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1. INTRODUCTION

1.1 HISTORY OF THE K-311-1 UNIT

K-311-1 was constructed along with the rest of the K-25 Building in the 1943-1945 timeframe. K-311-1
was equipped with Size 3 converters and Size 38 Allis Chalmers™ single-stage centrifugal compressors
driven by 3600 rpm electric motors, and the unit operated as the “bottem™ wnit flow-wise in K-25. The
depleted flow from the bomom stage in K-211-1 passed throogh boosier compressors and flowed o the K-
601 Building where the depleted or “tails™ material was removed. In 1948, after the K-27 Building was
completed, the decision waz made to operate K-27 and K-25 in series rather than operate the two
buildings as separate entitiess. To facilitate this operation, concrete bases were poured and two sets of
booster compressors were installed in the extreme West end of the K-311-1 cell floor. These compressors
were enclosed in heated housings and consisted of Size 38 compressors. One pair was te boost the *B’
flow between K-25 and £-27, and one pair was to boost the *A7 flow between the buildings. Each station
operated with one compressor on-stream and the other in standby. {Reference 9 Each station also was
equipped with a Size 2 after-cooler located in the discharge stream downstream of the junction of the on-
stream and standby compressors.

Additional gaseous diffusion capacity was added at Oak Ridge as K-29_ K-31, and K-33 were constructed
and placed in service in the early E950s. As a result of the additional process equipment added by theze
buildings, in-leakage of light gases to the cascade includiag light gases introduced into the cascade as a
result of purging operations threatened to exceed the capacity of the existing K-312 Purge Cascade
facilities inn the K-25 Building. As a resolt, in 1234 K-311-1 was converted to a side purge cascade to
remove light gases from the process gas stream as the stream entered K-25 from K-27. Low molecular
weight gas in-leakage in K-33, K-31, K-29, and K-27 was removed by the K-311-1 Side Purge Facility
and a relatively pure stream of UF; then passed from K-311-1 into the upstream cells in K-23. In-leakage
of light gases in the K-25 Building continued to be removed by the K-312 Purge Facilities.

K.-311-1 operated as a Side Pourge Cascade from 1954 until the K-25 Building was shut down in 1964; st
that time K-311-1 became the Oak Ridge Gaseous Diffusion Plant (ORGDP) Top (and only) Purge
Cascade. The adjacent K-310-3 Unit was operated along with K-211-1 as the top purge cascade and K-
310-2 was also operated at times o supplement cells in the K311-1/K-310-3 Purge Cascade. K-311-1
was shut down on February 14, 1977, after the newer, larger capacity K-402-9 Purge Cascade was placed
in cperation.  K-310-3 continoed 1o operate until the K-402-8 Coolant Removal Unit was placed in
service, and K-3 10-3 was shot down on March 14, 1978,

Since the K-311-1 and K-310-3 units continued to operate after K-25 shutdown, removal of equipment
such as valves and piping for other projects did not oceur in this area. As a result, these two units have
not been exposed to atmospheric wet air over the years as much of the remainder of K-25 has been
exposed. Any deposits or residual gases contained in K-311-1 or K-310-3 are not likely to be fully
hydrolyzed.

TH Refercnce hersin o any specilic sommercial product, process, or servive by tade name, trademark, manufacturer, of
otherwise, does not neccssarily constibmte o imply 05 endorssment, recommendation, o favoring by the Unjted States
Government 0f any agency thereof or its contractors or subcontraeiors.



1.2 PURPOSE OF PURGE CASCADE

The gaseous diffusion process takes advantage of the small difference in molecular weights between
s ) (molecular weight 349) and 2UF, (molecular weight 337) 1 separate the wo isotopes. A
compressor is employed to compress the process gas stream and the gas then flows into a converter
containing porous barrier tubes with holes roughly the size of the mean free paths of the molecules, As
the gas stream flows through the barrier tubes, process pressures are set up to ensure that approximately
cne-half of the gas flows through holes in the barrier walls and one-half continues through the tubes and
exits the end of the tubes. Since lighter molecules of the desired *UF, move slightly faster than the
heavier “*UF, molecules, the **UF; molecules are slightly mare likely to strike the barrier tube walls and
thus slightly more likely to pass through the walls of the barrier than are the heavier molecules. As a
result, the gas flow threugh the barmier walls is slightly “enriched™ in the lighter isotope, and the gas How
that exits the end of the tubes is slightly “depleted” in the Yighter isctopz. The actual separation factor is
proportional 1o the square root of the ratio of the molecnlar weights of the two isatopes, and since the
molecular weights of the two isotopes of uranium are nearly equal, the separation factor is quite small and
the separation process must be repeated thousands of times in order to produce desired final asaays of the
lighter isctope. The lighter isotope gmdually moves upstream in the gaseous diffusion process and the
desired product is removed near the “top” of the process,

