijo. 2 bayonet (lower) temperature 1140°F |
TE;FD2-20A Fuel drainrtanklNd. 2 bayonef (bottom) teﬁperature 1140°F
WRerZC | Fuel draiﬁrtank No.‘Z welght 5%
TE-FF-100-2 Freeze fléhgefiddiqenterVtemperature 885°F
TE-FF—lOZQZV Freeze flangéiiazrééntef'temperature 974°F‘
TE-FF-200-2 Freezeiflangerzoo'centér temperature 754°F
TE-FF4261-2 Freeze flaﬁge,ZOl cente: temperaﬁure 806°F
TE-FFT-5A - Fuel flush tank'(ﬁop)'temperature 1132°F
TE-FFT-7B ' 1174°F

Fuel fldshvtank (middle) témperature
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Table 4.21 (continued)

Identification Description ?87:;7§§
WR-FFT~C Fuel flush tank weight 69.6%
PdI-FI-Al Vent. system roughing filters AP 0.6 in., H,0
PdI-FI-A2 Vent. system absolute filters AP 1.6 in. H,0
E{I FOP-1 Fuel oil pﬁmp No. 1 current | 0 amps
EiI FOP-2 Fuel oil pump No. 2 current 8.2 amps
TE-FP-1B Fuel pump neck-flange temperature 305°F
TE~-FP-2B Fuel pump neck temperature o 559°F
TE-FP-3B Fuel pump neck-bowl temperature 962°F
TE-FP-4B Fuei‘bump bowl top temperatﬁre 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 Bowlrtop temperature 1002°F
TE-FP-11B Fuel pump flange top temperature 150°F
TE-FP-12B fuél‘pump bowl centetvtemperature‘- 998°F
TE-FPM-1B Fuel pump motor temperature “ » 120°F
SI-FP Fuel pump 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 ﬁop flahge 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 element 201A top flénge"temperaturé 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 flangé teﬁperatdre 1170°F

~ FT-201B-4A Flow element 201B pipe temperature ' 1130°F
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Table 4.21 (continued)

TE-FV-204-1B

Freeze .valve

Identification . Description {H§g7§;?§9
FT-201B-5A Flow element 201B top flange temperature 1200°F
FT-201B-6A Flow element 201B bottom flange temperature :li30°
TE-FV-103-1B Freeze valueleS shoulder temperature - 1000°F
TE-FV-103-2A Freeze valve 1037centerﬂtemperature .390°
TE-FVf103;3B Freeze valve_lOQ_shoulder temperature :540°
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;idshcenter temperature 7 1250°F_hv
TE-FV-lOS:AAA Freeaervaluerlos,adjacent pipe temperature 1160°Fp
TE-FV-105-B4A Freeze valve 105 adjacent pipe temperature' 1190°F:
TE-FV-105-5B Freeze valve4165;pot‘temperature | 1080°
TE-FV-105-6B Freeze valve lOS pipe‘temperature 1120° '
TE-FV-106-2A Freeze valve 1062center temperature 1215°F
TE-FV-106-A4A Freeze valve,lOS adjacent pipe temperature. 1140°F
TE-FV-106-B4A Freeze valve"lOGIadjacent pipe temperature 1190°F
TE-FV-106-5B Freeze valve ibGﬁpot temperature } 1120°
TE-FV-107-1A Freeze valve 1Q7,shouldervtemperature' 500°
TE;FV—107;3B Freeze valve 107 shouider temperature '7 490°F
TE—FVe107—A4 Freeze valve;;q7‘adjaceut pipe,teﬁperature 530°F
TE-FV—107—SB Freeze va;verip7;ppt teuperature‘ . 610°F
TE-FV-107-6A freeze valve-lO? potwtemperature . ,540°
TE-FV-108-3B Freeze valyeLIOS1shoulder;teuperaturefu 7 440’
TE-FV-108-B4 Freeie]vaire 10§iaujaeentvpipe temperaturej 450°E3'1
TE-FV-108-5B Freeze'ualve”108 pot temperature | ' 640°F
TE-FV~108-6A " Freeze valve:108rpot‘temperature 54363
'TE—FV%lOQ-lB' Freeee valve5109kshouluer_temperature 4709F
TE-FV-109-6A Freeze valve 109 pot temperature 595°F
204 shoulder temperature 7907?
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Table 4.21 (continued§

Identification Description §§7i;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 téﬁperature 908°F
PI-HB-A Hiéh bay préésure' ' ' -0.19 in. H0
TE-HX-1A Heat exchahgér coolant out temperature 1060°F
TE-HX-4A Heat exchanger coolant in temperature 1180°F
TE-HX-7A Heatrexchénéér shell (center) temperature 1165°F
ZI-ID-A Inlet radiator door position 82.5%
TE-OFT-1 Overflow tank pipe temperature 934°F
TE-OFT-2B Overflow tank top temperature 1202°F
TE~OFT-4 Overflow tank side temperature 1190°F
ZI-0D-A Outlet radiator door. position 79.5%
LI-OT1A3 Fuel oil .supply tank level 647
RM-0T1 Fuel oil supply tank radiation 1.7 mr/hr
LT-0T2A3 Coolant oil.supply tank level 582
RM-0T2 Coolant oil supply tank radiation 0.1 mr/hr
TIC-0; R1-1 Helium oxygen removal No. 1 temperature 790°F
TIC 02 R2-1 Helium oxygen removal No. 2 temperature . 1235°F
TIC 0; R1-2 Helium oxygen removal No. 1 wall temperature 513°F
TIC 02 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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Table 4.21 (continued)

-

IQéntification - Description L v?87i;7§9
TE R-7A Reactor neck temperature - 799°F
TE RrSA Reactor neck temperature , 680°F
TE R-9 Reactor neck temperatﬁre‘_ ; | 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.RPSZAV Reactor bottom temperature ., 1170°F
TE R934A . Reactor neck flénge temperature » 233°F
TE R-35 . Reactor neck,flange:tempegature 198°F
TE R=36A _ Reactor control_rdd:No. 1 (upper) temperature 449°F
TE R-37A A Reactor control rod No. 2 (uppg;) temperature 431°F
TE R-38A Reactor con;:olirod‘Np. 3 (upper) temperature 460°F
TE R-39A Reactor control}xad,No. 1 (lower) tem@g;ature 855°F
TE R-40A . Reactor control rod No; 2,(lowér) temperature 786°F
TE R-41A | ‘Reactor control rod Nb; 3 (lower) temperature 689°F
TE R-43B ' Reactor graphite tube (lower) temperatﬁre 1025°F
TE R-44A Reactor neck (bottom) temperature o 1218°F
TE R-46A Reactor neck (upﬁer) temperature) . 250°F
TE 3%47 7 Reactor neck (upper) temperature , 215°F
TE R{48 Reactor neck (ﬁéfer) temperature A 7 ‘ 212°F
TE R-52 7 Reactor thermal well temperature : - 810°F
LI RC-C Reactor cell sump level S .. 0in.
PLRC-A ~  Reactor cell pressure ' : ~2.5 psig
FI—Slrwi : Containment's;ack flow L : 75%
VRM-SlA, 7 Containment stack alpha ‘ 100 cpm
RM-SIB Containméﬁtrstaékrbeta gamma - o 11 cpm
RM?SIC Containment $t§¢k:io§1ner _ 7 : 530 cpm
- LI SC-A -Storage cell sump'ievel ' : 1.0 in, H20
LI TC-A ' Spare cell sump level | 0.4 in. Hz0
PI VI-1 Vapor suppression tank pressure 0.4 psig
LI WI-A Waste tank level 107 in. H20

LI WIC-A Waste tank cell level ’ 2.6 in. H,0
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~ Table 4.21 (continued)

Identification Description ?g?i;?%Q
Main blower vibration <1 mil

OACOT Official average coolant outlet temperature 1011.5fF

OAFOT 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
Control 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 voltage 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 v260 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 alr dryer purge rate 12 cfm
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U Table 4.22, Tabulation of recorded heater current on 10/12/69
(average of 3 phases)

besceiprion M bescopeion TR bescrnvion ISt
B-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 FV206-14 . 1.5 HX-1 0
200-13 17 H204-1 15 HX-2 16
| 201-12 13 H206-1 o1 HX-3 .16
202-2 14 cDI-1 15 FP-1 6
v 200-14 6 CDT-2 11 FP-2 6
200-15 10 coT-3 12 RAN-1 0
201-10 11 CP-1 13 RAN-2 0
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
FT201A2 6 CRCE-1 16 H-104-1 8
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
0 H101-3 13 FD-1-2 17

u H203-1
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Table 4.22 . (continued) -

Description §g7i;7§9 Descriptiyn | ?87:;759 f Déécription - §g7i;7§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 FV-105-2 ' FV-108-3 5
FV-104-3 FV-105-3 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 c1
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 9 FV-107-3 3

FV-106-1 6 FV-107-1 1°

FV-106-4 FV-107-3 5

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

FV-104-2 9 FV-108-2 5

q:j_



Table 4.23,
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at 0400 on 10/12/69

Computer snapshot taken

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
FI-201-B 28  Coolant salt flow 840 gpm
FT-512-A 236 Coolant pump purge gas flow 0.65 liter/min
FT—516—3 234  Fuel pump purge gas flow 2.39 liter/min
FT-524-B 235 Fuel pump upper offgas flow 133 ce/min
FT-526-C 237 Coolant pump upperroffgas flow 83 cc/min
FI-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 20 Coolant pump lube oil flow 3.87 gpm
FT-754-A 241 Coolant pump coolant oil flow 6.54 gpm
LE-CP-A 65 Coolant pump level 4.6 in. salt
LT-OT-1-A 248  Fuel oilitank level 12.4 in, oil
LT-0T-2-A 250 Coolant oil tank level 11.1 in. oil
LT-524—C 251 01l catch tank No. 1 level 11.3 in. oil
LT-526 252 01l 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 leﬁel 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—cﬁarcoél 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. H20
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 01l 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 01l tank No. 1 radiation 1.8 mr/hr
~ RE-0T-2-B 263 01l 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 7Z 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 radiation 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/hxr <.
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 . Reactorzpbwer' 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—C?—Gl—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. v
TE-AD3-4 185 VRédiato# pgtiet duct wall température 107°F
TE-AD3-5A 186  Radiator -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 Radiatbf{bqtlet air temperature 178°F
TE-CDT-2A 181 . Coolant drain tank bottom temperature 1210°F
TEQCDT+87 182_»-Coolaﬁtrdféin tank middle temperature 1203°F -
TE~-CP-A2B 127 = Coolant pump -bowl-neck temperature ‘ 804°F
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Table 4.23 (continued)

Identification 22:? 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 Coolant pump motor temperature 96°F
TE-CTS-D 90 Surveillance rig top zone temperaturei 1200°F
TE~-CTS-E 88 Surveillance rig mid zone temperature 12§O°F
TE-CTS-F 87 Surveillance rig bottom zone temperature 1220°F
TE-DH-1 267 Diesel house ambient temperature .76°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 tank 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-DIC-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 Freeze flange 101 middle temperature 585°F

110
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‘Table 4.23 (continuéd)

Identification :::? Description Reading
No. ' 10/12/69

TE-FF101-6 111 Freeze flagge 101 outer temperature " 454°F
TE—FF1Q2-4 112 Freeze flange 102 inner temperature 868°F

" TE-FF-102-5 113 Ffeéze_flange 102 middle temperature 631°F
TE-FF-102-6 114 Freezerflange,loz 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 flaﬁge 200 outer temperature 477°F
‘TE-FFZOi-4 118 Freezeiﬁlange 201 inner temperature 796°F
TE-FF201-5 120 Freeze flange 201 middle temperature 605°F
TE-FF201-6 121 Fréezé 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,neckeflange temperature 303°F
TE-FP-2A 93 ‘Fuel pump neck temperature 7 518°F
TE;FP—3A; 94  Fuel pqmﬁ ﬁeck-bdwl 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 {lZlZiF
TE—FP—SB  103 Fuel pump,boﬁlfbottpm.temperature/  1208°F
TE-FP-9A 96  Fuel pumpfggck—bowl temperature 950°F

' TE-FPQIOA 97 Fuel.pﬁmpibéwl top temperature 992°F
TE-FP-11A 100 Fuel pump flange top temperature 146°F
TE-FPMilAﬂ' 104 ,Fqgl”puﬁp!ﬁétbt‘temperature 117°F

7"TE-FST—10 217 ~Fue;'stdfagertan tempe:atgre o 81°F
TE~-FV103-2B 39 freéze valigVIOSVCéntgr temperature 407°F
iE;FV104-lB 30 Free;ervaIVé,104,shoulder,;empgrature 462°F
TEfFV1OS—ZB 47 - Freeze ?aLygrlqsrcenter temperature 1236°F
TE-FV106-2B 51 Freeze valve 106 center temperature 1214°F
TE—FV107—lB 144  Freeze valvé 107 shoulder temperature 102°F
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Table 4.23 (continued)

Particle trap temperature

Identifiéation g::? Description Readingr
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—FV109-23 151 Freeze valve 109 éenter‘temperature’ : 478°F
TE—FVIOQ-SB 152 .Fféeze valve 109 shoulder temperature 108°F
TE-FV110-1B 153 Freeze valve 110 shoulder temperature 106°F
TE-FV110-2B 154 Freeze valve 110 center temperature 77°F
TE~FV110-3B 155 Freeze valve 110 shoulder temperafure 88°F
‘TE-FV111-1B 156 Freeze Qalﬁe 111 shoulder temperature 88°F
TE-FV111-2B 157 Freeze vﬁlve 111 center temperature 80°F
TE-FV111-3B 158 TFreeze 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 penetrétion temperatﬁre 139°F
TE-OFT-6B 105 Overflow tank bottom temperature 1172°F
TE-PT2YM 183 203°F
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‘Table 4.23 (continued)

TE-SER-1

L Scan ‘ o ‘
Identification Seq. ! Description " Reading
- - No, C - --10/12/69
TE-PT-2FM 165 Particle ;:aprpemperatufe 167°F -
TE-PT-2FF 170 | Particle ?rap temperaturé-‘ 94°F _
TE-R-2 | - 26 Reactor topftemberature 1189°F
TE-R-4A 73  Reactor top temperature 1209°F
YTE-RfISA 78  Reactor side temperature 1181°F
TE-R-18A 79  Reactor sidé.temperature. 1196°F
TE-R-20A 80 - Reactor side teﬁpefatu:e' 1L§éfF
TE-R-25A ; 82 Reactor sideftemperéture g 1128°F‘
TE-R=-26A 55 Reactor bottom tempérgfuge 1182°F
TE-R-27A . 83. Reactor bottom tempené;h;e 1182°F o
TE-R-28A 84 Reactor‘Bottoﬁ téqﬁeratufe 1181°F |
TE-R-29A 56 Reactor bottom teﬁpetatdre 1180°F ’
-TE-R-30A 85 Reactor bottom teﬁperature 1181°F
TE-RréiA,, 59 Reactor Bottom teﬁpérature ;iSOfF
TE-R-42A 77 Reactor graphite tube tem§erature 431fF'
TE-Rr45A 76  Reactor neck upper temperature 232°F.
TE-R-49 8 Reactor top témperéturef, | 1185fF  ‘
TE~R-50 10 Reactor3toprﬁempérature | 1191°F
TE-R-51 12 Reactor top'tehpéraﬁuter 1l85°F
TE-Rc;il 290 Reéd;or cell ambiént temperature 139°F
TE—RC—Zl 291  Reactor qe}i;g@bieﬁt température 143°F
IE—RCe3 292 ReactorAqéliiaﬁbiént teﬁferaiuteir 149°F
TE-RC-4 294 Reactor §511 §mbient temperature 135°F
“TE-RC-5 = 295 Reactor cell ambient temperaéute 138°F
~ TE-RC-6 7 296 Reactor cell ambient témpg;at@re _ 127°F
TE4RCe7U  297 Reactor cell aﬁbient températufe y 142°F
- TE-RC-8 298 React§rfcéilrambieﬁ£ tgﬁperature‘M' 149°F
TE-RC~9 299  Reactor §eiliambient téﬁpgréturev T 139°F
TE-RC-10 301 Reacto; cell ambient temperaturerr , 153°F
178 Special equipment room ambient temperature 101°F
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Table 4.23 (continued)

