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PUREX TK-105-A WASTE STORACE TANK LINER INSTABILITY
AND ITS IMPLICATIONS ON WASTE CONTAINMENT AND CONTROL

INTRODUCTION

irradiated fueis from the Hanford reactors are processed in the Purex plant

for recovery of plutonium, uranium and other useful reactor-produced products.
Nearly ail of the fission products {>99.99%) and process chemicals are collected
in a single small volume aqueons waste stream, neutralized with sodium hydroxide
and stored in large underground tanks. Normal practice is to continually add
waste to a tank while maintaining the liquid volume relatively constant at

T0-80 percent of tank capecity by allowing the waste to self-concentrate from
fission product decay heat. As the tank is filled, the waste separates into

an insoluble sludge liayer and a supernatant liquid. Nearly all of the fission
product decay heat is asscciated with this insoluble sludge. Heat is removed
from the sludge by conduction and percolation of supernate through the sludge
with the latter being the major mechanism for heat removal. As the sludge

layer increases in depth and as the salt concentration in the supernate increases
with tank filling, the removal of heat from the sludge becomes more difficult.
Experience has shown that sludge temperatures cannot be effectively conirolled
above a supernate sodium concentration of about 7 or 8 molar. When this super-
nate salt concentration is reached in a waste volume equal to about 80 percent
of the tank volume, the tank is cousidered full.

Purex Waste Tank 105-A is a typical tank in the original Purex plant tank farm.
It was the last tank to be filled (six tank farm) and was filled in & routine
manner, However, the TK-105-A performance differed from the other tanks in
three important respects:
"

1) Waste seepage was detected under the tank when the tank had received

about 50 percent of the tank's capacity expressed as tons of uranium

processed;

2} After the tank was filled a sudden steam release occurred which differed
from other steam releases in that the circulators were reported to be in
operation during the event; and

3) The bottom liner of the tank was found to be bulged upward sbout 8.5 feet
end remains in this position.

The presence of radicactive ccentamination beneath the tank and the discovery
that the nottom plate was bulged upward provided conclusive evidence that the
tank integrity had been compromised. Engineering studies were conducted to
provide guldance for controlling the tank under staeble boiling conditions and
also under assumed conditions of further deferioration.

The purpose of this report is to detail the history of TK-105-A activities
including the engineering studies and hazard assessments that have been mede.
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SUMMARY

Purex Wagste TK-~105-~A was built in 1955, and remained in reserve status with a
nominal water heel until May of 1952, From May of 1962 until January of 1963
the taank was used to store aged supernaite and to provide feed for cesium
recovery operations in Purex and later in the C-Parm cesium loadout station.
Preparation of the tank for full radiaticn level Purex waste storage started
in January, 1963, and the tank commenced to self-concentrate in March, 1963.
Filling of TK-105-A was routine excephk for the detection of low intensity
radiation in one leak detection lateral when the tank was hali filled. Since
the lealk became inactive after one week and since instrumentation indicated
the amount ieaked to be small, use of the tank was continued. Emptying the
tank was not considered because no spare self-boiling tankage was available.
In December, 1964, the tank was filled to capacity with waste from the pro-
cessing of 11,000 tons of uranium.

Dn January 28, 1965, a sudden steam release occurred in TK-105-A which was
believed to be more intense than any previous similar event. The release

also appeared to differ from previous releases (commonly called "bumps"”) in
that the event occurred while the airlift circulators were reported to be in
operation. Inspection of the tank instrumentation and equipment revealed no
major damage, and the normal tank operation was continued with special emphasis
on surveillance of tank behavier and operaiicn of tank control instrumentation.

Subsequent investigations at that time by the CPD operating and engineering
staffs with technical assistance from Pacific Northwest Laboratory led to the
following conclusions being reached in late 1965.

l. Ths tank had ceased to leak.

2. No evidence was found to indicate that the leskage was sufficient to
create significant potential for contaminating the atmosphere or the
grocundwater.

3. The tank liner was bulged upward at one point to an elevation of
8.5 feet creating a void space of asbout 80,000 gallons.

b, The void under the bulge might contain vapor or supernate, but it
was considered unlikely that it contained any appreciasble amount of

sludge.

5» The bottom liner was possibly balanced between the steam pressure
underneeth and the solution hydrostatic head on top. A method for
venting the bulged area should be developed to prevent liner movement
during removal of sclution from the tank.

6. The probability of leaking sludge from the tank into the soil was
very low; but if it should occur, very high temperstures at the cconcrete-
s0il interface would result.




ARH-T78
Page 7

7. Leakage of filtered supernate inte the soil would not result in
temperatures at the concrete-soil interface that would cause damage
to the structure.

8. If solution were removed or lost from the tank and the sludge allowed
to dry, temperatures in excess of 10,000 F could resuli.

9. If the sludge were overheated,’ it would denitrate and expel NOs zas
and later release Tission products at higher temperatures.

10. Under all emergency conditions a release of radioactivity to the
groundwater would be less serious then a release to atmosphere since
the sorption capacity of the =soil would delay the movement of radio-
activiby to the edge of the reservation unitil most of it had decayed.

11. The potential hazard to the enviromwent and the difficulty of emptying
the tank would decrease with time as the fission products decey.

Based on the conclusions of the seversl studies, an operating plan was developed
embracing four mein objectives:

1) Control the tank sludge temperatures under all possible conditions of
tank failure including the release of liquid to the ground;

2) Provide and maintain capability for emergency slulcing and emptying
of the tank;

3) Maintain the tank sbtatus as stabtic as possible; and

4) Continue intensive surveillence of tank leak detection and control
instrumentation.

In the fall of 1965 when all arrangements had been completed for emergency
sluicing and emptying TK-105-A, the behavior of the tank during the elapsed
time since the steam release incident was reviewed. During the review various
potential hazards were considered, particularly the possibility of extreme
sludge temperatures. A decision was made to maintain TK-105-A in a static
condition until such time as the tank was scheduled for Waste Management pro-
cessing or until there was some evidence of further tank deterioration.

