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

I. INTRODUCTION 

Irrad.iated fuels from the Hanf ord reactors are processed in the Purex plant 
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for recove:ry of plutonium 1 urani.uro arid other useful reactor-produced products. 
Ne:arly al.l of the f.ission products (>99 .99'%,) and process chemicals are collected 
in a si.ngle small volume aqueous waste stream 1 neutralized with sodium hydroxide 
and stored in large underground tanks . Normal practice is to continually add 
waste to a tank while maintaining t h'= liquid volume relatively constant at 
70--80 pe rcent of tank capacity by al.iowi L;~ the waste to self-concentrate from 
fission product decay heat. As the tank is filled 1 the waste separates into 
an insoluble sludge layer and a supernatant liquid. N(;!arly all of the fission 
product decay heat is associated with ·~l:.is i~soluble sludge. Heat is removed 
from t he sludge by conduction and percolation of supernate through the sludge 
with the latter being the major mechanism for heat removal. As the sludge 
lci.yer .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 t hat sludge temperatures cannot be effectively controlled 
above a supernate sodiwn conc e nt ratton of about 7 or 8 molar. When this super­
nat e salt concentration is reached in a w&ste volume equal to about 80 percent 
of t he t ank volume, t he tank is considered full . 

Purex Waste Tank 1.05-A is a typical t ank in the original Purex pJ.ant tank farm. 
It was the last tank to be filled (six tank farm) and was filled in a routine 
manner_, However 1 the TK-105-A perfonnance differed from the other tanks in 
three i mportant respects: 

1) Was t e seepage was detected under t he tank when the tank had received 
about 50 percent of the t ank's capacity expressed as tons of uraniw• 
processed; 

2) After t he tank was filled a sudden steam release occurred which differed 
frcm other steam releases in that t he circulators were repo~ted to be in 
ope rat i on during the event; and 

3) The bottom 1.ir.er of the tank was found to be bulged upward about 8.5 feet 
and r emains in this .position. 

The presence of radioactive ccntam.ination beneath the tank nnd the discovery 
that the bottom plate was bul~ed upward provided conclusive evidence that the 
tank i ntegrity had been compromised . Engineering studies were conducted to 
provide gu.idance for controlling the tank under stable boiling conditions and 
alao :.mder assumed conditions of further deterioration. 

The purpose of this report is to detail the histor y of TK-105-A activities 
inc.l.uding the engineering studies and hazard assessments t ;hat have been made. 

-
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Purex Waste TK-10.5-A was built .in i.955, and remained in reserve status with a 
nomi.n'3.l. water heel until May o.f 196~?. " From May of 1962 until January of 1963 
th'.:! tank was 1.1sed to store aged supernate and to provide feed for cesium 
recovery operations in Purex and later in the C-Farm cesium loadout station. 
Pre,p9.rs.tion of the tank for full radiation level Purex waste storage started 
in Jan.i-1.ary_, 1963, and the tank commenced to self- concentrate in March, 1963. 
Fi.l.l:.rig of TK-10.5-A was routine ex~ep t. for the detection of low intensity 
rad.iati.on i n one leak detection lateral. "lhen the tank was half filled. Since 
the leak became inactive after one •,JeE:k and since ins trumentation indicated 
the a'Jlount leaked to be small, use of the tank was continued . Emptying the 
tank was net considered because no spa.re self-boiling tankage was available. 
I n Decsmber 1 1964, the tank vas filled to capacity with waste from the pro­
cessing of 11,000 tons of uranium o 

On 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 previoua releases (commonly called "bumps") in 
that the event occurred while the airlift circulators were reported to be in 
operation " Inspection of t he tank .1.nstnunentation and equipment revealed no 
major damage, and the normal tank operation wns continued with special emphasis 
on surveillance of tank behavior and operati.cn of tank control instrumentation. 

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

L The tank had ceased to leak. 

2 . No evidence was found to indicate that the leakage was sufficient to 
create significant potential for contaminating the atmosphere or the 
grcu.ndwater" 

3. The tank liner was bulged u.pward at one point to an elevation of 
8 . 5 feet creating a voi.d space of about 80 ,000 gallons . 

L. , 'P.1e void under the bulge might contain vapor or supernate, but it 
was considered unlikely that it contained any appreciable amount of 
slu.dge . 

5 , The bottom liner was possibly balanced between the steam pr essure 
under:-:ieath and the solution hydrostatic head on top . A method for 
veni:.:ing the bulged area should be deveJ..oped to prevent l i ner movement 
d1..:.ring removal of solution from the tank. 

6. The probability of leaking oludge from the tank into the soil was 
very low; but if it should occur, very high temperatures at the concrete­
soil interface would result , 
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7. Leakage of filtered supernate into 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 repult. 

9. If the sludge were overheated 1 it would denitrate and expel N02 gas 
and later release fission products at higher temperatures. 

10. Under all emergency conditions a release of radioactivity to the 
groundwater would be less serious than a release to atmosphere since 
the sorption capacity of the so::.l would delay the movement of radio­
acti.vity to the edge of the reservation until most of it had decayed. 

11. The potential hazard to the environment and the difficulty of emptying 
the tank would decrease with time as the fission products decay. 
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Based on the conclusions of the several studies, an operating plan was developed 
embracing four main objectives; 

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

2) Prov.ide and maintain capability for emergency sluicing and emptying 
of the tank; 

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

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

In the fall of 1965 when all arrangements had been completed for emergency 
slui.cing and emptying TK-105-A 1 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 
condi t .ion until such time as the tank was scheduled for Waste Management pro­
cessing or unt.il 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 li.quid level in a matter of minutes 
followed by a relatively stable period lasting about 20 hours. The liquid 
level. then returns to its original level in about a day. No significant 
movement of the liner can be detected. A logical explanation for this 
behavi.or is that part of the area under the bulge alternates between a vapor 
and liquid phase. 
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Evidence. tha t / ahofe - h~;--ci~velo;;~- ;~~--th:~~ner is now readily apparent--~:_:, 
The: concrete 1vessel is aL"rt1ost cE:rta.1.nly cracked, but leakage is not evident -
probably because of salt deposition in th~ concrete cracks or surrounding 
soiL The poss.ibility for the accumulation of heat-producing solids under 
the bulgL': with resulting localized temperature s as high as 1860 F has become 
a new cor:cern. 

A r.azard 9.nalysis i.ndicated that if the entire tank achieved temperatures 
ljm1ted only by the laws of nature, environmental contamination would create 
a problem cf considerable magn1. tud.e . Total bcdy dose in excess of 2..5....~~ 
for a 2 -hour exposure at 5 miles or 2!~ hours at 18 miles from the tank could 
be anti.cipated if as much as 5 pe:'.·ce.ni:, of the volatilized radionuclides escape 
to the atmosphere. A more likely -=,vent would be loss of all or part of the 
tank supernate to the ground wi.t:.h sludg'2 temperature control effected by con­
tinual water additi ons to the tank .. Under this condition contamination of 
atmosphere or ground surface would probably not occur, but serious groundwater 
contam:ination would result. However) contamination at the river would not be 
expected to approach the drinking water limit assuming a continuation of current 
groundva t:-.er flow patterns . Con !:amination of t..he g~cund and groundwater would 
be s1..1.ffi c. i .ent, however, to be a major deterrent and pos sibly to preclude irri­
gaticn activities in the vic i nity that could change the groundwater flow 
pattern unde r the 200 Area plateau. 