Identification g::? Description .. Reading.
. " No. 10/12/69
TE-TRM-1 177 Transmitter room ambient température! VSibF -
TE-VH-1 180 Vent housekgmbient temperature 76°F
TE-VT-1 143  Vapor tank,wétef.temperature ‘ 63°F
TE-VT-2 289 Vapor tank aif temperatﬁré 66°F
TE-100-A1 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 1165°F
TE-102-5D 6 Line 102 temperature 1167°F
TE-200-C7A 122 Line 200 temperature 1014°F
TE-200-20A 64 Line 200 temperature 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 1011°F
TE-201-A2C 16 Line 202 temperature 1010°F
TE-201-B11B 123 Line 201 temperature 1068°F
TE-201~1B 63 Line 201 temperature i072°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 140°F
TE-752-1B 1957 tine 752-temperaturé A _ 123°FX
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Tablgr4.23‘ (continued)

Scén
Identification Seq. Description " Reading .,
- No, - 10/12/69

TE-755-1A 196 Line 755 temperature 126°F -
TE-575~1A 197 Line 575'tgmperétu:e:v>,;,,. 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 1lbs
WM-FD2 244  Fuel drain tank No. 2 weight 468 1bs
WM-FFT 245 Fuel flush tank weight 8800 1lbs
WM-FST . 247  Fuel storage tank weight 0 1bs
XPM-201 268 Reactor poﬁe:, - 7.6 MW
ZM-FCl 257 Fission chamber No. 1 positien 61 in.
ZM-FC2 258 - Fission éhambér No, 2 position 66 in.
ZM-NCR1 19 Cdmpensated ion chamber No. 1 position 36 in.
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Tabléj4.23 .(continued)

Identificatiqn :::? Description ‘Réading
No. - . 10/12/69

ZM%NCRﬁ 21 Compensated ion chamber No. 2 position 44"in.‘

ZM-NCR3 23 Coﬁpensated ion chamber No. 3 position 44 in,  —

ZT-ID 37 Radiator inlet door position 89 in.

ZT-0D 38

Radiator outlet door position

85 in.
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5.  FUEL SYSTEM

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

b2 ]
e

5.1 - Descfiption

, The fuel-circulating loop consisted of a graphife-moderated reactor,
‘a centrifugelLtyée fuel pump with an overflow tank, and a shell-and-tube
" heat exchanger, all connected by 5-inch Hastelloy-N piping. - The normal
V“operating temperature was about 1200°F and fuel or flush salt was circulated
at 1200 gpm, When the reactor was not in‘operation, the salt was drained
to one or both of the fuel drain tenks or to the fuel flush tank. Inter-
connecting salt piping and freeze valves permit filling tﬂe reactor or
transferring salt between tanks by manipulatlng valves in the helium sup-
ply and vent lines. :

5.2 Purginngoisture and Oxygen from the System

_ In the fall of 1964, before salt was charged into the drein tanks,
oxygen and moisture were purged from the fuel clrculatlng system and the
drain tanks. ThlS was accomplished by pressurizing the system with helium

'to assure that it was leak-tight followed by a combination of evacuation
and purging with dry helium'before and during the heatup. Details of the
.heaxup are.given in Chapter 1T7. The hellum‘was introduced at the fuel

. pump vhich was in operation to provide circulation in- the loop. The systenm

was vented or evacuated at the normal fuel pump offgas line (518) or at the
" salt transfer line (line 110) to the fuel processing system. The latter
provided a longer flow path and thus a more effective purge.

- Flgure 5—1 gives the sequence of operations used. Peaks of moisture
'in the effluent gas were observed at sbout 250°F and again at about. 650°F,
The system was evacuated. after each’ of_thesehmo;sture peeks. Further heat-
ing to 1130°F did not caﬁse‘ény significant eddf%ional moisture releases.

Later analyses of salt samples indicated that the purging had been very
effective.
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5.3 Fuel-Cireulating-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 indicators.. Onerflow oc-
curred at readings on the twogfuel-pump bubblers of 89.5 and 91%. A total
of 105 1b of salt-transfe;redito the overflow tank produced a reading on .
the level instrument of 11.5% or 4.2 inches of salt, in acceptable 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 wbuld-thaWjin-Q to 11 minutes after an emergency drain
signal. (See Chapter 20.) The time required thefeafter for the salt to
drain from the loop depended on which valves were open in the salt and gas
lines. ~Norma11y the freeze valves to both drain tanks were kept thawed
but for a while’aftef a salt filirone valve'would stili be frozen. An
- emergency drain signal acaed to'tnaw tne freeze valves and to open valves

in drain tank vent 1inesrand inrﬁhe equalizer lines between the gas in the
fuel.: pump and in the. drain tanks"but it,waS’consideredipossible that one
or more of these valves might not- open, Tests were 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 ;he equalizer valves open but one freeze valve
~kept. frozen, the drain time nas?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 fueleperation, the uranium éoncentration 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 Pﬁm. 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 sait mixed with the flush salt during each flushing opera-
tion. (For more details on salt.analysis and 1nterpretat10n of results,

see Reference 23.)

5.6 Primary System Leak

77 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 cell-
air activity did increase Which indicated & leak. Subsequent tests showed<
that the leak was at or near one of the drain-tank freeze valves (FV-105).
The activity was mostly xenon 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. Thisbwas released to
the atmosphere without exceeding the release rate permitted by the MSRE
,,safety limits.? " S o _
) The probabillty of the leak resulting from corrosion seems remote. A
review of the operation of the freeze valve does not indicate any excessive
~thermal stresses. Norabnormelitiee‘were found upon reviewing the construction
x-rays and other inspectioh'reports. It'wos noted, however, that the weld
‘between the air shroud and the salt piping at the freeze valve was not
speclfled as a full penetratlon weld. This led to the suspicion that the
- leak may be a crack that—started at this point and was propagated by stress
 cyeling. Determination of the exact location. and nature of the leak will
be axtempted during the post-operatlon exeminations. More information

on the prelimlnary 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 components,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-L.)

At the normal operating speed of 1189 rpm, it had an output of about 1250
gpm 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

the pump 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 radioactive 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 lubri-
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
in the fuel system. Small capsules were lowered into the bowl to take
samples for analysis or to add fuel salt.

- The meximum height of the liquid in the pump bowl was limited by the top
of ah overflqw line (5-1/2 in. above the center line of the volute) which
connected to a 5755ft3 overflow tank located beneath the pump. Helium bub-
bler type instrumgnts:were also used for measuring the liquid level in the
overflow tenk. Since the overflow line extended to the bottom of the over-
flow féhk, closing. e valve in the overflow tank vent line forced the salt
back to the fuel pump. ' ’
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5.8.2 Barly Operationr

The fuel pump had been ioop—tested with molten salt for 100 hrs at
1200°F before it was installea at the MSRE in October,rl96h. After instal-
lation no significant difficulties were encountered during helium circula-
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 continuous but ‘very slow, accumulation of salt in the overflow tenk was
observed throughout the early-operatlon. (see 5.8.9.)

5.8.3 Examination of Fuel Pump after Criticality Experlm.ent27

The fuel-pump rotary element was removed for inspection in September 1965
_at the end of Run 3. The pump had been used for circulating helium for 1410
hours and it had been filled with salt at the MSRE for 2120 hours, 1895 hours
of which the salt was belng c1rculated

_ The pump was generally in. good condition and appeared ready to be used
for full-power operation. The only dimens1onal change was a 0.006~-in. growth
of the pump tank bore diameter where the upper O-ring mated with the pump
tank. | |

The most 31gnif1cant dlscovery was ev1dence of & small oil leak through

the gasketed joint at the catch 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 nearrtherbottom.- Some of the oil 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 lesked past the O-ringrduring high-
temperature 0peration; Some fresh-oil was observed below the ring after
the rotary element had been moved to the decontemination cell, but it was
believed that thls oil drlpped from the Open llnes during the transfer to
~the- cell. : : ‘

All during’ subsequent Operatlons, considerable- dlfflculty was en-

;"eeuntered from plugging of the main offgas system, due largely to decom-

position products of oil. that had lesked into the pump-bowl. (See

" Chepter 8.) Because of this trouble, the gasketed Joint was seal-welded
on the spare rotary element.j However, the spare never had to be installed

‘at the MSRE. - :



T

A layer of flush salt about 3/8-inch deep containing about 40 in.3
was trapped and frozen on top of the lebyrinth 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:éan be
seen in Fig. 5-5, which is a photograph tsken during the inspection. This
photograph also shows the contrast between the surfaces exposed to the
sélt, which'were bright but not corroded, and those above the salt, which
were distinctly darker. There was a coating of fine sait 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
po the reinstallation of the rotary element. These failures resulted from
excessive bolt torque that had been used earlier to obtain an initial seal
on the 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-criticality 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.-lU0 pipe.

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

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

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 ih 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 move as 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
moﬁing the piping by mechanical means for measured distances with measur-
gble 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 ofrthe nozzle
to the head of the heat exchanger showed no indication of cracks.

The conclusion from these teéts'was that the mounting arrangement was
adequate to ellow the system to go through more than the 50 thermsal 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 the selt
and measuring the differentiel pressure between this line end & 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 1.8Th 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 sealt
and for differences in the lengths of the bubbler tubes. '

Since the d/p cells used té 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 estsblish the relationship between

these flow rates and the indicated levels.
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Data for the upper probe are presented in Fig. 5-T7. The curves for
the lower probe were similar. It can be seen that the indicated level de-
creased with increasing pump-bowl reférehce 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 operasting conditions were
set at 25-psig forepressure on all three of the bubbler flow elements,

5 psig in the fuel-pump cover ges. ' |

5.8.6 Fuel-Pump Level Changes and Limitations

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

The differences in the 1§vel'at’which the fuel pump could be started
(64%) and the level at which the pump would‘automatiéally stop (55%) was
necessary because the indicated level decreased 10 to 12% 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 conéiderﬁble operational difficulties. -Prior,té starting the
pump after a fill, the average loop temperature could not be sccurately
determined. Since the fuel-pump 1e§el changed sbout 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 caused chanées in the fuel-pump
level. In addition to this, experiments were 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 sjstem
before restarting the pump. The dperating levels were further restricted
when it appeared that the offgas plugged more rapidly when the salt level
. was gbove 60 to 65% and gas entrainment in the fuel loop seemed to increase
below sbout 50%. The problem was further compoundéd by the changing pump-
bowl level due to salt transfer!to the overflow tank.l8
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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 Reeson for Interlock

: +78% . Stops fill, gives a temperature setback and rod reverse to

Lo prevent overfilling of the fuel pump (overflow point is
about 90%).

L AT5% Annuncisation

+64% 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.
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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%, T5%, 55%, 40%, and 38% late in 1965.

Normal level during oﬁeratipn was still maintained between 50% and 60% due
to ébove»considerations. However,,fecovery after a load and rod scram was

muich 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 spaée gbove the salt. Since the useful life of the
pump tank would be limitedrbyrthermal—stress considerations at the junction
~of the volute sﬁpport cylinder with the spherical top of the tank, close
control was at first maintained over the temperatures in this region.

Desigh studies had ihdicated'that the maximum lifetime would result. if

the junction temperature were kept sbout 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 tbe temperatures was a desire to keep as

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

salt. , L - , ‘ :
In operating the reactor, it would be ideal if a fixed flow rate of
air over the pump,tankrwould;prdvide a satisfactory temperature distribution

. for 811 conditions. VEarly;dggignrcalcuiafions.indicéted that this condition
~could be met with an air-flow of 200 cfm.2?  However, temperature measure-
 ments on the pump-test 1oop:and during the initial heatup of the MSRE indi-
| cated that only ebout 50 cfm would be required, and that the air would have
to be_turned off when thé”pump tank -was empty.

- To minimize the tempépgtu;e'effects when the cooling air was- turned on,
air flow during power operéiién waé to have been set at'therminimum that
wouldrgive the desired tempeiatures. It was found that en air flow of 30 cfm
‘ga've & satisfactory temperature distribution at all power levels. ~In order

to achieve and control this relatively low flow rate, & 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;leﬁél salt tempera-
ture and air flow. Both the individuél temperatures and the témperature
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 reactor could be so operated with the 30-cfm air

flow w1thout 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 temperatures 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 mechép
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 sbout April 1966, when transfer began to be observed at lower salt
levels. The rate appeared to incresse 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 aé 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 235y operation and required emptying the overflow tank about
three times per week. ' o _

Prior to operation with 233y 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 circulastion, the transfer rate and
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loop void fraction eppeared to be unchanged from the previous periods. Two
hours after the start of a 12-hour exposure of a beryllium rod in the pump
bowl, the bubble fraction in the system increased from the normsl 0.1 vol %
to about 0.6 vol % and the rate of transfer to the overflow tank increased
from sbout 0.4 1b/hr to greater than 4 1b/hr. z

During the remsinder of the 233y operation the transfer rate was high
(up to T2 1b/hr) and varisble. 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 early opersation of the MSRE, when the 6vefflow raﬁe was very low
and the need to push salt from the overfldw tank back to the fuel-pump bowl
was inffequent, the practice was to empty the overflow tank completely. The
sudden pressurization of the fuel pump at the end of the burp géve false
level indications and stopped the pump. Also when povwer operation was
started, it was noted that gaseoué fission:products were being pushed out
the o0il seal line (524) by the sudden pressurization. Therefore, the
procedures were changed such that the overflow tank wes not completely
emptied of salt during operation.

- In February 1969, the main offgés line plugged to the point where it
presented a L-psi pressure drép 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 occesions when the overflow tank was being emptied, the offgas

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

5.8.10 Varisble-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, xenon
stripping, transfer to overflow tank, blips),1® a variable-speed motor-
generator set was brought to théﬁMSRE to supply power to the fuel pump
during experiments. As described in Chap. lG,‘éonsiderdble effort was

o
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expended in modifying and repairing the M-G set to obtain satisfactory
reliebility. The pump itself, however, operated with no. difficulty for
substantial periods at speeds between 50% and 105% of normal.

5.8. ll Flooding of the PumpﬁBowl with Flush Salt

o At the end of Run T in July 1966, the fuel loop was filled with flush
selt 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
wes overflowing into the overflow tank to rinse it out, the level in the
flush tank was lowered too far ﬁhich exposed the bottom of the dip tube.
- A large bubble of helium ges 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-pumpAlevei inereased 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-
Avented filling to the overflow line. These had been bypassed to allow
flushing of the overflow tank. The flush-salt inventory was marginal at
normsl opereting temperatures- (1200°F). The flush-tank temperatures were
“low (about 1140°F) which made the salt more dense and thus there was an

insufficient volume.

