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INE7=TI3.TboN '.Ifl EVALUATION Or
102 -flX TANK LEAK

1 ICDUCTIO I

t. respcnribility cf the A.tlantic Richf'ield HAnford Company

U tcManarement Prorrnm is- tc provide, 7urvejilanee in the waste

tc.Tr,e tank farms to0 ccrnfine the higrh-level boilingr and non-

"Coiling wastes. Since 1943, 151 waste tanks located in 13 tank

fairns have'been constructed at Hanford. To date, leaks have

-~ been confirmed in eleven tanks located in four of the farms, and

six cther tanks ire suspected leakers. Inventory data from the

:usmect tanks indicated relatively small losses of liquid waste,

a~nd in some cases rzdioactivity had been noted in adjacent

mcnitcrin(g wells. All suspect as well as leaking tanks have

been removed from service.

One of thece nuspected leaking, tanks is 2i4l-BX-1O2 nd the

pu~se cf thii dcument is tc report the findLagr of i field

ivc!-tiC-7ticn to determine if x-dionctive wnstes had indeed

leaked from this tank, and if ro, e7;tirn~te the volume lost Ind

extent of wn7.te liquid ro-e-ent through the 7oUi.

'7TJ~ = T COrCLU TS

Bas~ed on Panalyses cf liquid level history, ter.! well

r~ni'ittion profiles nnd soil sp"mpinr and analyses, t.ank 102-3X

hn-, been confirmed as a lep',er he moct probable explanaticnI
cf ;,he taink 102-RX lerak is Rs fo-low;s:
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1.) The concrete shell off tank 102-BX was brenched
on its scuthenst edge near the tank footing,
approximr~tely 40 f'eet below grade.

2) The carbon steel liner ffailed aproximatcly
two ffeet ffrom the tank bottom. Pit corrosion
caused by a ztatic tank liquid level off more
than ffive years is thought to be the cnuse off
liner failure.

The tank leaked approximately 70,000 Eallons off warte to the

Crc'und, amountinr to a loss off no more than 51. Ki off 1 3 7cs. The

contamination extends eastward in a 1 to 6-ffoot wide band approxi-

motely 100 feet ffrcm the tank. It is held ffor the most part in a

sand and silt lens 75 ffeet below grnde. However n relatively

r. s=P-11 -imount cff l37cr.. percol.ate,' to a distance off 120 feet below

,r-dCe (135 ffeet rnbcwe the regional water table).

72ince P. leek hns been now ccnffirmed in tank 102-BX, it will

be izocla ted ffrom -.1-e tank ffarm piping systems and the residual

liquid imnmbilized in n -onner simsilar to other declarcd leakers.

TMe -rcundwater directly below the tank and !surroundinc, the

tank ffarn har7 been in- ly~ed and ell rsdionuclide:; imciudlng 17r

wecre well below AE= limits as s:hown in Manual Chapter 0524.

Tnank 102-2X ws cnstructed in 1946 and was ffilled ffor the

firnt time in 19hkl .:ith uiraniun prccersing waste. '3ince 1954 it

1La' bve utilize-i intermittcntly fczr the s-torage off hi:-,h-levcl

ncna-boilinC liquid wnnte. TI-inC thin period, drjI well number -0-1

LastM ppr ~mtc.;100 fcct ea;.-t-nort1hea:,t C"' the Lan!,, hn!



been one off the primary means off mcnitorin,7 ffor nub-nurffricc con-

trninzntion originating~ from within the BX Ta-nk Fnirm.

Fi~ure 1 depicts the liquid level~ history off tnnk 102 -BX

since 1954 and the Geiger-Muller (GM) and scintillation probe

readings from dry well number 61 since l.ate 1959. It should be

noted that the tank was held static ffrom 1957 to mid-1962 it n

minimum pump heel off approximately 22 inches and was subsequently

- static Pt rraxinum, cnpacity between mid-1962 nnd 1968. During tile

-. 195,9-1969 period, dry well radiation monitoring results indicated

:1 htr-h smount cff radicactivity. These readings were b-elieved to

Ice the re:vult off a 30,000 to 90,000-gall.cn spill off ffirst cycle

-wpste in 1951 between tanks 1O2-BX and 103-BX&'(3. Geiger-M1uller

porobe reading-s cff about 100,000 cpm in 1959 Gradually decreased

to amprcximately 10,000 c-pm in 1963. When a chanCe ,.iR: made to

the more -ensitive scintillation probe, cfff-scale reading7s off

-reater than 1 x 100 cpnm resulted through 19:68. Startinrg in 1?50.

the probe readinGs began decreasing rapidly until October, when

they aganin rose above the scintillation prcbe'c smaximu:m detection

r 7pbility. This ccrresponds in time to when the tank vJO:i re-

turned to active tank farm, operations. In May 1970, the tank was

pumped to the minilmum pump heel (22 inches-) and laken out off ser-

vice.

