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INVESTIG.'.TIOT! nm EV/,LUATION OP 

1C2 ,Bi: TANK LEI\K 

t. ::-e-spcnr i bi li ty cf the .. · tla ntic Richfield Hanford Compn ny 

/ RH -2035 
P-:;:i:e 3 

1..111:.te Manar;ement Pror,rnm is tc provide :;urveillance in the was +,c 

:.tcrr>13e tank formr, to confine the high-level boilin{J nnd non• 
• 

• 

boiling wRstes. Since 1943, 1,1 waste tanks located in 13 tc.nk 

fanns have been conr,tructed o� Ranford. To date, leaks have 

oeen confinned in eleven tanks located in four of the farms, and 

six ether tanks•�re suspected leekers. Inventory data from the 

•:uspect tAnks indicated relati 1:ely 3tnall losse3 of liquid waste, 

nnd in �ome cases rr.dioactivity had been noted in adjacent 

monitcrin13 wells. All !o'.l5pec": �3 well as leP.kinr; tnnks hr.v-= 

�een rer.Dved from service. 

rnc
f

-t 1e 

pu�osc c!' •�: i,; nocur.,ent is tc :·e-;x:rt tile findinr;s of n field 

i nve r tir:;, tion to riete nnine if r-" -::ioncti ve wn stes hnd indeed 

lenked fro� this tonk, and if ,c, e�timnte the volume lost 0nrt 

c:1tent of wri f.te llqui d mo"e:.:ent :hrougll the ::all. 

:�rn.11,1_:\ ,Y :rm corrcr.usrorr::: 

3t1sed en f\n:,lyses cf liquic: level history, te:;t well 

rnnintion profiles ond soil sn�plinc and analyses, tank 102-BX 

has been confirmed as o leAkcr. ':'he mo:it probable explanation 

cf the tnnk 102-BX leC'!k is Rs fcllcws: 
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1) The ccncrete shell of tank 102-BX was treAched 
on its 3outheaot ed£e near the tank footinr:, 
approxi:r ... "'1tely 40 feet below e;rade. 

I 

2) The carbon st�el liner failed ap�roximately 
two feet from the tar!k bottom. Pit corrosion 
caused by a static tank liquid level of roore 
than five years is thought to be tha cnuse of 
liner fa· 1ure. 

: 'f!-:C(, 3: 

Po;_�� 

The tank lenked approximately 70,000 gallons of waste to the 
•, 

e;r011ne1, Rl!!Ounti!'l(; to a los5 of no more than 51 KCi of l37cs. The 

contamination extends eastward in A 1 to 6-foot wide band approxi­

r..ately 100 feet frc:;i the tank. !t is held for the most part in a 

sand and silt lens 75 feet below Grnde. However n relatively 

sr..al]. nr..ount cf 137,:;; percolated to a dis'tclnce of 120 feet below 

:--;r�.e (135 feet r.'::c·:e the rer,ional wnter table). 

�ince � lerk ��s teen no� ccnfirmed in tank 102-BX, it will 

be i�.clated i'ror.. :::e '.:..'.!nk fam pi:;Jing systems a:1d the residual 

T::e �round•,;2:e::- directly ::clew t;-,e tnnk nnd :,urroundinr; the 

t,rn:� f::rr.. hnr. bee:: rin• lyzed P.nd qll r?"lionuclide:; including l37c:; 

were •.,ell below /.EC Ur.ti ts r.s :;hewn in Mnnunl Chapter 052t., 

T�nk 102-2X ·.,� s ccnstructe'.: in 191.6 and was filled for the 

fir�t time ir� 1948 ·.:i th uren · um i::roce�sing 1-m ste. ,ince 1954 it 

hn·· been utilize-: '_nterr.1i ttcntly for the '.;torage of hir;h-level 

non-toilinc; liquiri. ·.:'.'ste. Durin;:; thif. period, dry well number t,1, 
. 

f"ll ___ ... ...,-4 _ ..... ,..., .... , '"'" 
'-l"'.t"_..._.....-... u,._ "''-•J .J_-.,V feet ca:;t-nc.-rthea,.t vf the Lt!nk, hn!'. 
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been one of the prir:'ary means of monitoring for r.ub-r.urfncc con­

taminntion orig1nnt1ng from wi�qin the BX Tnnk Fnrm. 