TANK FILL HISTORY 

The di;;tailed account of the waste transfers to and from TK-105-A and the 
re ,;;ul ting te:mperatures are summarized here and in Figure 1. The first addi­
tion •,ras made pri.or to tank farm startup in 1955. Six inches of water were 
added to each tank as protection against possible bottom liner lifting from 
vacuiJ1ll generated by the ventila tion exhaust blower during equipment testing. 
The water was added as a supplemental protective measure to the safety afforded 
by a six-inch water seal in the tank fann vent header. The TK-105-A volume 
gradual.ly increased from this ini.ti.al 6 inches of liquid in 19.55 to 18 inches 
of liqu.id .in May of 1962 , These 12 inches of liquid were the accumulation of 
wat1=r additions to variou3 vapor seals over a period of 7 years. In May of 
1962, 330,000 g9.llons of supernate wer~ pumped from TK-103-A into TK-105- A over 
a period of 20 days . TK- 105-A temperature increased from 46 to 56 Casa result 
of this solutio& transfer . On July 27, 1962, an additional 180 ,000 gallons of 
supernate from TK-103-A were transferred to TK-105- A causing an 8 C 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 
re,;o•tery in Purex . On December i2, 1962, about 2.52, 000 gallons of TK-101-A 
,3u.pern':'lte were added to TK-10.5-A with a 14 C temperature increase. This 
transfer was made to prepare optimum feed for the TK-103- C cesium loadout 
feed i:.'?.nk.·. After blending with the a.irl:.ft circulators in TK-105-A ., 
u.90 , 000 gallons of supernate were tnrn,3ferred to TK-103-C. Follow::.ng the solu­
U.cn transfer to C-Farm, TK-105-A cont,;;nt.;; were pumped to TK-101-A until only 
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a 10-·i ncl. h~·::l remained , In Jarn.J.n~:--y ., 1963, 330)000 gallons of thermally hot 
tank. fa!";n Ct.wdensate were add.-sd "~O TK-1.05-A to heat the tank and partially 
prefare Jt. for receipt of Pu, ,:::x s e:.:·-bc.iling waste. The tank was heated 
from .50 C t-0 62 C ,.ri th 330 _. 000 ga.U.on,s of tank farm condensate, and then 
brought •JP to boj .. ling temperature at. a nearly uniform rate with full-level 
W9..ste ., reaching boiling on about March .5 ., 1963 . 
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The f 'ill::i.n,3 of TK-105-A was ronti:r.e:: until November 19) 1963) when the tank 
was about half fil.led .. On t.hL:, date. radia-c.ion was noted in one lateral at 
:.,w Jnte,n :::i ty of 17,000 c / m incrF.:a1=:ing to 1 _50JOOO c / m seven days later. 
Accurate conversion from c / m tc r,J.R/ h j_s not possible J but 5 mR/h is approxi­
mately e.qual to 1 .50 1 000 c/ m for t.hi~ jnstrument. Radiation dose rate as 
me,c,.sure•:i from a dry well insidt: the tacik was L~o 1 000 R/h indicating the size 
cf th•~ l eak to be very small. Fuxther , the radiation could only be detected 
cvr.:r a very short segment of t he la,:;e.c "-t.i indicating that a narrow finger of 
conta.mi.rw.+::i.on had approached the lat~r.al . The intensity of the radiation in 
the te'lk detection lateral was observeci to gradually decay until March 8, 
.l 965, when an increase occurred which will be .-J.escribed later. During the 
1,e.rio d f:::'om November J 1963., to Ma:-ch, 1965 J the radiation intensity decreased 
:1. :'ac- to r of 3 to approximately 50 _, 000 e / m . 

.I t w:.1.:, no~t?. d t.hat the tan.k li qu.id level had reached the range of 280 inches 
in JL.1.l y., 19ef, a few months 'f:lc~c re: the. leak ·,,-,J.c: dete cted. A leak in the side 
waJ l was postulated as a pos;3ihili ty so the tank liquid level was reduced by 
self-conce ntration to 260 inche s . A ~low decline of the radiation intensity 
.in t he lateral indicated the leak har:i s to12pe.d either because of self- seal{ng 
or beccl.use the lj quid level was bi:-lm; .:he leak. · · No spare tanks were 
av9.iJ.abl.e !it thi s time; 1oweve:r on th1= basis of the available data) it pro­
ba}:) l y -w o u.J.d hs.ve been considered prudent to continue filling TK-105-A even 
if ::pare taD.k.age were available si.nce onl y 50 percent of its capacity had 
been u.s S:d . The current spare, TK-103-A., -was not available at the time because 
it coni: ~d.ned 3 feet of settled sludge ., Hanfo rd and Savannah River experience 
had .i.ud'\.cated th.at. if filling of a self-heating tank is discontinued for any 
,:;igniftcant period of ti.me (a f1::w rnonths)J excessive temperatures will occur 
.1n the seT.tled sludg::, upon the add.i tion of fresh waste to the tank. Purex 
TK-101-.A .<J.nd 'rK-102-A had both experienced temperature excursions as a result 
of adding fresh waste to a tank. containing settled. sludge. 

'I'he tank. appeared to behave normally .i.n all respects while the tank liquid 
level was maintained at 260 inches and. as the salt c oncentration gradually 
i . .nc reaseri °1¥'.i. th waste additions to the opE,ra ting limit of 7. 0 M sodium . 
About S-:':ptf:::."tlber 1., 1964, the aal.t ,~onc er.:.t:-at.i.on operating liI:iit was r eached) 
9.nd l .i.•1u.id level. increases ·were permit+,ed at a rate that maintained a salt 
,:onr.en cH, ticn of 7. 0 M so'iium. In October., 1964 1 the postulated leak. level 
was r<.c e.ch1:,r.l with no evidence of any .new lGak.age occurring. In December ., 
.1964 .' the tank was fillsd to capacity . ( l) 

-
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On January 28 ., 1965, a suddec. .st.sa.TJ1 :release occurred in TK-105-A. The earth 
in the immed.iate vicinity of the tank was reported to have trembled, and a 
te..mporary lead cover on a riser on TK-103-A was dislodged allowing steam to 
vent from this opening for a1::,out JO minutes, A water seal in the vent system 
designed to relieve tank pressure at 60 inches of water was not blown. Calcula­
ti.ons confi.nn that the temporary lead cover on a TK-103-A riser should have 
reliev-=:d first at about 3, .5 inches of water pressure . 

At the time of the bump, Purex per.sonnel were in the farm supporting Jones 
construction forces who were preparing to make a final weld in a line connecting 
TK-10.5-A with the 151-AX diverter station . A few gallons of liquid were ejected 
onto tht= ground in the excavation . .Radiation dose rates of 400 R/h were measured 
cr.e .foot f rom the spill. A rapid sun·cy of tank farm instrumentation and equip­
ment stations revealed that the liqu.id level electrode tape in TK-105-A was 
brok.~n and that the TK-105-A instru.'Tlent 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 
'l'K-10.3-A ove rflow seal which was blown sounding an alarm in the control room. 
This seal i s of minor importance; its function is to provide a vapor seal in 
the overflow cascade line between TK-10.3-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 farm condensate taken the following day had a radiation intensity of 
8 , 000 c/m compared to a normally observed intensity of 200 c/m. 

The steam release incident in TK-105-A differed from previous steam release 
incidents (commonly called "bwnps") in that the event occurred while the airlift 
circulators were reported to be in operation. The event's intensity appeared 
to be greater also as indicated by breaking of the liquid level electrode and 
the ejection of droplets of supernate into the tank's instrUJJ1ent enclosure. 

Ope rating efforts immedia t ely after the incident were concerned with securing 
the ccntamination and establishing airflow to the airlift circulators. A new 
liquid level electrode was installed, and the liquid level measured with a high 
range radiation detection instnunent (Victoreen) to confirm the new electrode 
reading . The new electrode checked with the Victoreen, but a 4-inch discrepancy 
was noted between the new r8ad.ings and the expected level based on the old 
electrodF?. reading. It could not be established with certainty whether there 
W9.S a physical decrease of l~ inches in apparent tank inventory in addition to 
self-evaporation or whether the old tape was biased 'uy 4 inches. The leak 
d.ete:c Lion wells and laterals were monj_tored, but no changes in radiation 
status were noted. 