Doring nomial gasecus diffusion operations, light gases such as nitrogen (MW 28), onygen (MW 32),
Refrigerant-114 (MW 171}, and other gases of similar molecular weights are intenticnally intreduced into
the process and can also be introdoced into the process during operational upsets. Since these gases are
much lower molecular weight than either of the uranium isotopes in the process, the separation factor
between the UF; and lipht gases is much greater than between the two isotopes. As a result, the light
gases are rapidly separated from the process gas stream and move quickly upstream along with the
enriched flow of UF,. The light gases continue to move upstream until the top of the separating cascade is
reached, and at that peint, the light gases will concentrate or form a “bubble”, and if not removed, the top
of the cascade will reach essentially 100% lights, and no preduct withdrawal can occur,

The purge cascade is required to remove the light gases that enter the cascade in order to ensure that
process gas can be removed in product withdrawal. The purge cascade must consist of a number of cells
that will contain the “bubble” of lights, including cells that can process both lights and process gas, and a
number of cells that can process light gases and remave residual traces of UF, to allow the light gases 1o
be vented to atmosphere.

Since compressors that are designed to pump UF;, a very dense and heavy gas, do not pump light gases
well, special compressors must be used to pomp the light gases and provide the necessary pressure
differential across the barrier wo separate residoal UF; from the hight gases. In the K-312 Purge Cascade,
constructed as part of the K-25 Building, specially designed reciprocating pomps were employed to pump
the UF.light gas mixtores and the light gases. Cells containing these pumps were emploved 10 contain
enough UF; to ensure that prodoct withdrawal cells contained essentially pore UF; necessary for
withdrawal, and to pump the lipht gases to effect the removal of residual UF; before passing the light
gases through chemical traps to atmosphere.

K-311-1 was onginally constructed as a Side Purge cascade intended to remove the light gases from the
process gas flow from K-27 and to provide a relatively pure stream of UF; to supply K-25 cells. K-311-1
emploved specially designed high-speed centrifugal compressors to pump light gases rather than the
reciprocating pumps used in K-312. Four standard 3600 rpm “low speed” cells were employed to contain
the UF; and to separate the UF/lights until the UF; concentration was approximately 5%, and three 000
rpm “high-speed” cells were designed to provide sufficient pressure drop across the barrier in order to
remove the residual UE, down ta the low parts-per-million range. The flow of light gases then passed
through chemical traps to atmosphere.



1.3 EQUIPMENT DESCRIPTION

As constructed as a UF; separation unit in the K-25 Building, K-311-1 contained 9 cells of Size 3
converters and Size 38 Allis Chalmers™ centrifugal compressors driven by 3000 rpm electric motors.
These cells were nombered in order of up-flow 3, 5, 7,9, 10, 8, 6, 4, and 2. Since the adjacent unit, K-
310-3, contained Size 2 equipment, there was an intersectional cell at K-311-1 on the west end of the cell
platform where cell 1 would normally be located. There were two size 38 compreszors on the cell
platform near cell 3 that boosted the depleted ‘B” down-flow from K-311-1 to tails withdrawal, originally
located in K-601. As discussed in the history section above, in 1948 two groups of two each size 38
booster compressors were edded on the west end of the cell floor to facilitate operation of K-27 and K-25
in series.

131 Cell Equipment

K-311-1 was converted to a Side Purge cascade in 1954, The cell equipment in cells 3 and 2 was retnoved
to make room for the purge flow piping to atmosphere. The equipment in cells 3, 7, 9, and 10 was lefi
intact, and as part of the purge cascade these cells are referred to as “low spead cells™. The 3600 rpm low
spead cells continued to be equipped with size 38 compressors with shrouded monel™ impellers,

“High speed™ cells 8, 6, and 4 received high speed compressors with modified size 38 casings, new
alominum impellers without shrouds and 2.5-t0-1 speed increasers driven by 3600 rpm ¢lectric motors
that deliversd 9000 rpm to the compressor impeller. These cells also received converters with new barrier
matched to the characteristics of the high speed compressors. Interstage coolers supplied by removing
stage 6A cooclers from cells in other areas of K-25 were added on the cmtlet of all *A° compressors o
remove the additional heat of compression generated by the higher speed compressors. Inverse recycle
lines were removed from the high speed cells and botlom recycle lines with control valves were installed
to provide a recycle 1o the bortorn stage high speed compressors to prévent overheating, (Reference 1)

