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105-A '..TAST;: STORAGE TANK MODEL T;:ST 

INTRODUCTION 

EL-SL.?-630 
?age l 

Measureme!lts indicate t::ia.t the metal botto:n of the 105-A va.ste sto:::-age 
tank, 241-A Tank Far.::., has bulged up.re.rd appro~tely eight and one-half 
feet at one :point. The most :plausible theory of Yhat ca.used. the bulge is 
that a :pressure g:-eate:::- t;ian the hyd:ostatic tank load 'loT8.S exe::-ted again.st 
the bcttom of the ta.Dk resulting in defor:oa.tion cf the steel. bottom. This 
pressure may have 1:leen ca.used. ·oy the fo:::-::ia.tion of s-team :'rom the •.rater i:l 
the ce::ie.!lt 5'.:::"0t:.-t and heat f.:::om the Yaste tank. In a.n ef:'o::-t to lea...-:1 .::io:::-e 
abou"t the effect of pressu:::-e on the botto~ of the waste tank li:ler, a sea.le 
:D.Odel of the tank li:le:::- was built and pressure was applied to the bottc~ un~i: 
the tank liner failed. ~s report describes this test. 

SUMMARY 

A .096 to l scale codel of the 105-A waste tank line:::- was p:::-essu..-:.zed. 
en the bct'toi::i ~til it bulged and failed. The d.i:':'e!"e!l.tia.l :pressure at 
failure •,1as 0.63 :psi and t::ie max1t:IUm bulge height was 4-5/8 i!lches, co:::-~s­
ponding to 48 inches in the actual -cank. The tank bulge resulted. f:::-om the 
side cf the tank be!ld.:!..:lg in belm.r the fi::-s't st:.='fene::-. Fi!lal :'ailu:::-e ;;as 
the ::-1..':pture cf a.bout t-..·c i:lches cf the jc:!..nt which joins the bct~o= to the 
side of the tank. 

The act-..ia.l tank should. bulge at the saz:ie :press.ire as ':lle .::iodel ·.n:.:.le 
actual tank deflection is equal to the model tank de:'J.ection divided by the 
scal.!.ng :'actor. I:' the a.c-:'.la.l tank bulge was caused by s-:eam pressure, a 
satt:.ra.ted steam tez::ipe:::-ature of 251° F. -.rould be su:'ficien't tc ove:::-coi::ie the 
15 psi of liquid head i:l tlle tank and to supply the .63 psi necessarJ to 
bulge the tank. Failure cf the bottom-':o-side joi.::.-c :..:1 ~::ie act"J.al tank ::sy 
c::- =ay :J.Ot CCC".!:. 

DISCUSSION 

TI:e 105-A .ra.ste tank. 2-:.ne::- is const::-ucted. cf 3/ 8'' ::s.:::-:,o:::. s'teel pla-ce ::..=. 
t::ie shane of a. rcu:id. tank · .. ""ith a flat bo-:too and. o-:ien tc:;i. Ten st:.:f::"ene:::­
::-i.::.gs cf 5" x 3-1/ 2" x 3/:l.6~ a""J.gle i:-on are velded.- tc tlle i.::.sid.e c::" t::.e 
li.::.e:::- val.ls. T.le tank L:..:le: is 75 ::'eet in dia.oete:::- an::. a·oaut 32 :'eet ::ig;::. 
and. is encased. i::. a ::-ei.o.fo::-:ed oonc:::-ete shell. 