FiG1,1re 1 depicts the liquid level history of tnnk 102-BX 
. 

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

reAdings from dry well number 61 since late 1959. It should be 
• 
• 

noted that the tank was held static from 1957 to mid-1962 ·1t 11 

minimum pump heel of approximately 22 inches and was subsequently 

static et rra:cimum capacity betwe•en mid-19;)2 and 1968. Durini:; the 
• 

1959-19J9 period, dry well radiation monitor1!1i3 results indicated 

a hirh amount cf rad1oact1v1ty. These readings were believed to 

be the rec-ult of a 30,000 to 9'.),000-gallon spill of first cycle 

W?ste in 1951 between tnnks 102-BX and 103-BX(3). Gei�er-1 uller 

pre be readinr;s cf .bout 100,000 cpm in 1959 6rndual y -:ecrea::cd 

to i!pprcxi!T'ately 10,000 qim n 19.;3. ·.-men a chn!1[.C .-m:: ':'.'1de -t.c 

.sreatcr th.an l x lOLl c:,im resu ted thrc· r:;r. :;.968. .�tarLnr: i.n 19;9, 

the prate readi::gs bec;an decrcar;in.<J; rapidly until Octocer, ,1hen 

they ru;ain rose n.bove the scintillation prc1::e' s 11,;1xir.n.u:: '.ictection 

cr,pulJility. This corresponds in time tc ·,1hen the tank ·,1r.,, re­

turnee: to r.ctive tan.I< farm operotions. I::1 !-ll'lY 1970, thP tank was 

pumpcc: to the r.:inimum pump heel (�2 inche:.) nnd taken O'..lt cf ser-

vice. 

,ub sequcntly, nineteen new jry we :..ls ·,;ere drilled to deterrr.:!. ne 

the extent cf sur;pected contamination. Figure 2 depicts the 

UNCLI\ sstFIED 
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loco tion of the ne,; wellr. and the original moni torinr� ·.1ell, number 

1)1. '.";ince the tank ;a:; pumper., to minim-.un heel, :-:cintillntion probe 

rcndinc� in well nur:iber ,S1 hnve decreased to lec.s than cne-thir-1 

cf ·,1hJ:lt they were during early 1970. J\ neutron prohe was ;ilso 

utilized in May 1970 to detenni�e the relative moisture conteni. 
.. . 

cf the :.oil surroundinG each wev a!=: n function of depth. Rc:;ul\.:: 

showed thc1t hiBh ,relative moisture content peaks occurred genernl.ly 

flt the c;ame depth as peak scintillation probe readings in nll ,-:ell: .. 

When well number 27, near the southeast corner of the tnnk, wns 

:irilled to the water table in July 1970, soil samples were collected 

�t on'e-foot intervals and nnalyzed for 137cs content. ':'he :,oL 

underlyin.n, the BX T?.nk ?nrrn is de::cribed below: 

'.::·.c 

., ) ,rncl.e tc 1 2-I::-: t.c\nt: bet.ten 
(40 ft •lept.r.) - �r,n:i 1r.d -.il ':. i PCk:i::.:.. 

c) 

r!) 

e) 

r) 

,-, ) 

0 rt 

120 ft 

150 ft 

175 ft 

210 ft 
(wn ter 

LRnk bottor.1 

lo 120 �. ::epth l. � 

to 150 ft deF'J 

tu 17'.i rt u�pLll 

to no ft r.epth 

to 255 ft depth 
tnble) 

37c" content in the :.oil 

- :;a r.d 

- cc,1 rsc --=:ind <1nd ··Et 

- sand 

- cc::t rc.e "" nd nnd �L!.t 

- -:nnd nnd ::rnvcl 

- c::ar:ie :nnd "end :'ii--� 

plotted function of epth 

on ,emi-lor, pnper (Fii_;urc L.). i'cn;c :i37c" vnluc:e occur �ipproxir.ntcly 
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l�O feet below '-rncte. Thi·. i r conr.istent with the penk r,!,1 prcbc 

rer.<linf,r- in that well (Figure 3)."nd leads to the conclusion that 

the concr:te Ghell of the tRnk failed ct this level. The rharp, 

nrirrow peaks at 58 and 65 feet are bslieved uue tc either sample 

contRmiru:tion or soil ,.,1th O higher ion exchange capacity. The 

:;mnll :p?aks at 10� to 120 feet correspond to the bottom of the 

coarse r.and and silt lens beg1nlling it the 70-foot leve1(2) . 
. . 

