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tJ?ICL', �iIFIED 

INVEnTIG.�TIO!! i.IID EVf,LUATION OF 

102 -B:< TANK LEAK 

,• ror-2035 

f. :-esi:ic.nr--ibili ty er the !.tlantic Rich!'ield Hanford Company

�'.:'! !":te Manar,ement Prccrrnm i� tc prcvide :rurveillance in the 'wa stc 
-�• 

. � 

-:tc?""'t;e tank form� to cor.t'ine the hi�h-level boiling nnd non• 

boiliru; �1Astes. 3ince 1943, 151 waste tanks located in 13 w.nk 

fa1,ns have ·been constructed at Hanford. To date, leaks have 

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

six ether tanka are suspected leakers. Inventory data from the 

·,ui:;pect tanks indicated relatively small losses cf liquid waste,

nnd in ::.ome cases ?'fldioactivi ty had been noted in adjacent 

moni tcrine wells. All suspect e.s ,.,ell as leaking tanks hava 

been remved from service. 

One cf thece mispectcd leaking t.�nks is 241-BX-102 �nd the 

purpoi;c cf thi� rtocurnent is tc report tlle find.i.JGF of n field 

inverti1;tion to rtctennine if 1""!1ioactive wn�tes hnd indeed 

lenked fror.t thii; tank, and !.f ro, e:e;tirnnte the volume lost ond 

c:·tP.nt of wn �te liquid mc•!e:-::ent throueh the ::01.L. 

:im-1w,RY run corrctusrorts 

Baic;ed on nnalyses cf liquid level history, tent well 

ro'.!i.ntion profiles nnd scil s1nr.pl1n.r And analyse!:, l:ank 102-BX 

ho� been confirmed as a leP.�e� he mo�t prcbable explanation 

c r i,hc tnnk 102 -BX ler.k 1:. !'Is fellows: 

UT1CLA33I?!ED 
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l) The ccncrete ::hell of tank 102-BX was bre~ched 
on its scuthennt edge near the tank footinr:, 
approximntely 40 feet below erade. 

2) The cerbon steel liner failed ap~roximately 
two feet from the tank bottom. Pit corrosion 
caused by a static tank liquid level of rtXlre 
than five years is thought to be the cnuse of 
liner failure. 

f. P.H-~'", ;~ 
PnGe 4 

The tanlt lenked a-pproxirnateli ·70 ,000 e;allons of wante to the 

c;TI'und, J:\r:iountinr- to a loon of no more than 51 KC1 of l37cs. The 

contamir.eticp extends eastward in A 1 to 5-foot wide band apprcxi­

~otely 100 feet frcm the tank. It is held for the mcst part in a 

sand and silt lens 75 feet below 6rt1de. However n relatively 

:;mall nr..ount cf 137,:r. percolate'" to a distance of 120 feet below 

--;r.de (135 feet r.1:c·,e the recional water table). 

:1ince P. ler.k t' .. ':? s been now ccnfi:rmed in tank 102-BX, it will 

be i::olated from -:l:e tank far:n piping systems and the residual 

liquid ir.imobilize:i in ~ ::ianner similar to other declared leaker:::. 

The :-;roundwR ter directly belcv the tank and r;urroundinr; the 

tnnk farr.1 hn~ been nn· ly:>:ed And ~11 :'!'ldionuclide::; including l37c:; 

were •.-,ell below l .E: lir:iits n:; :;hown in Manunl Chapter 0524. 

T~nk 102 -EX · . .-~:: ccnstructed in 194,S and was filled for the 

fir~t time in 194£; ·.:1th u:M!nium procec.sing u~ ste. 8ince 1954 it 

lm ·· bi:en u t.ilize-: interni ttcntly fo!· the ::tornge of hi::h-levc 1 

ncn-boilinc liquid ~~,.t~. P.•-• ~ thir. pe:-io1., drsJ well nur.iber ·~l, 

,",.,,,..,.,,4 "'"""' __ ... _., __ ... .._~ ... ,,...,..., 
-- -- - --·· · r.l:'•-#•• .. - ....... - ., ,.....,...., feet e;:; ;;t-noi-thea :. t c e the Luni~ , hr! :'. 

m!CL i :i::IF'IED 
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been one of the prir.nry means of mcni torin;~ for r:ub-r:urfncc r.on­

t11miMtion orie;ino.ting from within the BX Tnnk Fnrm. 