\
In April, 1967, = cyclic liquid level variation began to occur. A typical
cycle consists of a 9-10 inch drop in liquid level in a matter of minutes
followed by & relatively stable period laesting about 20 hours. The liguid
level then returns to its original level in about a day. No gignificant
movement of the liner can be detected. A logicel explanation for this
behavior is that part of the area under the bulge alternates between a vapor
and liquid phese.
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Evidence that @ hole has developed in the liner is now readily apparent.
The concrete vessel is almost certainly cracked, but leakage is not evident -
probably because of salt depcsition in the concrete cracks or surrounding
z20il. The possibility for the accumulation of heat-producing solids under
the bulge with resulting localized temperatures as high as 1860 F has become
a8 new concern.

A hazard analysis indicated that if the euntire tank achieved temperatures
limited only by the laws of uature, enviromnmental contamination would create

a problem of considerable magnitude. Total bedy dose in excess of 25 .rems,
for 2 2-hour exposure at 5 miles or 24 hours at 18 miles from the tank could
be apticipated if as much as 5 percent of the velatilized radionuclides escape
to the atmosphere. A more likely svent would be loss of all or part of the
teuk supernate to the ground with sludge temperature control effected by con-
tinual water additions to the tank. Ilnder this condition contamination of
atmosphere or ground surface would probably not occur, but serious groundwater
contamination would result. However, contamination at the river would not be
expected to approach the drinking water limit assuming e continuation of current
groundwater flow patterns. Contamination of the greund and groundwater would
be sufficient, however, 1o be a major deterrsnt and possibly to preclude irri-
gaticn activities in the vicinity that could change the groundwater flow
pattern uader the 200 Area plateau.

TANK FILL HISTORY

The detailed account of the waste transfers to and from TK-105-A and the
resulting temperatures are summarized here and in Figure 1. The first addi-
tion was made prior to tank farm startup in 1955. 8ix inches of water were
added to sach tank as protection against possible bottom liner lifting from
vecuum generated by the ventilation exhaust blower during equipment testing.
The water wes added as a supplemental protective measure to the safety afforded
by a six-inch water seal in the tank farm vent header. The TK-105-A wvolume
gradualily increased from this initial 6 inches of liquid in 1955 to 18 inches
of liquid in May of 1962. These 12 inches of liquid were the accumulation of
water additions to various vapor seals over a perlod of 7 years. In May of
1962, 330,000 gallons of supernate were pumped from TK-103-A into TK-105-A over
a pericd of 20 days. TK-105-A temperature increased from 46 to 56 C as a result
of this solution transfer. On July 27, 1962, an additionel 180,000 gallons of
supernate from TK-103-A were transferred to TK-105-A ceusing an 8 ¢ increase

in temperature. During the period from July 27, 1962 to December 12, 1962,
about 63,000 gallons of supernate were removed from TK-105-A for cesium
recovery in Purex. On December 12, 1962, about 252,000 gallons of TK-101-A
supernate were added to TK-105-A with a 14 C temperature increase. This
transfer was made to prepare optimum feed for the TK-103-C cesium lcadout

feed tank,. After blending with the airilift circulators in TK-105-A,

190,000 gallons of supernaste were transferred to TK-103-C. Following the solu-
ticn transfer to C-Farm, TK-105-A contents were pumped to TK-101-A until only
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& 10-inck k2l remained. In January, 1963, 330,000 gallons of thermally hot
tank farm cuadensate were addsd o TK-105-A to heat the tank end partially
prepgare it for receipt of Purex sell-beiling waste. The tank was heated
from 50 ¢ to 62 C with 330,000 gallons of tank farm condensate, and then
brought up to boiling temperature at a nearly uniform rate with full-level
waste, reaching boliling on about March 5, 1963.

The £illing of TK-105-A was roubins uniil November 19, 1963, when the tank
was about half filled. On this date radiaTion was noved in one lateral at
an intensity of 17,000 ¢/m increasing to 150,000 c¢/m seven days later.
Accurate conversion from c¢/m te wR/h is not possible, but 5 mR/h is approxi-
mately squal to 150,000 c/m for this instrument. Radistion dose rate as
measured from a dry well inside the tauk was %0,000 R/h indicating the size
of tha leak to be very small. Further, the radiatiocn could only be detected
over a very short segwent of the laverul indicating that a narrow finger of
contamination had approached the lateral. The intensity of the raediation in
the leak detection laterel was observed to graduslly decay until March 8
1965, when an increase occurred which will be described leter. During the
pericd from November, 1963, to March, 1965, the radiation intensity decreased
a Tactor of 3 to approximately 50,000 c/m.

Is wss noted that the tank liquid level had reached the range of 280 inches
in July, 1967, a few months hsfcre the lesk was detected. A leak in the side
wall was postulated ass a possibility so the tank liquid level was reduced by
self-concentration to 260 inches. A slow decline of the radiation intensity
in the lateral indicated the leak had stopped either because of self-sealing
or because the liquid level was below the leak point. No spare tanks were
avallable at this timg; howaver on the basis of the available data, it pro-
bably would have been considered prudent to continue filling TK-105-A even

1T zpare tankage were available since only 50 percent of its capacity had
been ve=d. The current spare, TK-103-A, was not available at the time because
it contained 3 feet of mettled sludge. Hanford and Savennah River experience
had iundicated that 1if filling of a self-~heating tank is discontinued for any
significant pericd of time (a few months), excessive temperatures will occeur
in the settled sludgz upon the addition of fresh waste to the tank. Purex
TK-101-A and TK-102-A had both experienced temperature excursions as a result
of adding fresh waste to a tank containing settled sludge.

The tauk appzared to behave normelly in all respscts while the tank liquid
level was maintained at 260 inches and as the salt concentretion gradually
incereased with waste additions to the operating limit of 7.0 M sodium.
About Szptember 1, 1964, the salt concentration operating limit was reached,
and liquid level increases were vermitfed abt a rate that mainteined a salt
concentraticn of 7.0 M sodium. Ia QOctober, 1964, the postulated leak level
was reached with no evidencs of any new lsskage occurring. In December,
196l , the tenk was filled to capacity.(l
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STEAM RELEASE TNCIDENT

On January 28, 1965, a suddsu stsam release occurred in TK-105-A. The earth

in the immediate vicinity of the ftapk was reported to have trembled, and a
temporary lead cover on a riser on TK-103-A was dislodged allowing steam to
vent from this opening for about 30 minutes. A water seal in the vent system
designed to relieve tank pressure at 60 inches of water was not blown. Calcula-
tions confirm that the temporary lead cover on a TK-103-A riser should have
relieved first at about 3.5 inches of wabter pressure.