In the 'lbsence of an identified cause of the incident, it had to be assumed 
add.i J:'.jona.i. steam releases or bump s could occur. Two immediate courses of 
action were pursued. One was to minimize the potential for the accumulation 
of superheat in the liquid, which could cause additional incidents, through .. 



the .installation of' a s upplemen tal air sp,:;.rger. The second was to install 
ins trv.mi=-,nt s to d'2fine the rnagni -:_:;1-de a nd rat .e of the energy release during 
any sub s cqt:..ent; inci.de n t " 
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An a.i.r ,:::parge:r wa s fabri cated fc:::- ins1:",all.a tion in the tank's 4-inch vacuum 
br,c- aker r :i ser - see Figure 2 . Howevsr ., prior to installation, it was decided 
to p:rcl:: '2: the are a b elcw the riser because several months earlier an obstruction 
h ad b":ee.r.. encountered bel.cw this r :iser duri.ng a routine sludge depth measurement . 
Thi3 probii::,g confirmed th9.t an ob s t.::-uction did exist about 8 feet above the 
normal pcs.i 1:.:i.on o:t' the tank. bottom, and that the obstruction could not be avoided 
by th1:: rclat .i v ely l.arge lateral. mov<::ment permitted at the end of the 40-foot long 
p r obe by t he clearance insfo e the L~-:inch riser p .ipe. Attempts to install supple­
mental air sparging were then abandone·.i, a.nd the airflow to the existing circu­
la t ors .increased to maximum rate. 

A dt:f1nition of the magnitude and rste of energy release during any subse quent 
inci.de.t-. t w !J.S needed to put futu.re TK-,105-A control activities in appropriate 
perspisctive .. Should the inc idents continue and if serious additional damage 
to the ta.ck structure were a possibi.li ty, costly and unconventional corre ctive 
8.C tions would need to be considered . 'I\w key instruments} a vibrometer and a 
fast re spons e, pressure recorder, 4ere located onsi t e and installed on TK- 105-A 
to obtain t he required infonnaticm. 

W.i r.h the t ank behaving normally , spec.i 'll monitoring instrWTients in service, 
and .:Lnten.sified tank surveills.nce: .in effect to note future unusual tank 
behav.i.o r, a thor ough engineering evu.lu.ation of the incident and its implica­
ti.ons \J-3. S initiated with t echn.ical suppor t from Pacific Northwest Laboratory . (2) 
Thi,;; evaluation was t o include dt:finition of the tank's structural c ondition, 
prcbable ,:ause of t ank def or ma tion, and potential thermal consequences of tank 
leaks into the so i l o r overheati.ng of the settled sludge . As this work pro­
ceeded, weekly mee tings were held bE,tween ope rations and engineering personnel 
to d .iscuss the p r ogress of the studte:s and to exchange data as they became 
available . On a conti nuing basis, revisions to tank farm equipment sys tems } 
addit:::.on of backup systems} changes :i.E operating procedures and initiation of 
additional studies v.1ere made as q_u.ickiy s.s the need could be identified . 

ANALYSIS OF T.ANK CONDITION 

Inve,:3tigation of the t ank's i nven to ry st'3.tua and structural condition was 
startE;d by careful inspec.tion of the e:x.isting instrumentation. Each circulator 
is equipped w:i th two di.p tubes ;,o deter.mine solution flow from the measured 
pressure d.ifferential between th':': .inside a nd outside of th8 c::i.rculator draft 
tube , In addi.tion the #1 circulatcr ha.~ a third dip tube to measure supernate 
specif1c gravity , Static pressure read i.1:gs on the #1 and #2 circulators were 
much 10..,er ( see Taole 1) ths..n expected i.ndi.cat:ing that all of t he piping to the 
circu.lator was broken or that the circulators were physically elr:vated about 
6 feet , The specific gravity measurement on t h 2 /fl. circulator was low indi-
ca t1ng that the vertical d.:...sta.nce bet;.i~en t:he dip tubes hnd decreased; either 
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a pipe was broken or the circul.ator was tipped. 
on the air supply piping to the four circulators 
and #2 circulator piping was damaged or that the 
elevated . Static pressure readings taken in the 
normal . 

Static pressure readings 
also indicated that the #1 
circulators were physically 
other five tanks were all 

Ci.rculator 

1 
2 

.3 
4 

TABLE 1 
CIRCULATOR STATIC PRESSURE READINGS 

Air Supply 

262 
262 
360 
360 

Inches of Wate r 
Hic;h Pressure 

Dip Tube 

222 
224 
310 
317 

Low Pressure 
Dip Tube 

219 
222 
307 
314 

Sp Gr 
Dip Tube 

186 

Note; I f circulators #1 and #2 were not elevated 1 their static pressure 
readings would be essentially the same as those of circulator~~­
and /fl+ . 

The s tatic pressure readings coupled with the detection of an ob s t ruction 
under the vacuum breaker riser left little doubt that the tank bottom was 
bul ged .. To determine the extent of bottom deformation) nine holes were drilled 
through the tank dome as shown i n Figure 2. Sludge measurements and bottom 
measurements taken through these holes are shown in Table 2 . From t hese 
measurements a void volume of 80 1 000 gallons beneath the bottom liner was 
estimated . 

Hole 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Vacuum Breaker 
New Pump Pit 

TABLE 2 
TK- 105-A BOTTOM PROBING MEASUREMENTS 

Inches from Nor1nal Position of TK Bottom Plate 

Measurements in I nches 
Sludge Bottom Plate Sludge Thickness 

69 
53 
84½ 

105 
50½ 
37 
25 
54 
28 

126 
26 

52 
38 
691. 
771. , 2 
44 
24 

4 
33 

9 
102 

20 
,.- \ 

17 
15 
15 
271. 

6½ 
13 
21 
21 
19 
24 

--· 6 

Note ; Hole position given on Figure 2. / '1 { 
i , 

1 .(1 
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In;:_ps ,:. ti.on ,:::f the two insta.lled t emperature instrwnents shown in Figure 2 
inj i.c".l. L::d normal sl.1.ld.ge temperatcl.re.5 . The temperature bulb located west of 
the pump pit i.s a s::ngle rne ,9.S orem-=r•t _point near the tank bottom, and the 
t h'2·r:rno~ouple prob~.': located east 1) f t he pump pit contains several thermo-• 
couple.:: at var .i.ous elevation,;; incl1.J.d.:i ng one near the tank bottom. To posi­
U.ve ly ~st.abl.L3h that sli..1.dg~ temp-srat:ures were in control, a temporary set 
of three thennoco:iples was inserted in th=: dry well north of the pump pit, 
and a thermocouple was attacted to th,:': bulb in the temperature well west 
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of th,~ pwup pit . All four temr'::ratu.re measurements were normal - about 130 C . 

.Mon i toh.ne; cf the three leiJ.k dete:c t j on la tE-Tals under the tank and the 7 leak 
detect:.i cn wells along side of the. t.unk. dJd not initially reveal any unexpected 
indicat ion of radioactive cox:.tD-111.inat.i or; .. , The location cf radiation in the #.3 
19.teral and its intensity renE,cinei ur...d i,9.nged at. 50; 000 c/m as discussed earlier . 
Eo;.;c';ve r, on March 8, about 39 days af t c. r the s tear.; release incident; the radia-
': 10n in the #3 lateral increased by a factor of 60 and then remained constant .. 
No radia.tion increases were detected in the other laterals or the vertical wells. 
Three test vells were drilled along sjdl;.': of the tank directly over the lateral 
t bat ind.icated leak.age. One well was drilled to a de.pth of 6.5 feet and terminated 
e.t t h~ same depth as the lateralsllO feet from the high radiation reading in the 
#-3 ls.t-:'-r8.L No radioactive contaminat:i.on was detected in the soil samples 
r-:::rr.o verj from the test wells, and the rnaximwn temperature in the test wells was 
206 F These data indicated the leak.age was s.mall. 

To ['/3. 1. !1 ~nsight into conditions u_nder the bulged liner with respect to the 
accumulation of heat-producing sludge, a special probe vas built to map the 
tempe.l'a t ures in the leak detection laterals . As expected, the temperatures 
increased as the probe passed 1..mder the tank and began to decrease as it 
apprc!lched the other Gide . For Tank 105-A, the #3 lateral, which is the one 
that had intercepted f ome leakage, had the highest temperatures, with the 
mB.xi mum temperatures (310 F) found to be about 90 feet horizontally from the 
caisson , Periodi.c measurements of the maximum lateral temperatures are shown 
in Figure 3 and rjo not indicate any heat accumulation under the bulge. 