Liquid traveling downward through this lens can be expected to 

trovel f!'.ore 'rapidly nnd to ri greater distance laterally 11hen 

fir�t enterin6 the lens at the top and just before exiting th� 

bottom. L1q11id and l37c:; con be expected to become adsorbed in 

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

cnp.Jcity of the �ITlclller soil particle�, respectively. 

1:1 contnir.t to hi.;h-level :=;e f-bciling wFJster. which tend tc 

�he �cn-toilin� dilute �Aste frcm tank 1C2-BX ccn�inued tc lea� 

rind percolate dO\;nwnrd to a depth of 120 feet below grade ( 35 

feet ncove the regionA l wnter table) before being absorbed. Indi­

cetions F're tl111t the C'IB.jori ty of the cesium-137 wns contained in 

the \·icinity of the tank; however, detectable concentrntions were 

cnrried along with the · .. mste to he 120-foot level. 

Cer;ium-137 war, olso detected in the e;ro1�rlwnter undernenth 

t�nk 102-BX at th,j.s time, but nt a Loncentrotion below �EC re­

le<1:;e limit::;(8). '.lince the c;roundwatC"r r.,oves very, slowly in 'l 

l.JnCL'\'.3:,IFIED 
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southerly rlirection, interpreta\i_on of l37cs in the ;,:rc.unchmter in 

com-plicP.ted by the many dinposa:i. siter, surroundil117 the tank fsms 

in the P.ree. InitiAlly the source of the l37cs in the �roundwoter 

beneath tank 102-BX was believed to be from the B-CribR 11nd/cr 

other disposal sites in the area.' Breakthrou�s• of l37c:: into the 
. 

eroundw�ter from cribs occurred i� 1957 end 1959, Thene cribs 

were subsequently removed from use. However, when the 1:rc.undwatcr 

wells surrounding BX and BY Fa nns ( Figure 5) were sampled and 

analyzed for 137cs•in January 1971; the results (shown in Table II) 
• 

indicated that the 137cs concentration in the groundwater, although 

within <{I.EC release limits, wus slightly higher under tank 102-oX 

than under cribs and tank fanns su�rounding the BX Farn (9 x o-3 

v::.. 8 x 10 -4 µ.Ci/I). These results led to the estirr.ation that the 

l37cs in the groundwater under tank 102-BX is due to the spread cf' 

minor ccntamina tion durinr:; the rilling c .. _ ve.ll :n:.:r.�er _ 7 rather 

than from the B-Cribs. 

An analysis of the scintillation anu neutron prate rcsul�s 

leadn to the contamination pattern shown in Figure 3. ·.-icll m.:mber 

27 ha:; the hir;he:-,t probe readinr,s of any of the wells ir.-meri.i'-1 tely 

surroundin15 the ta?:k, A.nd is nl:10 the only ·,ii th :peak r��'.ii:1,-;-s ::it 

the 40-foct level belo•.-; crade. From tl,is it is ccncl'..1-:ed th2t the 

tank's ccn:rete shell failed nenr thi:; well. n estir.-P.t.P.rl 31,nnn 

rt 3 �.f Enrth has been wetted by the wAete from the leai<. This •:cl­

ume �R, deduced by charncterizin� the leak as three cc���tric 
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fi�re:; and :summing their volumes. The Area immeciintely surroundinr; 

the leek :;ource is in the shape.of a �phere having a radius of 10 

feet And� volume of 4190 ft3 . The "aturated area immediately be­

low thic F.p�ere Find extending into the sand and r.ilt layer is ,"l 

cylinder having 11 height of 30 ft, radiun of 5 ft, and volume of 
• 

2355 ftl , The saturated zone in the sand and silt layer is an 

inverted wedge having a maxiorum height of 6 ft, base of 8000 ft2, 
• 

and ·rolume of 24,000 ft3 , This .sub-�urface contamination 

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

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

It is ccntoined generally in a l  to 6-foot wide layer Pt the 75-

foct level below e,rade. 