At the time of the bump, Purex personnel were in the farm supporting Jones
construction forces who were preparing to make a finel weld in a line connecting
TK-105~-A with the 151-AX diverter station. A Tew gallons of liquid were ejected
onto the ground in the excavation. Radiation dose rates of LOO R/h were measured
cne foot from the spill. A rapid survey of tank farm instrumentation and equip-
ment stations revealed that the ligquid level electrode tape in TK-105-A was
broken and that the TK-105-A instrument enclosure at the tank was contaminated
to levels that resulted in dose rates of 500 R/h at one foot. The water levels
in the various seal loops were found to be normal with the exception of the
TK-103-A overfllow seal which was blown sounding an alearm in the control room.
This seal is of minor importance; its function is to provide & vapor séal in

the overflow cascade line between TK-103-A and TK-106-A. No wastes were added
to TK-105-A the day of the incident except for tank farm condensate. A sample
of tank Tarm condensate taken the following day had a redietion intensity of
8,000 ¢/m compared to a normally observed intensity of 200 c¢/m.

The steam release incident in TK-105-A differed from previocus steam release
incidents {commonly called "bumps"”) in that the event occurred while the airlift
circulators were reported to be in operation. The event's intensity appeared

tc be greater also as indicated by breaking of the liquid level electrode and
the ejection of droplets of supernate into the tank's instrument enclosure.

Operating efforts immediately after the incident were concerned with securing
the ccntamination and establishing eirflow 4o the airlift circulators. A new
liquid level electrode was installed, and the liquid level measured with a high
range radiation detection instrument (Victoreen) to confirm the new electrode
reading. The new electrode checked with the Victoreen, but a U-inch discrepancy
was notad between the new readings and the expected level based on the old
electrode reading. It could not be established with certainty whether thers
was e physical decrease of I inches in apparent tank inventory in addition to
self-evaporation or whether the old tape was biased Ly U4 inches. The lesk
deteclicon wells end laterals were monitored, but no changes in radiation

status were noted.

In the absence of an identified cause of the incident, it had to be assumed
additional steam releases or bumps could occur. Two immediate courses of
action wers pursued. One was to minimize the potential for the accumulation
of superheat in the liguid, which could cause additional incidents, through
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the installation cf a supplemsntal ajir sparger. The second was to install
instruments to define the magnitude and ratve of the energy release during

any subsequeni incident.

An air sparger was fabricated for instaliation in the tank's b-inch vacuum
brueaker risar - see FPigure 2. Howevsr, prior to installation, it was decided

to prcohe the arsa below the riser because several months earlier an obstruction
nad beep eacountarsd below this riser during a routine sludge depth measurement.
This probing confirmed that an obstruction did exist about 8 feet above the
gormal pesition of the tank botiom, and that the obstruction could not be avoided
by the relatively large latersl movement permitted at the end of the 40-foot long
probe by the clearance inside the U-inch riser pipe. Attempts to install supple-
mental air sparging were then abandoned, and the airflow to the existing circu~
lators incrsesed to maximum rate.

A definition of the magnitude and rate of energy release during any subsequent
incident was needed to put future TK-105-A conirol activities in appropriate
perspective. Should the incidents continue and if serious additional damage
+o the tank structure were a possibility, costly and unconventional corrective
actions would need to be considersd. Two key instruments, a vibrometer and a
fast respouse pressure recorder, were located onsite and installed on TK-105-A
to cbtain the required information.

Wirch the tank behaving normally, special monitoring instruments in service,
and intepsified tank surveillance in effect to note future unusual tank
behavior, a thorough engineering svaluation of the incident and its implica-
tions was initiated with technical support from Pacific Northwest Laboratory,(e)
This evalusation was to include definition of the tank's structural condition,
propable cause of tank deformation, and potential thermal consequences of tank
leaks intc the soil or overheating of the ssttled sludge. As this work pro-
ceeded, weekly meetings were held between operations and engineering personnel
to discuss the progress of the studies and to exchange deta as they became
available. On & continuing basis, revisious to tank farm equipment systems,
addition of backup systems, changes in operating procedures and initiation of
additional studies were made as quickly as the need could be identified.

ANALYSIS OF TANK CONDITION

Investigation of the tank's inventory status and structural condition was
started by careful inspection of the sxisting instrumentation. Each circulator
is equipped with two dip tubes te determine solutiou flow from the measured
pressure 4ifferential between ths iuside and outside of the circulator draft
tubs. In addition the #L circulatcr has a third dip tube to measure supernate
specific gravity. Static pressure resadingz on the #1 and #2 circulators were
much lower (see Table 1) than expected indicating that all of the piping to the
circulator was broken or that the circulators were physically elsvated about

6 feet. The specific gravity msasurement ou the #1 circulator was low indi-
cating that the vertical distance betwzen the dip tubes had decreased; elther
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a pipe was broken or the circulator was tipped. Static pressure readings

on the air supply piping to the four circulators also indicated that the #1
and #2 circulator piping was damaged or that the circulators were physically
elevated. Static pressure readings taken in the other five tanks were all
normal.

TABLE 1
CIRCULATOR STATIC PRESSURE READINGS

Inches of VWater

High Pressure Low Pressure Sp Gr
Circulator Air Supply Dip Tube Dip Tube Dip Tube
1 262 222 219 186
2 262 22k 222
3 360 310 307
b 360 317 31k

Note: If circulators #L and #2 were not elevated, their static pressure
readings would be essentially the same as those of circulator%’%%

and .

The statbtic pressure readings coupled with the detection of en obstruction
under the vacuum breaker riser left little doubt that the tank bottom was
bulged. To determine the extent of bottom deformation, nine holes were drilled
through the tank dome as shown in Figure 2. Sludge measurements and botiom
measurements taken through these holes are shown in Table 2. From these
measurements a void volume of 80,000 gallons beneath the bottom liner was
estimated.