‘5.8.12 Plugging of the Offgas Line at the Fueerump ,

: Intermittent problemS‘were encountered with plugging of the 1/2-in.
 Sched-40 main offges line et & point just beyond where it left the top of
the fuel-pump bowl. In the ‘early years of 0peratlon, thls either melted
itself free when the reactor was brought to power, or it was periodically

7 ireamed out when the reactor was shut down, through the use of a mechanlcal,
- flexible rotating snake".' In July 1969, a specially built heater 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 gas coollng "shroud"

of ‘the fuel pump. This, together with back<blowing with hellum, was suc-
cessful in clearing the 1196- "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 menageeble, 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 & horizontal shell and U-~tube tjpe.
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 operation of the
reactor end no other d&fficulties 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 ﬁominai
full power at 8.0 Mw and a coolant salt flow of 850 gpm. If the actual
coolant flow rate were T70 gpm, which would;be the flow consistent with =a
power level of T.34 Mw, the meagured overall coefficient would be 595 as
compared to a calculated value of 599 Btu/(hr-ft2-°F). ‘The performance is

covered in detail in References 30 and 31.
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Table 5-2. Physicai Properties of Fuel and Coolant Salts
Used in MSRE Heat Exchanger Design and Evaluation

Original - ' Current

. Fuel Coolant  Fuel  Coolant

Thermel Conductivity, Btu/(hr-ft-°F) 2.75 3.5 .0.832 0.659
Viscosity, 1b/(ft~hr) 179 20.0 18.7 23.6
Density, 1b/ft3 I . 154.3  120.0  1h1.2 123.1
‘Specific Heat, Btu/(1b-°F) . 0.4  0.57 =~ 0.4735  0.577
Film Coefficient, Btu/(hr-ft2-°F) 3523 5643 . 1497 - 1989

Overall Coefficient, Btu/(hr-ft2-°F) 1186 ' - 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 stressbof 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 l-in. annulus between the vessel wall and-the core qan'for cooling
purposes. Anti-swirl vanes in the lower head of the vessel 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 is
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 lower head of the reactor vessel.
The drain line and 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 2-3/4 in. into
the lower head of the vessel and was covered with a hood fpr protection
against sediments collecting on top of the frozen plug meking it inoperative.
The 1-1/2 in. hoodéd drain thus would remove all but a small puddle of salt
from the ;ower head even if there had begn 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
parallel freeze valves operated by the same controls.

The reéctor 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 faceé of each element.
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When not buo&ed by being immersed in salt, the vertical graphite elements
were supported by a lattice of graphite blocks which in turn are supported
by a Hastelloy-N grid fastened to the bottom of the core can. The ‘core can
was thus free to expand dounward 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 elements
were restrained from floating out of the core by & Hastelloy-~N rod through
holes in the dowel section at the bottom40f each grephite element. In
addition a wire passing through the upper graphite elements‘pretented the
upper portlon of & broken element from floating out of the core.

To prevent pos51ble overheating in an otherwise stagnant -region, a .
small portion of salt entering the reactor was diverted into the region
Just ebove the core can suppert -flange in the annulus’between the vessel and: .
the .core can. . Vessel wall temperatures in this region and also the lower
head were monltored during operation for pOSSlble 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 l-in. square,with.the three control rods
occupyihg the other three corners. The'fiue,remov&ble*elementsithen occupied
the remaining_speces between these four,positious. The controls rods are
described elsewhere in this report (Chapter 19). V ‘

The sample specimen assemblies mentioned above were made of various com-
binations and arrangements of graphite andrmetel. They were exposed to much
the same salt velocity, temperature, and - nuclear flux as the core matrix.
These are described in general elsewhere 1n thls section. ' )

The reactor vessel was supported from the‘top removable cover of the
‘thermal shield by twelve hanger—rod.assemblies. These hanger-rod~assemb11es
were pinned to lugs welded to the reactor vessel Just above the‘flouhdis-
tributor. The support 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 br the resctor
vessel ﬁas'alhofiu._long 10-in.-diam nozzle. The nozzle had a S5-in.-diam '

1
side outlet for the leaving salt located about 10 in. above the reactor
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vessel upper heed. The remaining extension of‘the 10-in.-diam nozzle pro-
vided a pocket of trapped gas during the filling of the reactor. However,
most of the volume of this extension was occnpied 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.
Conventionalileak-deteeted metal,oval-ring—Joint-flanges were used on both
sample.access'openings to provide the necessary containment of the primary
system. The radisl clearance between .the removablegnozzle plug and the
nozzle was 1/8~in. at the top and 1/b-in. at the bottom to pro#ide a tap-~
ered annulns. It was intended that salt be frozen. 1n this tapered annulus
providing a salt seal to prevent molten salt from contacting the metal seal-
ing surfaces. However, maintalning 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 10-in. nozzle but only
to the inside of the plng 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, TFor thawing the 2-1/2 in. annulus the cooling tube was re-
moved fron the plué as part -of the sampling proceaure and temporarily re-~
placed with a metal sheathed heater,

Some twenty thermocouples (not including spares) were 1nstalled 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 flow1ng salt stream to indi-
- cate reactor outlet temperature. e '

. 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
heaq region of the reactor vessel.:: The three control rod thimbles and the
graphite sample essembly paseed through the strainer basket. Since the
-five graphlte elements were not p1nned as were the remalnlng moderator ele-
‘ments, a cross-shaped extension of the basket assembly projected beneath
the basket to provide a hold—down See Fig. 5-11.
- The. core sample spe01mens ‘were removed and replaced only when the re-

actor was drained of salt and partially cooled. The spe01mens were removed
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through the smaller of the two access nozzles deseribed 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 replacéd with a work shield which contained openings for
tools, lights, etc. - All Joints ﬁere 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 leskage.

Core samples were teken by removing the graphite sample access flange,
withdrawing the sample into the standpipe, placing the sample in & 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.l965, the reac-
tor vessel was heat-treated in place, using installed heaters, for 90 hours

at 1L0O0°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 discbnhects have a similar
function. The main difference being thet the freeze flanges incorporated
a radial freeze Joint while the RAN employed a longitudinal freeze joint.

During development on the Engineering Test Loop freeze jJoint, it was
noted that a frozen salt seal could not be maintained reliebly 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 sglt would then serve only as & backup protection against sudden

pressure increases fcrcing salt up into the annuli.

The first attempts to form this backup seal in this manner on the MSRE
RAN were unsuccessful due to. 1nsuff1c1ent cooling air although the availa-
ble flow met the requirements of the design calculations.“6 The flow was
permanently increased from about73'cfm:to:thejrange of 15 to 20 cfm by
modifying the control valve trim. Even with the increased sir flow, there
was sufficient movement of salt in the annuli due to the turbiulent 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 interface changed in helght due to any change in volume of the
gas pockets; During early operation, the interface was at least a foot
‘below the flange and the flahge temperature was about 200°F. During later
operations, there were perlods vhen the salt level was hlgher and the tem-
perature of the flange approached 300°F.

There were two mechanisms which caused gas to be transferred to and
from this pocket. Gas was transferred from the pocket as ‘a solute and
added by entrapment of circulatingrbubbles from the salt stream below.

The equilibrium difference between these two transfer rates determined the
salt level in the annuli and thus the temperature readlngs of the wall.

Any change in reactor operating condltlons which dlsturbed 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
e increased by any of the following changes in operating conditions:
thlowering the system pressure (cover gas in the fuel pump), increa81ng cir-
culating salt temperature, or decreas1ng the amount of circulating bubbles
(i.e. decreasing pump speed).,,,

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

Please refer to Fig.,S—ld 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.'AAt
the beginning of the observed time period, the salt level in the RAN was
relatively low with the pump pressure higher than its normal S psig, After
a pressure drop on February 6, the salt level overcame the immediate effects
of pressure and began to rise as indicated by the R-43 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-7 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 émount of circulating bubbles cén
be seen in Fig. 5-13. At the beginning of this period the fuel-pump speed
was lower than normal and it can be seen that the RAN salt level was very'
high. Other indications such as the reactiﬁity balance led to the conclu-
sion there were no bubbles circulating at this qdndition. When the fuel-
pump speed was increased, with no other change ih operating temperature or
pressure, the RAN salt level dropped very rapidly. L(Note the abscissa in
Fig. 5-13 is now hours -instead of days.)

Circulating bubbles were involved in more dramatic effects than tem-
4perature‘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 clinging in the core was presumabiy &8 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.“7
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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 end 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 terstudy the effects of‘salt velocity on fission
product,depoeition, 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 aésembly 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. 5e15. 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. Descriétions of the materials that were exposed and
the results of their poet-opefation examinations are given in detail in

{

references 32—36.

Pre-Power Array *‘The‘eﬁecimen 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 remeval'employed the equipment and procedures proposed for
later use. The original instellation 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
slightly radioactive from the 222U 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,lowér end of the samplé 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) had been encountered in liftihg the assémbly 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 stfingers 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 dperation somewhat and it was necessary to install a char-
coal filter in the standpipe vent line to limit 1od1neirelease 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 pulledﬁout of the strainer

O
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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 stringer and two
stringers previously exposed in Array 2, so it was highly radicactive at
the time of installation. No particular difficulty was encountered in
handling the array, 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~gold—plated-gasket was installed. An acceptably tight joint was then
obtained. o ‘

 Array 3 was removed on April 2, 1968 after the conclusion of 2®*U
operation (9005 EFPH). - Some ‘inconvenience resulted when the closure on
the transport containment -liner refused to operate properly, but the re-
‘moval and transfer were safely accomplished without the liner. While the
array was out of the core the flange was sealed with a’rubber—gasketedv
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
severalldays -due to problems with therremovable 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-
culated just prior to the'sanple removal, The usual measures were taken
to control the‘radiation'andfeontamination during the sample removal opera-
tion. There was some contaminationrof the immediate work area (mostly
noble-metal fission products) during removal of tools, which required
mopping.v‘ ' -

' §pecial Array. The final array ‘was all new and quite different in-

ternally from previous arrays. 37 Externally, however, it was practically
the same and standard tools -and procedures were used in its installation

(July, 1969) and»removal (December, 1969).7 Both operations were uneventful.
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5.10.5 Radiation Heating

Radiation-produced heat in the reactor vessel walls caused the outer
surfaces of the vessel to be hotter than tﬁe-adjacent salt byvan amount
that was proportional to the reactor 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 lugs located just above the inlet volute
and which supported the core matrix. The differences between the’reactor
vessel temperatures and the salt inlet temperature were carefully moni-
tored during power operation so that this condition would be detected had
it occurred. ' ‘ v

There was no indication of sedimentation during the operating life
of the reactor. The temperature difference did increase with use of **°U
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 determiﬁed 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 reégtor
vessel was then reviewed to determine if the operatidn 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 longer
than its originally predicted 20,000 hours siress—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 inventofy 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 prdviding a frozen saltrseal

such as was the case with the freeze flanges. The>ihability 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
determination would 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 essentially 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 (FFI), 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 ¢irculating 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
materia1,~€he 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 sslt 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 accuratély from installed mercury manometers. Two
conductivity type level probes (one near thé.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 Wéights

During early testing in the fall of 1964 the weigh cells were cali-
brated by loading the tank supporting rings with lead biliets. The drain
tanks were at ambient temperature during this calibration. Drifts in indi-
cated weight of up to 39 1lbs were’noted when no changes were being made.
Repairs of air leaks in the instruments caused shifts of up to 65 lbs. The
weigh cells were further calibrated during the addition of flush and 235U
fuel salt., (See below.) V

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

Later in 196k4, thirty-six baéches of flushAsalt-(&ZSO 1lbs per batch)
vere added from cens in a portable furnace directly into drain tank FD-2
through a heafed line and flanged dip tube attached atethe‘igspectibn
_flépgé on the tank. Each batch of salt added was weighed on.accurately
Ealibrated scales and the tare weight of the container was chééked to ob-
tain the net weight of-salt'addéd. All temperatures wefé'maintainea 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 remove 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
oil found in the nozzle fo the inspection flange on the tank led to the
conclusion that the restriction was caused by an o0il 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 end 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 haed 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 1bs) had been added to FD-2, it was trans-
ferred between the three drain tanks. By using the 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 probés on FD-1
and FD-2 were also noted. The lower probe of FFT was not functioning (See
24,15}, 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 varistions.

Errors as high as 200 to 300 1bs 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 criticality 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). 1In 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 £i11 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 2/24/6L4, tests were made of the heat-removal capacity
of the steam domes. Flush salt was put into FD-2 and the sﬁlt was heated
to A1200°F. With 40 gallons of water in the feedwater tank (FWI-2), a
supply valve (LCV-80T) 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~flow1£o the drain-tank condenser kept constant at
40 gal/min. The inlet and,exit temperatures of the cooling towef 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, ' e

A second similer test wes made by opening thé other supply valve
(ESV-807) and keeping LCV-80T 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 bélance and 98 xW/hr from the salt
temperature decay rate. 7 , ) '

These data showed that the bayonet cooling tubes were more than ade-
quate to remove the design decay heat raﬁe 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 watef»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»taﬁks, as would occur on an emergency drain, no heat removal
vas necessary, Turning off the drain tank heaters was sufficient to prevent
excessive temperature increases. For instance, on November 2, 1970, the
reactor was drained while operating at full power. 4380 1bs of salt drained
to FD-1 and 5130 1lbs 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.:

5.11.7 Plugging of Helium Lines. at.the. Top..of.the.Fuel Drain:Tanks

The helium supply,uxent-and»equalizer lines enter the top of the fuel
drain tanks via a common 1/2-in. Schedule-hO’pipe. In June 1969, this line
on FD-2 became almost totelly plugged. The plug first sppeared when the
main 4.2 liter/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 &1275°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 frpﬁ FﬁQé for part of the time during the draining period.
The result was that the total sali 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 235y, the re-
maining carrier salt was transferred from the fuel storage tank to the fuel
drain tanks. The method of adding 233y enrlchment salt was dlfferent than
that. used for adding the flush salt and 235y fuel salt The loadlng equip-
ment as shown in Fig. 5-17 was attached to the access flange of FD-2. Cans
containing v T kg of uranium were lowered into FD-2 whlch contained half of
the molten cérrier 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 crltlcality ex-

periment is described in detail in Ref. L1,

5.11.9 Heatup and Cooldown Rates

These are described under heaters in Section 17.

5.11.10 Discussion and Recommendations

The fuel and fluéh salt drain tanks have functioned very satisfac-
torily. They were very sluggish thermally and therefore easy to control
during operation. The afterheat removal syétem 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,rthe ‘possibility of plugging should be con-
sidered. Perhaps two lines could be used with heaters attached to melt'out

any plug which might develop.
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6. COOLANT  SYSTEM
C. H. Gabbard J. K. Franzreb
o M. Richardson

6.1 Description

The coolant circulasting system consisted of a centrifugal-type coolant
pump and an air-cooled radiator 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 circulatihg system was filled by
pressurizing the coolant drain tenk with helium and venting the coolant
pump.

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

Before;saltwwaSMCharged:into~the coolant drain tank, oxygen and mois-
ture were purged from the coolant circulating system and the drain tank.
This ﬁas accomplished by first pressuriiing the system to assure that it
was 1eak-fight, then evacuating, and purging wifh héliumrduring the heatup.
Details of the heatup are given in Section 17. The helium was introduced
at the coolant pump and coolant drain tenk and evacuated or vented through
the offgas system. The coolant pump was operated-to provide circulation
in the loop. Purgingrcontinued until the system was at 1200°F and -essenti-
ally normore ﬁoisture wés being relééséd. Later analysis of coolant salt

samples indicated that the purging had been very effective.

6.3 Coolant .Circulating System Calibration.and.Drain Time

After the coolant salt had been added to the coolant drain fank (see
Section 6.1) the coolant cirdulating system was filled and operated for
11 days. A test of the drain time indicatedﬂthdticomplete draining could
be accomplished in approximately 12 minutes after the freeie velves thawed.
During the following fill the circulating system was calibrated. The drain
tank was pressurized in incréﬁents and the drain tank weight and the dif-
ferential pressure between 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 Descfiption

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 siﬂce fission product
gas removel 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 thé 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 éhield 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 ;nstalled 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 coolent pump ran very well throughout the operation of the reactor.