1.3.2  BEooster Compressors

The booster compressors located near cell 5 on the cell platform were converted to “Feed boosters™ ta
boost the flow to K-311-1, and the ‘A’ compressors in the west end of the cell floor were modified by
installing high speed compressors and speed increasers identical to those in the high spesd cells and
became the “Tops Boosters” to boost the flow trom the top high speed cell A-cutlet through a metering
station, chemical traps, either air jets or pumps, and on o atrnosphere. Coolers were also added ¢ bath
tops booster discharzes, and the heated housing surrounding this set of boosters was removed. The ‘B’
flow from K-311-1, cell 5 was routed from the cell 5 “B* outlet to the *A" inlet of K-310-3 cell 1, the next
upstrearn ¢ell from K-311-1. The K-310-3 cell 1 “B” ontlet flow then passed through the ‘B’ compressors
in the west end of the cell floor back to K-27. The *B* compressors functioned as ‘B’ boosters and were
essentially unchanged, including the continved presence of a heated enclosore.

1.3.3 Metering Station

A metering station was constructed on the west end of the cell platform downstream of the tops booster to
meter and control the flow of light gases to atmosphere. One section of the metering station was
automatically controlled and the other seclion was manually controlled by the operator. The normal porge
flow was antomatically eonteolled and in the event the lights up-flow was toc much for the normal purge
orifice and contral to handle, the operator used a manval controller on the operating floor to open the
“emergency purge” valve until lights up-flow had decreased to the point where the normal purge could
regain control.



1.4 Alomina Traps

Eighteen five-inch diameter geometrically safe alumina traps were constructed on the west end of the cell
platform oear the metering station as six groups of thres traps. These traps were located downstream of
the metering station. Flow from the aluming traps passed 1o either a pair of air jets (one 2-1/2-inch
diameter and one 3-inch diameter) or a3 pair of 110 cfim Kinney™ vacuum pumps on the west end of the
cell platform and then to atmosphere. The air jet or Kinney™ pump discharge passed vertically through
the operating floor where a centrifupal Butfalo™ blower diluted the flow as it paszed to atmosphers
through a discharge pipe through the wall and above the roof.

1.3.5 Coolant Systems

The coalant systems of the low speed cells were unchanged; sach low speed cell had its own liquid
recirculating (C-816/B-437) coolant system. Coolant flow was through the recirculating pump, through
the process gas coolers located in the canverters, through the water cooled coolant cooler located in the
basement, and back to the recirculating pomp (Reference 2).

Each high speed cell was equipped with two coolant gystems, The ‘B’ system was similar to the low
speed cell coolant system and served the coolers located in the converters. The “A’ system wag added az a
separste system to serve the interstage coolers on the discharge of each high speed *A’ compressor. Both
coolant systerms on the high speed cells consisted of a recirculating pump, process gas coolers, and a
water cooled coolant cooler located in the basement of K-311-1.

The K-311-1 coolant systems were served by the coolant storage 1ank in the basement of K-310-1.

1.3.6  Lube Qil Systems

Both low speed and high speed cell compressor and motor bearings were served by the same lube oil
system that was criginally installed in K-311-1 that does not differ from other lube oil systems in other
Size 3 umits throughout the K-25 Building (Reference 3). Each of the speed increasers in the high speed
cells and tops boosters was served with its own selficontained lube 0il system. There was an oil reservoir
in the bottom of sach spesd increaser, and the o1l was pumped by a gear pump through the speed increaser
gears and bearings, through a filter, an oil cooler, and back to the reservoir. The speed increasers used
Code BG ol instead of the Code BE used in cell hnbe 0if systems.

The high speed compressors were notoriously bad oil leakers and a waste oil vacoum system was installed
to salvage the oil. A pickup block was installed in each high speed compressor in the low area between
the load and thrust bearings. The pickup block was connected by plastic tubing to a common header that
connected to a knockout drum located in the basement near the lube cil drain deun. An air jet provided a
vacuvm on this line, and the air jet exhausted at the ¢ast end of the unit. The contents of the knockout
drum were periodically pumped back to the lube eil drain drum.

137 Seal Systems
There was one seal system for each cell in K-311-1 and one seal systemn for each pair of boosters.

{Reference 4) The seal systems were manually controlled and the seal piping. seal exhanst pumps, and
seal control systerns were identical to other units in K-25.