TABLE 2
TK-105-A BOTTOM PROBING MEASUREMENTS

Inches from Normal Position of TK Bottom Plate

Measurements in Inches

Hole Sludge Bottom Plate Sludge Thickness
1 69 52 17
2 53 38 15
3 8l3 69% 15
b 105 ETE 27z
5 50% hb 5
6 37 2k 13
7 25 b 21
8 sk 33 21
9 28 9 19

Vacuum Bresker 126 102 2l

New Pump Pit 26 20 -6

[y
.‘-I

Note:; Hole position given on Figure 2. 11
3
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Inspsction of the twe instailed temperaturs instruments shown in Figure 2
sadicatzd normal siudge tewperatvras. The temperature buld located west of
the pump pit is & single measuremsnt point nsar the tank bottom, and the
thermocouple probe located east of the pump pit contains several thermo-
couplez at various elevaticns including cne near the tank bottom. To posi-
tively establish that sludge tempsratures were in control, a temporary set

of three thermocouples was insertsd ia thz dry well north of the pump pit,

and a thermocouple was attached to ths buldb in the temperature well west

of the pump pit. All four temperature measurements were normal - about 130 C.

Monitoring of the three leak detecijon laterals under the tank and the 7 leak
detecticn wells along side of the taok did not initially reveal any unexpected
indication of radiocactive contominaticon. The location cf radiation in the #3
lateral and its intensity remsined urchanged at 50,000 c/m as discussed earlier.
However, on March 8, about 39 days aficr the steam release incident, the radie-
rion in the #3 lateral increased by a factor of 60 and then remeined constant.

Wo radistion incrzases were detectad in the other laterals or the vertical wells.
Three test wells were drilled along side of the tank directly over the lateral
that indicated leakage. One well was drilled to a depth of 65 feet and terminated
at the same depth as the laceralszlo feet from the high radiation reading in the
#3 latsral. No radioactive contamination was detected in the soil samples
removed from the test wells, and the maximum temperature in the test wells was
206 F. These data indicated the ieakage was amell.

To gain insight into conditions under the bulged liner with respect to the
accumulation of heat-producing sludge, a special probe was built to map the
temperatures in the leak detecticn laterals. As expected, the temperatures
increased as the probe passed under the tank and began to decrease as it
approached the other side. For Tank 105-A, the #3 lateral, which is the one
that had intercepted some leakage, had the highest temperatures, with the
maximum temperatures (310 F) found to be about 90 feet horizontally from the
caisson. Periodic measurements of the maximum lateral temperatures are shown
in Figure 3 and 4o not indicate any heat accumulation under the bulge.

Consideration was given to the use of sonic, ultrasonics, and neutron thermali-
zation techniques go determine if liquid, vepor, or a combination of both exist
under the bulge“(3 After preliminary evaluation, only the neutron thermalization
technique appeared to be applicable. With laboratory testing and mockup it was
conciudad = probe at least 12 inches in diameter would have to be lowered into
intimate contact with the liner, and then its range would be limited to a depth
of 12 inches below the liner. These findings were too pessimistic to proceed
with a development program, and work on this approach was terminated.

The intensity of the steam release incident suggested that perhaps some gas
phass reacticn had participated in the event. Hydrogen formed by radiclysis
is normally swept from the tanks with the steam from self-boiling. Gas
samples were drawn from TK-103-A which was the least active tank in terms of
a1r or steam purging. After water condensation, gas analyses were jdentical
tn air aud no flammeble gases were detectable.
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POSTULATED LINER INSTABILITY MECHAUWISMS

The postulated tank liner instability mechanisms were quickly reduced to two
modes: 1) restraint exerted by the differential thermal expansion between the
concrete cylinder and the bottom liner plate; and 2) lifting of the liner plate
by water vapor trapped between the bottom liner and.concrete. Engineering
calculations on the effects of thermal expansion clearly showed that the
bottom liner would be stable under a2 hydrostatic head of 14-15 psig, and that
differential thermel expansion zculd not cause an 8-foot deformation if the
tank were empty. For thermal expapsion to be the primary cause, the steel
plate would have to receive its buckling load from bearing against the concrete
wall thus causing a fixed condition at the "T" joint between the cylinder steel
and botitom steel plete; therefore, any deflection seen by the plate would have
to come from differential thermal expansion and not be supplemented by movement
of the steel cylinder. Under these counditions and with the tank empty, a
tothom uplift of approximately 1.9 feat could relieve the thermal forces. Up-
1ift by steam pressure between the steel liner and the concrete appears to be
the primary cause of liner deformation, with thermal expansicn contributing
initially. Equations to determine the critical buckling stresses were taken
from the "Handbook of ?t wctural Stability, Part III{¥*) and the text "Theory
of Plates and Shells." 55 Calculations show that the full 8-foot liner dis-
placement could be achieved only if the cylinder wall deformed inward up to

the first stiffening ring located two feet from the bottom. The nonsymmetrical
buckling as witnessed in TK-105-A is not uncosmon. This phenomenon has been
described by A. Kaplan and Y. C. Fungn(6 Also, as shown in Figure 2, the
position of the dry well in TK-105-A may have influenced the nonsymmetrical
buckling mode.

A previous analysis of the TK-113-8X failure supp rSs the postulate of the
buckling load being derived from entrapped steanm. 1) Before bulging by

steam pressure could occur, water would have to accumulate between the steel
liner and the concrete, and a sludge temperature would have to be sufficlently
nigh to produce a vapor pressure exceeding the hydrostatic head of liquid in

the tank. Both of these conditions were shown to be probable. During startup

of the tanks in the AX Tank Farm in 1965, water was driven out of the concrete,
collected by channels and accumulated in leak detection wells. Volumes amounting
to s2veral hundred gallons were collected from TK-103-AX and TK-104-AX. 1In
A-Farm no channels or leak detection wells were provided for this water to
escape. If the water could not escape through cracks develcoped in the concrete
pad or seep through the natural porosity of the concrete, it would remain trapped
between the liner and its supporting concrete pad.