I:l 1958, a study of t:'.:4 ·Qtlge ill the bottc::i of the lJ.3-SX ;.ras'te s-co:::-age 
-:a.r:k. was !Ja.C.e oy 3--ownell t.J.) i.o. ·.rhi.cb. he :;:cst-..ilated that :.-: was ca.used. ·'Jy 
:;::::-essure unde:::-:i.eath the tank. ~-1.3 :pres.s·...re vas :::::os't likely caused. ·:y t::.e 
::"or:na.-:ion cf steam :':'om the •.rater i.::. the grout e.:id ::i.eat ::.':'-::::i the wa.s-ce :.n 
t::.e tank. 3oz-.mell fu..-the:::- states t::ia.t t::ie as}Jb.al.t la.ye.:- unde:::- the g:-ci.:t 
cay- ::ia.ve !loved upva.r:!, due to heat a:o.d :;i:::-essu=e, arot:!ld. the 'tank l:.rie:::- to 
:'er=. a va:po:::- seal •,;ti~ kept the steam from esca:pi:lg. rm-, s theory :.:::ia.t 
:;:.:-essure can cause the bot'tcm of a. waste tank tc bulge a:ppea:s to be tlle bes't 
ex;:lana:tion cf what happened to tlle 105-A waste tank. Us· .,g ':!:lis ':heoz-J as 
a ":,as is, it •.ra.s decided. to bu:.l::. a cod.el cf t:1e was-ce tank ~er, a;;l:,· :;i:::-es­
s-..:.:::-e to t::.e ~ar.k bo-:tc= and see i::' it would fai.2.. 

(.:.)--~W-57274, "I:lsta.bil:.ty cf Steel Bottoms i!l was-ce Storage Ta,., ~·s'', 
by U: 3rcwne.:..l, dated. Al.!g'.lSt 29, J.958. 
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T=.e tank l.:..ner is a. 7e-:y t=.:..:i oe::::,ra.ne, and fa.b::-ication cf a. sca.2.e-:. 
:iodel cf the ta.cl.. was d:.:'fic~ t. The oetal ,,..as thin a.nc. d.istc:--=ion we.s 
a p!"Oble=:.. The r::c:iel ,...as fab::-icated as nearlj• to scale as :;:cssible ·1,rith 
the exception cf heigi:.t a.nd the ni..:=.be:- of stiffener r::..ngs. Details cf 
the :::odel a.:-e shc·.m er. attached d.ravi=.; S°A-2-21442. 

l. Scaling Factcr 

Calculations (see Ap1e~i:!..x A) ::..nd.icate that if t~e sace sca.2..ing 
factor is use1 for both va.l..l t~i:.k:l.ess and dir:ensions, a.nd i:' t~e 
!:lecl.lanical :;irope::-':ie!'l of t~1e :ueta..:. . are tb.e same, then under identical 
;:-es su::-izi.nG ccnd.i. t:ic:l.s, s-:::-e~ses ::..:i the .ncdel and act'J.al tanl~ •.-r-2.2. 
be t:.:ie sa.ce a.nd deflec"icns "'~ be :;,rc:;io::--:ic::.al to tl1e sea.ling 
facto:-. Tventy gage carbcn steel sheet was selected as t~e t~~~n~st 
sileet · Wb.iC!l could be ·welded satisfac-:c::-ily wt.ic:i. resultec. in a scale 
factor c! 0.096. A coc;arison cf actual and :icdel t~~~ da-:a are listed 
i:i the fcl.lo.r-1l.g table. 

CCJMPARISON OF ACT"JAL AND MODEL ~TI< 

Diamete:-
Me,;;al T;:.:.c.k:J.ess 
3:eight 

75' -er' 
0,375" 
32' - 6-3/u. '' 

Model 

7' -2" 
.0359" 

Anfle Stiffe.:::ers 
Dis-:ance Floer tc 

- .. - "I'"' ., -; , C. ) X ;-~ ~ X) _o 
2' - 3" ) .:ict scaled ) 
1 / 2". ' , 3'"' ., () ,.,2CC" - X - ~ X .~ ,, 

ls't St:.:'~ane:- 2 t -0'' 
Area cf Tai~ 3ctto= ~, 420 ~~2 
Steel ?la:i:e AST:,i 2e3 G::-ade 
Y:'..eld St::-enc~::i ..,_ 3c,ccc ;si 
T~sile St::-en;-':b. ....., 60,000 ~si 

' 