As with the fuel pump, the narrow range of operating levelsrcaused‘opera-

‘tional 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 alﬁaysrsatisfactory for opefation. “In which case

‘the freeze valves had to be thawed and the system level adjusted. The nor-

mel 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 sbout 4% due to the pump fountain
flow,

During load and rod scrams, the system cooled rapidly which decreased
the level below the interlocks required for starting the pump. Without
circulation there was a possibility of freezing the raﬁiator. An emergency
start switch was installed which ensbled 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 &
small oil leak into the pump bowl. The offgas line at the pump bowl be-
came plugged occasionally and in November 1968, a clamshell beater,was in-
stalled. This was used once and cleared the line sufficiéntlyrto 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 plugging 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 fuel‘pump
(Section 6.1). |

6.6 Radiator

6.6.1 Description

The nuclear power generated by the reactor was finally dissipated by
a coolant salt-to-air radiator. Salt flowed through the 120 radiator tubes
at 850 gpm where it was cooled from about 1075 to 1015°F at fuil 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 inlet:tempera-
ture. The heat removael was adjusted to match the nuclear power'produced
by raising or lowering the two radiator doois, adjusfing the bypass damper,

or starting and stopping the main blowers.
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The radiator tubes were 0.75 in. 0D 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 powér (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 doqr 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”eithérrddor. In case of a load scram request or
an electrical power outage, the brakes and clutches were deenergized andn
the doors fell closed at'arrate which was limited by the inertia of fly-
wheels attached to the ends of the drive shafts through overrunning
clutches (v ft/sec). |

6.6.2 Early Tests and Difficulties.

Preliminary heatup and checkout of the radiator began in October 196k.
The main difficulties were due to insufficient insulation and warping of
the doors. As a result, thé,doors Jemmed 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 aliow 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 prévent 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 relisble since it was possible for the door to jam and
the shaft to continue to run in thé downward direction. ZEnd rollers were
positioned to prevént 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 failﬁre. Lifting motor overload switches
were installed in conjunction with the stops.

The new doors weighed sbout 2700 pounds each which required the ad-
dition of two 20,000-pound capacity, b-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. Adjustment 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 respect 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 éomiqg from thé radiator, spreading out the bead-
ed heater leads to improve the .cooling airbcirculation through the wiring,
and, modifying the exhaust dﬁcting to direct the sweep of cool air across
the wire troughs (¢5007cfm), These efforts were successful in reducing

the temperature to about lOObFrjust 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 door-lifting cable‘bpenings in thé door hoods. A 1-ft? CroSs-
overduct was installed between the door hoods to relieve the pressure on
the inlet hood. The pent hbﬁge'pressﬁre with respect toAthe'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 ~0.1k
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 the approach to full power was started
early in 1966. The radiator functloned;sat1sfaqtor11y, however, due to
heat 1osses through the door seals,‘it was difficult to heat the empty
radiator to an acceptable temperature: distribution prior to a fill.

The heat transfer capablllty was found to be about 20% less than cal—

- culated. The cause for this dlscrepancy has not been definitely established
but may be due to the large surface-to-air tempéraxure 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 & building poﬁer failuré caused a load
scram and loss of all electrical equipment. Two tubes of the radiator were
partially frozen as indicated by the temperaturesAreading about T5°F low.
These temperatures recovered a few minutes after the coolant flow was re-
established indicating that the plugs had thawed. |

The second incident occurred on June 27, 1966 when again the electri-
cal system failed, this time causiﬁg a coolant salt drain because of low
radiator outlet temperature. The coolaﬁt salt weigh cells indicated that
gbout 200 1bs 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 scenners 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 revised so that a rod scranm wouldralso cause é load scram. The low-
temperature setpoint for a load scram was increased from QOO?F, which is
only 60°F ebove the liguidus temperature, to 990°F.. Other revisions were
made so that the coolant pump would not be turnedyéff unless absolutely

neceésary. 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 probeble 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 rediator heat. The roughness of this surface
damaged the "soft" seal (two widths of 3/4-in. Johns-Mansville Thermocore
#C-197 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 "Tﬁ 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,withrexpansion 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 radiatof"enclosure and door was without incident
after the above modificatidns were'cbmpleted 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" insulation along the top of the outlet door, replacement of K“J
broken ceramic insulators on the heater leads within the enclosure, repair
Vof grounded heaters, etc., was the extent of the maintenance required. The
door on the inlet side of the radiastor retained its shape and seesled 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 outlet door continued to distort and, even after being straightened
several timeé, made & poor seal as a result of the door bowing away from
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

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 maniﬁulated 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 (iJ
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 sat théir 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 not a disadvantage, the automatic load control was never used in the

operation of the reactor.

6.6.5 Comments and Recommendstions

Assessment of the radiator containment, doors, and door-lifting mech-
enism is complicated by the many changes, large and small, which were re- |
quired before accepteble performance was achieved. |
The radiator enclosure difficulties can be attributed prlncipally to
details of installation such as gross air leakage into and around the en-
closure as a result of cracks, unsealed openings, insufficient insulation,
1gck of a sufficient number of expansion Joints, etc. .The priﬁcipal radi- kai

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 oomplex. A substantial increase in
both reliobility end control would have oeen 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 ebility to operate the doors  indepen-
dently was probably unnecessary..

The unrealistic close tolerances between the doors and the radiator
enclosure end 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 coupllng on
each end,

: Although the blowers had been origlnally purchased for another program,
7they were essentially unused ‘at the beginning of the MSRE program. The
blowers were each orlginally rated at 82,500 cfm at 15 inches -of water or
rl}h,OOO cfm of free aif delivofy. The MSRE radiator desigh requirement of
100;000—cfm from each bloﬁéfootrg inches of water was within the normal

- opérating range of the bldwers., Had new blowers been procured for the
iMSRE this same type of equlpment would have been considered a: satis—
factory choice. :
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6.7.2 Preoperational Testing

Th% preoperationalAtesting of the blowers consisted of about 25 hours
of total operation. When the blowers were first délivered énd installed,
they were operated a short time (less than 10 hours) to provide the elec-
trical}load{for 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 thé'radiatof tubes for éelf-excited vibrations, to permit a calibra-
tion of the stack air flow instrumentation, and to determine if control
circuitry was necessary to avoid certain asbnormal operating conditions.

During the abnormal operation testing, the blade pitch was found to be
less than the specified 20 degrees. The pifch 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 byrass damper were partialiy closed when the
radiator doors were also closed. The menufacturer 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 thé power'rating 6f the drive

motors.

6.7.3 Operating History

The-aerodynamic performance of the blowers was satisfactory through-
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 the failure oh‘the—operation
of the reactor. ' '

MB-1 Coupling Fsilure — After about 550 hduré of operétion, the flexi-
ble coupling on 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, andrthe shaft whip that occurred as the blower rotor




. 'Table 6.1 Summary of Main Blower Failures

Failure

9/19/69

Faulty Bearing Replacement MB-1

Date 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

o : | Partial Power Operation During Run No. 8
3/6/67 “ “Bearing‘Failure MB-3 Zero-Power Operation for 3 days
1/16/68 | ;‘ Beafing Failures MB-1 MB-3 Partial Power Operation for 6 days

‘ n RS SRS Maintenance Performed During Scheduled

‘Zero-Power Operation
8/31/68 ABeéring Replacement MB-3 Completed During Scheduled Maintensance
g B g ‘ ' Period
9/17/69 Bearing and Mount Replacement MB-1 Zero-Power Opération for 2 days
Partial Power Operation 3 days

Zero-Power Operation for 3 days

691
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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 blower inlet at about the 4 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 little consequence. No additional inspection of the blower
was made. | ' ' l

The primary cause of the failure, wé 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 wére not rounded as they
should have been. High stresses at the corners of these washers could have
started the failure, or the coupling could have been running with excessive
misalignment,- The blower rotor and drive shaft assembly had been rotated
by hand when the final blade pitch change was made about 216 operatingr
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. o ‘

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

eration, there was a second failure of MB-1l. This was a éatastrophic 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. Mbst of the frag-
ments were contained in the blower casing, but numerous pieces of the cast
aluminum-alloy hub and blades entered the radiatbr duct and 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-1l revealed numerous "old"
cracks in the blades and in the hub as evidenced by darkened or dirty aresas

on the fractured surfaces. One blade in particular had failed along a



151

Fig. 6.3 Outer Periphery of Failed MB-1 Hub and Typical Blade Fractures
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large "old" 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 basé of the
blade sockets. Similkar cracking was found in the hub of the spare blower
“that had been in storage and a continuous crack extending about 35% bf the
circumference as well as some of the shorter cracks were found in the MB-3
"hub. No cracking was found in the blading Qf MB-3 or the spare blower.
The exact caﬁse of the MB-1 failure is uncertain, but a blade failure at

- one of the existing cracks seemsrto be the most probable fifst 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 behding 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 hdurs of op-
eration. A more complete discussion of the failures and of the corrective
action that was taken is given in References 42 and 43.

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 o0ld 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 replsacement
on January 16, 1968, because of ;n 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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Fig. 6.4 Fragment of MB-1 Hub Showing Areas of Previous Cracking
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Fig. 6.5 Ball Bearing Failures Taken from MSRE Main Blowers MB-1 and
MB-3 in January 1968




155

times, the expected lifé of these bearings was calculated from an estimated
set of load coﬁditions. 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 angulaf-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 radiél 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 én increase
inrvibrﬁtion. 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 bearing. 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 vendor.

6.7T.4 Surveillance of Blower Operation

Following the hub and blade . failure of MB—i, a éﬁrveillance program
“for monitoring the operation"of the blowers was initiated. Vibration pick-
ups were mounted horizontally bn each bearing of the blowers and drive
motors and thermocouples were installed in each of the biowef bearings.
A vibration meter with four -input channels was provided for each blower,
andrthe vibration of~eachrﬁéafing was recorded in peak-to-peak displacement
once per shift by the operating personnel. The thermocouples were moni-
tored by the computer and initially an alarm would be given if the tempera-

ture exceeded & preselected limit., This was revised later to alarm if the
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temperature rise sbove ambient exceeded a limit. This permitted mugh
tighter operating limits because the ambiéntvfluctuated with the outside
aif temperature. .

In addition to the displacement readings taken from the vibration
meters, an output ﬁas also available to display the vibration trace on an
oscilloscope or other high—spéed recorder, Oscilloscope photographs were
taken for reference on new bearings and when the vibration meters indicated
an increase. Figure 6,6 shows a comparison of vibration traces from a nor-
mal bearing and from the bearing containing the fra¢tured ball.

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

tion of the hubs and blading was completed annually duringtshutdown periods.

6.7.5 Discussion and Conclusions

Following the major rebuilding of the main blowers in 1966, thelbper-
ation has been generally satisfactory even though there have been several
power reductions caused by bearing problems. The total lost operéting time
caused by the various bearing failures was 8 days of zero-power opération
and 9 days of partial-power operation. A better thrust bearing arfangement
could have been required. ) .

The surveillance program to monitor the mechanical ﬁerforﬁance'bf 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 on the previous operating experience. This
alarm sysfem was effective in detecting the defective new bearing on Sep-
tember 19, 1969. .

The operating experience with fhe vibration monitoring system has
clearly shown that the displacementimeter alone is not adequate té monitor
the condition of the bearings. Some system of maintaining a history of
the frequency spectrum is also required. We used phofograpbs of the oscil-

loscope trace to document the normal operating vibrations, and additional
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photographs were teken for comparison when an increased vibration was indi-
cated by the dispiacement meters. A modification to thé coﬁputer to in-
crease its sampling rate would have permitted the f:équency 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 pr0perAinterpre£ation of the spectra in either case because
there can be several normal frequéncies. There were several instances of
abnormal vibrations when the beérings were not at fault. The final de-
cision to replace a bearing was made.in each éase 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 equipmént is'probably jimpractical 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 durihg operation

3. The effect of shutdown on overall plant operation

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

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 instellation or operating conditions, Preliminary limits
may be obtained from the manufacturer or from Reference 44, but the final
operating limits should be'seleéted from a backgfound of norﬁal operating
experience. ' _ .

The experiences with the cfacked 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;
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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 diemeter by T78-in. high and had a volume of 50 £t3.
As there was essentielly no afterheat in the 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 salt was indicated by forced balance weigh cells. The
weights were recorded onvstrip charts but -could be read more accurately
from installed mercury manometers. Two conductivity typeiprobes (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 syétem. 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 1lbs) were added from cans in
a porteble furnace directly to the coolant drain tank through a heated line
attached to the top of theitgnk. After the addition'was complete, this
- line was cut off andeelded’éhut. "A good linear plot of the manometer
readings vs actual weight was obtained except for a lSO-lb step in the
' cﬁrve which occurred when;a'bfoken fitting in the weigh cell tubing was
repaired. The relationship between the weigh cell readings and the loca-
iions of the probe lights was established.
7 - The weighing system ohijhe,coolant drain tank proved'to be considérably
'r;mofe stable than on the fuel drain tanks. With 5756 1b of salt in the tank
at about 1200°§, the extreme spread of 40 indicated wéights, taken over a

period of a week! was * 22 1b.
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6.8.4 Heatup and Cooldown Rates

These are described under heaters in Section 17.

6.8.5 Discussion 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,
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‘T. . COVER-GAS SYSTEM

P, H. Harley

The MSRE cover-gas system consisted of a helium trailer for normsl sup-
ply, two banks of three helium cylipders forremergency use, two parallel
treating stations for removing moisture and -oxygen to a nominal 1 ppm by
7 volume, & treated helium surge tank, and two heeders, 35 psig and 250 psig,
which supplled cover gas to the various systems. Each of the treating sta-
tions consisted of a dryer (molecular sieve), preheater, and an oxygen-
removal unit (heated titanium sponge). Moisture and oxygen anslyzers could
be valved in to monitor the freated or untreated helium as desired.

7.1 Initial Testing

The components of the treating station were developed and designed
by the Reactor Division Dev616pment Section. The -performance of the sys-
tenm was,tesued,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 tem@erature'controls. Thermal expansion of the
0, removal -beds during the initial heatup caused the 3-in. ring Jjoint
flanged heads to leak. ‘After retightening the flanges, the units were kept
hot to prevent thermal cycling the flanges..

: Late tests indicated that the Flsher Model 67-H pressure regulator
~-which was installed to reduce helium from traller pressure to 250 psig was

susceptible to moisture. diffus1on through the diaphram, These tests indi-
. cated Victor Model VIS-201 and Grove Model RBX~20L4-15 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 40-psi header which
was protected by a U8-psig rupture disc. During ihitiai testing, this rup-
ture disc failed on several 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
©1imits20 (Lo He supply pressure) had to be lowered from 30 to 28 psig to
provide a margin from the normel operating pressure. '

Four helium control valves failed in the first month of opersation.
Some galling of the close fitting trim (17-4 PH plug and Stellite seaé)
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 1964,
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 averasge 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:
‘the reactor system was purged>with argon. Argon was also used during a
special study of circulating gas in the fuel. Bottles of argon containing
<b-ppm moisture were placed on one of the emergency cover-gas headers and
then fed through the heatihg station into the regular cover-gas distribu-
tion system. )

The cover gas was changed from oﬁe 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



163

change was~regenerated,uthere has been no indication that the capacity of
any dryer or Oj-removal unit has been exceeded. . |

,Spectrographic.analysis of the heliuﬁ»received,averaged 2 ppm oxygen
and-4,6-ppm moisture. After passing througﬁ7the treeting station, the
“helium coﬁtained-& 0.2-ppm 0, and from 0.5 to 10-ppm meaeture; ‘The vari-

7 ation iﬁamoisture analysisvappeared to follow the -ambient femperature of
the helium treiler and treating station. During hot weather the analyses

- were high and.during cold weather the results wereilow._ Fluctuations could
be seen from day to ﬂight,temperature changes of several ppm moisture.

This fluctuation of moisture analysis was decreased by better heating of
the sample station locatioh,in the winter ‘and better ventilation;of the
area during the summer months. ) : : ‘

While investigating the moisture analysis problem, another dryer was
-installed in the main heliﬁmrheader between;the-norﬁel%treating station and
the line to the analyzers. - Whether this second dryihg stepéhelped.is doubt-
ful but it did give assurance that the helium was as dry-as possible.