Fi13Ure l depicts the liquid level history of tnnk 102-BX 

since 1954 and the Geiger-Muller (GM) and ,scintillntion probe 

rcndings frpm dry well number 61 since lnte 1959, It :hould be 

noted that the tank was held static · from 1957 to mid-19'52 ·,t n 

minimum pump heel of approximately 22 inches and WR$ :ubscquently 

static ,:,t r,,aximum cnpacity between mid-1962 and 1968. During the 

l959-l9'.l9 period, dry well radiation monitoring re!3ults indicnted 

a hi.ch ~mount cf radioRctivity. These readings were relieved to 

be the re::-ult of R 30,000 to 90 1000-gallon spill of first cycle 

w::1 ste in 1951 between tnnlrn 102-BX and l03-BX(3). Geic;er-!1uller 

pre be reedinr;s cf about 100,000 cpm in 1959 gradualiy riecrea:cd 

t o apprcximately 10,000 c-pm in 1953, '.faen a chance •,-,fl:: r.iade t.o 

the r.icre "ensitive scintillation probe, cff-scale readin~s of 
,.. 

r.:;reatcr than 1 x 10° cpm resulted thrcuGh 1968. 3tartinr; in 195° . 

th.a prote readbGs becan decreasing rapidly until October, when 

they nr:a in roi;;e above the scintillAtion -prcbe 1 ~ m.-'.lxicru.-:: de t ection 

r. r. pability. This ccrresponds in time to when tile tank wa ::; re­

turned to active tank fa:rn operotions . In !-lay 1970, the t.ink ·,1as 

pumped to the minimum pump heel (22 inche:;) nnd • n.ken out cf ser­

vice. 

, ubse~ucntly, nineteen r, ,.,w dry wells were (lrilled to de t ermine 

the extent cf ~u:pectcd cont.iminntion. Fif;U..--C ~ de;i c~:. t he 

UNCLI\ '3SIFIED 
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lccotion or the new well~ and the or1c1ml monitcrin:~ well, number 

;1, '.Hnce the tank wa:; pur.rped to m1n1r.tum heel , ::c1nt1llnt1on probe 

rnodin~~ in well number ~l have decreaned to le~s than cne-thirrl 

r. f ·,,h.~t they w'cre during eRrly 1970. A neutron probe wa:; :il :;o 

:ltilized in Mny 1970 to determine the .relative moisture contcn1. 

cf the "oil 5UrroundinG each well a~ n function of depth. Rc:;ul t. :: 

:: how'ed that hiGh relative moisture content peolcs occurred gencrnlly 

:it the !ja me 'depth as peak ncintillotion probe readings in 1111 ,,elb. 

When uell number 27, near the southeast corner of the tonk, wns 

:lrilled tc the. water table in July 1970, soil samples were collected 

.,t one-foot inte rval5 and nnalyzed for l37cs content. The :ecil 

1J nderlyinr; the BX T?.nk :nrm is de::cribed below': 

:, ) r.rnde to 102 -E~: tank bottom 
(40 ft rlept.h) - :-:1tnd rind silt bnckfill 

b) 102-BX tank bc-ttom to 70 ft 
depth - sand 

c) 70 ft to 120 ft ie-pth - coarse ~and nnd ::ilt 

d) 120 ft to 150 ft depth - sand 

e) 150 ft to 175 ft li:p!..h - ccarse : nnd and r.ilt 

r) 175 ft to 210 ft depth - !':and an~l ,;ravel 

e) 210 ft to 25; ft depth 
(wnter tnblc) - co&i·se :r :-id :1nd :;ilt 

''.:;·. c 137c:: content in the "oil w1~ plotted 11:. o f:Jm::tion cf cie-pth 

-,r: :.emi-lor, ~per (Fi,.;urc !· Peak l37c:. vPlue ·; cccur ri pp:-i::-:ir..utely 