,ubsequcntly, nineteen r.-w dry wells were drilled to determine

the extent c-f suspectcd contamination. rizare -2 deTpictf: the

UIICN33IFI~n



Irccation of the new wclla and the oriCginal rrcnitcrin,- waell, numbcr

)1. ~Unce the tank was pumped to minimum heel, r:cintillation probe

rf-ading~r in well number :)I have decreased to le:ns than cne-third

-f wzhi*t they were during early 1970. A neutron probe was i *mo

utilized in May 1970 to determine the relative moisture ccntcnl.

c.f the loil surroundirnC each well a: n function of depth. Rc:7ii

.7howed that hig~h rela t4 ve moisture content peaks occurred generally

-it the .-,ame 'depth as peak scintillation probe readings in all well-,.

Whflen w;ell. number 27, near the southeast corner of the tank, was

-'rilled to the water table in July 1970, soil samples were collected

V "t one-foot intervals and analyzed for 137cs content. The -cil

underlyin7, the BX Tank Farm is deccribed below:

n) Grade to 102-2,: tank bottom
(4o0 ft Iepth) - :sand ind silt hnckfill

b) 102-BX tank Ixttom to 70 ft

depth - sand

c) 70 ft to 120 ft depth - coarse !-and and -. ilt

d) 120 ft to 150O ft depth - sand

e) 150 ft to 175 ft dieUIi - ccarse sand and iilt

f) 175 ft to 210 ft epth - Fsand and r-,rnvel

~)210 ft to 25;= ft depth

(wa4,ter taible)' - coarse :rad and -ilIt

.'.c 3c content in thc :7oil was plotted a: z f-inction of denth

-n !-emi-lr, psper (Iri;;urv ! Peak 17ivtviue-: occur 'rx-el
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40 f'eet belo'w -rlde. Thi'. i, consistent with the ponk M-1. prsbc

rer'dinsin In that well (Fure 3) 'Pnd leads to the ccnclus-ion thst

the concrete shell of the tank failed rt this level. The rharp,

narrcw peaks At 58 and '55 feet are believed due tc either sample

contamirtion or soil with a hiGher ion exchange capacity. The

.,TWll peaks at 105 to 120 feet correspond to the bottom of the

ccarse nand and silt lens beginning at the 70-foot level(2).

Liquid .trat~eling downward through this lens can be expected to

trevel. more rapidly and to a greater distance laterally uihen

first enterin6 the lens at the top and just before exiting the

bottom. Liqiiid and 13
7c3 ctin be expected to become adsorbed in

this lens due to the smcnge effect and the higher ion exchange

capacity of the smatller. soil particles, respectively.

In contrast to hig-h-level self -boiling wastes which tend tc

3elf -real upon leaking because cf crstallization upon coolinr,

the non-'coiling dilute waste from tank 102-BX continued to leak

-!nd percolate downward to a depth of 120 feet below grnde (1315

feet i'bove the regionnl wniter table) before being absorbed. Irndi-

c,-tions ,re that the majority of the cesium-13'7 was contained in

the vicinity of the tark; however, detectable concentrntionz wern

carried along with the waste to the 120-foot le-e1.

Cesium-137 wns rol:-o detcctee in the Fro'm=7water underneath

trink 102-BX at this time, brt at a concentration below AEC re-

lerne limito(8). 2)ince the f-rrcund',4ter rnves very slowly in~ -'

UTIC I F __E
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'icutherly direction, inter-pretation off 1 7 cs in the gmcuncdwater i!-

complicpted by the many dispoalJ siter, surroundinry the tank farms

in the nrea. Initially the source off the 1 37Cz in the groundwnter

beneith tank 102-BX was believed to be from the B-C.-ibsn rnd/cr

other disposal sites in the area. Breakthroughs off 1-37r> into thL

Lyroundwater from cribs occurred-'in 1957 and 1959. Thei# cribs

were 'ubsequently removed from use. However, when the vitmindwatcr

wells qurrounding BX and BY Farms (Fi~ure 5) were sampled and

analyzed for 1 37cs in January 1971, the results (shown in Table 11)

P... indicated that the 1 37cs concentration in the groundwater, although

within A.EC release limits, was sl~ightly higher under tank 102 -BX

than under cribs and tank farms suz-rcunding the BX 1-arm. (9 x j-

vs. 8 x 10-4 Ci.A). These results led to the estimation that the

17sin the groundwater under tank 102-BX is due tco the Enread of

minorcontminaton dringthe drilling off well number 27 rathr

than from the B-Cribs.