The electrolytic cell in the moisture analyzer causedvcon51derable
difficulty during early operation. The cell was replaced four times be-
tween June and‘October-l96S;'onee 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 conteining moisture was connected to the analyzers. The
analyzers read 20-ppm moisture and O.6—ppm 03. After the gas was run
~through the treating,statidﬁrit'analjzed 0.9-ppm moisture and O.2—ppm 0s5.

' There has only been one failure of the 48-psig rupture disc since the
initisl testing. This was caused by improper installation. Each time the
60-psig fuel system pressure:test was run, pressure,ﬁas put on the back
side of this rupture disc to: prevent it from.breaklng. "In August 1969,
when the backpressure was increased, the rupture disc started leaking.
During repleacement, ‘the vaeuum support was found to be on the wrong side
of the disc. Repeated flexihg,,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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T.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 heiium as received was very low, it is doubtful that the treating sta-
tions were really hecessary. By obtaining analysis of the cover gas before
usage and having an on-line sanalyzer, 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
8 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 analyzérs 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 causés 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-gas systems for the coolant salt and for the
fuel salt were similar in many respects, but the coolant off-gas system
was simpler because it -did not have to deal withvthe inteneely 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 oftelenents which are not pertinent to the presentation

of operating experience in this report). Gas entered the coolant pump bowl
through bubbler leve1~indicatorsfand 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,oown‘the annulug into the pump bowl. How-
ever, some oil (about 0.5 = 1.0 cc/day) did get-into the pump bowl by a
leekage path around the shield plug. This oil was thermally decomposed
into vapors- and soot that left with the off-gas through line 528.

Gas flows into and out of the pump bowl were continuous. Gas was

~admitted at a fixed rate and. the pump bowl pressure'ﬁas-controlledvby

throttling PCV-528 in theﬁoff;ges system. The driving force for the
upper gas flow (line 526) was the pressure differential 4cross PCV-528.
Gas ‘was normally vented from the coolant drain tank only after a fill of

i the circulating 1oop, which was done by pressurizing the tank

All piping in the coolant off*gas system was ‘1/2~-inch Sch—40 stain-

'less~steel pipe. The: valves, filters, and traps are described in the sec~

--tion on experience. The system was located in the coolant drain cell,

which could be safely enteredcwhenever-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 complex.
Three 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 sentrthrough 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 l/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 on arrival at the particle trap
and approximately 100 minutes old on arrival at theimain charcoal bed.

An auxiliary charcoalrbed 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 systemiwas‘contained and shielded and therefore re-
quired remote maintenance techniques for work on any portion upstream of

the charcoal beds. SR

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. l Filter and Valve Difficulties

During early checkout of the coolant system, the original pressure

~control valve (PCV-SZS) which throttled the off-gas from the coolant pump
‘was too small (C = 0. 003) for adequate pressure relief and was : replaced
by a valve having larger flow coefficient (Cv = 0.02). - v
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Sept

1969

Table 8.1. Summary of Difficulties with the Coolant Off-gas System
. Date Description
Jan. 1965 Installed larger control valve (PCV;528) (C 0. 032
to 0.02)
Jan. 1965 Added a 25u filter ahead of the control valve
Jan. 1965 ' Replaced the 25u filter (1.4 sq in.) 7
Feb. 1965 _ Installed a larger 25y filter (50 sq in.)
~ June 1965 Control valve plugged — cleaned this and installed
: a-1ly filter (50 sq in.) :
Jan. 1966 Replaced 1y filter
Feb. 1966 " oo
Feb. 1967 S "
FEb. 1967 1 L L n
June 1967 " no.-om
Sept 1967 " " "
Jan. 1968 " " "
Sept 1968 on nooom
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 lu filter.
Feb. 1969 Restriction at coolant pump — cleared by heating
with electrical heaters.
June 1969 Control valve, luy filter and check.valve cleaned

and back-diffusion preventer removed.
Replaced 1lu filter. 7
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7 A sintered metal filter (tubular cartridge one-inch long by 1/2-inch
diameter) capable qf stopping particles greater than 25y was installed in
the off-gas line to'prdteét therpressure 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 after
20 dayé of service and at the completion of Run 1, (see Table 3-2 for dates
of runs) it was replacedeith oﬁe having 35 times the surface aréa. Cool~
ant salt was not circulated again for 3-1/2 months and then for only 118
hr. buring circulation, pfessure control again became erratic which indi-
cated an obstruction of either the 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 lu 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 1y 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 oil in the filter housing and a light film of oil 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 ~10 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 controller
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{aohieved'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 necessary to use HCV-536
" to control the system pressure. - t '

On one occasion 1atevin reactor operations'(September 1969) when the
filter becaue restricted, the coolant system pressure was allowed to reach
10 psig before remedial action was taken. vDuring this test the pressure
in the system meandered back and forth between 10 and <5 psig for approxi-
"mately one month before exceeding 10 psi and thus reﬁuiring’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

T
7 where o = surface tension = 16 dynes/cm for oil: in the coolant system; and
- r = bubble radius = pore redius = 0. 5 x 10~* cm. o
' " This calculation indicates that ‘any pore in the sintered metal filter
‘ smaller than lu, once’ plugged ‘with condensed oil 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 évaporation of oil at the pores of the filter.
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8.2.2 Restriction at the Pump Bowl

In September of 1968 appronimately one month after the start of Run
15, in addition to a restriction at the filter, n restriction developed
in the off-gas line at the exit of the coolant pump bowl. This restriction
was blown clear once by closing the pump off-gas nnd 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 pressure. The reactor
was shut down 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
bowlvcame,put covered with black, heavy grease. A brown vapor (hydro-
carbons) was collected wnen this section of line was heated with a torch.
The restriction was not cleared, however, until the junction of the off-
gas line and the pump bowl was heated to red heat. There was practically
no evolution of vapor frnm the line at thnt time, suggesting that the re-
striction was primarily salt or a combination of salt and hydrocarbons.

A heater was installed on the line at the exit from the pump bowl;
also a trap which was packed with stainlessfsteel mesh was installed in
the line approximately six feet from the pumpAbowl in an effort to con-
dense oil vapors at this location and thus nrevent or minimize oil trans-
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 light 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
energized 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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tﬁe back-diffusion preventerrwas removed completely. Although all four
components were coated'vith'oil£Which'impeded off-gas flow, it is believed
that the back—diffusion preventer was: the major restriction.

With the exception 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 leakege into the pumpAbdwl. In retrospect, a filter
of an intermediate pore size (say 2-4p may have been a better choice. The
restriction at the pump'exit vas probsbly more of a salt mist carryover
phenomenon rather than hydroeerbon related. The plugging at the coolant
pump bowl exit, although ocehrringrless frequently, seems to be similar
to that experienced at the fuel pump which will be discussed later.

8.3 Egperience 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 Sjstem Off-pas System Prior to Power Operation

The problems encountered withfthe fuel fo—gas system during the pre-
critical and low-power eperations,(<25 kW) were somewhat similar to those
in the coolant system. .

 8.3.1.1 Filter and valve difficulties. After abohtltwo 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 v25u)

: appeered 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 next run, the valve;agein became partially plugged; This time it
was replaced with one havlngfa largerlc§ (0.077 instead of 0.022). The
smaller valve‘was then cut opeh&and a black deposit of amdrphous 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 — 254 filter appears OK.

. PCV~522 plugged — replaced with larger vaive

(Cy = 0.077).

. 522 filter repiaced with 8 1 x 0.34 sq. ft. surface

area filter,

. Plugs at PCV—522, FE—5621, CV—-833, and inlets to

MCB’s. Unplugged PCV~522 by operating it several
times.

., Replaced PCV~—522 with a large hand valve, replaced

£22 filter with a 50u x 0.34 3q. 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 ACS injets.

Blew outoff—gaslines, removed 522 fiiter and

installed the first (Mark 1) particle trap and &

charcoal trap. Installed a larger PCV—-522 (C, = 0.865)
and replaced MCB inlet valves with larger valves.

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

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

blowing.

. MCB and ACB inlet plugging — unplugging sbout

weekly by back-blowing. The particle trap piugged.
FP pressure increased from 3 to 12 psig and seemed
to be power t. Rerouted Line 524 during
this period. V-557B now used to control FP pressure.
Particle trap AP decreased to ~1 psi at zero power
and remained low during fater power operation.
Particle trap plugging. FP pressure increased to 8.7
psig.

FP pressure decreased to normal when power wis
reduced. i

Flush salt overfill.

. Cleaned up off—gos lines from overfill. Repiaced

particle trap with another identical one (i.e. Mark 1).
instatied heater on ACB infet.

. For 26 days the off—gas system had not plugged.

Then 2 days after raising power, 522 pluaged at the
fuel pump. Back-blowing was unsuccessful. MCB
storted plugging and all 4 beds wera put on--stream.
The particle trap plugged periodically.

Unplugged 522 at FP by heating and back-blowing.
Line 522 at FP plugged and particle trap AP increased.
Reamed out 522 at FP and replaced jumper. Installed
heaters on MCB 1A and 1B inlets. Heating for 8 hours
removed the plugs.

Particle trap plugging — rerouted otf-gas through
DT's which allowed enough cooling to sliminate
plugging.

. Replaced particle trap with two Mark |1 particle

traps (one in service and one vaived out). Removed
PCV-522 and charcoal trap and did not reinstall
either.

. MCB 1A and 1B — AP had increased to 7 psi from

~2 psi at the start of Run 11. Therefare changed
to MCB 2A and 28,

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

Heating removed plugs from MCB 1A and 18 and
back—blowing removed the plugs from MCB 2A
and 28.

. Installed heaters on MCB 2A and 28 inlets.

Fig. 8.3 Summary of 0ff-Gas Experience

Run No.

12

13

Saitin
Loop 522 |Particle]
Fiush T3 Near | Trap | MCB | ACB
Date  Fuel Power (Mw) FP Area | Inlet | Inlet | Other
26
1967
27
28 8
29
30
31
M
] k-]
J
1968 —
J
A —
33
o
34
35 35
36
37
38
33
40 40
4
42
43 4
foasessyte,)
BURERER,
THEIIIIETP
Eriry W “
45
46
4
T S I . .

1Tk

Portion of Off—Gas System Involved

26.

27
28.

29.

3t

32,

33.

35.

37

=~

4.
42,

43.

44,
45,

@

47.

ORNL-DWG 73-2031

MCB's plugging — unplugged using electrical heaters.

Line 522 at FP starting to piug. Cleared by forward blowing.

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

Line 522 at FP starting to plug.

. Line plug in 522 at FP disappeared.

Line 522 at FP starting to plug.

Mechanically reamed out Line 522 at FP.

Line 522 at FP plugging.

Mechanically reamed out Line 522 at FO.

Line 522 at FP starting to plug. MCB’s pluaging — unplugged
using heaters and back-blowing. Inlet handle on MCB—2A
inlet vaive broke with valve in closed position.

Plug in Line 522 st FP blew out while emptying OFT.

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

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

. Line 522 at FP plugged.
40,

Particle trap plugging — vaived in spsre particle trap. ACB
inlet partially plugged. Forward—blew 1o clear.

OFT vent (523) plugged.

FD-2 vent plugged.

Installed heater on Line 522 at FP. Heated line to unplug.

Replaced Line 523, Heated and back—blew FD-2 vent to
remove plug.

FD-1 vent partially plugged. Back~biowing did not remove

plug.
MCB inlets plugoed twice and were cleared by back-blowing
and hesting.

. Restriction in valve upstream of PT No. 2. Cleared by

operating vaive.

Line 522 at FP starting to plug.

C
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rinse from the first cleaning (Run 1) and the deposit removed from the
valve during Run 2 contained 1l- to 5-u glassy beads which proved to haﬁe
the composition of flush salt. The salt beads in the off-gas lines were
probably frozen droplets of mist produced by théfsgripper spray in the
fuel pump. Just as 1n'thercoolant systém, 1t ié'ﬁot known whether the
mist was transported contindously or was sﬁept'dut_by sudden venting.
The performance of the fuel off-gas system was satisfactory for the
remainder of Run 2 and the zero-power exper%ments {Run 3). During the
shutdown foliowing‘Rnn 3, larger sintered mefél;filfers (filter area =
0.34 ft*) capable of removing particles greatéfktﬁén 1y in diameter were
installed ahead of the pressure control valves iﬁ 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 pbppet~t§pe valves and were designed for low
pressure drops. Durihg 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 reclosé'with a forward pressure differential of ~2-in.
H20 were replaced with new valves meeting these éritéria.

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. Althéugh
some foreign material, shoﬁn in Fig. 8.4, was found in the poppet of the
check valve, it was judgedwﬁot sufficient to stop the gas flow (the plug
may have been dislodged‘duriﬁg 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. o

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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PHOTO R27593

Fig. 8.4 Check Valve CV-533
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a check valve at one of the drain tank lines and had been carried down-
stream during ventingioperations. 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

ﬁuring 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
01l 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 7
The first indication of,this type of restriction occurred when the
' power level was raised to 0.5 MW on January 23, 1966 Sfter only 3 MWhrs of
total integrated power. At that time, system pressure began to rise slowly
because of a restriction inrthe vicinity of PCV-522 Shortly after the
start of this pressure transient the response of the drain—tank pressures
indicated an abnormal restriction at a capillary flow restrictor in line
, 521 the fuel—loop-to-drain—tank equalizing line. The excess pressure in
" the fuel system 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 several times through its full stroke. These operations also
revealed at least a partial restrictionrin the line to the auxiliary char-
i;coal bed, apparently at - HCV—533. lhe reactor was made subcritical after
* 4-1/2-hr operation at 500 kW. ' '
' Satisfactory pressure control was maintained for about 24 hr, but the
Aplugging at PCV-522 recurred shortly after the reactor power was raised to
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1 MW. Again, the operation of this valve 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 charcoal-bed inlets began‘to appear.
These restrictions were bypassed by putting the two spare charcoai-bed sec~-
tions. (2A and 2B) in service and closing the inlet valves to the two that
were restricted (1A and 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 cénditions. 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.-
fhis 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 subseguently 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 measurementsrthrough‘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

barticles were characterized as partly coalesced amber globules with a
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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.

7 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’siﬁilér material and had a semisolid mass of
matérial‘on the surface near éhe séat port as shownbin Fig. 8.6B. A gamma
scan® of this material indicated the presence of ®°Sr, *“°Ba, and '“°La.
'Examination of the Filter Pfe;:eding’PCV¥522 — Filter-522 was a l-in.

diameter by 15-1n. long cylindrical type-316 stainlgss-steél sintered metal
eleméﬁt>enclosed by ai1-1/2-in. schedu1e740-pipe; The pore diameter of this
particular filter was ~1lu and thérelement thickness was 1/16 in. The filter
area was 0.34 ft* and the flow was froﬁ‘thé outside in, the'filter assem-
bly was removed'oh.Fébruary 8, 1966 and éXamined‘at HRLEL on the following
day. The upper third of-thereleﬁént,was steel gray in éppearance; the
lower two-thirds had a frosty white 3ppeérance. 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,

£ llooBa’ I.EOL

1.524 and a gamma scan® of the sample indicated the presence o
192Ru, and **7Cs.