-\n::i lyses of the waste ccntn.ined in tank 1C2 -BX were rMde in 

early l970 (Table I). These an.alyses (usiru_: the hL;hest l3"ics 

30 �crccn-r. �re the bases for the conclusion that thi? tnru< lcnkcd 

70,000 Gallons of wnste, for n las:. cf 51 :<Ci of 137cc. A materiril 

'en lance bri sed on liquid level measurer.ients provides im;unclusi ve 

evidence of c leak. 

I',, is interesti11£I to note that ;;ell 61, ·..ihich was dri_led in 

1947, has a hi;;her peak reoding nt the 70-foot level than any 

cf the ·.,ells drillert later between it 1=1nd the leAk ;;011rce. 'T'11i.s 

�ay be explained by the existence ct e carbonnte and/or silicate 

UNCL'\3SIFIED 
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Rd:.urber,t deposit on the well cosine which llns entrnppcd rRdic,-
•. 

nuclirie,- from the liquid wai;te, .creatinp: an areR which is rro1·e 

radioactive than the curroundinf� soil 'Contflc:tinp; the well casin�. 

To te:.t this deposition hypothe::;is, the well casing wos raised 

ten feet, a radiation profile talten, :>nd then lo-we.red to its 

original position and another radiation profile taken, It ·,1es 

concluded from the results that. there is a :.·a.uluactive deposit 

of some sort on the c�s1ng. Research and Development plans to 

further investiga� the distribution of radionuclides in the 

ground et this site and the material apparen�ly deposited on 

the �ei1 casinB, 

It hns been observed that pit corrosion of carbon steel 

occurs <>t the liquid-air interface in cool, unngi t.'.:!ted tnnk:; 

11hen tr.e iquid level is held constant 

.. • !! . 

ever five years. 

�n extended pcricc(5). 

·_-� ... , 

tnnk • . .;::i:- pwnped ;:,gein to n 22-inch liqu'n level heel in 1970 ?.r� 

not of hich enou�h resolution to pin-point nny liner fRilure in 

this rrer.. It i:. "9Q5Gible that the liner nnd concrete shell 

feiled �ome tine prior to October 1959 when the probe rcP.dings 

ste.rted to rise. .,cintillation p:-0be readinBs from 19J4 to 9;9 

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

durin,� that :period, the leak may hove :.elf-sealed, since probe 

readincs beean uecreasing in mid-1969; however, normally, 
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non-boiling wastes do not self-seal, In any event, •,;hen pumpine 

activity was resumed within the•tank in October 1969, possibly 

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

the increase in probe readings. Init•ial pit corro:;ion, aggravatcrl 

by :;tresses from the fluctuatine hydrostatic head are telieved to 

have caused the liner to fail somewhere near the tank bottom • 

The exact date and location of this failure are unknown. How-
••

ever, cince the ta�k 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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Dir. From 
Well No. TK-102-BX 

299E N 
33-1

------·
-
·' 

NNH 

Cale .nr-; 
'll3 

106RuRh 1 

]0.4 <0.0l14 

; 11 I <0.025

-, 

•r.l\BLE II

3J\t-WLE P.Nr'\J.Y;";E:, J:\NUJ\RY 15, 1971 

(nCi/l )itn 

r, c:J\ 

106Ru

1.7 
±0.22 

3.0 

6oco 

6.8 

nesidue on Filters (nCi/g, \1et) 
Cale .a5 I 

I 

1o6 
t RuRh 

0.44 
±0.12 

GEA 

I 
137cs•

i 
106Ru

I <0.010 i <0.083

I 

299E 
33-5

-----�
-

-
299E I 
33-8 

NH \--��;r.-·--j---;��;;•"·-··· 

-
1- --3

-
.i·

-
- 0.32 0.037 l<0.34 

I
I 

±0.069 ±0.033 
-- --·· 

---· - ··--····--- .---------------- --·--··-·
0.19 I <0.031 0.20 f,.11 I <0.17 

±0 . 12 
I 

±0 .. 1.9 • 
1 

±0. 04 I . 

O.lo
±0.058 

<0.035 

' I ---·-· 
-

+- ---·-- -·- ·-·- . • .. -- . ·---. ·1 . . .  ·-· • 

299E 
33-10 1

j 0.039 I 

+-����!5 _____ .. J
I 

<'.0.0 

-----�-- - ·- --·
299E 
33-13
**
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FIGURE 4 
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