1.3.8 Daium Systems

Datum systems in K-311-1 were the same a5 the rest of K-23 except there was a separate unit automatic
“high™ datum system for cells 5, 7, and 9, and a wnit automatic “low™ datum for cells 4, 6, 8, and 10.
Each cell had its own “cell datum™ system as did the rest of K-23. (Reference 4)

1.3.% Instrumentation and Coatrol Systems

Three distinet systems were installed in K-3[1-1 to control the lights/UF, front and the purge rate. Each
system was intended to measure the density of the gas stream in the top low speed cell. The top low speed
cell was generally cel] 11, and vnder normal operations the top stage in that cell contained approximately
3% UF; and 95% light gases,

Two Acoustic Gas Analyzers {AGAs) were installed. (Reference 5) These instruments measured the
density of the gas mixtare by measuring the speed of sound in the gas. Since the speed of sound in a gas
varies with gas density, this parameter can be vsed o determine demsiry.

An ammeter controller was installed on cell 10, The higher the density of 4 gas stream, the more power is
required to purap the gas. This device was intended to measure the gas mixture dengity by measuring the
PrOCEss motor amperage.

A fluid composition analyzer was installed to measure density using a capillary flow technique.

Although all three methods measured density and that measurement could be used to contro] the purge
cascade flows, the superior performance of the AGA resulted in abandoning the ammeter controller and
the floid composition analyzer. The AGA was successfully used for the life of the K-31i-1 Purge
Cagcade.

Two space recorders were installed to measure UF; concentrations in the purge gas stream. The space
recorders, which measured parts-per-million quantities of UF; using an ionization chamber, or “signal
can”, were used to menitor the purge flow to atmosphere and automatically closed the top purge valve in
the event pre-set limits were exceeded.

A special line recorder designed to measure fluorine concentration in UF,; was installed in K-31§-I to
provide real-time fluorine analysis.

1.3.1¢ Oither Equipment and Systems

Since the K-311-1 purge cascade separated UF, and light gases by the gaseous diffusion process, the
other equipment and systems such as cell pressure measurement, power and auxiliary transformers,
process piping and valves, and procgss seals were identical to other 3ize 3 units within the K-25 Building.

1.4 SIDE PURGE PROCESS FLOW DESCRIPTION

Operating as the side purge cascade from 1954 vntil K-25 shutdewn in 1964, K-311-1 recsived the A up-
flow from the top cell in K-27'. This flow is shown schematically in Figure 1. The flow entered the unit
through the tie line at the southwest comer of K-311-1, then te the feed booster station immediately south
of cell 5 on the cell plattorm. Ome of the feed boosters was normally operating with eng in standby. The
flow passed through the operating feed booster, into the feed header, and normally entered the K-311-1
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Fig. 1. K-311-1 Side Purge Cascade,



low speed cells between cell 7 and cell 2. In this configuration, cells 5 and 7 served as “stripper cells™
and cells % and 19 served as “enricher cells”. The feed stream at this point contained approximately 3%

lights.

The twao stripper cells served to stip out the lights and at the bottom of cell 3, the process gas stream wag
eszantially pure UF,, and this flow was routed 1o the next upstream unit, K-310-3, and entered the cell 1
‘A’ inlet. The *B’ flow from K-310-3, cell |, was routed through the operating ‘B booster (one booster
maintained in standby) back to the top operating cell in K-27.

Since the flow entered K-311-1 through the feed header, there was no ‘A’ flow into the *A”° inlet of cell 5;
the *A® inlet of that cell remained closed.

Intermediate molecular weight compounds such as Refnigerant-114 with 2 molecular weight of 171, that
entered the cascade from K-29, K-31, and K-33, were separated in the process stream and flowed
upstream toward the top of the cascade. Tn the K-311-1 Side Purgz Cascade, the intermediate molecular
weight compounds entered the low speed cells and exited through the cell 5 ‘B° ontlet and continued to
travel up the cascade to be removed in a coolant removal facility in K-312. [n 1957, modifications were
made to the adjacent K-210-3 unit to assist in the removal of R-114. Two 5-inch diameter sodivm fuoride
traps were installed on the K-311-1 Operating Floor, and a 2-inch line was installed from K-210-3 cells 2,
4, 6, and 8§ to the sodinm fluoride traps. As a coolant removal unit, K-310-3 operated most of the time
isolated with ne flow inte or out of the unit except a small fiow from the top stage of the top cell, through
the line to the sodium fluoride traps, to the jet and to atmosphere. As the unit operated in this manner
with a small flow fram the unit to the sodium fluoride traps, pressures in the lower portion of the unit,
cells 1 and 3, decreased. Periodically, the inlet and outlet valves in cell 1 were opened and coolant that
had accumnulated in KK-311-1 was trapsferred into K-310-3. A more detailed description of the K-310-3 as
a ¢oolant removal unit iz provided in the post-K-25 Shutdown section below “Opetation of K-310-3 as
the Coolant Removal Unit™.