The filter was then reassembled for flow tests. The data indicate

a,

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 sampling opened enough pores in the ele-

ment to produce these results.
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PHOTO R27813

s Fig. 8.6B  PCV-522 Valve Body
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8.4.2 Run 5 '

Satisfactory manuél‘pressure control by throttling V-522B was demon-
strated during thefpreceding shuﬁdown; 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 adjﬁstment until it was in
the fully-open position five hours later. During one such adjustment,l
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 aéross 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 6f 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
was ®>*Te. The refractive index of the varnishlike material was 1.526 com-
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.®>’ Very little visible material was
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PHOTO R28500
' Fig. 8.7 - Charcoal Bed Inlet Valve Stem HV-621
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collected on filters at the ends of the line, but there were fission prod- Q,J
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 buildup of gaseous fission
products in the line.)
As a result of extensive laboratory tests on organic vapor traps,’
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-— 7
centric cylinders of porous metal (felt metal) and a bed of inorganic fibers. &ﬁ;
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 0.3p.
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-
v 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

'}
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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 the'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 approéched 3 psi. Later, higher pressure
drops were tolerated before back-blowing was initiated. Plugging occurred
when thé 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 necessary 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 subcritical 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 componenf 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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occurred ending Run 7. A few hours after the power reduction, the;pump
pressure returned to a normal value of 3 psig and remained at this pressure
- for aﬁprqximately a ﬁoﬁth,ofrzéro-power operafien before the restriction
,gradﬁally returned. o

In summary, pump pressure increases (restrictions in the particle
traps) were usually associated with periods of power increases. Pressure
decreases were sometimes unexplained But usually were associated with power
decreases or with'deliberaté attempts to clear the trap such as reverse-
blowing with helium. - -

Rerouting of Line 524. Helium, at a rate of 2.4 %2/min, was introduced

through line 516 into the fuel-pump shaft annulus just below the lower shaft
0il 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 2/min) goes up the shaftrtorprevent oil vapors from migrating to the
fuel«sait;'it also aids in trénsporting 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 restrictioné in -the charcoal beds), line 524 had no pres-
sure differential and consequently no gas flow; therefore, it was reroutéd
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, suddeﬁ increases in pump pressure (at the completion of
salt recovery from the overflbw tank) caused a gas flow reversal at the
pump- shaft and gaseous écfi?ity;Was'carried into line 524. Since this line
bypassed the charcoai’be&;iﬁhefgés flow had very little decay time. As a
‘consequence, gaseous activify:triggered'the closufe of‘the,tadiation block

~ valve on the main off-gas line. Therefore in June of 1966, a small charcoal
»rbed7.wés added to line SZé‘to*hold’up krypton and xenon for 2-1/2 and 30
days,: respectively. Thé;bedléénSisted of 9 ft of 3-in. sched.-10 stainless-:
steelﬁpipe loaded with 15.8 1b of'Pittsburgh PCB charcoal. On at least four
occasions in the subséquent;run;'fission product ﬁctivitﬁrwas blown br dif-
fﬁsed up the»pﬁmpfshaft annuiqs.: A1though 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 matriﬁ—gype 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 pumplshaft 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 femotely—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 énnulus
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‘éalt, 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~Ehfoﬁgh the OFT did not hinder operations
except for one specific job: recovery of salt from the overflow tank.

Salt slowly but continuously-aCCumulate&'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 wéek in 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 make 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
0il collection sp;ce. This was a consequence of the reduced helium purge
down the shaft annulus and the unavoidable; sudden preésurization 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 proceduré 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. Whileftoolé'and procedures were being devised, the re-
actor was kept in operatidn,’but‘gfeat 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 appliedrto 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 completély 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 theré 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 passageréxisted. A new jumper line was installed
and operation was resumed, - - ;

-Because obtalning samples remotely without spreading confamination
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 the
'offégas stream during'subseQuént 6pération then plugged fhé small passages.
During the July cleanout, the heaters apparently melted the salt out of the
‘pipe, but left behind a fhinrﬁrfdgerofrsalt in the cooler:flanges; After
the fianges 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 ;O,. This unit

‘behaved in Runs 8 and ‘9 much as had’ the first trap; the pféssure dfop oc-

casionally built-updto 5 to 10 psi, beginning two ‘days aftér'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,‘;he delayed route was used until the end of Run 10 which was termi-
nated for in-cell repairs and also because a newly,éonstructed particle
trap (Mark II) based on the Hot Cell examination of the first trap was -
ready for installation. _ . . B
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 spéce between the wires of the mesh (Fig. 8.10). The shape.of the mat
éorresponded 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 to a thermal valve. This could account for the
unexpected increase in pressure drop while at power and the decrease in .-
pressu;é drop when the power was reduced or when the off-gas‘was_deléyed

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 remo#ed, it was found that the surface of the
outer wires of the mesh bundle was covered with a thin layer of amber-
colored organic materiél.‘ Much of ﬁhis material evéporated 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,vdesignated Nos.
5B and 6 (Fig. 8.8) were taken for examination and chemical analysis. Met-
allographic examination 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
been deposited in layers. These "growth rings" were probably the result
of off-gas temperature, reactor power, and gas 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 thesé coatings were deposited by condensation and sput-
tering of the oil from the adjacent filter and that the dark brbwn color
indicates that the porous'metal screen had operated at a much higher tem-
perature than had the- outerbwall (during operation the trap was immersed

in a tank of water for cooling by natural convection). The lower surface
of the upper flange (view B—B, Fig. 8.8) contained a deposit which had the
appearancé of organic residue. The deposit was amber colored, and the frac-
'tured‘edge (Fig. 8.11)Vgaventhé'impression that the material was brittle.
There is as yet no expignaﬁioﬁvfor formation of this &efosit or how it came
to be formed in this particular location, The radiation level on the out-
side of this section of the filter was 200 to 360 R/hr.

_ The material at the ent:gnce‘of the Fiberfrax section showed an oil-
like discoloration, but there was no evidence of any significant accumula-
tion ofrmaterial. Comparison of thé’weights of the different layers with
'tﬁe wéights of the material originally loaded indicated changes of less
than 0.2 g.. An interesting observation relates to the very low radioac-
tivity lével of the Fiberfrax at the entrance section which is separated
only by the Feltmetal filtétifrom an area containing material with activity
levels of thousands of R/hr. :Therohly deteétable 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 of from pressu;e transients which could have carried gaseous decay
pro&ucté from the vapor trap back upstream and into the particle trap.
-Even so, the activity 1eve1,wg§ only 1.8 R/hr above background.
| Analytical Results;é A total of four samples from three different lo-

cations (Fig. 8.8) were subjectedrto a variety of analytical tests. The

samples were identified as follows:

Sample No. B Taken from
3A L ,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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Fig. 8.11 Upper End of Porous Metal Section — MSRE Particle Trap Mark I
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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 327 for sample 9. Analysis of the carbon content
gave none for sample 9 and 97 for sample 58, 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 Z Ba, 15 wt % Sr, and 0.2 wt Z Y. In the same analysis the salt con-
stituents Be and Zr were estimated to be 0.01 and 0.05 wt Z 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 organics

and small sections of wire in the sample.

‘The gamma-ray spectrographic work indicated tﬁe presence of the fol-
lowing isotopes: **7Cs, °°Sr, '°°Ru or *°°Ru, '*°PAg, °°Nb, and *“°La.

'All three samples were chemically analyzed for Be, and the level was
below the detectable limit of 0.17%Z. Attempts to analyze for Zr were com—
plicated by the presence of large quantities of Sr.

The fraction of soluble hydrocarbons was determined using CS:, and
the values were 5B, 60%; 6, 73%; and 9, 80%. The extract solutions from
sémples 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
insolubility of the cross-iinked ‘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 sectiens.

3. The disposition of the Yorkmesh was modified to provide increased
frontal area in the direction normal to 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%.

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 orgdnic material in the charcoal
trap immediately downstream of the particle trap would result in progressive
poisoning along the lengthiof 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-
creased power level, the basic shape of the temperature profile did not
change, indicating that no significant poisoning 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 charcoal.trap, both were removed to make room for two new MK-II parti-
cle traps which were installed in parallel'in January 1967.
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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‘nbted early in
July. During the fill and drain after the July 17 shutdown, the restric-
tion became continuous and more'éevere 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-blow in May was adequate but not as effective. No fur-
ther operational probléms with the auxiliary bed were reported.

Sections 1A and 1B of the main charcoal bed had been used almost ex-
clﬁsively 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:ahd 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 the'success with heaters
on the inlet of the auxiliary bed, an attempt was made 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). Althoﬁgh the bed temperature
reached 465°C, there was no improvement and all four sections of the main
bed were operated in pérallel for Run 9. After this run, electric heaters
were installed on the inlets of sections.iA 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
problems 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 7
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 pressurerdrop across the'trap increased to 0.4 psi. A week later
when this restriction increased to 0.75 psi, the reserue unit, which had
been valved out up to thisrtime; was put in parallel service. This lowered
the pressure drop torO.l psi’orrless. Also temperatures in the trap re-
flecting fission-gas heating'indicated that nearly allrof the gas was flow-
ing through the fresh Bed.VVInVOctober 1969, pressure‘droprmeasurements on
the off-gas system indicated a restriction of 0.3 psi across trap No. 23
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 therreactorﬂcellito the auxiliary charcoal bed tnrough
~a line equipped with two biock’valves. In January 1967, these valves,

© V=571 A and B, were inadvertently opened while the reactor cell was being
- pressure~tested prior to Run 11. Reactor cell air entered the auxiliary
charcoal: bed which at thertime'wasibeing used to vent the empty but hot
_reactor via FD-1. The slowrleakage,of cell air into the ACB resulted in
an increase in fuelrsystemrpressuretand was incorrectlyvdiagnosed'asrplug—
'ging in the auxiliary charcoa1~bed;'—To clear the bed, it was;pressurized
to 50 psig with helium and released into FD-1 (V-571A was discovered to be
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 joined the two systems was cut and both

ends were cap-welded.

8.5.3 Charcoal Beds

The restrictions at the inlet sections of the main charcoal bed con-

tinued to exhibit chronic 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 operatiom the pressure drop
increased from 2.5 to 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 from 2.6 to 9 psi in only ten days. Sections 2A and 2B were cleared
by forward-blowing with helium and sections 1A and 1B were cleared with the
previously installed heaters. These operations did not require a reduction
in reactor power but only a temporary lowering of the water :level in -the
charcoal ‘bed pit to allow the heaters to function. Approximately one month
later this operation had to be repeated.

Owing to the success of the heaters on the auxiliary bed and sections.
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 sectioms. |

During MSRE.startup, injections of ®®Kr indicated that the charcoal
bed hold-up time was 5-1/2 days for krypton with two sections in parallel
service; the equivalent xenon hold-up time was calculated to be 88 days.
Thermocouples are located at the entrance regions of the 1~1/2—, 3-, and
6-inch diameter sections of the charcoal.beds. These sections contain 4.75,
27.4 and 67.85,percent, respectively, of the total charcoal in the beds.

On the basis of a.5.5 day hold-up time for krypton, the lag in temperature
response to fission gas adsorption between the 1-1/2— and 3-~inch diameter
sections should be 6.3 hours (4.75% of 5.5 days) when two beds are .in ser-

vice and 3.1 hours when one . 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 developedrmore of a restriction than bed 1A.
During the startup oerovenber 25,,1967'with.beds 2A and 2B in service, the
response interval»wasr8f1/2 hours for bed ZA 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 lAvremained 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'inrservice to achieve the low 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
trap during the single bed test.

No plugging in the bed was experienced during the precritical and low
~ power (<25 kW) operation using 233y fuel (Runs 15 and 16). However, during
the next runs, gradual plugging recurred after the first 12 days of power
operation (5 MW). The: electric heaters, previously installed on the inlet
section, were used to clear the beds, although two of the three heater ele-
~ ments installed on sections.lA and 1B and one element on 2B failed. This
procedure along,ﬁith a back-blow 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 level at the valve
7 and the sufficiency of the other three sections. ; 7
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
a unusual off-gas problems associated with argon were manifest other than
interpretationlof flow andlpressure drops through the system during the
'several switchovers from one'gas ‘to the other. A barely perceptible in-
crease - in the effluent stack 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 bowl reappeared in
November 1967, one year since the line was last cleared with a flexible
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 maihtained 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 rbutine
return of salt from the overflow tank to the pump bowl. After the sampler
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 (<0.1l 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 bypéss 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 ét 10 kW, the pressure drdp 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 indicaﬁed
that there was again bypass flow through the overflow tank. The restric-
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 completely plugged and there ﬁas a suggestion of some
effect of powér level. . 7 :

After the fuel was drained, the flexible section of off-gas line was
removed, and a felxible ﬁool was -run through the 28-in. of line back to the
pump bowl. The tools, 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. Although the flexible jumper and the line downstream were not re-
stricted, the jumper line along with the flexible reaming tools were sent
to the High-Radiation-Level-Examination Laboratory for cut-up and exami-
nation. o [T » |
The replacement jumper line was equipped with four thermocouples to
provide more information during power operation. A slender basket contain-
ing devices of metal.énd»graphite to collect material from the off-gas
_ stream was suspen&ed iﬁ the entrance of the Aein. off-gas hold-up pipe.

The restriction at the pump bowl reappeared after approximately one
month of operation with the new fuel in September 1968. The restriction
was bldwn.clear,once during preésure—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 ;ast wgek;in November 1968, when the fuel and cool-

- ant systems were drained to,éleén out the off-gas lines of both éystems and

‘also to mix the fuel before the start of full-power operation.

. The flange at the'fuel-puﬂp'bowl was again disconnected, and a flexi-
ble cable assembly, cénneé;ed—to a'filter and a vacuum puﬁp, was used to
7 ream out the off-gas line to the fuel pump and also to collect a sample of
~ the test:icting‘material.-EOnli:aVVery small amount of blackish dust was
—:fecovered on the filter papétfahd'from the flexible tubing. The flange
was recennectedrandiphé reac#bf was refilled; however, after about three
weeks of operatioen, the restriction 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 serious nuisénce, a compact \‘j
2-kW heater unit was designed for installation on this line at the first

opportunity; however, in the last week in February during a routine tfans—

fer of fuel from the overflow tank to the fuel pump, the restriction was

blown clear, resulting in a complete transfer of fuel from the overflow

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 overflpw 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 k;J
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 since 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 restrictionrincreased 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 remaining 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 downstream 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~residua1'
LiFz2-BeF; flush salt which had entered the off-gas line as a result of the
pump overfill in 1966. ' o » 7

Electron photomicrographs of the upstream dust showed relatively solid
particles of lu surrounded by a material of lighter and different structure
which appeared to be. amorphous carbon.v Chemical analyses of the dust sam-
ples showed 12 to 16A carbon, 28 to 54% fuel salt; and 4% structural metals.
Baaed.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-

12 yere reached: (1) the isotopes

1968 shutdown, the following conclusions
3ssy  140py, 144ce, and ®3Zr were transported only as salt constituents;

(2) the isotopes ®°Sr, °'Y, and **7’Cs, which have noble gas precursors, were
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present in significantly greater proportions consistént'with-a mode of
transport other than salt particles; (3) the isotopes ®*Nb, °°Mo, *°°Ru,
and *?*DTe were present in even greater proportions, 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 2*®Uranium Operation" (ORNL-TM-
2753).

8.5.5 Other Restrictions in Line 522
On five occasions during Runs 17 and 18, complete flow blockage oc-

curred in the main off-gas line somewhere between the 4-in.-diam hold-up
pipé and the junction of Line 522 and the auxiliary Charcoal bedJiine, 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. In each case the fuel system pressure was vented for short periods
of - time through thé'equalizer and drain tank vent lines to the auxiliary
charcoal bed until line 522 was unplugged by back—flo&ing helium from line
571, through lines 561, 533, and 522 to the hold-up volume. It Seemé that
each plug became successively more difficult to dislodge. To disiodgé the
last plug, it was necessary to vent the fuel system to 2 psig, pressurize
line 533 to 60 psig, and quickly open V-522A. The last effort apparehtly

restored the line to near its original condition because plugging at this

location had not recurred at the end of reactor‘operations. Because of the

remoteness and 1naccessiblity 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 o
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 ciréplating salt or possibly as a
result of a high—tempergture 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 épray and/or bubbles
slowly spilled into thevovérflow tank (OFT); the salt was periodically re-
turhed to the pump bowl by closing the OFT gas dischargé 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 dischafge 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 ﬁump 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 gveffill on July 24, 1966, it is estimated that

‘most -of the fuelfpump 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 fank gas exit line (523) became plugged on

May 25. Thereaftef, all of the,pﬁmp purge gas was forced out through the
restriction in>the off-gas line at the exit of the 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 the shutdown in Junérl969, when the overflow .tank vent line was
scanned with the;remote-gamné spectrometer, an unusually strong source was
observed at the air—operate&gvaiver(HCVv523), about 33 ft dpwnsﬁream from
the overflow tank. ,?langes-wéte'oﬁened and pressure observations showed
that the restriction Wéé in thé flanged section containing both the air-
operated valve and a hand valvé; This section was removed to a hot cell
where polymerized hydrocarbons aﬁd fission products were found to be block-
ing the hand valve inlet poft. A replacement section containing an air-

operated valve but no hand vé}ye 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, pfessure measurements indi-
cated that a restriction had developed in the gas line somewhere betweeh
Fuel Drain Tank No. 2 (FD-2) and the junction of the inlet line (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-
pose& 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 othef fuel drain
tank was partially cleared during the fﬁel system pressure Eest in August
1969 by heating the tank to 680°C and flowing helium from FD-2 (at 50 psig)
to FD-1 (at 2 ﬁsig).