--------=----------=~~~-==-'!::11--------~-----:::::c=-=-===~=~-"~ 
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110 feat bekw r:rnr1e. Thi·. 1 -- conr.ir.tent w1 th the pank r.?-f pre.be 

re�dins1,r. in thnt well (Figure 3) �nd leads to the ccnclur.ion that 

t:.hc ccincrc1.e ohell or the t:1nk tailed ct this level. The :-harp, 

nnrrcw peaks At 58 and 65 teat are believed due tc either &ample 

contam1nct1on or soil with n higher 1c;n1 excbanee captcity. The 

�mall peaks at 105 to 120 teet correspond to the bottom of the 

coaroe nand and �ilt lens beginning Qt the 70-toot leve1<2) • 

Liq_u_id .traveling downward through this lens can be expected to 

tr:.wel more rapidly nnd to n greater distance laterally ,,,hen 

fi��t entering the lens at the top and Just before exiting the 

bottom. L1411id and l37cs cnn he expected to become adsorbed in 

this lens due to the sponge effect and. the higher ion exchange 

capacity of the �maller. soil particles, reapectively. 

In contrAst to hi.;h-level self-boiling \Piste::; which tend tc. 

3elf-Feal upon lealdn" because ct crystallization upon coolinr,, 

the non-coili� dilute ·.mste from tank 102-BX continued tc lP.ak 

rind percolate downward to a depth ct 120 feet belov gr.!de (135 

feet �cove the regionAl w�ter table) before being absorbed. !r.di­

cutions �re that the caJority of the cesium-137 wns contained in 

the vicinity of the tar.k; however, detectable concentrntion� wern 

cnrried along with the waste to the 120-foot le··el. 

Cenium-137 vns nl:;o detcctea in the r:ro 1mc''.Jnter underncr,th 

t'lnk 102-BX at this tir.:e, h1 1t nt a concent?"!ltion below /\EC re­

lcnne limito(8). �;ince the ,;roundvater move!: ver/ slowly in� 
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�cutherly rt1rect1on, 1ntci,,retat1on ot l37cs in the p;roundwater 111

complicP.ted by the �sny diapoMl sitec surroundinrr the tank rams 

in the 11rea·. Initilllly the source of the l37ce in the �l'Oundwnter

bene1th tank 102-BX ws believed to be.frcm the B-Cribn nnd/cr 

other disposal s1 tes in the area.. BreakthroWJhs of l37r.:. into th1.: 

ercund'Wl'lter rrcm cribs occurred in 1957 and 1959. 'nlerif? cribs 

were -::ubsequently removed from use. Hcvever, when the r�roundwatcr 

well_s !iUrrdunding BX and BY Farms (Fi.cure 5) were sampled and 

analyzed tor 137c11 in January 1971, the results (shcvn in Table II)

indicated that the l37cs concentration in the groundwater, although 

within AEC release limits, ws slightly higher under tank 102-BX 

than under cribs and tank t'anns SU-"TOunding the BX Farm (9 x 10-3 

vi:1. 8 ·x 10 -4 1J.Ci/L) •. Theae results led to the estimation that the 

l37cs in the groundwater under tank 102-BX is due to the s�read of 

minor contamination durine the drilling of well numter 27 rather 

than from the B-Cribs. 

An analysis of the scintillation and neutron prcc� results 

leads to the contamination pattern shewn in Figttre 3. ·.·!ell number 

27 has the h1,j1e�t probe reAdinr.s of any of the .,,ell� ir.-.:::ediately 

!IUrroundi� the ta:�k, l'lnd 15 al�o the only .,,1th peak rel!-:iin.-:� '!t 

the 40-fcct level belo'\-: ,:rade. From this it is •·cncl�-!e1 that the 

tanlt' s ccn·::rete �hell fciled near tnis well. ru estir.-J!tr.� 31 , 11nn 

rt3 ,.,f enrth ha!'\ been wettc- · • the waste from the le11it. Thi� ·:cl-

:Jme "'" c deduced by che rncter1z1n.-.: the leak as three ;;cc:::-?trir. 
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nmire� nnd rumzning their volumes. The areA immetiintely surroundinr; 