2-5/ :.6 '' 
40. 6 f'": 2 

3 er C ASTM 415 
-v 30,080 .:;:si 
......... 60,000 :.;isi 

'!:~e :;ic::--:i~n cf t~e act~ ~ar. '; ~hici r::a:y- oe press-..i::-i=ed is .:.o~ 
k:lown. Cne ca.n asst.:.=e it is all c:' the oot-:c.r.:. a;:.d possibly a pc::--:io::i 
of t!:e side•..ral2.s. 3rcvne.:.l lJCSt~ated ':!lat t;:.e va:ic::- sea: :;ioi.:.-: ·.;as 
at t!le 
de~,:.::e, 

f:.=st s4t :.::-~!le= :.--- ~ g. Wi thc:i-: 50~ --:c an e~~e:1si ~:-e seal.i.!lg 
i ': was decided t:-.at an adequa,;;e ~ressu::-iza~:i.cn c:' -:he ::=d.el 

c:::uld be a~tained :iy usug a. c.yd:':::static ::iead ,..-hie::. ·~-ould also oe 
aga.i~st t::.e sides of the t~. As -:::e ex-1:e:--al. ~=~ssure :-eq_~::-ed. 
to callapse the tank wa.ll.s is :i:ruch ~eater t~a.n that ::-equi:ed to ~ail 
t!le tank by .:;:::-essu.=e on tt.e octtc::i, ":his oet::c:i was cc::l.Side!"ed. 
satisfac-:ory. 

- .t:" .: .., .__ --·-
c:-~asei l:.:':' e!"'~:::::..al ~=~sst:.r~ ::::i "': ::e lJt::.;~ ·:.:~:i ~:.: :-c:?st:.2.-: s ::~:: a :-::n­
stant s-:eazn pressu=e 1...:.::::.~:-:J.eat~ and. a iecre2.se~ lia~iC. ·..-·n.s~e :~eai 
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en t.:~. ttoweve=, s~::e v2:ter TJas aC.t~d --;:;. t::.2 ir..s:..d.~ c~ t::~ :::o:!el 
ta.:lk sc that as the OCttc= s~~ed tc :"..!l;e, t~e C!~fe=~~~:..a:. 
?ressu:-~ a~ the ~~ge ~c::.li re~2 ~~ ~c~s~an~ ~at~e= ~~~~ de~=e~se 
as wc'..12.d ~e the case if nc wate::- .... as inslde tie t~. 

B. Test Set-Up 

c. 

The test set-up is she• .. -=. in Fi~.J.re l ani er:. at-:ac:C.ed. i=aw-i~g Si(-2-21;..4l. 
The model was placed inside of t:ie outer tank and. ~ a.::i~e :.ron st:::-uct-..i=e 
bolted on top to kee:;i the r:iodel ta.:lk froc floating. A 3/ 4" c..iaoe1:e::- Md 
simulati!l.g tl:.e 8 inc::ies d.rJ ,,,e:.l was welded tc the f::-a.cevo::-~ and ex-:e:1.ded. 
to >ri-:hin 1-17/ 32" cf the bottom. Sigtt glasses were usec to i:::,.dicat:: 
the liquid heads. 

Si.x inc::ies of .. .-ate:- we!"e added tc t::ie :nodel tank and t:i.en wa.:e::- •,;as 
added to the outside tank to c::-eate t!le exter:ial hyd:-osta-:ic head er:. 
the tank ·001:tom. T!le upward deflection cf the ":a.nk bottom was measu::-ed. 
with a rule!" using the angle 1.::-on :'.::-aoe .... ork as a refe::-ence ::;icint. 