The hydrostatic head of liguid in TK-105-A produces a pressure on the tank
bottom of 14-15 psig. A temperature of 250 F would produce water vapor pressure
that wonld balance this hydrostatic head, and higher temperatures could generate
steam pressures which could cause the liner to 1ift. Temperature data of record
during TK-105-A filling indicate this condition was reached in October, 1964,
wvhen the tank was 80 percent filled, and this condition still exists.
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A 0.09% to 1 scale model of TK-105-A was constructed to verify the theorized
calaulations of liner instability caused by applying pressure beneath the
bottom plate of the tank,(g In the model a differential pressure of 0.63 psig
produced a bulge height of 4%.625 inches. The model bulge occurred at the side
of the tank bending in below the first stiffemer. Final failure occurred with
rurturing of about two inches of the jolnt which connects the bottom to the
side of the tank. Pictures of the scale model are shown in Reference 8.

Visual appearance of the model failure closely resembled the estimated shape
of the TK-105-A bulge. Extrapolation of the height of the model bulge to
TK-105-A would indicate a bulge 48 inches in height compared to an actual
bulge of 102 inches., A difference of this magnitude in a scale model test
of this scale reduction is not unusual.

THERMAL AND CHEMICAL CONSIDERATIONS

Dip samples of TK-105-A were obtained in February, 1965, to evaluate the
alternatives available for handling the TK-105-A contents in the event a
sustained leak were to occur. Sample results are shown in Table 3, and the
calcuiated tank fission product inventory is shown in Figure 4.

TABLE 3
TK-105-A SLUBRY comPosITION(L)
CURIES/LITER
Separated Sludge(e) Supernate
;'h{, f&éw WUﬁ%m AL P

Sr-90 sres Ao 33 3 0.00G -
Cs~137 I 6.5 8.1
Ce-1hh oo any 3 25 216 1.2 <0.005
Ru~106 1o 30 fa €8 5.3 20.02
ZI‘]_\Tb-95 (3 "-'--‘,- 151 _l_ 220 R kT4 L0, 005

{_l.‘. 3(‘!‘

(l) On May 1, 1965, sample teken of slurry above settled sludge.
(2) Centrifuged sample 14 volume percent sludge.

These analyses indicated about hO% of the fission product heat was associlated
with the settled sludge, and the remaining 60% was associated with the supernate
as a slurry. It was concluded that any solution transferred from TK-105-A would
have %0 be received by a self-boiling waste tank containing very little settled
sludge to avold excess sludge temperatures. Further, any long distance transfers
%o ancther tank farm could be considered only under conditions of extreme

emergency.

Thermal effects that could result from precipitate or solution leaking into the
£0il wera evaluated. As detailed in Reference ¢, a veolume of precipitate as
small as 175 gallons transferred into the soil could result in temperatures in
excess of 1500 F at the concrete soil interface. Solution leaks (free of sludge)
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as largs as 50,000 to 100,000 gallons wers shown to be tolerable from thermal
consii=raticns. Laboratory filtration studies with synthetic waste and soil
indicate siudge particles as smell as twe microns would filter out in the first

2 inches of soil. From these laboraicry investigations it was concluded that

a lsak par se would not be hazardous to the tank structure unless it subsequently
cansad exness sludge temperatures inside the tank. A leak resulting in contamina-
tion cf groundwater is discussed in the Hazards Analysis - Section XITI of this
repcert.

0f primary concern were sludge temperatures that could oceur if the solution
wera removed from the tank and the sludge a2llowed to dry. Potential equilibrium
sluvdge temperatures and rate of sludge heating, as shown in Figures 5 and 6,
were calcoulated for various waste ages. It was Judged that if the solution
leaked from the tank and the sludge became dry, catastrorhic conditions could
follow in a matter of days. Laboratory volatility studies were made with actual
tank supernate and sludge to evalvate this potential hazard.\10,1l) These data
1ndirated denitration of sludge will begin to occur with NOo gas release at
apcutr OO F. At 1500 F cesium, ruthenium and cerium begin to appear in the off-
gas with large releases occurring at 2200 F. However, before these temperatures
ccuid he reached, the tank structure would be expected to fail. It was there-
fore scucludsd that avery effort should be made to ensure that the sludge
remainsd covered with liquid to prevent overheating.

TAVK EVALUATION CONCLUSIONS

a result of the various studies conducted on behalf of the TK-105-4 waste
orage provlem, several conclusions were reached in the fall of 1965.

w o

ot

The tank had ceased to lesk.

|

2, No svidence was found to indicate that the leakage was sufficient to
create significant potential for contaminating the atmosphere or the
groundwater.

R. Ths tank liner was bulged upward at one point to an elevation of 8.5 feet
ereating a void space of sbout 80,000 gallons.

. The veid under the bulge might contain vapor or supernate, but it was
considered unlikely that it contained any apprecieble amount of sludge.

5. The bottom liner was possibly balanced between the steam pressure
updzrneath and the sclution hydrostatic head on top. A method for
wventing the bulged area should be developed to prevent liner move-
ment during removal of solution from the tank.

6. The probability of leaking sludge from the tank into the soil was very
icw; but if it should cccur, very high temperatures at the concrete-soll

interface would result.
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7. Leakage of filtered supernate into the soil would not resulit in tempera-
tures at the concrete-soil interfsce that would cause damage to the
shrucLure.

8. TIf svlution were removed or lost Trom the tank and the sludge allowed %o
dry, temperstures in excess of 10,000 F could result.

9. If the sludge were overheabtsd, it would denitrate and expel NO, gas end
later release fission products ak higher temperatures.

10. Uunder all emergency conditions a release of radicactivity to the ground-
water would be less serious than a release to atmosphere since the sorption
capacity of the s01il would delay the movement of radioactivity to the edge
cf the reservation until most of it decayed.

1i. The potential hazard to the enviromment and the difficuliy of emptying the
tank would decrease with time as the fission products decay.

CFERATING PLAN

Based on the conclusiouns of the several studies an operating plan was developed
embracing four main objectives:

1) Copbrob the tank sludge temperatures under all conditions of tank failure
inecluding the release of liquid to the ground;

2) Frovide and maintain capability for emergency sluicing and emptying of
the tank;

3) Maintain the tank status as static as possible; and

L) gentinue intensive surveillance of tank leak detection and control instru-
mentation.