Co:os i.deration -...ras gi V'=n to the use c,f sonic; ultrasonics, and neut:::-on thermali­
zation techniques to determine if liquid _, vapor·1 or a combination of both exist 
under the bulge .. ( 3) After prel.tminary evaluati on, only the neutron therrnalization 
technique appeared to be applicable . With laborat ory 'tiesting and mockup it was 
concluded a probe at least 12 inches in diameter would have to be lowered into 
:i.ntimate contact with the liner , and th=n its range would be limited to a depth 
o.f 12 .inches below the l.ine.r . These findings wer<:= tvo pessimistic to proceed 
w:i.th a development program _, and work on this approach was terminated.. 

The in~ensity of the steam release incident suggested that perhaps some gas 
pha.s ,~ r=-.ac ti.on had participated. in the event . Hydrogen formed by rad.iolysis 
:is norrn::i.lly swe:pt from the tanks with the steam from self-boiling . Gas 
sample s were drawn from TK-10.3-A which vas the least active tank in terms of 
air or ateam purging . Aft.Ex water r:.': Ondensation; gas analyses were identical 
t ,::, air and nc flammable gases were de t ectable . 
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The pos t.ula. ted ta'J.k liner instabili ty 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 betw1:;en the bottom liner and .concrete. Engineering 
calculations on the effects of thermal expansion clearly showed that the 
bottom .Liner would be stable under a hydr ostatic head of 14-15 psig, · and that 
differential thermal expansion ~culd Eot cause an 8-foot deformation if the 
ta.nk were empty. For thermal expansion to be the primary cause, the steel 
pl8. t.e would have to receive its buckling l oad from bearing against the concrete 
wall. thus causing a fixed condition at the "T" joint between the cylinder steel 
o.nd oottom steel plate; therefor~ 1 any deflection seen by the plate would have 
to come f rom differential thermal expan sion and not be supplemented by movement 
of the steel cylinder. Under these conditions and with the tank empty, a 
bot tam uplift of approximately 1. 9 feet cculd relieve the thermal forces. Up­
lift by steam pressure between th'.:! steel liner and the concrete appears to be 
the pri.mary cause of liner deform'lti.on, w.i.th thermal expansion contributing 
ini tia.lly .. Equations to determi..:1e the critical buckling stresses were taken 
from _t he- "Handbook of s,t~uctural St~bility, Part III(4) and the tex~ "The~ry 
of PLi tes and Shells."(5J Calculatioris show that the full 8-foot liner dis­
placement could be achieved onl y if the cylinder wall deformed inward up to 
the fjrst stiffening ring located two feet from the bottom . The nonsyrnrnetrical 
buc k.U.ng as witnessed in TK- 1.05-A is not uncommon. This phenomenon has been 
described by A. Kaplan and Y. C .. Fung .. ( 6) Also, as shown in Figure 2, the 
posi.tion of the dry well in TK-105-A may have influenced the nonsynunetrical 
buckling mode. 

A pre,•,rious analysis of the TK-113-SX failure supp9r-t;;s the postulate of the 
buckling load being derived from entrapped stearn .\ 7) Before bulging by 
steam pr1?. ss1.lre could occur, water would have to accumulate between the steel · 
liner and the concrete, and a s .ludge temperature would have to be sufficiently 
high to produce a vapor pressure exceeding the hydrostatic head of liquid in 
the tank . Both of these condi ti.ans we re shown to be probable . During startup 
of the tanks in the AX T9.nk Farm in 1965, water was driven out of the concrete, 
collected by channels and accUJTJulated in leak detection wells. Volumes amounting 
to ae \reral hundred gallons were collected from TK- 103-AX and TK- 104-AX . In 
A-F<1rm no channels or leak detection wells were provided for this water to 
escape , If the water could not escape through cracks developed in the concrete 
pad or seep through the natural porosity of the concrete, it would remain trapped 
betw<::en the liner and its supporting concrete pad. 

The hyrJ:costatic head of l:i.quid in TK-10.5-A produces a pressure on the tank 
bottom of 14-15 psig . A temperature of 250 F would produce water vapor pre ssure 
that 1.10 1.l.ld balance this hydrostatic head, and higher temperatures could generate 
steam pres sures which could cause the liner to lift. Temperature data of record 
dur:i.ng TK-105-A filling indicate this ccndition was reached in October, 1964, 
when the tank was 80 percent fi lled, and this condition still exists . 

-
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A 0 . 096 to 1 scale model of TK-10.5-A was constructed to verify the theorized 
calc'Jlaticns of liner instal;Jili ty caused by applying pressure beneath the 
bottcm plate of the tank,(8) In the m0del a differential pressure of 0.63 psig 
prcduced a bulge height of 4.625 inches. The model bulge occurred at the side 
of the -tank bending in below tll1= first stiffener . Final failure occurred with 
rui: tu.ring of a"bout two inches of the joint which connects the bottom t o the 
aid.e o.f the tank , Pictures of the scale model are shown in Reference 8 . 

Vi .,n9.l appearance of the model failure closely resembled the esti mated shape 
of the TK-105-A bulge . Extrapolation of the height of the model bulge to 
TK- 105-A would indicate a bulge 48 inche s in height compared to an actual 
bu.lge of lD2 inches . A differe nce cf this magnitude in a scale model test 
cf this scale reduction is not unusual. 

VII. 'I'BERMAL AND CHEMICAL CONSIDERATIONS 

Di.p .samples of TK-105-A were obtained in February, 19E5 , to evaluate the 
9lter .>:iatives available for handling the TK- 105-A contents in the event a 
s ustained leak were to occur . Sample results are shown in Table 3, and the 
cal.-::ul.3.t.ed tank fission product inve:ntory is shown in Figure 4 . 

Sr- 90 
Cs - 137 
Ce- 144 
Ru- 106 
ZrNb- 95 

I 

) ' 
_, .. 

TABLE 3 
TK- 105-A SLURRY CO.MPOSITION(l) 

. CURIES7LiTER 

Separated Sludge ( 2 ) 

41.>~t-1 i-~~¾ ~. Ntr.u i 11'fH '!, 
,, 1.~ 33 31 

I 
:,.. .·,: · : ,~JI., 

1 6. 5 :1 
) C ~- f' ,, ,\ ;. ~ .\' 1? !'" 216 /rJ.1 

I 

I O')' Jo J 68 3. 3 
'·' 

•1 ~: ) " ••I'. ,r: 1 I 220 ~ (J tJ -~ ~ :.., 
, 

---{- 1: )r~ 

Supernate 

0 . 009 · 
8 .1 

<. 0 . 005 
l. 0 . 02 
L0 . 005 

(l) On May 1, 1965 , sample taken of slurry above settled sludge. 

( 2 ) Centrifuged sample 14 volume percent sludge . 

These analyses indicated about 40~ of the fission product heat was associated 
with tbe settled sludge, and the remaining 600/o was assoc iated with the supernate 
as a slurry , It was concluded that any solution transferred from TK- 105- A would 
have to ~e received by a self-boiling waste tank containing very little settled 
sludge to avoid excess sludge temperatures. Further, any long distance transfers 
to anc-sher tank farm could be considered only under conditions of extreme 
emergency . 

Thermal effec t s that could result from precipitate or solution leaking into the 
Eoil were evalua ted. As de tailed in Reference 9 , a volume of precipitate as 
sm~ll as 175 gallons transferred into the soil could result in temperatures in 
excess of 1500 F at the concrete soi.l interface . Solution leaks (free of sludge) 

-; 
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as 1'3.:rg~ a~ 50 , 000 to : .00,000 gal lo:a.~ were shown to be tolerable from thermal 
1con.s ::. '! ":':.'!"'3.i:,icr.~;, " Laboratory fil-t:.ration. st~dies with synthetic waste and soil 
.:.n.H::~·-·"'= ,si.ud g-?. p :.:cticles as small a3 t wc microns would filter out in the first 
·2 ; _:o.::-.hec: of soiL From these l.abore. ~-cry .i . .n1restigations it was concluded that 
a l~'.3.k. pl:'; r se would not be hazardo1.1.3 to the tank. structure unless it subsequently 
ca:1~-:::•i e.x,: ess sludge temperat ures i.ns .ide the tank. A leak resulting in contamina­
t:.on cf groundi.rater :i.s discussed i n the Hazards Analysis - Section XII of this 
ri?.por-t . 