Test Results 

Calculatio::.s (See Appendix B) :....idicated that the tank would f'a.:.2. by 
"bending cf the tank •,1all belo .... the :'i::-s-: s-::.!:'ene::- and t::at yiel~-:g 
should. occ'.U" · .. 'i. ti only tr.ree inches of ·.rate::- d.if::'e::-~":ial. .::cweve::- , 
failure had not occ'..l..-:-ed wen the wate::- level reached. -:::.e to:p of the 
imle::- tank and a d.iffe:-ent::.al of about 17 i:lches. A-: t::.:.s ::;ioi.:lt the 
bottom had raised upva..-1 a;p:-ori~a~ely t',..c icches a::d. -as agai~st the 
3/ 4" .:-ad si.:ml.lati.:lg the d_ry well. The t·.ro- inc:::i. de:'J.ec-::.cn indicates that 
yiel~ng =.ad ccc'.L.-:-ed. as one incl:l is a.ll that it could. :nc·re elastically. 
Wate::- was then syphoned f:'om i:lside the tank model a.::d. fa:..l.'..:.!"e occur::-ei 
at 17-1/ 2 inches c.::.ffe!"ential wate::- p::-essure o::- c.63 psi. 

?a..-t cf the tank wall bent ir:,;ard at the fi~st st:.ffene~ a.l.lcw-:..=.g 
the botto~ to bulge upwa.=d ave::- an a::-ea about th='ee fee~ ac::-oss. ':'::len 
five mi.::.utes late::- it btlged slightly ::c::-e and rup1:u.:-ed. adjacent tc the 
weld at the bot-:om-to-side joi.:lt. ':'his break was abou~ -:-,;o i.=.ches long. 
Pic'tures of ":he btlge and join-: :'ai.2.u::-e are sho.....-n i.:l Fi~es 2 t:i.::-ougr:. 
6. M.axi::rum height of bulge was 4-5/8 i:lches v~ich is eqtivalent tc 43 
:inches in the actual t~. 

A second test was conducted by we2.i:.ng u;i the :-..rpture in the ":a.::ik 
2.iner without disturbing the bulged area and again e.d:i.:.=.g wate::- to tte 
cute::- tank. Fail:.:.re had no1: occur::-ed vjen the wate::- ~eached the to~ cf 
ti:J.e tank -- a d:.::ferential .,..ate::- :;:re ssur'? of 24 inches ( . 37 :;,si ) . ~cveve::- , 
the ma.ximun bulge height inc::-eased to 5-1/4 i::J.ches or equivale11t tc 55 
inches in the act-..ia.l tank. 

The tank Ya.1.2. had pulled i:l at the bo-:tom aoout one- fourth inch and 
the tank bottom •,1a.s wavy arou:::.d the edge. T'-'....is indicates that the :r.etal 
has gone beyond its yield str 0 ~gth. 

D. Ccnclusicns 

Al":hc11g;1 fai2.u::-e of t:ie tank occ-..:.:-::-ed. at a :;:::-essu.::-e seYe::-~ t::...:::es 
g:-~a-ce:- t::ia.c. t!:at calculated., i:: is s-c:.ll ~e::.a-::.vely 10~.1. ?a="t c~ ~:l:.s 
di~~:~e~~e =ay ~e expla:.!led Oy ~~e ~es~=a~~~~g ~c=~e cf ~~e s~=..:..la~ed 
c._-y well, the rela~ionship betvee::. :;iressure and. side · • .-a.l.l ::'o!"-:e an::. 
redist::-ibuticn cf ::'orces upon yield.i.:lg. ~cwever, it is ~ee.scnable tc ~ssume 
that these differences ;.-il.l be s; .... ; 'ar i::i. the ac-:-..ia.l tank anc. that bet::. 

... 21:;·o -tanks~,, bulge at about the sa.z:ie ~ressure. Satt.:_-a.ted. steam a~ ,~ r. 
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~ct:.ld produce tne ?ressU!"e :.:i.ecessary to bul.ge t~e ac~u.a.l. ta~~ cc~ta:..:.i.:lg 
15 ,s~ v~ liquid vaste ~ead.. 