From K-311-1, upsiream to the top of the K-25 cascade, light gases that entered the process were
removed at K-312, the Top Purge.

The twa K-311-1 enricher cells served to separate the lights and process gas until, at the top of cell 10, the
UF; conceniration was approximately 3% and the remainder was light gases. At this point, the low
density of the gas mixture resulted in the low speed compressors losing compression ratio and with very
little compression ratio and thus very little pressure differential across the barrier, separation of the UF,
and lights essentially ceased.

The flow then entered cell B, the bottom high speed cell. The high speed compressors re-established
compression ratio of the gas mixture, pressure differential was re-established across the barrer, and as the
gas mixture passed through the high speed cells, the UF; was separated from the light gases, and at the
top stage of the top high speed cell, UF; concentration was in the parts-per-million range.

From the top high spead cell the gas flow paszed through the two tops boosters operating in series. This
boosted the pressure before the flow entered the metering stanon, Jost prior to the metering station, a
portion of the purgs gas flow was diverted and recycled through the “concentration recyele™ valve back to
the top operating low speed cell. The position of the concentration recycle valve was controlled by the
AGA based on the Jdensity of the gas stream in the top operating low speed cell.

The purge gas flow that was not recycled flowed to the metering station. The metering station consisted
of two parallel flow orifices and contral valves. One orifice and valve combination, the normal porge
valve, was uzed during normal purge flow aperations, and the second orifice and valve combination, the



“emergency” purge was manually loaded and was used by the operator when the normal purge valve and
orifige coupled with the concentration recycle valve was not able to handle the total lights up-flow.

The design of the concentration recycle valve and the normal purge valve ensured that under routine
operatious as lights up-flow increased and decreased within certain levels, the oversll purge flow through
the high speed cells remained constant. 1f the AGA sensed an increase in lights up-flow through a
decrease in gas density in the top operating low spead cell, the AGA would close the concentration
tecycle valve to the extent necessary to direct a greater percentage of the flow through the normal purge
valve and orifice unti]l the excess lights had been removed and proper gas density and thus gas
concentrations in the top operating low speed cell had been re-established.

If up-flow of light gases exceeded normal purge and concentration recycle ability (0 remove the gases the
concentration recycle valve would cloge 100% and the AGA would exhibit an audible and visible alarm.
When the operator saw that the concentration recycle valve was 100% closed and gas density in the top
low speed cell was continning to decrease, the emergency purge would be used. The operator would
manuvally open the emergency purge valve to the extent nacessary to remove the excess light gases until
the concentration recyele began to open and once again the AGA could control the process.

From the metening station the purge flow passed into the inlet of the onstream bank of alumina traps to
remove any residval vranivm. From the trap outler, the flow entered either the adr jet inlet or the
Kinney™ pump inlet and then entered the exhaust header. The exhaust header traveled vertically from
the jet or pump exhaust throngh the operating floor where the Buffalo blower discharge diluted the flow.
The exhaust header then passed through the wall and discharged vertically above the roof line.

' The side purge process flow description is writien describing fows with K-311-1 located flow-wise
immediately upstream from K-27. The side purge cavcode could be locoted ih various confiewrations
Sow-wise within the K-25 Building, and this flexibility was necessary as additional buildings were added
at Qak Ridge. Regardiess of the side purge location within the cell configiration, flows as described are
represemiative of K-311-1 aperations. The flow description is also writien describing aff jour low speed
and all three high speed cells onstream. Due to mainienance schedules and process failures, the purge
cascade af times aperated with fess tham a full complement of cefls. E-311-1 could operate successfully
af rechiced capacities with as few as one high speed cell and two low speed cells,

The concentration recycle header is shown schemmticolly discharging fo either stage 4 or stage F of cell
10, The normal dischorge point was cell 10 stage 4. The concentration recycle could also be valved to
stages | and 4 of fow speed cells 9 and 7, and to siage 1 of high speed cell 8.