O.!'.' f:".' .i.m'3.ry concern we:re sludge temperatt.;res that could occur if the solution 
verc Te:nov<::d f rom the tank and the 8ludge allowed to dry. Potential equilibrium 
s .i.1J_,jge temperatures and rate o.f sludge hen ting_. as shown in Figures 5 and 6 , 
-we re ca.i.,::ulated for various vaste a ges , It was judged that if the solution 
lc~aktc.d fr8m the tank and the sludge became dry, catastro1-hic conditions could 
.f.oll.0 1. .in 9. matte r of days. Laboratory volatility studies Wyre maq.e with actual 
ta., ,k ;;u_r;ernate and s ludge to evaluate this potential hazard. (,10,11) These data 
1.'1:1ir.a+-."'-d de.nitration of sludge wi 11 begin to occur with N02 gas release at 
-3.b c u+-. h OO .f , At 1500 F ces.ium, rutheni.um and c •2: rium begin to appear in the off-
1;; :l B wi.-t: h lar ge rel~ase:s occu.rr.ing at 2200 F . However, b efore these temperatures 
cc ;_1i..,j '-'~ rea ched, the tank structure would be expected to fail. It was there­
fcr -=. •~one lu.di::d. ·th.at every effort .shcu.l.d b e made to ensure that the sludge 
r "c. 1.n.a i.ned c- o ve,red. with liquid to prevent overheat ing . 

VII.I " TANK EVALUATION CONCLUSIONS 

As a !""3u1.t of the various s t udie ,s conducted on behalf of the TK-105-A waste 
st'Jr.;;.ge p roblem., several conclusions were reached in t he fall of 1965 . 

l. Tt.e tank had ceased to leak. 

2 . No =,vi de nee was found to indicate that the leakage was sufficient to 
creat,I?. significant potent:i.al for contaminating the a t mosphere o r the 
gr cundwa te2· , 

.~. Th::: tank. l .i ner W'3.S bulged 1..lpward at one point to an elevation of 8. 5 feet 
c reatl.ng a void space of about 80 , 000 gallons . 

h The- v~_id unde r the bulge m.ight contain vapor o r superna te, but it was 
c onsi.de red u.nl.ikely that it contained any appreciable amount of sludge . 

. 5.. Tt.-.e b ottom liner was possib ly balanced between the s t eam pres sure 
,ui'i~ r.n~ath and the solution hydrostatic head on top. A method for 
v~~ti~g the bulged area should be developed to prevent liner move­
m':':D.':. during removal of solution from the tank. 

6 . 'Th f-: prs-bab.ilHy of leaking sludge from the tank into the soil was very 
l.cw; but i .f it shoul.d occur, very high temperatures at the concrete-soil 
:nter:f ace would result . 

-
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Purex Waste Tank 105-A 
Data are for initial 
conditions. 

I 
1966 1967 1968 1969 1970 1971 
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1965 

FIG URE 6 
R;il<• of' T f' rnpt •1·:1lur-r. Rise in Dr y Sludg e · 
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7.. Leak.age of fi.lt-=rfod supernate i.nto the soil would not result in t empera­

ture .:: at the ccncrete-soil .interface that would cause damage to the 
str•;.c ture . 

8 .. Tf' :'H' 1 ut.i on were remo·Jed or lost from the tank and the sludge allowed to 
dry, V';mperature s in exces:3 ol' l.0 1 000 F could result. 

9 ,. If t.he sludge were overheated 1 i.t vould deni trate and expel N02 gas and 
lat.er release fission _r;roducts at higher temperatures . 
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10 , llnde:r all emergency condit.i.ons a rel ease of radioactivity to the ground­
wat~r would be less serious than a release to atmosphere since the sorption 
c9.pacity cf the soil would delay tl1.e movement of radioactivity to the edge 
cf the reservation until most of .i.t decayed. 

lL The _rotential hazard to the environment and the difficulty of emptying the 
t ·,rn.k. would decrease with time as the fissi on products decay. 

IL OPERA'rING PLAN 

B':lsed on the conclusions of the several studies an operating plan was developed 
embr:ic ,ng four main objectives~ 

::i..) C'.::ntroi the tank sludge temperatures under all conditions of tank failure 
.ir..cluding the release of liquid to the ground; 

2) Frcvide and maintai.n capability for emergency sluicing and emptying of 
the t3.nk; 

3) Me..in~.ain the tank status as static as possible; and 

4) C0nt1~ue intensive surveillance of tank leak detection and control instru­
mentat.i.on . 

The .:.'.irs t t¥c objecti.ves were met step1-ti .se by providing the required control 
c apability ':ls rapidly as possible. I nitially an emergency water spray unit was 
b uilt ~hat could be manually inserted through the 4- inch vacuum breaker riser 
to p'?.rnri::, ecol.ing of the sludge on the bu::i..ge in the event of sudden tank failure 
resu.J..ting in the complete loss of supernate . As construction efforts got under­
W3.Y, i:hP. next cs.pab.ility provided was raw water sluicing over the bulged area . 
Fu.11 slu:.cing capability with two recirculating sluicers was provided in 
No·rem}:)e:r, .1.965, and finally a too:. for venting the bulged area, if required, 
(3ee Figure 7) was built and tested 1.n the machine shop under simulated tank 
ccndi t.:..ons . ( 12) 

D1.1:>:ing thi .3 construction period several -=quipment modifications were made to 
.::mprove · operating control and surveillance of the tank. Recording instruments 
wJth a.l:i.!"Tils were in,stall.ed on the air supply lines to the circulators 1 and a 
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back:'.:p :r:crtatle air compressor was connec-l:ed tc the air supply system. These 
chan.gc':s re-:luceri tc a practical m.i.nim1.1m the possibility of loss of air to the 
c .ircu.;..a tors . Bu::...ge movement detectors were in,stalled at two locations to 
(:~ te.c ':, :movemexi:t er sh.if ting cf the bottom liner. Temperature elements were 
inc luded as an integral p9.rt of these instruments. A recent improvement in 
prc•te-::ting the tank against pre:3st.1re su.rge ,5 consisted of equipping the bypassed 
obs~Jlet:=: contact condensors so they woti.ld be activated during any pressure 
,surg'c': .in r.:he tank f:::trm ·,rent header . This modification supplements the con­
den.s~ ng ,::apabili ty of the surface condensom under steam release conditions. 

As the r:-cnstruction effort neared ccrnpletion_, operating procedures for sluicing 
TK-105-·A we.r-e prepared ., A haz.ard revi.ew co,,ering tl).e Q,ew sluicing equipment 
system and emergency procedures was also completed . ~13) 

When all arrangements had been completed for emergency sluicing and emptying 
TK-105-A, the behavior o f the t~nk during the elapsed time since the steam 
r"'le9. .:3~ incident was reviewed , During the review various potential hazards 
-were c o ncidered, and a decision was made to maintain TK-105-A in a static 
condit~on until such time as the tank vas scheduled for Waste Management pro­
,:: ~:;2ic1 g er until there was some evidence of further tank deterioration . The 
T·:3.n.k F nm Proce.ss Specif.ications and Stand9.rds were revised to require sect~on 
rn9..n9.g-=rne.nt approval to alter any operat.ing condition affecting TK-105-A .(14) 

X, CHANCE .I N T~J\NK STATUS 

In April. _, 1967 , a cyclic Equid level variation began to occ ur in TK-105-A . 
A typical cycle consists of a 9-10 inch drop in liquid level in a matter of 
minutea fc llo1,.1ed by a relatively stabl.1:; pericd lasting about 20 hours. The 
l iquid level then gradually returns tc its original level in about a day. No 
sig!1.i.fi •~ant movement of the liner can b e detected . The only logical explana­
tion th'3.t has been identified for this behavior is that the area between the 
bulged tank liner and its concrete pad alternates between a vapor and liquid 
phas€= .. A possible detailed explanation of this behavior and thermal implica­
tions follow, 

From co.nt01J.r measurements, Table 2 1 th':: volume W1der the bulge is estimated 
to be about. 80., 000 gallons . Normally ., about 26 1 000 gallons of the bulge 
sp9.ce i ,s pc stulated to be filled with steam, which flows in a steady stream 
at r'::.t-=.s up to 1000 ft3/min .from one or more holes in the liner, the highest 
of whic h is at an elevation estimat~d to be about 4 feet above the normal 
position of the tank bottom. The lower two-thirds of the bulge is believed 
to be fill.ed with supernate slurry and an undetermined amount of settled sludge. 