The sign:!.ficance of ":;ie mcdel ta.Ilk joi.::"': :'a.iltl!"e is iiffi::".l.2.t to 
evaluate. Failure occ"..l:":-ei b the heat a..!'fected zone ad,jace!l-= tc the 
ve.!.c. wb.e:::-e hlgh residual stresses vere prese!lt d'.le to tie welding. It 
vas ~ot possible to ::lake a scale :::-~roc~ctic~ of t~e weld used in the 
actu.a.!.. tank because of metal tcick:less. ~c~eve:::-, tne actual ta"~ also 
had ca=.y :::-esidual stresses as a :::-est:.l"': cf welding the la.:::-ge steel plates. 
It cannot be conc.J.uded that the ac":ual tank joint voul.d fail u:i.de::- suu­
la: c:::.r::u::istances but the:::-e is a good ,ossibility that it would. 

~.;:a.~:s a:!? 0 i ·:e:.1 to F. J. Hcle::--J..S , J:-., New nea::":o::- D~;a.rt:::e:.:i.t, 
fo:::- his help in establishi~ the scal:..:i.g factor. 

D. D. Wodri::~, ~g:..:i.eer 
Ge::le:::-a.l Plant & Ut:2:.t~es a:igi.:lee:::-:..:i.g 
Facilities E::lgi.D.eer.-:ig Operation 
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AP?ENDIXA 

Dete::-:nini:lg effect of sc.e.2.i.ng 
=ac~or on benavior o: tank. 

,o,.,c.ru7F 

NOMENCIATURE: 

o- = Ur.it Stress, psi 
= Pressure, psi ? 

b 
& 
M 
k 

= Modul~s of Elasticity, ~si 
= Me'tal Thick:less, Inches 
= Tank Radius, Inches 
= Deflection of Bottom, Inc.hes 
= ?oisso~•s ~~io 
= Model Scale Factor 

m = 5end.ing Momen~, In-Lb, 
I = Moment of Inertia, !.:l..­

. S = Bending St::-ess, psi 

o = Ac-:ual 
l = Mod.el 

Assump~ions: Model is fab:-:.cated. of ca::-bc:i s~eel. 
Then £o = E, 

Mo=~ 

~e same scsJ.e fac":or is used. fo::- ':hicl'.ness 
and d.imensions;therefore 

bi = kbo... 
t1 = ~ t-:, 

UNCIASSI?ED 
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APPSNDIX A ( cor:.t. ) 

~-SEP-630 
Ps.ge 12 

Consider the bo'Ctom a u.:u~or.::ily. loaded plate w~th the edges rest::-a:..:1ed. 
?or thi:l plates with la.:-ge defl.ections aP1JlY the ~emb:-a.ne -cheo:-y . 

~ 

CS--= B .:_;r-p2".C""E_b..,.2"'"" 

t2 

3 j = A a ~r-P::-:b----
Et 

Whe:::-e A and :S a.re shape factors and are the same in both model and actual tank. 

Ul = B1 'VP1.::E1bI 
-:-z-
'Cl 

,,-:--o = 3o {--p-2--~-b-2---
Uo o -o o 

7 
0 

3 
G"T P12 ~ k2bo 2 

= 

Uc k~- .:: 
"'O 

'C C 
Eo bo 

.:: 
""O 

ta C 

~, = Al 01 1?1·0 1 

E1t1 

-:; 

:SUt Al = Ac 
bl =k b 0 , acc. -c1 =k -:.0 

~l Ao k • ~ 'O.. Do ·.l.. k bo 

= ~ k t.., 

.6c Ao bo l t) bo -o 

E-:, to 
-:; 

/\ l -- = k"'{ P1kbo -Jo Eo.kto 
~ 
.:.a "0 

= k ~r---Pl __ _ 
Fa 

Therefore, at the same pressure (?1:?0 ) 'Che stress i= the bo'C~oms of the act~ 
tank and model will be the same and defJ..ec~~on ·.r:i 11 be propc~~ona.l. to the sea.le 
factor, ,60 = k.bl· 
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As the wea..~est point appears to be the tank irall, let us conside::- the 
st::-ess p::-oducec. i! the t.ank ·oo't-~o:ii pulls in on the tan...°i< wa.J...ls and tends 
to bend them below the fi::-st stiffener. Taking a s~::-ip one inch wide 
and asSUI:Ii!lg the ;.rail is fl.at, ::.t wil.l act as a ca.ntileve::- be9Jll '.rith the 
force F being caused by the bot~om pul.l:!.ng in as it bulges upwa::-d. The 
bend i 'lg st::-ess in the tank vall is: · 

S1 6 (f!" Q_ 
= 

so t , 

6ua la 
~o 

·out Q.1= k 2.o 
t1= kt0 

S, n 
= 6GT k .x. o 

S, = C!"" 