The first twe objectives were met stepwise by providing the required control
capability as rapidly as possible. Initislly an emergency water spray unit was
bulli *hat could be manually inserted through the L-inch vacuum breaker riser
to permit ccoling of the sludge con the bulge in the event of sudden tank failure
resultipg in the complete loss of superuste. As construction efforts got under-
way, the next capebility provided was raw water sluicing over the bulged area.
Full siuicing capability with two recirculating sluicers weas provided in
Novewber, 1965, and finally a tool for venting the bulged area, if required,
(see Figure 7) was built and tested in the machine shop under simulated tank
conditions. 12

During +his construction period several =squipment modifications were made to
improve operating control and surveillancs of the tank. Recording instruments
with alarms were installed on the air supply lines to the circulateors, and a
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backup peortable air compressor was counected tc the air supply system. These
changss reduced ¢ a practical minimum the possibility of loss of air to the
circulators. Bulge movement detectors were installed at two locations to
detact movemant cr shifting cof the bottom liner. Temperature elements were
included as an intsgral part of these instruments. A recent improvement in
protecting the tank ageinst pressure surges consisted of equipping the bypassed
obsgolefz contact condensors so they would be activated during sny pressure
surges in the tank farm vent header. This modification supplements the con-
densing capability of the surface condensors under steam release conditions.

As the ccnstruction effort neared ccmpletion, operating procedures for slulcing
TK-105~A were prepared. A hazard review covering t?e Sew sluiecing equipment
system and emergency procadur=s was also completed. 13

When all arrangements had been ccomplsted for emergency sluicing and emptying
TE-105-A, the behavior of the tank Aurirg the elapsed time since the steam
relzass incident was reviewed. During the review various potential hazards
wera considered, and a decision was made to mainiain TK-105-A in a static
condition unbil such time as the ftank was scheduled for Waste Management pro-
~a33ing or wntil there was some evidence of further tank deterioration. The
Tank Farm Process Specifications and Standards were revised to require section
mavagament approval to alter any operating condition affecting TK9105-A.(14$

CHANGE TN TANK STATUS

In April, 1967, a cyclic liquid level variation began to occur in TK-105-A.

A typical cycle consists of a 9-10 inch drop in liquid level in a matiter of
minutes followed by a relatively stable pericd lasting about 20 hours. The
liquid level then gradually returns tc its original level in about a day. No
significaunt movement of the liner can be detected. The only logical explana-
tion that has been identified for this behavior is that the area between the
bulged taunk liner and its concrete pad alternates between a vapor and liquid
phase. A possible detailed explanaticn of this behavior and thermal implica-
tions follow.

From contour measurements, Table 2, the volume under the bulge 1s estimated

tc be about 80,000 gallons. Normally, about 26,000 gallons of the bulge

space 1s pestulated to be filled with steam, which flows in a steady stream

at rat=s up to 1000 ft3/min from one or more holes in the liner, the highest

of which is at an elevation estimatzd tc be about 4 feet above the normal
pesition of the tank bottom. The lower two-thirds of the bulge is believed

to be [filled with supernate slurry and an undetermined amount of settled siudge.

Occasionally an instability causes the supernate to begin to flow back through
the hcle into the vapor space beneath the bulge. The liquid being held by cir-

" culation ah 1ts atmospheric boiling point is cool enocugh to condense the steam

under the bulge. Laboratory experiments have shown that once a suck-back begins,
it will continue until the entire space under the bulge is filled with supernate
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slurry. Water addition appears o be a major cause of instability since 20

of the 26 suck-back occurrences since April, 1967, have occurred immediestely
after addition of water to the tavk. Airlift recirculation of the supernate
slurry maintains the entire mass of liquid at its normal atmospheric boiling
point of 230 F when it enters the bulge. About 18 to 2Lk hours ers required

to hesat this liquid %o its boiling point of 255 F under the hydraulic head
unier ths bulge. After this induction period, steam begins to form under the
bulge displacing supernate and slowly raising the apparent liquid level in the
tank votil steam again issues from the hole. By filling the tank as full as
possible, water addition has been avoided for as long as six weeks, permitting
steble cperation over this period with no suck-back events.

A possible danger in the cyclic operation of the tank lies in the potential for
filling the space under the bulge with settled sludge which could overheat and
achisve temperatures as high as 2900 F. Thermal calculations based on the 19- ;*:
hour induction pericd observed on May 19, 1967, indicated that the total heat
transferred to the liquid under the bulge was 300,000 Btu/h immediately efter

o a suck-back. Adjusting for decay and assuming no accumulation of sludge under

. the bulge, the calculated induction period on August 29, 1967, should be 21.8

' hours which is in excellent agreement with the observed induction period of

LA 22 hours. If the sludge associated with the 19 sclution suck-backs that
osccurred between May 19, 1967 and August 29, 1967, had all settled out under

- the buige, the induction period would have decreased to 12 hours. Since the

v cbservsd induction period has not decreased, it can be concluded that the

b space under the bulge is not acting as a good settling chamber and is not

i rapidly filling with sludge.

It iz of interest te note that if the bulge were io act as a perfect settling
chamber with the historical 8.2 day cycle, the sludge would build up to the
hole in the liner in about a year at which time about 500,000 Btu/hr of heat
would be generated below the bulge with a maximum temperature of 1860 F. If
he suck-backs were spaced 6 weeks apart, 1t would take about 5 years to fill
e the veid. at which time the heat generated would be 190 000 Btu/hr, and the
- temp~ra+ure would approach 850 F.

wf
A ccecentration mechanism is alse available which could eventually fill the
bulge with sclidifled supernate; since the water evaporated to form the steam
issuing from the bulge must be replaced by supernate slurry at a rate of
C.5 gpm, there must be & continual flow of salt into the bulge. If no cycling
had occurred, in about 190 days after steam began to issue from the bulge, the
bulge vp to the hole would heve filled with solidified supernate which could
heat tc temperatures approaching £00 F. Since cycling did occur, the solution
under the bulge was periodically diluted with supernate slurry. With minimum
settling of sludge, a steady state condition could be reached. For a super-
nate sodium concentration of 7T M and the average cycle spacing of 8.2 days,
the scdium concentration under the bulge would reach equilibrium at 9 M. IT
suck-hacks were o occur only every six weeks, the Na concentration would
reach squilibrium at 17 M which would prcbably cause the gradual accumulation
of precipitated salt.
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At the present time (Qectober, 1967) a mixture of settled sludge and solidified
gsupernate bensath the liner would result in a range of temperatures between
450 and 2900 F. Pigure 8 summarizes predicted equilibrium temperatures for
various hlends of solids versus decay time.