Occ9..sion:.1lly an i.nstabili ty causes the supernate to begin to flow back through 
the hcl'::: i .nto the vapor space beneath the bulge , The liquid being held by cir­
culation 9.t. its atmospheric boiling point is cool enough to condense the steam 
1mder t he bulge . Laboratory experiments have shown that once a suc k-back begins, 
it i..Jll. ccn-:.i nue until the entire space under the bulge is filled with supernate 

:(~,.,,· ... ;:.;~ ... ,-~ .· 
'" ~~ .. -'• - , .. 



,slurry Water addiUon appears to be a major cause of instability since 20 
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of the 26 suck-back occurrences since April, 1967, have occurred immediately 
aft.er s-:ldi ti.on of vater to the tank. Airlift recirculation of the supernate 
slurry ma.i:c.tains the entire mass of l:i.quid at its normal atmospheric boiling 
point of 230 F when it enters the bulge . About 18 to 24 hours are required 
to h<:at this liquid to its bo:i.ling point of 255 F under the hydraulic head 
1J..rder he bulge . After this :i.nd.uction period, steam begins to form under the 
bu.lge ciit,:placing supernate and slowly raising the apparent liquid level in the 
+;a.11.k. 1..1.nti l s t ealJ'I again issues f' ro.m the hole. By filling the tank as full as 
possible, W').ter add.i tion has been avoided for as long as six weeks, permitting 
stable cperation over this period with no suck-back events. 

A poss i ble danger .in the cyclic ope2·ation of the tank lies in the potential for 
filli!J.g the space under the bulge •-ri th settled sludge which could overheat and 
B.ch i':':ve temperatures as high as 2900 F . Thermal calculations based on the 19- ~ • 
hour induction period observed on May 19 , 1967, indicated that the total heat 
tran3ferred to the liquid under the bulge was 300,000 Btu/ h immediately after 
a suck-back . Adjusting for decay and assuming no accumulation of sludge under 
the bulge, the calcu.lated induct.ion period on August 29, 1967, should be 21.8 
hour;; v h i c: h is in excellent agreement with the observed induction period of 
22 hours . If the sludge associated vith the 19 solution suck-backs that 
o-:curr<?d be tween May 19, 1967 and August 29, 1967, had all settled out under 
thi=': bulgP., the i .11duction period would have decreased to 12 hours. Since the 
obse:rv-::>·J. i.r:.duction period has not decreased, :i.t can be concluded that the 
spe.cF?: unde r the bulge i s not acting as a good settling chamber and is not 
rapidly .filling with sludge . 

It j ,s c_)f i nterest to note that if the b ulge were to act as a perfect settling 
chamber with the historical 8.2 day cycle, the sludge would build up to the 
ho::..e in the liner in about a year at which time about 500,000 Btu/ hr of heat 
would be g ':!nera t ed below the bulge with a maximum temperature of 1860 F. If 
~-he suc k- backs were spaced 6 weeks apart, it would take about 5 years to fill 
the void _. at whi ch t ime the heat generated would be 190, 000 Btu/hr, and the 
temp~rature would approach 850 F . 

A c cr.:.c'::'ntration mechl:l.nism is also available which could eventually fill the 
bulge ,,j_th solidified supernate; since the water evaporated to form the steam 
i,ssui.r.ig from the bulge must be replaced by supernate slurry at a rate of 
0 . 6 gp.m _, there must be a contim;.al flow of salt into the bulge. If no cycling 
b.9.d oc curred, in abou.t 190 days after steam began to issue from the bulge, the 
b 1J.lge ·u p t o the hole would have filled vti th solidified supernate which could 
heat tc t ~mperatures approaching 600 F . Since cycling did occur, the solution 
unde:r t .h.e bulge was period.i cally -iiluted with supernate slurry. With minimum 
aettling of sl11dge, a ste:ady state condition could be reached. For a super­
na te ,3lYli 1.llll concentration of 7 M and the average cycle spacing of 8 .2 days, 
the sodium concentration lL~der the bulge would reach equilibrium at 9 M. If 
.st::.ck-back,s 1-{ere to occur only every six weeks, the Na concentration would 
reach ,;=;guilibrililll at 17 ~ which would probably cause the gradual accumulation 
o f pre -:ipi tati:;d salt. 
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Ar. the pre.:.cnt ti.me (October; 1967) :1. .mixture of settled sludge and solidified 
superna. t.'7' 'c':!neath the li1~er wou._1_d re.;:ul t i n a range of temperatures between 
4.50 anr:l. .2900 F . Figure 8 su.m:rr..ari .. ze.13 predicted equilibrium temperatures for 
v ·:1.rio1J5 b l':-'nds of .soli.ds ver-sus jecay time . 

XI. REVISED OFEFATI:NG PLAN 

On Oc-t::.ober- .2, 1967, low-le,vel radie.tion was detected in the f2 leak detection 
lat.er::i. l. for t.he first ti.cJe, indJ.•~ating 3ome new s eepage or migration of waste 
from +-h-:- p:-::::vious in.active le. s.k. .. Also_, +,he heat generation rate of the waste 
i .n thie +-':lr_k". has decreased a factor of four sinc e the steam release event in 
.J 9.nu8.ry , 1 965. Potential. he.z.ard.s assoc.iated wi th emptying TK-105- A have decreased 
but s..:e st.ill large as discussed later , Alternative plans are being evaluated, 
and pr-= pc1rations are being made tc sluice 1 empty and stabilize the tank. 

The various alternat:i.ves being consid.ered. include three mechanical systems and 
-J:-,..ro 1J.i .f.:' e rent sluicing fluids . An emergem:y sluicing system involving low 
s lu.ic-:: f luid pressures (200 p21.g) and TK-103-A f.l nd TK- 105-A is now available 
.3.nd : cu.ld be used , In about 2 montha _, the 244-AR Vault will be completed and 
cc-ul 11 'IJ~, u1: <::d for sluicing the tank . The vault offers several advantage s over 
-t:he '::' !11'-'crgen.i::y .sluic.i.ng s y s tem i .ncluding remote maintenance capability for a 
port.1. 0 1 1 ,~ r the equtprut>ut a n--:i te1nperatt1re control of the sluicing fluid. The 
v9.ult :311J.i.-::1 n.g system like the e .. m~rgency system uses low pressure pumps. The 
th.:.d. :::.y,3 tem ~'::in~ conside:'ed is, the Sa rannah River high pressure. jet s ystem 
(2500- '3000 p ,:;1g) , (. 15) It is b':':l.le yed t:o have t he advantage of being able to 
empty '3. ta .. nk faster than the l o ,,., pressure systems . 

E i+h1:;r cf the low pressure :slu.ici.ng ::::ystems could use water or high salt super­
':at':= 9.S the s l .uicing fl1J.id . The high pressure Savannah River sys tem would be 
limi te:•i to water , When the leak potential resulting from leaching and removing 
the sal.t tha~ is s~9.ling the cracks in the concrete shell is considered 1 the 
s.dva.'.1 tai;e of sluicing with supernate instead of water is apparent . This advantage 
m3.y 0<;; offset 'by the Savannah River system's time advantage in sluicing a tank . 
While. the pot,~r:.tial for opening up leak. ares.s with high pressure water may be 
la:?:"ge.J t l:.:! dur'3.ti on of time t.hat materi al could leak would be reduced . Which 
syst1::m \JO u l.d. result in the lowest net re:lease of radioactivity to the ground 
i2 open to specu.lation . However 1 the length of time that the tank emptying 
oper:g,t .. J_o n t-:1k.es i;;, also the time period that involves maximum exposure to fission 
pr0duct re.lease hazards . B1::ing able to empty the tank rapidly mim.mizes this 
expoaur1::: t o hi.gh risk and is an <J.dvantage of the high pressure system . 