the leek :10urce iR in the shape ot a �phere hcving n radius ot 10 

f�et �nd a volume ot 4190 tt3. The �atunted area immediat�ly bc­

lc·..1 tl.1!! r.phere nnd extending into the 3a� and r.ilt lRyer is n 

cylinder having n height ot 30 tt, ndius of 5 ft, Bnd volume or 

2355 n.3 •. The·�otureted zone in:i�e sand and silt layer is an 

inverted \ledge having a maximum height ot' 6 tt, base ot 8000 rt2
1 

and �lt;me cf 24,000 tt3. This sub-surface contamination 

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

extend in an easterly- direction 100 teet rrom the leak source. 

It is ccnUlined r5enenlly in a l to 6-toot wide layer rt the 75-

foct level below Brade. 

.rinnlyscs of the waste ccntnined in tank lC2-BX were 1Mdc in 

early 1970 (Table I). These nnaly-ses (usinc the hiche�t l3Tcs 

ccncent?"'tion er o.72j Ci/gal), plus an P.ssumed noil porosity cf 

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

70,000 r;allcn� of "waste, for a losn of 51 KC1 ot l37cs. fl materinl 

cnlancc bnned on liquid level measurements provides inconclusive 

evidence of e leak, 

Ii 1� interestiw to note that "well ol, "which "was drilled in 

1947, ha:; a hi,;her peak rending at the 70-toot l1•vel thnn any 

-:f the wells drilled later betveer. 1t �nrl thr. lr'lk 1tn11rr.e. 'T'h1:; 

:"'BY be explained by the exi�+,.nce er e ce.rbon.ati� o.nd/or sill,:nte 

tmr.IJ,8SIFIED 
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ndi;1Jrbent deposit on the well caAine which hns entrnppcd rndic.,­

nuclirie~ from the liquid waRte, creatine; an arcR which is more 

radioacti.,-e than the curround:!.ne soil contactinr; the .,mll casin~. 

TG tc~t this deposition h}'lXJthe::iis, the : .. ell casing wos raised 

ten feet, A radiation pro~lle taken, ~nd then lowered to its 

original position nnd another l"adiation profile taken. It \1es 

concluded from the results that there is a radioactive deposit 

of ~ome sqrt on the casing. Research and Development plane tc 

further investigate the distribution of radionuclides in the 

ground at this site and the material apparently deposited on 

the well casing. 

It hns been observed that pit corrosion of carbon steel 

occurs at the liquid-air interface in coal, unogitbted tanks 

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

From FiQlre l it can be seen thP. t tank 102-BX had R 22 -inch l!.~ul-i 

heel for over five years. To date, photccraphs taken after the 

t,1nk w::1:"' pumped !':gain to a 22-inch liquid level heel in 1970 are 

not of hiGh encur.l'l re~alution ta pin-point any liner failure in 

this rren. _ It i:-:: po::isible that the liner and concrete !5hell 

feiled .. ome tir.ie prior to October 19.59 when the probe rend1ngs 

~terted to rise. '";cintillation probe readings 1'rom 19·J4 to 19:9 

were off-~cale nnd therefore inconclusive. If failure did occur 

durin;~ that peric1, the le~v may have ~elf-sealed, since prob~ 

readinr,s beCTan decreasing in mid-19'9; however, nanrally, 

Ui'-!CUIS;";IFIED 
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non-boiling �nBtes do not selt-seal. In aey event, �hnn pwnpine 

nctivity 'JRH re�umed within the tank in October 1969, posnibly 

the concrete �hell failed or the leak re-opened, as evidenced by 

th� increase in probe readings. Initial pit corro:.icn, nee;ravntcd 

by ::itresBes from the fluctuatin� hydrostatic head ere believed t,,J 

have caused the liner to tail some"Where near the tank bottom. 

The exact date and location of this failure are unkno•.rn. Hov­

ever,. oint!e the tank was pumped to a minimum heel the tank is no 

longer leaking, as evidenced by the decrease in probe readings 

Yithin vell 61.
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l'lmple T-83, 

137c6 = 

134cs = 

�-• .,r = 

10 fili :. 