Restrictions in these lines were most probably deposited (but not to
the poiht 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, thfough
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 offegas flow
through the drain tanks was reversed after the first week in an effort to
minimize plugging. S | ,

The off-gas flow was again routed through drain tank No. 2 gas lines
for a day when line 522 plugged in Maonf 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. Tﬁo 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. Althoﬁgh only marginallimprovement was ob-
"~ tained, the gas flow through this line was judged adequate for any emer-
gency drain situation. B ' “

During the subsequent drain in November 1969, approximately 4300 1b of
salt drained into FD-1 and 5100 1lbs drained into FD-2 iﬁdicating that a
slight restriction existed in the exit gas line of FD-1. During tﬁe '
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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 1bs

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 0ff-gas Sampler

A system to permit~thé analysis of the reactor ofngés stream was in-
stalled downstream of the particle trap as shown in Fig. 8.2. The sampler
contained two thermal—conduétivity cells, a copper oxide converter, and two
molecuiar sieves, one operating at liquid nitrogen temperature and the other
at room temperature.® Since the sampler waé an integral part of primary
containment during sampling operations, and since some components of the
sampler did not meet the requirements of primary containment, solenoid
block valves were installed in the inlefiénd outlet lines which connect .
the sampler to the rea&tor_system. Two fail-closed valves in series were
installed in each line and were instrumented to close on high sampler ac--
tivity, high reactor cell-preséure, 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 éutoclave;tubing. The restriction was éuc-
cessfully cleared each time by back-blowing with helium. As encountered
in other parts of the off-gas éystem, successively higher pressures wére
required to clear the restriction each time. During the latter part of
Run.18, the:inlet blockfvalves would not shut off tightly and were replaced
in July of 1969. Visual~ih$ﬁéction of the faulty inlet valves did not re-
veal the reason for the;leaking vaives nor- the nature of the restriction
- (the restfiétion had been blown: clear before the valves were -replaced).
During the August startup, it was again necessary to blow out the restrie-

tion at the inlet to thersamplerg
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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 4p 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
A only efficient at stopping solid fission products but also was apparently
immune to plugging by hydrocarbons. Virtually éll ofrthe solidrdecéy daugh~
‘ters were stdpped by the Yorkmesh and filter before reaching thekFiberfrax
section of the particle trap. , '

0il vapor in the off-gas étream condensed on various parts of the off-
gas system components and apparently enhanced the adsorption or trapping of
particulate matter, particularly on the Yorkmesh portion of the pérticle
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 surfaée wetted by hydrocarbons. It is
not clear whether the solid decay daughters agglomefate 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.r 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'directionrand/or is
close to a relatively cold surface such as valves and flow restrictors.

The high hydrocafbon'content (>60%) of the material collected on the
Yorkmesh is inconsistent with the high temperature (v650°C) in this region
7 during power operation; hydrocarbons are vaporized and cracked at this tem-
.perature. One must assume, then, that the hydrocarbons were ébllected
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.

O
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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 fission 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 smalier 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 fissien
products along with hydrocafbons 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
\uv; 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 ofrplugging until power operations were begun.

For a better understanding of :he 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
\:J 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. KR

The restriction at the fuel pump bowl does not seem to be related to
fission products since the plug &eems 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, (2) 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 & 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. i -

The oil flow to the beapings of each of the salt pumps was sbout 4 gpm
. with about 8 gpm to each shiéld plug. The remaining h8§gpm was recycled
through the oil tank to aid in cooling. A scavenging je£ was installed in
the oil lines near the salt pump so that the shield plug 0il flow aided the
return of the bearing oil to the storage tank.

Lubricating oil seeping past the lower shaft seal of the salt pump was
piped to the oil catch tank for measuring the rate of leakage.

The pumps, s£orage 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 commohly referred to as a lube-oil package.
The two packages were inferconnected 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-o0il packages were operated
in a test stand. Heat'load‘aﬁd pressure drop data wére obtained and the
performance of the systeﬁs,was_checked. A problem of gas entrainment was
found which affected the priming of the standby pumps. Approximately
30 seconds were requiredrtonpiime e 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 é modus operendi of starting
the spare pump of each package once per shift and running it for ebout
15 min. . ,
The packages were installed at the MSRE in 196L4. 1Initial operation
-was hampered by failure of the stator insulation in one of the pump motors
and by low resistence to ground in stators of others. Since moisture was
suspected, a potting compound (Dow Corning Silastic RTV-T31l) 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 oil to the fuel-pump motor to Ut gpm, as a
flow of 5 gpm would result in a buildup of oil in the salt pump motor cavity.

)

9.3 Addition of Syphon Tanks to the Qil Catch Tanks

The oil catch tanks were fabricated of & h6-l/2—in.élong 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 oil accdmulation'rate whereas the
upper portion provided sufficient volume to handle possible gross leakage.
The catch tanks were drained periodically to keep the.leVel in the lower.
section. Readiation would not permit doing this during power operation and
since the volume of the lower section was around 2500 cc and the alloweble.
seal leak rate was 100 cc/day, it was possible that the reactor would have
to be shut down to drain the oil catéh tanks during extended runs. There-
fore, in October-1965, equipment was installed to automatically siphon the °
.01l from the catchvfanks when they became full.
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After instaellation, 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 re#erted.to manﬁal 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 MSREvdperating life to determine what losses were

teking place. Samples removed from the systems were carefully measured,

as were additions. The o0il storage tanks were 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 leskage through the rotating oil seals of the salt pumps to the oil

- seals of the salt pumps to the o0il catch tanks were possible over one month

or longer periods. The leask 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 24-month period through August 1969, inventories showed unac-

counted for losses from the fuel pump oil system of 5.4 :;’3 liters; from
the coolant oil system of 57.6 :é'g liters or average daily losses of T.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 o0il may have been held up in the lines, 6-ft3

x?holdup‘vulﬁme, and particle traps that were upstream of this sampling point.

In conclusion, the best estimates showed an oil loss of 5+ gms/day,
of which only 1 - 2 gnms coqld be found as.hydrocarbons in samples of off-

gas from the primary system,rleaving approximately 3 gmé/day unaccounted

'for.
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9.5 Change-Out 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. N o o

The pump with excessive vibration had one of the two balancing disks
loose on the shaft. This loose disk was reattached, and the shaft assembly
was dynamically balanced. The pump 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
oil package (FOP-2 running) supplied oil 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 artemperaturé 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
oil supply temperature equilibrated at 127°F. When the fuel pump oil flow
was stopped, the oil supply temperature increased ~ T°F, indicating that
the fuél pump vas removing part of the heat load of the oil system.

Although this test did»nét prove conclusively that one oil cooling
system was adequate for sn emergency wherein one package would be used to
supply both_operating salt pumps, subsequent heat exchanger tests and cal-
culations indicated that one o0il cooling system would be adequate.’

9.7 0il Temperature Problems

thig,'S 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 o0il tanks and caused to flow down the outer tank walls.
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in the case of the MSRE was fakén directly from the potable water system
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This amount plus the warm oil from the shield and bearings was cooled by
means of water flow_through éoils brazed to the outside of the carbon steel
tanks. A _ : o

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 fhe temperature of the supply oil-to climb from its
normal 134°F to 14L0°F. This higher témperéture was reached during March
of 1966. o _ ;

Both of the lube oil tanks coils wére flushed with a 15-wgt % solution
of acetic acid. Considersble material was rembvéd, and the oil tempera-

tures, upon restarting, were reduced T°F in the case of the coolant pump

During subsequent operation the temperatﬁre of the fuel pump oil grad-
ually rose, and in August 1966, this acetic acid treatment was again given

both coolers.

This problem of gradual fouling of the water side of the cooling coils
recurred throughout subsequent,operatidns,'andiby December 1967, the tem-
perature of the oil suppiied to the pumps was up to 150°F, The water sup-

ply was changed from tower water to cooler untreated "process water" which

via a backflow prevgnter. The system was left on process water for two
months and the heat transfer improved enough, probsbly by physical flushing
out'of“the'scalé, 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 Wasifinally 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.0Qil Packsages

At the beginning bf‘powéfioperation inlAugust;1969, a radiation moni-

tor at the reservoir of the fuel pump oil system indicated radiation from

the upper part of the tank wasrihcreasing and. decreasing with reactor power.

Using the on-site gamma spéctrbmeter, it was determined that the activity

was “lArgon. This was apparently produced by activation of the blanket gas
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in the upper part of thevfuel‘pump motor cavity. Prior to this time only
‘helium had been uSed during power operation, and no gas activation had oc-
curred. Argon was being used at this time to investigate bubbles in the
fuel loop. Since redietion levels did not ‘exceed 2 tR/hr end decreased
when the cover gas was changed back to‘helium; this was not a serious

problem.

9.9 Anslysis of 0il

Samples were taken of each new supply drum end from the two lube oil
systems after circulating for a short time. Analyses of these were used as
controls, to compare with perlodlc samples taken from the systems.during
operation. The 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 field in the pump or that there might be some thermal decompo—
sition. v ‘ _

Teble 9.1 is a compilation of some typical oil analyses performed
during the life of the MSRE. The'only significent or even minor changes
that were found were that the OH radical increased somewhat and some C=0
was formed, probebly indicating some small degree of oxidation. Tritium
buildup was insignificant. '

The oil which lesked ‘through the seals to the oil catch tanks, al-
though dark\in-color, showed no significant chemical,or physical changes.

An asddition fractional distillation test analysis was run on a sample
of new Gulfspin-35 oil on September 2, 1964, This was distilled under re-
duced pressure (3—4 mm Hg) in an 18—in. reflux colum. As indicated below, |
most of the distillation occurred between 148 and 178°C |

9.10 Replacement of 0il

The first charge of Gulfspin-35 oil was added in September l96h as the
oil tanks were calibrated. Each tank took about 35 gallons.t Periodlc ad—
ditions were made to compensate for losses. _ o

As indicated previously, no signiflcant physical or chemical changes

occurred which would indicate that the oil should.be replaced. Various oil

| companies were contected and they did not have any suggestions as to other
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Table 9
o »
Viscosity Viscosity Viscosity
MSRE MSRE Date Centistokes SSU SSy Carbon
Sample No. Run No. Sampled Description At 25°C At 100°F - At 210°F
10-1 thru LO-5 : 15.44 85.52
and 5 ea 55-3al drums to to
L0-9 thru LO-13 8/25/65 new Gulfspin-35 15.99 - - 86.43
10-6 5 2/18/66  FOP-CONTROL NOT ANALYZED
L0-7 5 2/18/66  COP-CONTROL NOT ANALYZED
10-47 - 8/8/66  New 0il for FOP 9.94 2.64 86.88
L0-49 - 8/13/66  New 0il for COP A
10-69 1n 2/13/67  From COP 9.94 . 2.64 86.21
10-70 11 2/13/67  From FOP 10.26 2.67 86.6
L0-140 5/16/68  ** NOT ANALYZED
~10-141 5/16/68  %kx NOT ANALYZED
Solids - ppm
LO-154 5/19/69 From FOP 180 9.94 - 2,58 78.0
L0-155 5/19/69  From COP 180 10.52 2.67 76.7

*

References: MSRE Sample Log for Water, Helium, Miscellaneous; and MSRE Data File — Section 6E-1 (Lube O:
#ede -

01l in service from 5/20/67 to 5/16/68 — Collected in the Waste Oil Receiver from the fuel pump oil cat
hhk

01il in service from 5/20/67 to 5/16/68 — Collected in the Waste 0il Receiver from the coolant pump oil ¢




.1 MSRE GULFSPIN 35 LUSE

OIL == TYPICAL ANALYSIS

H,0
Sulphur Bromine Flash Sediment SPECTROGRAPHIC ANALYSES -~ Micrograms/ML ) )
I Number Point Zvlv Al Be Ca Ce Cr Cu Fe La Mg Mo - Ni P Pb Sn Sr 1 Vv Zn Zr Comments and Miscellaneous
o
1;26 311:6) F . <0.04 (all) ANALYZED AS ESSENTIALLY THE SAME AS LO-6 and LO-7
1.95 325°F
<1 <0,02 124 <10 0.3 <0.4 0.2 <2 0.1 <0.4 42 74 <20 <20 0.5 <0.6 <2 96 <0.6
<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
H,0-ppm V Mn , .
0.012 1.26 311°F 160 <1l <0.01 <200 <20 <0.5 <0.2 ~1 - <0.1 ;(:;5 <4 %50 ——— <20 n20 <05 <1 »~100 <0.5 . Used oil showed an inc:.'eqse in the ‘ree
313°F L <0.01 <200 <20 <0.5 <0.2 AL == <0.1 <0.5 f4 ~50 === 520 420 <0.5 <l Al00 <0.5 gn cand at 43630 eu™, and an increase
0.10 1.9 322°F H=8-§6 3.9 ~- 648 === == <2 3 - <6 = 4= 108 === - 4.6 - == 2,0 -~ Interfacial tension 15.4 (normal = 18)
0.07 1.7 326°F Hag-gg <1 - 520 === -- <2 <2 - <6 -~ == 76 == - 3.4 - == 130 -~ Interfacial tension 16.0 (normal = 18)
’ ' Ag L1 K " Mn  Na s1
1 <1.0 ~200 1.0 10 5.0 10 1.0 0.5 20 Tr <5 1.0 — -  -= 200 -=- Dark appearance
Ag Li K Mn  Ka s1
0.2 <1.0 ~200 1.0 10 5.0 10 1.0 0.5 10 TIr 5.0 1,0 — - -= 200 -~ Dark appearance
. K a S1
0.012 1.29 ey e 50 0.5 A2 A5 <0.5 ?5 1 ~100 Had C=0 band indication some oxidation
) ) - K ¥a s1 N
0.05 1.55 333°F li;goppm 50 Al A2 aS .5 3 10 ~100 Had no C=0 band increase over new oil
1 Analyses).
h tank,
atch 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
) P. H, Harley v

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 funetionms,
the two were comiletely indépendent and are therefore described separately.

10.1 . Primary System

10,1.1 Description
Cell atmosphere gas (95% N, 5% 0p), commonly called "cell air" was

recirculated by one of two T5-hp belt-driven positive'displaCement 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 radistion moni-
tor 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 & check of the system design. Flows
to equipmentxwere.measureduand interdependence of flows was .checked. The
system wésvleak-tested and fherheat transfer coefficient of the gas cooler
was measured. 7 ,

Permanent flowmeters were not installed since most of the flows were
set initially and then not-chahged. 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 permanent 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 clase 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 Teble 10.1 Tests indicated that chang-
ing one flow had no 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 Cépacit

Design of in-cell MSRE components initially required a gas-cooling
capacity of 885 scfm. However, development tests indicated that cooling
air would not . be required on the freeze flanges. Therefore, the blower
capacity was lowered to “61T scfin by installing e smaller sheave on the:
drive motor. .