2. TOP PURGE PROCESS FLOW DESCRIPTION FOLLOWING K-25
SHUTDOWN

2.1 OPERATIONS IMMEDIATELY FOLLOWING K-25 SHUTDOWN

The K-25 and K-27 Buildings were shot down in April, May, and June 1964, and the K-312 Purge
Cascade was shutdown on June $, 1964. The only two renning units in K-25 were K-311-1 and K-310-3,
K-311-! became the top purge cascade for the ORGDP, and K-310-3 served as the R-114 removal unit.

With the shutdown of K-25 and K-27, the flows to the purge cascade were as follows and are shown
schematically in Figure 2. The enriched flow from the top cell in K-2% passed through an ‘A’ booster
located in K-29, through the tie line to K-25, and entered K-211-1 feed booster that discharged between
low spesd cells # and 2. The ‘B* flow from the ‘B’ outlet of K-311-1 cell 5 passed through the ‘B’
boosters back ta the top operating cell in K-29.

Periodically the “B° flow from the ‘B* outlet of K-311-1 cell 5 was redirected into the A’ inlet of
K-310-3 cell |, the coolant removal unit,

It was assumed that as top purge and coolant removal unit, K-311-1 and K-310-3 would be capable of
removing light and intermediate molecular weight gases. Purge cascade operations in this configoration
successtully removed light gases such as oxygen and nitrogen, but almost immediately major problems
with intermediate molecular weight compounds, particularly Refrigerant-114 were encountered, The
K-310-3 unit operating 23 a codlant removal unit equipped with the two 5-inch diameter sodium flucride
traps that were installed in 1957 could not handle the rate of up-flow of R-114 and excessive levels of
coolant accomulated in K-311-1 and K-29. Tt quickly became clear that modifications were necessary to
ailow K-311-1 to function as the ORGDP 1op purge cascade.

K-29, K-31, and K-33 were constructed with axial flow compressors rather than the centrifugal
compressors employed n K-25 and K-27. Although the axial flow compressors were more efficient than
centrifugal compressors, they were much more sensitive w excess light gases, and tended to surge and fail
if operated on elevated light gas concentrations for extended periods. For that reason it was recognized
that additional cells containing centrifugal compressors showid be operated between the axial buildings
and the K-311-1 Top Purge Cascade.

On july 24, 1964, K-310-2 was restarted and placed on-stream between K-29 and K-311-1 ta pravide
additional cellz in which to store the excess R-114. This is shown schematically in Figure 3. Preparations
also began to provide additional coolant removal capacity for K-316-3 . Qver the next few months, three
I2-inch diameter annular sodium fluoride traps were installed in addition to the two existing 5-inch
diameter sodium fluoride traps on the operating floor of K-311-1 (Reference 11). The cutlet of the sodium
fluoride traps was connected 10 an air jet and the exhaost mixed with the K-31!-1 jet exhaust and exited
the building. A space recorder monitored the flow from the traps to the air jat.

2.2 OPERATION OF K-310-3 A5 THE COOLANT REMOVAL UNIT

In late calendar vear 1964 and early 1963, the capacity expansion of the K-319-3 coolant removal unit
was completed and was successful in that the full upflow of R-114 in the ORGDP cascade could now be
removed in K-310-3. As a coclant remaval unit, the unit operated most of the time is¢iated with no flow
into or ot of the unit except a small flow from the top stage of the top cell, through the hine to the sodium
fluoride traps, 10 the jet and to atmosphere. As the onit operated in this maaner with a small flow from
the unit 10 the sodium flooride traps, pressures in the lower poctiom of the unit, cells 1 and 3, decreased.



With K-310-3 isolated, flows from K-2% entered K-310-2 and then on to K-311-1 as described previously
a3 shown in Figure 3. As K-311-1/K-310-3/K310-2 operated in thiz configuration, K-310-3 operation
was commonly referred to as a “pigtail” cascade. R-114 up-flow from K-29% reached K-311-1 and
“peaked” since there was essentially no outlet for intermediate molecular weight compounds.
reriodically, the ‘B’ ourtler flow from K-311-1 cell 3 would be redirected into the K-310-3 cell | *A” inlet
by opening valves incloding the K-210-3, cell | “A’ inlet. While the flow was set vp in this manner, the
‘B’ flow from K-310-3 cell | was returned to K-310-2. Thig configuration wag maintained for an hour or
two or until the “peak™ of R-114 was reduced by the migration of the R-114 into K-310-2, “filling™ K-
310-3 with additional UF, and R-114. K-310-3 was then izolated once again by cloging the cell | ‘A’ nlet
and ‘B’ outlet valves, and the only flow from K-310-3 once again wag the small flow from the top stage
in the top cell to the sodium fluoride traps.