An analysis off the scintillation and neutron prcb-- results

leads to the contamination pattern shown in Figitre 3. *,,ell number

27( has the hiirte!-t probe rendings of any of the ,iell:: im~media.tely

surrounding the tank, and in nl.so the only with peak reedinr7: at

the L4O-fcct level below rmade. From tliz it is o nclu;-ed that the

tank's crcn:rete mhell failed near tniz well. Pi estimp.~PA7 iin

Ct3 -.f erirth has been wettr' the waste from Aie leik. This *t.-.

71me wac deduced by cha--cterizin7 the leak ns three 7ccmetr.-
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fig'urer and rurnming their volumes. The area immedintely surrouindingr

the leak source is in the shape of a nphere having n radius of 10

fe~et nnd a volume of 4190 ft 3 . The saturated area immediately be-

low, tlin n.here nnd extending into the sand and nilt layer Is n

cylinder having a height of 30 ft, radius of 5 ft, and volume of

2355 4±t 3 .. The gaturated zone in-the sand and silt layer is an

inverted wedge having a maxdtmum height of 6 ft, base of 8000 ft 2 ,

and volume of 24,000 ft 3 . This sub-surface contamination

configuration is also depicted in Figure 2 and can be seen to

extend in an easterly direction 100 feet from the leak source.

r~. it is ccntained trenerally in a 1 tc 6-foot wide layer ,t the 75-

foot level below grade,

Annlyscs of the waste ccntained in tank 102-BX were mnde in

e arly 1970 (Table 1). These analyses (usinC the hiighest 3l3Tcs

concentrntion cf 0.72-- Ci/gal), plus in assumed soil porosity of

30 percent are the bases for the conclusion that the tank leaked

7000 allcnn, of waste, for a los!: of 51 1io 3 C.Amtra

b~lancc bnrsed on liquid level measurements provides inconclusive

evidence of e leak.

It is interestlnr- to note that well 051, which was drilled in

1947, has a hirher peak reading at the 70-root l'-vel than any

cf the wells drilled later betveer it Rnd the IF-ik rsrirre, . ?f

nay be explained by the exim*-nce ci' a carbonatt! and/or silicate
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adrorbent deposit on the well casing~ which lins entrapped rndic,-

nuclirlen from the liquid waste, creating an area which is mre~r

radioactive than the surrounding soil contacting the well casing.

Tc tent this deposition hy-pothenis, the -well casing wins raised

ten feet, a radiation profille taken, mrnd then lowered to its

original position and another radiation profile taken. It was

concluded from the results that there is a radioactive deposit

of some zqrt on the casing. Research and Development planc to

further investigate the distribution of radionuclides in the

ground at this site and the material apparently deposited on

the well casing.

It has been observed that pit corrosion of carbon steel

occurs at the liquid-air interface in cool, unngitated tanks

when the liquid level is held ccnstant for an extended period(5).

From Figure 1 it can be seen that tank 102-BlX had a 22-inch li.cuii

heel for over five years. To date, photcgmaphs taken after th-e

tank wn7 pumped 'gain to a 22-inch liquid level heel in 1970 are

not of high encurh re! olution to pin-point any. liner failure in

this rres. It in poczoible that the liner and concrete shell

fciled -ome time prior to October 19.39 when the probe readings

rtarted to rise. 71cintillation probe reading.s f'rom 1964 to iq'-9

were off-fscale ind therefore inconclusive. If failure did occur

durin;: that period, the len', may have !;elf-sealed, since probe

readirirs be, an decreasing in mid-1969; however, normally,

Tr c 1A 97 IT ED
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non-boiling wnstes do not self-seal. In any event, whrnn pum~ping'

activity was resumed within the tank in October 1969, possibly

the concrete nhell failed or the leak re-opened, as cvidenced by

thii increase in probe readings. Initial pit corrc.-icn, aggrnvatcd

by stresses from the fluctuating hydrostatic head are believed t..

have caused the line.- to fail somewhere near the tank bottom.

The exact date and location of this failure are unknow..n. How-

ever,. sin~e the tank was pumped to a minimum heel the tank is no

longer leaking, as evidenced by the decrease in probe readings

* within well 61.
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FIGURE 2

PIAT VIEW OF WELL IAYOY!
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