XII . HAZARDS ANALYSIS 

Th.re'?: fi.t11at.i ons were post •.l.lated tc represent conditions that could occur in 
the ~,;<:,nt TK-105-A fails completely " S.imilar waste tank hazard analyses have 
been maJe 3.t Oak Ridge National Laboratory . (16) 

' 
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and supernate eiven in Table 3 

3. Volume of solids assumed-54,000 p,allons 

100% Settled Sludp.e 
01..--~---...L.---"'------'----""'---.....I.._ __ ...L. ___ .._ ______ J 

0 10 20 30 40 50 60 70 80 90 100 

Percent of Solids Unde r Buldge That i s Settled Sluu~e 

FIGURE 8 
1 P re di clC'd Tempe r atun~s G e n er;.te d In l\.'1i xt ures 

nr S C' ttlC'd Sl11d ~e ,'\n d Solidifi ed S \10 e rnate 
! . . ' \ , 



,,...,. 

.. 

C0. ;1,1.i t.i.on 1 - Total ta.r!.k '.:.o :::n :en.ts e:"3.porate to dryness and achieve 

ARH-78 
Page 29 

a .m3.:d:'11uru tenp~r-?.t::,u;r-e. aa controlled by the laws of nature. 

Co ni.i ticr:i. :? •. Tank .su.pern:':i.te .i~ lost from tank - sludge achieves 
maximum temp:::ratur~,;; ss controlled by the laws of nature. 

Cc·r..di.t.ion 3 - Tank sup;:~rnate is rE:mo·red, sludge is removed except for 
a quri.:;.:t.Hy trs.ppi:=;d beneath the bulged liner. Quantity 
beneath t he: .li ,"J.6:r ·,raries from all solidified supernate 
+;,o al.l solid.ifi-:',d sludge . 

E:;,tima +-,;.;c: of the enviromnental cc.:1Beq1_;,ences resulting from each of these con­
di.t .i. o.::1 E' 9.re pre,sente:d to prov.i.de gu:i.d.a'.'lce to management in arriving at decisions 
1..1hich m.g y b~ requ.:ired during the TK- 1U5-·A slu.icing effort. Conditions 1 and 2 
ar,:: vr:.ry 1Jnli k.s l y t c, occur 1 b •.1 t. ~st1.m'3.c.cd envi.ronmental consequences of these 
t;,o c0YJ·ii t ions are included. to prov.ide an appreciation of the magnitude of the 
potential hazards . 

A'l e.stimate of the inventory of rad:ion.uclides in TK-105-A as a function of 
~ 1.m1: i 3 ;:,umm-9.ri zed in Figure 4 ., Th~ envirorrn1ental consequences of the three 

:r: c ,;; t ulared. c ond~.tions have be en. estim2.ted for four dates: January 11 1965; 
Ms./ 2 , 1965; ,July 1 1 1967; anri ,Ja.".:.1J.ary 1 1 1968 1 as shown in Table 5. 

Vclat· ::.t zati on f ract.io:i.s .fo r .3<:,v1;, ral ra1ionucli des from both simulated and 
a c -i:'-1--1.3.:;, 0.ras tes ha ve b~sn measured by Bar-i:',on . (101 11) On the basis of these 
illeas1J :-c:m':' nts , vclatilizat.i.on fracticns., tabulated in Table 4 1 have been assumed . 

The a":111.c-3:pl':,.:cr:i c rel.e~:3e o.f t he vola.ti.li.z~d radionuclides is difficult to predict. 
In th:i . .s B.naly sis thrPe arbi-c rary B.1:-.!1:0 >:: pheric release fractions of 1 1 0.1 and 
0 , 01, -:ire: sss 1J,:necL For example, for slurige plus supernate an atmospheric release 
fra.c hen 0f l '..ic,- d .o. al".sume e.Ll of the volatilized cesium would be released t o 
the a +- :nc .=: pher1:; .. Since 0 .. 1 .5 i s the voi.atilized fractio n assumed for c esium 
( 1'ab ~e u). a>J a tmc ~i:;heric rel"?.ase f ract.i.on e:f 1 in this example corresponds 
to s:o a t'Jl..-:) s-:pheric rel~,a se for cesium o: 15 percent. 

Est.1 ma (2 -;, 0f the: d.o.s-?. to bcm=,- and total body for the first year following 
expc,;, ur e: hay17; been made fer pe r sor.s remai.ni!lg in the cloud for 2 and 24 hours 
3.t sel.i:;:".".tl7,-d downwi.nd distances " Fer Condition 1 the limiti ng mode of exposure 
is i.nb3.L:1 t icn 1 and t hi s res ul ts 1.n the total body as the mo st c r itical organ . 
'.(ota:.. u ,::.:j ~, -:J.os?.s via thi:s mcde of expc s 1Jr1:: ha ve been estimated using mathe­
Ill9.t:i cal ~e d.;-:.:.,::; ciescribed by W9.~,:=;c~., \17) Table 5 summarizes these estimated 
0.0 .se s . Extern.a]. exi:osuri:. 0f perscns it:. the cloud from air-borne radionuclides 
i ~ :L.r::;ign..i .. ficant compared. +:,o dose .:= received from inhalation . Exposures near 
t he t 9. nk w':>u.ld be ,:;ev~rE: a s di s<~u.ss ,':.d later . 

From '!? :1.LJ• 5 1 i +, C<ln be calcuJ.3,t e.d t t '3.t a total body dose in excess of 25 r em , 
.'2 ".:,0 11ra ' e~<.pc5u.re 9.t 5 .miles o r .:?4 hor,;.rs I exposur-= at 18 miles 1 can be anticipated 

• • . ; I_,. • ~• ;,el I 
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TABLE 4 

VOLATILIZATION FACTORS 
TK-10_5..:A 

Sludge + Supe:r.nate( l 0 _,11) 
Sy"TI.thet.ic: Tank: Waste 

0 • .36 

o. 64 

0 . 065 

0 . 0:22 

0 . 09i 

0 . 00,52 

* <10- 6 Not Detected 

Ru 

Cs 

Ce 

All Other 

A.2.su.mE-d Vo1.3.t.ili zation Factors 

Sludge + Supernate 

0.05 

0 . 15 

0 . 02 

0.02 

Sludge Only(lO, l l ) 
Synthet ic Tank Waste 

0 . 0019 

ND* 

0.00032 

Sludge Only 

0 . 0003 

5 X 10- 6 

1 X 1 0- 4 

1 X 10- 4 
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TABLE 5 - · --· CALCULATED TOTAL BODY DOSE - TK-105-A 
CONDITION 1 

Dose* for Atmospheric 
Distance Exposure Time Release Fractions Egual to : 
(Mile ,:;) ~hrs ) Da~e 1.0 0.1 0 . 01 

5 2 1/ 1/ 65 400 40 4 .0 
5/ 1/65 380 38 3.8 
7/ 1/67 360 36 3 .6 
1/1/68 360 36 3 .6 

2L~ 1/ 1/65 2000 200 20 
5/ 1/6_5 1900 190 19 
7/ 1/ 67 1800 180 18 
1/ 1/68 1800 180 18 

18 2 1/ 1/ 65 100 10 1.0 
5/1/ 65 99 9.9 0 .99 
7/ 1/ 67 93 9 .3 0 .93 
1/ 1/68 93 9 . 3 0 .93 

24 1/ 1/ 65 520 52 5 .2 
5/ 1/ 65 500 50 5.0 
7/ 1/ 67 470 47 4 .7 
1/ 1/ 68 470 47 4 .7 

* Re.m .in first year following exposure . 
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-,,t-i::never the fracti.on c:f vola til . .ized. r9.,jj onucl::.des escaping to the atmosphere 
e.xcee.ds 0 . 0_5. Al.though thi.s postulated condition i s unlikely , the estimated 
ccrn;. equ.ence s are of safficie.nt magni.tu.de as t o warrant preventive action to 
:i.:asure t:-hs.t the tank. contents do not evaporate to dryness. 