REVISED CFERATING PLAN

On Qctobsr 2, 1967, low-level radisticn was detected in the #2 leak detection
lateral for the first time, indicating some new seepage oOr migration of waste

Trom *+hs pravious inactive lesk. Also, the heat generation rate of the waste

in this +ark has decreased a factor of four since the steam release event in
January, 1965. Potential hazards associated with emptying TK-105-A have decreased
but are still large as discussed later. Alternative plans are being evaluated,

and preparations are being made to sluice, empty and stabilize the tank.

The various alternatives being considered include three mechanical systems and
rwo Aifferent sluicing fluids. An emergency slulcing system involving low
sluice fluid pressures {200 psig) znd TX-103-A and TK-105-A is now available
snd cculd be used. In about 2 mouths, the 2U4-AR Vault will be completed and
could be used for sluicing the tank. The vault offers several advantages over
the ewsrgency sluicing system including remote maintenance capability for a
portion of the equipment ani temperature control of the sluicing fluid. The
vault sluicing system like the ewmergency system uses low pressure pumps. The
third system being considered is the Savannah River high pressure jet system
(2500-3000 psig)- 15} 1t is believed to have the advantage of being sble to
empty a tank faster than the low pressure systems.

Either of the low pressure sluicling systems could use water or high salt super-
nate as the sluicing fluid. The high pressure Savannah River system would be
ilimited to water. When the leak potentizl resulting from leaching and removing
the =zalt that is sealing the cracks inm the concrete shell is considered, the
advantage of sluicing with supernate instead of water is apparent. This advantage
mayv be offset by the Savannah River system's time advantage in sluicing a tank.
While the potential for opening up leak areas with high pressure water may be
large, the duration of time that material could leak would be reduced. Which
svstem would result in the lowest net release of radioactivity to the ground,

iz cpen to speculation. However, the length of time that the tank emptying
operaticn takes is also the time period that invelves meximum exposure to fission
product rslease hazards. Being able te empty the tank rapidly minimizes this
exposure to high risk and is an advantage of the high pressure system.

HAZARDS ANALYSIS

Three situations were postulated tc represent conditlons that could occur in
the svent TK-105-A fails completely. Similer waste tank hazard analyses have
been made at Oak Ridge National Laborstory.\l
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Coadition 1 - Total tark contents evaporate to dryness and achieve
a maximum tamperature as controlled by the laws of nature.

Conditicno 2 ~ Tark superunsts is lost from tank - sludge achieves
wmeximumn tempsratures as controlled by the laws of nature.
Coodition 3 ~ Tapk supsrnate is removed, sludge is removed except for

a quantity trapped bensath the bulged liner. Quantity
bensath the liner wvaries from all solidified supernate
to all solidifi=d sludge.

Estimats: of the enviromnmental consequences resulting from each of these con-
ditlons are presented to provide guidence to management in arriving at decisions
which may be required during the TK~105-4 sluicing effort. Conditions 1 and 2
ars very unliksly to occur, buai esbimaced environmental consequences of these
two conditions are included te provide an appreciation of the magnitude of the
potential hazards.

An estimate of the inventory of radionuclides in TK-105-A as a funcition of
time iz summarized in Figure 4, The enviroumeatel consequences of the three
rostuiated copditions have been estimated for four dates: January 1, 1965;
May i, 1965; July 1, 1967; and Jamuary 1, 1968, as shown in Table 5.

Condltion 1

Velatilivation fractions for several radionuclides from both simulated and
actual wastes have bean measured by Barton.(10, 11} 0on the basis of these
meagur=ments, velatilization fracticns, tabulated in Table h, have been assumed.

The a*mcsvhsric reiease of the volatilized radionuclides is difficult to predict.
Iu this analysis three arbitrary armospheric release fractions of 1, 0.1 and
0.01, are assuvmad, For example, for sludge plus supernate an atmospheric release
fraction of 1 would assuwme all of the wvolatilized cesium would be released to

the atuc:zphere. Since 0.15 is the volatilized fracticn assumed for cesium

(Tatie ), an atmospheric release fraction of 1 in this example corresponds

LA
to an atmospheric relsase for cesium ¢f 15 percent.

Estimatss of the dose to bone and total body for the first year following
@2XpeRuTE have been made for persons remaining in the cloud for 2 and 24 hours
at seliscted downwind distances. Fer Condition 1 the limiiing mode of exposure
is inhslaticn, and this resulis in the total body as the most criticsl orgen.
Total body dogss via this mede of sexposure have been estimated using mathe-
matical modzis described by Haﬁscn,($73 Table 5 summarizes these estimated
Anses . External exposure of perscns irn the cloud from air-borne radionuclides
ig irsignificant compared *+o doses received from inhalation. Exposures near
the tank would be severs as discussszd later.

From Tavle 5, it can be calculated that a total body dose in excess of 25 rem,
2 hourz' exposure at 5 miles or 2% hours’ exposurs at 18 miles, can be anticipated
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Synthetic Tank Waste Synthetic
0.36 0,022 0.0019
0.64 0.09L ND*

- 0.0052 -
0.065 - 0.00032
<1076

Assumed Volatilizavion Factors

Sludge + Supernate Sludge Only
0.05 0.0003
0.15 5 x 1078
0.02 | 1 x 107
0.02 1 x 1074

Tank Waste
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CALCULATED TOTAT. BEODY DOSE - TK-105-A

Bxposure Time
(hrs)

Date

5

18

2

24

2k

1/1 65
5?1;65
7/1/67
1/1/68

1/1/65
e
1/1/68

1/1/65
e
1/1/6%

1/1/65
5/1/65
7/1/67
1/1/68

*
Rem 1n first year following exposure.