After asbout two-years‘operation, more circulation was deemed necessary
between drain tank cell and reactor cell. This was to give a more rapid
response 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 T4O scfm and & 2-in. line was installed from the freeze valve
supply header to the drain tank cell. This gas (V200 scfm) flowed from the
drain tank cell into the reactor cell and back to the component coolant
pump suction. This TUO scfm was used for all Subsequent operation. During
rapid evacuation of the cell, 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 st
e flow rate of ThO 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
- Primery Component Cooling System

Measured
N Flow
Equipment Supplied scfm Design

No. 1'Control Rod Motor 1.33 5
No. 1:Control Rod "~ .- S 3.8

No. 2 Control Rod Motor 1.45 5
No. 2 Control Rod 3.9

No. 3 Control Rod Motor 1.k 5
No. 3 Control Rod 3.9

Reactor Neck Outside - 18 15
Reactor Neck Inside - 18 ‘ 15
Graphite Sampler 16.2 15
FV-10L - | e
FV-104 : 26.6 15
Fv-105 - : ' 2T.7 15
FV-106 - o 2k.8 15
FV-10T: o : 15
FV-108 15
FV-109 e 15
Cell A1r Radlation Monitor (RE—565) ~ 100
1-952" ) , ‘ 260
Fuelqump**' ' - 30 : ~ 100

* %%
. PdeV-960

L—952 was installed in September 1966 to increase circu-
latlon between reactor end drain tank cells.

®%
Initial design of 200 scfm was lowered to 100 scfm
Inltlal normal use was 30 scfm but later no flow was required.

PCV—960 dlscharged excess cgpacity 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-in. drive shgayerand a Zlfin.rdrive”sheave. When the
blower capacify was feduced by chahging 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 2k in; respectively. To obtain a better
belt loading, the initial matched belt sefs 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 1T0°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 thewbelt 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
o0il 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, TFirst, a loose tubing connection caused the loss of ~2 gal., of oil.
This was repaired -in August'l967. When the blower was restarted, intermit-
tent low oil-pressure alarms again occurred, An investigation indicated
no significant loss of oil, 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 o0il pressure. Since
the discharge valve would not close leak-tight, the run was terminated.
Repairs consisted of repairing the leaking discharge'valvé, cepping a leak-
ing drain liné 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 0il.leak was indicated by low oil pressure and accumulation of about
2 gal. of oil-in the condensate collection tank connected fo,the blower
containment, The standby unit, CCP—E; was immediately started up and oper-
ated without further difficulties throughout the remainder of the run,
3,036 hours. ' -

7 In July 1968, the brazed tubing oil system on both blowers was re-
placed by welded pipe andlflexible hose. This eliminated most of the pro-
blems with the oil system. A léaky,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 sbraesion 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. o

The new strainer developed excessive pressure drop in September 1967
and the screen was replaced. In 1,800 hours of operation the 100-mesh screen
had become partially plugged with rubber dust from the drive belts. It was
damaged in removal and a replacement basket was made using 16-mesh, 0.023-
in. wire screen. This showed no pressure buildup over the subsequent 2

years of 6peration.

10.1.8 Condensate Collection

After a reactor cell space cooler began to leak water into the cell in
March 1966, condensate accumilsted 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
ue/me produced from the 6Li 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 bresker. The

pump and other equipment on bus No. 3 stopped. Emergency diesel power was
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started immediately, but because of a misinterpretation of the problem, the
reactor drained before cooling was restored to the freeze valves by swite-
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 inecell'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 outlet) had back-seating stems on tef-

lon seats to prevent leakage when the valves were open. These proved to
be very satisfactory. After sbout 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 valve was ~0.5-cfd which was considered to be satisfactory.

Check valves were installed on the discharge of the blowers to prevent

backflow through the stand-by unit. These were 6-in. butterfly-type valves

with silicone rubber hinges holding 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 speares were available so flappers and hingers

were made at ORNL, Thisfhad'notlfailed after 1800 hours but was replaced

by factory-built parts. In November 1966, the butterfly check valve from
CCP-1 was .found to be inqperatiVe 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 pressure control valve (PACV-

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 répacked.

The stem vas polished and lightly lubricated beforé 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 & 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—l). One run was restarted after repairing an oil leak
which developed early in the run.

Better design specifications would have assured more serviceasble items.
'For{instancéa‘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 dureble 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 availeble, only minimum capacities
were available for cooling at some locations because of limiting pressure
drqps of piping and control valves. More design consideration should have
been given to the possibility of needing additional cooliﬁg. After cor-
recting blower drive problems during the first two years of oﬁeration, sev-
eral reactor runs were made in excess of 3000 hours with only preventative

meintenance 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 drain freeze

valves and to the chemical pr0cessing 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 drive 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,
ACf3,‘which was the standby supply to,keep»FV-zoh and FVf206 frozen., A
second beéring 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 valve was
" replaced by & hand valve. Thén, when the air compressor was changed to the
normally operated supply, a new check valve was installed so the blower
could be restarted remotely if a low header pressure alarm occurred. The
hand valve was left installed sb the:blower could be isolated if the check

valve failed again.
10.2.3 Conclusions

The positive displacement pump (CCP-3) which was intended as the prime
air mover functioned poorly.  However, the service air compressor (AC-1)
was very relisble 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 venfilationrsystem'was to exhaust air from aresas
where there 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 tﬁorstack fans and was then discharged up a
100-ft stgck to the atmosphere., The stack was continuously monitored 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 Expériencé

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 lesks re-
paired. The biggest problem encountered was seaiing the hi;bay. Gaskets
were installed 6n the dbors, all joints 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-ieakage (stack flow) was’
found to be 4250 ft3/min. Although this was above the design valué of
1000 £t3/min, it was accepted. ) N

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 fhe 3 parallel filter banks in service. Therefore, it was possible to
replace one banﬁ of filtérs without interrupting opefations.
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After installation, the ebsolute filters d4id not pass the standard
ORNL-DOP smoke test.'S (99.95% efficiency is required.) Visual inspection
.indicated leakage around the frames which required considersble caulking
and some minor revisions. On il/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 thfee banks had dropped to less than
99.90% . efficient. Therefore, they ﬁéfe 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 Teble 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 I 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*&IS;OOO cfm. During earlier operation while considersble maintenance
and construction was still being done, these plugged rather rapidly. Small
easily changed fiberglass filters installed on several of the inlet duets
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 iniearly operafion 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 life
was sbout 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 neéessary to do maintenance on it, SF-2 served
as a standby unit. e

Sensitive differentisl pressure gages (full scale = 2 inches of water)
.were provided to indicate direction of air flow. These weré recorded each
shift on the building log and dampers were adjusted‘ds'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
Fast 99.999% 99.998¢ 99.979% 99.994% 99.993%
Center 99.994 99.995 99.998 99.996  99.995
West 99.994 99.997 99.994 199,994 99.985

Table 11.2 Roughing Filter Changes

East Center West
October 1964 x x x
October 1966 x x x
August 1967 x x

September 1968
August 1969 oox 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 from beryllium and since -the coolant
stack was continuoﬁslyfmonitéred fdr ber&lliﬁm, this was considered ac-
ceptable.

During maintenance, containment is provided by the flow of air into
the cells. The sYStem has gde@uﬁtely supplied this need for all mainte-
nance operations. V 7

There has'béen véry 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 &1 cufie per week, Table 11.3 is a tabulaﬁion 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 froﬁ the core.spécimen removal plus about 50 mCi from the pri-
mary system lesk which occﬁrred during the final shutdown,25

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 systemrhas functioned satisfactorily during operation
and maintenance. The installtion of easily removable filters at,inlets_fd
the ventilation duets prolopged 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 ﬁbtes on. This, together with the range chang-
' ing feature of the system,'madé 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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Tdblé 11.3 Semiannusl 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 maintenghce
3/6T  8/6T  <0.3 k.0 | o o
9/67  2/68  <0.3 2.3
3/68 8/68  <0.3 343 Off-gas line maintenancev.
9/68  2/69  <0.3 0.k B | _
3/69 8/69 <0,3 12.5 OFT vent maintenance
9/69 1/70 <0.3 8.2 Removal of core speciméhs an

primary system leak
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12. WATER SYSTEMS
P. H. Harley

Water for various typesvof-usagefWas‘Supplied at the MSRE by the fol-
lowing systems: (1) the potable 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, (L) the treated wa-
ter system recirculated treated steam éondensate 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 mekeup, and (6) the nuclear instrument thimble water system recircula-
ted treated 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 mekeup to the process wa-
" ter system. ’ B )

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 mskeup was supplied by
a fire hose from a vent line 6n 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-
latiop valves where the linesrteed 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 preventef during 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 Banger existed from possible water daemage 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 eritical equipment when repairs necessitated shut-
ting down the cooling tower water system. Process water which was A20°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 potsble water through
one backflow preventer. Another backflow preventer was installed in series
with this in the process water Suppiy 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 on”two 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 mske the periodic tests. For a more com-

Plex water system, two backflow preventers should be installed.

1
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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 & packaged commercial unit and provided adequate cooling.
Very adequate temperature céntrol was 6btained using a temperatyre con-
trolled valve which allowed part of the water to bypass the cooling tower.
One major pipe leak occurred which required shutfing the entire 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 charcbal 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 fbr iron anélysis. This
remained less thén 1 ppm thrbughout the operation. Due to the continual
makeup and bleedoff from the'system, good corrosion rate figures are not
available, however, no .leak has occurred which could be attributed to cor-
rosion. |

A considersble amount of calcium phosphate scale coated the rotameter
‘tubes, and coolingwcoils and left éludge in the cooling tower basin and low
: #elbcity 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 8 propdftioniﬁg pump powered by the cooling tower
mekeup water flow. When this pump failed to operate propertly, the change
in inhibitor was abandoned.lfLighté were installed behind the rotameters

to facilitate reading and”miniﬁize frequency of cleaning.
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12.4 Treated Water Systems

12,4,1 Initial Fill and Operation

The treated water systemrﬁas filled by édding steam condensate and
“eorrosion inhibitor batchwise., The total volume was about hOOO gallons
with ebout 2300 gallons in the thermal shield. ’

12.4.2 Circulating Pumps

.-Standard 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. Leskage from these was collected
in plastic bottles due to the induced activity in the water,

12.4.3 Thermal Shield

Initial festing indicated that excessive pressure would exist in the
thermal shield ;nd that the flow was not adequate to the thermal shield
slides (sections of the sides which could be removed for replacing the re-
actor vessel). Piping changes were madé to lower the back pressure and to
provide a separate supply line and -pump to assure adequape flow in the
slides. During early operation, several rupture discs in the thermal
shield dlscharge lines were ruptured due to the supply and discharge valve
clos1ng 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 waé increased and the level decreased when the reactor was sub-
critical. Decomposition of the ﬁater was producing V2 cubic feet per hour
of Hy gas at full power and about 8 £t3 of this gas collected in one of the
TS slides in which it is postulated the water piping was reversed, i.e.,
water entering the top and leaving from a dip leg near the bottom. A small
'deaerating tankAinstalléd in the water supply to the TS slide permitted
@2 ft3 of gas to redissolve vhen the system reached equilibrium. Later a
large degasing tank was installed to deaerate the water leaving the TS to
permit more H; to be dissolved. This reduced the accumulate gas to &3 3,

Initially a purge of N, and later air was introduced into the surge tank
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anq degasing tank to flush the gas space and dilute the Hy to below the
- explosive 1limit. ©No further difficulties were encountered, however,

&3/h-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 températures below 150°F. The meas-
ured capacity was only hObto 60 kW compared to the design valﬁe of T5 kW.
However, the cell temperatures normally ran at ebout 140°F for the reactor
cell and 130°F for the drain tank cell. o

The 3-hp fen motors originally installed on the space coolers, were
édequate'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 6n
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
a8 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 lesk on RCC-1. This was re-—
paired. - In ,Juiy 1967, RCC-2 ggain started leaking and was replaced by one
of three newly obtained units in which the copper tubes were heliarc-welded

(instead of brazed) to the main header.

12.4,5 In-Cell Water Lesks

In-cell water leaks have persisted throughdut the reactor operation.
Before the cells were sealed, components could be checkedrvisually but af-
ter power operation, locating treated water leaks required hydrostatic
- testing of in-cell components. Although all known leaks such as at the
épace-coolers were repaired, we continued to have & 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 14O°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 considersble amounts of tritium. Drains were installed to permit-
draining the condensate to & measuring tank in the sump room from which it
could be pumped to the llquid waste storage. ' , , A

The nuclear instrument penetration was one of the suspected sources
of the leak. Since it could not be hydrqstatlcally tested, 12 kg of Dy0
vwasvadded as a tracer. This increased the deuterium concentration to about
seven times the normal water cohcentratipn. Since the deuterium'eoneehtra-
tion did not increase in samples of the cell condensate, a lesk from the

nuclear instrument penetration was discounted.

12.4.6 Treated Water Heat Exchenger

The heat exchanger installed to transfer the 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 sealAthe flanged tube
sheet were unsuccessful, 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
nev 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.
12.4.7 Valves

Containment of the treated water system depended upon air-operated
block valves and check valves. None of the block valves lesked 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 magnified the problem.

Pressure relief valves were installed to prevent damage to in-cell
components in case the block valves closed. These discharged to the liquid
waste tank., Leakage from these occurred several times. The first indi- -
cation was usually an increaserin rate of condensate makeup. Pinpointing
the leak involved disconnecting piping from each relief valve. Power re-

duction was necessary toAaccomplish~this.

12.4.8 Corrosion Inhibitor

The treated water system was first filled with condensate contalning
2000 ppm of a T5-25% mixture of potassium nltrlte-pota551um tetra—borate.

Induced activity “2K at low reactor power was extrapolasted to radia-
tion levels of 400 mR/hr at the surge tank in the water room and filter in
the diesel house when the reactof was at full power. To prevent this radi-
"ation, the potassium inhibitor was changed to lithium, Lithium-7 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 Hy09 was being produced by radiation
damage which oxidized LiNOj, - to LiNOa. Additional LiNO,; was added until

equilibrium of ~NO,— NO3 was reached with.N7OO ppm of ~NO3 in the water.
: . Approximately 365 semples of the treated water were taken.r~Mostuof
these were analyzed at the_site to assure that adequateetreatment was be-

ing maintained.
'12.4.,9 Corrosion

Corr051on 4n,the treated water system has not been 31gnif1cant. Dur-
ing most of - the operation, samples were analyzed monthly for loss of in-
hibiter, pH and:iron. 1In 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 .Ut ppm is equivalent to 0.05
pounds of stainless steel.

One factor which clouds the interpretation of the corrosion results
has been the continual leakage from the system which has required periodiec
makeup., The decrease in concentration of inhibitor of 25% in two years
agrees reasonably with the known leskage. An increase of the iron, chrom-
ium, and nickel by the same ambunt would still indicate a negligible amount

. of corrosion. If corrosion products precipitated as oxides, they would be
caught on the treated water filfer. This filter, located in the diesel
house, built up excessive pressure and was cleaned twice during pfecritical

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 Tuture designs that all components withstand the dead~head pressure
of the circulaeting 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 Copdensate 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 condensatevmakeup wes added by gravity feed through an auto-
matic level control valve to maintain a constant level in the treated water

'surge tank., To obtain better treated water inventory data, this was
changed to periodic manual -additions when the surge tank level decreased
below 50 gal.

Condenssate . is used to fill feedwater tanks which supply cooling water
for recirculating evaporative cooling 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 stéém dome following & normel drain. This could

\sj 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
rémoved from the steam dome ﬁhén cooling was no longer reqﬁired. To cor-
rect this, a pump and storage'dfum were installed in the north electric

Service_area,to permit complete arainage of the steam domes when required.

12,6 Nuclea.r Instrument Penetration

Instruments for monitoring 