So Oo 

.,.. 
r-

= 

s = ~ 
I 

Substituting 

s = tcr.£ t 
2 

~ 

1/ 'P. 2 - ' 

Po.:: 

wne::-e 

m 
y 
I 

-;, 

£ 

= 
= 
= 

= 
= 

F ,Q 
1 / 2 t 
( l)t..3 

l2 
t (l ) er 
Distance f~~ s~i:fene::­
to bo"l;~om, inches 

Then using equ.a.~ion fo::- s~::-ess in bo~~oo 
plate f::-om page 12 

T:le::-e!ore, 
t!le s~ress 

a-: the 
~ t:"'le 

SB.!:le p::-essu.:-e ?, :? , 
sid.eval.2. ;;::f.l:_ ·::,e tge 

same in bate the ac~ua.L and model ~anks. 
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PRESSUP.E REQuTIED TO ?AIL 105-A TANK HODEL 

A. Failure of Bottom 

AssU?:Iptions: 

1. Failure occ'..U's vhen metal yields. 

2. Bottom acts like a t._ ; ,., plate w"ith edges clax:ped.. 
3.__ 

b2 0 = 0. 423 I s p2 
! 

Where r ·= 

"....-------
30,000 = o.423~3ox1.06p2(43) 2 

( .0359).:: 

(70,900) 3 = 3ox1.0°p2 (1,850 ) 
.00129 

p2 Q ,..,,q 
.. = v-~-
p = 2.aa :psi 

E 
p = 
b = 
.... 
" = 

3. Failure of Tank Wall 3elow F:rst Sti~~ener 

Asst:.mp'tions: 

l. Fa~ure oc~urs when the ~e~al yields. 

= 

2. W~ acts sui.:ar t~ a ca:.tilever :::ee.r::. 

TANI< WAU. 

~--t s = E:i: 
I 

s = ?!l.': 
I 

30,000 :psi yiel.C. s-:ress 
30 X 10° psi 

_pressure, psi 
ta:i.k ::-a.d.ius = 43" 
·::io'ttom t~ckness = .0359" 

'..rhere 
S = 30,000 ~si y:.eld stress 

= = ? \ ::.::. - :..~ 

,,. 
t' = SI JO.COG ~3.33x1o- 0

) = 

y = 
2 

= -r6 = .018 

j_': 2.31 ( .Ole ) 
r, ) ( (~j6 )3- - --, ,,,a -6a_ 4 

: = \ - . '-' - - j . ~_......__ __. 

l2 



A..~IX B (con-;;. ) 

Stress b bott== at edge to produce force F = 2. 42. 

~ 
= 67 ps:.. 

Using me~bra.:o.e t~eo::-y, the pressu.:-e requirec. -;;o pr.Jduce 67 psi of 
stress at ed:ge is: -'·,__ _____ _ 
r;-" =- 0 • 328 ~ E p2 0:d 

67 = .328; 3ox105P~ (4-3) 2 

( .036) 2 

(67 )3 = 3ox106P2 (1,850) 
(-:}28 ) .002.29 

P2 • 19.75 X 10-4 

:?.L-SEP-603 
?age 15 

~s ,;j ,i be somewhat higher because of -;;ank c'..!.-vawre so ~::.2.2. assume 
3 inc~es w-a.ter. Therefore , t~e tank side wall shot:ld ":le tbe poi=-;; of 
::'a.:.lu=e when press-..i.:-e is a.ppliec. -;;o t::ie :iot-;;om of ti::.e -;;ank. 

UNC"...ASSI?IED 