Cond i t .ic.n 2 

It is pc.~~ tul-9.ted under this ccndi tion that all of the supernate is suddenly 
lost to th-e: g r ound, e.nd the rem"9..i.n.i.ng aludge layer evaporates to dryness. The 
envj_r onme.ntal consequenceo of th:i.s type failure include contamination of the 
groundwater and re.lease of volatil.: zed rad.ionuclide s to the atmosphere. Due 
to much lower release fractions from solidified sludge, Table 4, dose estimates 
at both 5 mi les and 18 mile3 are consjderably below permissible occupational dose 
l.e•rel2 ., If water were added to th'::: tank "9.S required to control the sludge tempera­
t.i.;.re:;;;, the release to atmosphere wo1.i.l'l be pre.vented. Since total l o ss of super­
nat2 to the ground is assumed, any ad-1i ti.anal contamination of the gr oundwater 
r<:. su.l.ting f r om the addition of cool.ing water would be insignificant. 

The contamination of groundwater at the Colt.unbia River has been estimated on 
the basj s of groundwater flow under exis'.:-ing flow condi tions using a simplified 
model whi.ch does not take cre.-di. t for e .i ther ionic exchange with the soil column 
be.t-;,,,F..s n the tank and tl_le grou..ndvater er dilution of the released radionuclides 
in the groundwater . (18) 

figure 9 shows the est.imate-d future strontium- 90 and cesium-137 concentrat.ions 
in grc·_;__ndwater at any distance from the input source as a function of ground­
W'3.ter travel time . The times , i.ndicated in Figure 5 , to reach a distance of 
.five mi.le:s and the Colwnbia River ass 1J.me existing groundwater flow conditions 
remai.n u.nchanged ove r the next several. thou.sand years. These concentrations 
are bas~.1 en radioactive decay a ss1Jming that Sr- 90 and Cs-137 move at 1/50 and 
1/ 500 the rate of groundwater, respectively. Adsorption studies have shown 
that these relativP. migration rate s are reasonable estimates for the existing 
flow conditions ., ( :i 8) However, if the competing cation concentrations in 
gr oundwate r should i.ncrease ( especially calci.um and potassium) or if the 
aquifer ele·✓ation should increase and include more inert gravelly soil material, 
the mi.gration rates could increase. Dispersion (dilution caused by mixing) was 
.not consi.dered , Neglecting thi.s mechanism results in conservative estimates 
which do not accurately predict initial radionuclide arrival and predict higher 
th9.n actual peak concentrations . 

Though the travel time associated with thi: present groundwater flow path from 
the vicinity of the 241-A Tank Farm to the Columbia River is about 27 years, 
it is highly likely that flow- paths (and associated travel times) will change 
appreciably in the very long p erj_oii following the accident postulated in this 
study .. Such changes could be relatively drastic in either direction - longer 
or ,shortF.:r travel times - depending upon the .myriad of possible causation 
factor2 (e , g . , dam, irrigation, processing mod:Lfications, etc.). The infini te 
number cf pos,sible cause and effect r1::lations.hips do not permit accurate fore­
i:as t .i.ng for new flow conditions_.. The mifimurn travel time, for groundwater 



,.. 

,.. . 

-. 

.:iic-ving frc•rn -+:he vie inity of 200 Ea.s -r_: Area to the Columbia River, noted in 
p:r,sv 1.cu3 ,s:La:n..1..1.9.tion st ,.1d .ie ,;; waa a;_,out 2 o .5 years . 
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No '2P'.d.i t:. h9.s been t aken fer the; tim':;; of travel of wastes in the vadose zone. 
Th! .. -:= C' Ou .l .d be essentially inf.i.ni te, in the case of TK-105-A or on the order of 
f:::. •?c ;,- ':',ra.l weeks, depend.ing primarily on the volume of waste leaked. Also, the 
eff~~t,2, of 3,=l::'-heating of va.ste wi thin t he soil matrix was not evaluated 
insofar aa the effects on waste travel are concerned. 

Cc--0 1~ it i oo. 3 

Ccwrh ti.on 3 re ,3u.lts in envir0nmental consequences of considerably less magnitude 
than either Conditions 1 or :2 , If the area under the bulge were completely 
f .:_1.l~d w:i th solid.i.fied supernate , the m9.Ximum temperature that could occur as 
o.f h1:,,.1a.ry 1, 1 968 , would be less than 500 F which would not volatilize signi­
fic.9.n t arriount.s of fj ssion products , If the area were filled with settled sludge, 
~e.mper!:i t.ures of 2500 F could re: u.lt o However, the volatilization factors for 
slu,jge ,, that are f ree of supernate, a.re Lt. orders of magnitude lower than for 
mixtures of sludge and super.nate . Thus the maximum consequences would occur 
vhen i:.b<?. b ulg1::d area contains t.he m-'.lximum amount of solidified supernate in 
<:!Cnibin~t .ion with enough sett.led slud ge to produce volatilization temperatures. 

C'·,1 ! 9.ouary l _, 1968, the worst case .i i: est.imated to be a mixture of 15 volume 
pf.: r':"<=lL t sol .i dified superna.te and 85 volume percent settled sludge. The environ­
mental consequences for this worst case and for settled sludge alone are 
sum.murized in Table 6, 

Yer all. relesse cond.i t i ons dose rates near the tank f arm would be severe. For 
Con.'.iit.ion l on Janu.ary l, 1968 , an atmospheric release fraction of 0.10 would 
result. .:.n eic t .i.mater:i dose rates cf 1 R/ h at 100 meters from the tank . Air con­
tamina ~ion would require respi.ratory protection equivalent to fresh air to 
avo.!.:i excess i ire expcsure f r om i nhalation . Condit.ion 2 on January 1, 1968, would 
be ab out 1 0 - fold l.ess se.vere or an increa,se in the atmospheric release fraction 
t.0 LO T.ro1;.ld produce about. the sam~ exposures as described for Condi tion 1. It 
i .s tl:-.·-~.3 app9.rent, t hat partial less of sludge temperature control could result 
Jn r<:. i.:=; .3. ,3~3 tha t vould deny manned 9.ccess +,o critical tank farm control equip­
.men+ with subsequ.<;nt deterioration t o Conditions 1 or 2. It is ccncluded from 
thi.5 s-1:-udy that the alterna.t i ve of ccoling the tank wastes with water even 
under ,:cndi tions cf gross leakage of wastes to ground is far less serious than 
per:n.i.~ tiDg waste temperatures to r ise . 
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TABlE 6 
CALCULATED l'OT.Al.-BODY-.OOSE - TK-105-A 

CONDITION 3 AS OF JANUARY lz . 1968 

Dose for Atmospheric 
Dist'j_nc~ Exposure Time Type of Wastes Release Fractions Eg_ual 

(mil · -) . .. _t:: ,::, (hrs) I n Bulge l.0 0.1 0.01 

5 2 Supernat-e * 3.9 0.39 0.039 + Sludge · 
- ** 0.02 0 . 002 0 . 0002 S1.ud.ge · · 

24 Supernate + Sludge 20 2.0 0.20 
Sludge 0.09 0.009 0 . 0009 

18 2 Supernate + Sludge l.O 0.10 0.010 
Sludge 0.09 0.009 0.0009 

2L~ S1j_pernB. t e + Sludge 5 . 1 0.51 0.051 
S11.;.d.ge 0 . 02 0.002 0.0002 

... 
Dose: fe r release from supernat;e: + .al.udge is in REM, total body for first 
yF?.ar f ollowing inhalation expo.sur~ . 

,..,-:. D-:i s'?. f or release from sludge is in FEM, bone for first year following 
i .nhaiat.ion exposure " 
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