CF.-
:a 

tla + = 

pH = 

:p.j = 

NVR _. 

,, 

'l'i':BLE I . 

T.'\NK 102-BX LIQUID 3AMPLE .4N:\LY3E3 

J:-nunry 2.7, 1970 

2. 7:; X 105 uCi/r.,nl

,i.'•5 ., 103 uCi/gal 

l·i4 11Ci/�ol

0.0462 �l/.3al

1. l•>tl

3.or::1

12.:> 

1.03 

...... ,, g/1 __ .,._ 

inmple }527, Harell 1, 1970 

137cs = 1.17 x 105 �Ci/gal 

125'1b = 2 .07 x 103 u.Ci/aal 

ilOco = 2. 77 ::c 102 11Ci/gal 

lo6RuRh = 4 .35 x 104 11Ct/enl

95zrNb = 2.80 x 103 uC1/r.al 

.. 

;,ample /t�70, >.pril 301 1970 

l37cs = 7 .26 x 105 u.Ci/gal

l34cs � 2.JJ x 104 �Ci/gal

I• 

;, 
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TABLE II 

r.oomm W.:':.TER SAMPLE l'.NALY;,E::; JAMJARY 15, !971 

Fil t.rnten (nCi/l )u-• Residue on Filters (net.ls~, uet) ,-:ale.or•: 
GEf, 

Dir. From 
Hell No. TK-102-BX 106RuRh 106Ru 

299E 
33-1 
-11-11' 

---·-i 
2')9E I 
33-5 I 
---i .. 

299E ! 
33-8 

N 

NN\I 

N\I 

137cs · 

10.4 
I 

1.7 
±0.22 

6.8 

I- . ~ ·- ·I ·····-- ··- ·· 

!.. 11 __ I_ <0.025 --· ·-- .3.~-~ ·--···j' -. -~~~-··-
1 0.5n 7 <0.031~ 0.19 <0.031 i w.~ I ~---·-·--- - I .•. ··-- ·--- . . ·----••·---- ---·· -------•- -•·--- - .. .. 299E 

33-10 

299E 
33-13 
** 
299E 
33-lE 

HS'"' I 0.039 <0.011 <0.099 I <0.019 
-~---·- - .. -+-~:~~---·····--·- - ---' -- ·---! NUE I 8.8 c:0.0G0 0.96 7 .8 j ±0.24 

E ~0.610 <0 .770 0.850 

Calc.05 
GEA 

106RuRh 137cs lo6 j Ru 
' I i <0.083 

o.44 
:t0;~ 

<0.010 

0.32 
±0.069 ±0.033 

0.037 t ·<0.-34 

------- --·---
0.20 0.11 I <0.17 

±0.19 ±0.04 

0.10 
±0.058 

<0.035 

-- ········ ·---·-··r··--------·-- -1· •·• --- --·-0.046 <0.029 I <0.11 <0.02} ±o.o4o I :: 1 

0.052 1 <0-,037 t <0.13 • --~:;;;;-

:to.o.55 I' · . 1------- _J :::~~ 
I I 

j - I I * 
-- -· ----- ---'. ------·---+----~99E 

3)-.?l 

:~~C_)E 
33-,~7 

ll :u ·I 0.32 0.100 
±0.0211 

<0.12 : <0.020 1.1 
±0.36 --·- --------- . -- - --· ----- . . ·- - ·--· --- - - --- - - _______ .., ___ _______ -------·---

' 9.2 <0.23 I <0.030 

j 0.90 ...-:0.15 <0.0'.?9 
I 

39 o.42 0.03 . I. -·---· .. --···---·----~ ·---·-- ·---------
_j_R_~f_·; _______ :: ___ l .. - ___ J <0.021-·----~~~: ___ I ±~.:~g __ .L_. - -----

<C.0O7 <0.03~ 0.017 
J ±0.0C5 --- ------- - - - ··. - . ··-* :inmple taken October 1970 

it-it Vnlue:; of residue on filterr. may be only one-half their actual value. -H--H- 1 u.Ci = 1000 nCi 
AEC control limits(B): l37cs = 20 nct/1; lOoRu = 10 nc1/1; 60co = 50 nc1/1 
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