Since K-310-3 consisted of sight cells, none of which were high speed cells, the separation of UF; and
lights in that onit was incomplete. As it operaied isclated, the gas concentration in the bottom cells was
essentially pure UFe, and the gas concentrations in the top stages of the top cell were from 2-5% UF;, but
also a substancial concentration of R-114, 10-20%, was present. The remaining gases were nitrogen,
oxygen, and other intermadiate molecular weight compounds. By removing a small flow from the top cell
and passing that tlow through sodium fluoride taps, R-114 in-leakage to the cascade was removed.

Sodium fluoride traps were used in K-310-3 operations since the relatively high concentration of uramium
in the stream from the top cell required the ability to return the uranium to the process. The apnular
sodium flworide traps were operated in series, and the smaller diameter backup traps operated on the
outlet of the on-stream annular traps to remove any carrvover of UF; When the inlet trap became
saturated or “loaded”, the trap was removed from service, heated, and a stream of fluorine was passed
through the wap. This operation regulted in the wrapped vramum being regenerated as UF; and the gas was
retumed to the K-311-1 low speed cells,

A gas chromatograph, a laboratory instument that was capable of measuring R-114 and other
intermediate molecular weight compounds in UF; was installed in K-311-1 and used to determine when
the K-310-3 vnit should be valved to K-311-1 to reduce R-114 concentration.

K-310-2, K-310-3, and K-311-1 continued operating with K-311-1 as the top purge, K-310-2 as
additional cells between K-29 and K-211t-1, and K-310-3 as the coolant removal unit (Reference 3).
K-110-3 functioned well enough as a coolant removal unit that K-310-2 was returned to ghiedown statos,
The exact shutdown date of K-310-2 has not been foond, but the last operations log book entry for a
failure in that unit was September 22, 1965. The unit was likely shutdown shortly after that date, gince it
i3 unlikely that there were no further failures in that unit if it eontinued to operate.

K-311-1 continued to operate as the top purge and K-310-3 continved to operate as the R-114 coolant
removal unit until replaced by K-402-9 and K-402-8, respectively. The K-311-1 and K-31{-3 “pigtail”
operation is shown schematically in Figure 2. K-311-1 was shutdown on February 14, 1977, and K-310-3
was shutdown on March 14, 1978, The operations log book entry for March T4, 1978, following
shutdown stated “nothing ruaning in K-310-3 but varmints.”
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3. K-311-1 AND K-310-3 OPERATIONAL ISSUES AND MODIFICATIONS

3.1 SIDE PURGE IMPELLER FROBLEMS

Shortly after start-up of K-311-1 as a side purge, failures of the high speed aluminum impellers began to
oceur, The first log entry (Reference 12, p. 57} was February 4, 1955, and documented the failure of the
A impeller in K-311-1.4. The impeller split apart, was thrown through the discharge pipe into the after-
cooler resulting in large air and coelant leaks. The incident knocked owt the high speed cells and tops
boosters. This failure was followed by additional similar failures, and invesiigation revealed that the cast
aluminum impellers were operating at high discharge temperatures and were undergoing an alloy change
during this “heat treatment” and splitting apart at the keyway where the impeller attached 1o the
compressor shaft. This problem was sclved by switching to a forged aluminum impeller. All high speed
impellers were changed to forged impellers and, although the high speed compressors remained high
maintenance items, the forged impellers were operated successfully for the remaining life of the facility.

32 TECHNETIUM PLUGGING

Following shutdown of K-25 amd K-27 amd conversion of K-311-1/K-310-3 tw the top purge
configuration, plugging problems that could not be alleviated through chemical treatments began to
emerge in K-311-1. Operating log book entries beginning in March 1966 (Reference 12, page 116)
documented plugging problems in both the high and low speed cells that conid not be fully removed by
chemical treatment. A June 23, 1966, log entry documented ditficulty in tronbleshooting K-311-1, cell
10, 2 low specd cell. Two days later the log documented “still treating, no improvement”. Plugging
problems continued to be documented and the 25ve turned out to be technetium plugging. Evidently, once
K-311-1 and K-310-3 were converted to the top purge and connected directly to the fop of K-29,
technetium from K-29 moved into K-311-1/K-310-3 and caused plugging and opemtional preblems.
Similar problems were documented for the remainder of the operating life of the K-311-1/K-310-3 Purge
Cascade.