CONDITION 1

Dose™ for Atmospheric
Release Fractions Equael to:

1.9 g1 001
400 40 4.0
380 38 3.8
360 36 3.6
360 36 3.6
2000 200 20
1900 190 19
1800 180 18
1800 180 18
100 10 1.0
99 9.9 0.99
93 9.3 0.93
93 9.3 0.93
520 52 5.2
500 50 5.0
k70 L7 L.7
470 L7 b.7
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whenever the fraction of volatiliz=d radionuclides escaping to the atmosphere
exceeds 0.05. Although this postulated condition is unlikely, the estimated
censequences are of sufficient magnitude as to warrant preventive action to
insvre that the tank contsnts do not evaporate to dryness.

Condition 2

It is pestulated under this cconditicu that all of the supernate is suddenly

lost to tha ground, end the remaining sludge layer evaporates to dryness. The
savironmental conseguences of thiz type failure include contamination of the
groundvater and release of volatilized radionuclides to the atmosphere. Due

to much lower release fractions from solidified sludge, Teble 4, dose estimates

at both 5 miles and 18 miles are considarably below permissible occupational dose
levels. If weter were added to the tank as regquired to control the sludge tempera-
tures, the release to atmosphere would be prevented. Since total loss of super-
natz to the ground 1s assumed, any additional contamination of the groundwater
resuiting from the addition of cooling water would be insignificant.

The contamination of groundwater at the Columbia River has been estimated on
the basis of groundwater flow under existing flow conditions using a simplified
medel which does not take credit for either ionic exchange with the soil column
between the tank and the groundwater or dilution of the released radionuclides
in the groundwater.

Figure 9 shows the estimeted future strontium-90 and cesium-137 concentrations
in greundwater at any distance from the input source as a function of ground-

water travel time. The times, indicated in Flgure 5, to reach a distance of
five miles and the Columbia River assume existing groundwater flow conditions

remain wnchanged over the next several thousand years. These concentrations
are baszd on radiocactive decay assuming that Sr-90 and Cs-137 move at 1/50 and
1/500 the rate of groundwater, respectively. Adsorption studies have shown
that these relative migration rates are reascnable estimates for the exlsting
flow conditions.{18; However, if the competing cation concentraticns in
groundwater should increase {especially calcium and potassium) or if the
aquifer elevation should increase and include more inert gravelly soil material,
the migration rates could increase. Dispersion (dilution caused by mixing) was
not considered. Neglecting this mechanism results in conservative estimates
which do not accurately predict initiel radionuclide arrival and predict higher
than actual pesk concentrations. -

Though the travel time associated with the present groundwater flow path from
the vicinity of the 241-A Tank Farm to the Columbia River is sbout 27 years,
it is highly likely that flow paths (and associated travel times) will change
appraciably in the very long period following the accident postulated in this
study. Such changes could be relatively drastic in either direction - longer
or shorter travel times - depending upon the myriad of possible causation
factors {e.g., dam, irrigation, processing modifications, etc. )., The infinite
nurber of possible cause and effect relationships do not permit accurate fore-
casting for new flow conditionsa' The mipimum travel time, for groundwater




[ X

ARH-78
Page 3L

moving from the vicinity of 200 Bast Area to the Columbia River, noted in
previcus simulation studies waa avout 2.5 years.

No 2radit has been taken for the tims of travel of wastes in the vadose zZone.
This could be essentially infinite in the case of TK-105-A or on the order of
saveral weeks, depending primarily on the volume of waste leaked. Also, the
effacts of sslf-heating of waste within the soil matrix was not evaluated
inscfar a3 the effects on waste travel are concerned.

Condition 3

Conditicon 3 results in enviropnmentel consequences of considerably less magnitude
than either Conditions 1 or 2. If the area under the bulge were completely
£i1isd with solidified supernate, the maximum temperature that could occur as

of January 1, 1968, would be less than 500 F vwhich would not volatilize signi-
Ficant amounts of fission preducts. If the area were filled with settled sludge,
remperatures of 2500 F could result. However, the volatilization factors for
sludge, that are free of supernate, are k orders of megnitude lower than for
mixturss of sludge and supernate. Thus the maximum consequences would ocecur
when &the bulged area contains the maximum amount of solidified supernate in
cembination with enough settled sludge to produce volatilization temperatures.

On January 1, 1968, the worst case is estimated to be a mixture of 15 volume
psr-att solidified supernate apd 85 volume percent settled sludge. The environ-
mental consequences for this worst case and for settled sludge alone are
sumoarized in Table 6.

Ganeral
For all release conditions dose rates near the tank farm would be severe. For
Condition 1 on January 1, 1968, an atmospheric release fraction of 0.10 would

result in estimated dose rates of L R/h at 100 meters from the tank. Air con-
tamination would require respiratory protection equivalent to fresh air to
avoid excessive expesure from inhalation. Condition 2 on January 1, 1968, would
be aboub 10-fold less severe or an increese in the atmospheric release fraction
to 1.0 would produce about the sam2 exposures as described for Condition L. It
is thus apparenft that partial loss of sludge tewperature control could result
in reizases that would deny manusd access ho critical tank farm control equip-
ment with subsequent deterioration to Conditions L or 2. It is cencluded from
this study that the alternative of cooling the tank wastes with water even
under conditions of gross leaksge of wastes to ground is far less serious than
permitting waste temperatures to rise.
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TABLE 6
CALCULATED TOTAL BODY DOSE - TK-105-A
CONDITION 3 A3 OF JAWUARY 1, 1968
Dose for Atmospheric
Distance Exposure Time Type of Wastes Release Fractions Equal to:
(miles) {(hrs) in Bulge 1.0 0.1 0.0L
5 2 Supernate + Sludge™ 3.9 0.39 0.039
Siudge ™ 0.02 0.002 0.0002
24 Supernate + Sludge 20 2.0 0.20
Sludge 0.09 0.009 0.0009
18 2 Supernate + Sludge 1.0 0.10 0.010
Sludge 0.09 0.009 0.0009
2k Supernate + Sludge 5.1 0.51 0.051
Sivdee 0.02 0.002 0.0002.

-

“ Dose for release from supernats + sludge is in REM, total body for first

year following inhalation exposures.

*¥ Dose for release from sludge is in REM, bone for first year following
inhaiation exposure.
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