A February 25, 1977, log entry (Reference 12, p. 139} documents that lines for technetium traps were
installed in stage 6 of K-310-3.6 in an effort to remove technetium from the pas siream. These traps were
probably MgF, chemical fraps. On this date, K-310-3 was operating as the coolant removal unit to support
K-402-9, and technetivm phgging problems were beginning to surface in the new purge cascade.

The presence of technetivm in K-311-1 and K-310-3 is well documented and must be addressed as these
units are scheduled for D&D.

3.3 MODIFICATIONS IN RESPONSE FO 1971 PURGE CASCADE INCIDENT

On Angust 24, 1971, a mig-valving occurred in K-311-1, cell § that introduced massive quantities of wet
air into K-311-1, K-29, and the top units in K-31 (Reference L2, p. 125). This resnlted in barrier plugging
thronghout K-311-1 and K-310.3, and it was more than a month before the situation wag stabilized.
During this period, there were repeated seal and compressor failurgs throughout K-311-1 and K-310-3,
some of which introduced not only wet air, but oil into process compressors, piping, and converters,
During recovery from this incident, it was discovered that much equipment in K-311-1 was in need of
updating and that instrumentation and control systems required modernization. Several modifications
were implemented including replacing the single stage air jets with two-stage jets, installation of
individual stage ammeters for the high speed cells, installation of motor operators on valves raquired for
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K-311-1/K-310-3 goperations, adding schematic cell and process layouts in the control area, adding eight
instrument panels, adding a ‘B’ booster panel, and converting the open control area into an air
conditioned contrel room (Reference 10}

4. INTERFACES WITH OTHER PROCESSES

41 MOLECULAR LASER ISOTOPE SEFARATION LABORATORY

A laboratory to support molecular laser isoiope separation {MLIS) research was constructed in the
basement of K-310-2 in the mid-1970s. The laboratory incloded a scale mounted steam chast with a 124
UF; cylinder containing 450 pounds, and used a camrier gas with the UF;. Three K-310-2 cells were
modified to serve as muiti-stage centrifugal pumps to move the gas. Cells 3, 5, and 7 were modified by
removing the converters and installing piping from the discharge of each compressor to the suction of the
next compressor. Each cell then functioned as a | 2-stage compressor. Interstage coclers were installed at
variows locations in the cells. The cells as modified werne:

K-310-2.3 Even stages of compressars received full diameter monel™ impellers from K-303-4
Stages | and 3 received Cooper Bessemer™ aluminum impellers from K-402-1
Remaining odd compressors retained existing cut down mone ™ impellers
Stages 1 and 7 received interstage coolers

K-319-2.5 This cell was equippead exactly as Cell 3.

K-319-2.7 Even stages received full diatmeter impellers
Odd stages retained existing cut down monel™ impetlers
Stages 1, 5, and 2 received interstage coolers

Flow from the basement Iaboratory was pumped by the cells in a recirculating loop. Seal in-leakage that
accumulated and the inveniory of UF, and carrier gas were evacuated as required through the K-310-2
odd "A” cell bypass line to the unit *A” bypass ling in front of K-1310-2, through the tie line to K-29, where
it was discharged to the suction of the K-29 *4° booster. This scheme provided a desired surge volume of
approximately 500 cobic feet and provided a very low pressure at the *A” booster suction. There do not
appear to have been any dirsct tias to either K-310-3 or k-3§1-1; the flow was rooted to0 K-29 and then to
the purge cascade through normal porge up-flow (Reference 7).

42 K-1433 TOLL ENRICHING FACILITY VENT

In an effort wo curb gascous UFe emissions from the cold waps used in the K-1423 Toll Enrichment
Facility to purge cylinder pigtails and piping, changes were made in the early 1930s to route purge gas
from K-1423 to the eperating gaseous diffusion cascade (Reference 8). Approximatiely 200 feet of 4-inch
diameter nickel-plaied schedule 40 piping was installed from K-1423 into K-25 between K-302-4 and K-
302-5, west to above the truck alley, and then turned 90 degrees and ran south approximately 9-feet above
the operating tloor to the K-311-1/K-310-3/K-219-2 area. There, the new line was tied into a 3-nch
“waste” line to K-27. The new 4-inch line was steam-traced and insulated with 1-1/2-inch thick calcium
silicate insulation.

This project was completed during the 4™ quarter of fiscal year (FY) 1982 (Reference 13), and from that
time until JRGDE was shot down, K-1423 purge gas was vented to the operating cascade. 1t is important
to note that this tie was made after K-311-1 and K-310-3 were shut down and replaced by K-402-9 and
K-402-8; it must be addresgsed during East Side K-25 decontamination & decommissioning (D&D).
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