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Estimated Waste Volume Remaining in Single Shell Tank 241 -C-112 after Hard 

Heel Retrieval 

Entire Document 
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K. E. Carpenter Date: _:I / 1 / zo1i 

fhe obje tive/purposc of the calculation is clearly stated and the problem is completely defined by the 
purpose statement. 

nalyt ical and technical approaches and results are reasonable and appropriate. 
Input data are adequately described. referenced LO their source. and checked fo r con istency with 
original source infonnation. 

ecessary assumpti on arc rcasonab te. cxplici lly stated. and supponed. ssumptions requmng 

verification prior to use are clearly lated and id ntified/t.racked using TBD/HOLD numbers. 
For both qualitati c and quantitative claw. uncertaint ie an;: recogni z.ed and di cu sect and the data i 
presented in a manner to minimiz de ign interpretations. 
Mathematical derivations , ere che keel. including dimensional consi~1ency of results. 
Calcu lations are suflidently detailed such tha t a technically qualified person can understand the 
anal} sis , ithout requiring outside informat ion. 
I land and Math D1 · calcul ation wen; ,erifi.:d. including review that correct input data arc used. 
formu lae correctly interpret intended exprc ions. corr'ct units are used. and r ·suits are reasonable and 
appropriate. 
So llware applicati n used are identi!ied by lhe program name and version/release number. both on the 
calculation co er she.el and in the body of the document. 

ofhvare input dat,1 is identilied and/or aUached/included. the input data is corre t. and con istent with 
the calculation document. 

ofiwarc ourput is con istent wich the input and with the re ul reported in the cal ulation document. 
·on\ are erification and alidat ion are addre . ed adequately in accordance with TFC-B M- IRM_H -

C-0 I. S ftware verification docu rnenrntion is noted on the calculation cover sheet and in the body f 
the do urnent as included in the calcul ation document or a reference i pro ided to cparat · veri fication 
documentation. 
Spread ·heets u ed in the ·alculation are id nti fied. verified. and documented in a cordancc with TFC-
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Data or resu lt pres med in table and graphs have been checked against original source. 
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Limits/criteria/guidelines applied IO the analysis resu lts arc appropria1e and referenced. 
imits/cri teria/guidel ine were checked again· t references. 
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reference is cited. 
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!fter Hard Heel Rerrieva/ 
.1LlLQ.!lill!!L~~~~~::L..:.~Z&:~~----- Date: 4/8/2014 

~~!.!'!..!.!:":'..X.....-1.AZ:UL:&n:~~~:k.4.- ----------Date: 4/8/2014 

1.0 OBJECTIVE/PURPO E 

This calculation documents the preliminary e ti mated total olume of wa t remaining in tank 
241 - -11 2 ( -112) a of January 28, _o 14. The estimat of the v a te olurne is ba ed on a 
liquid level mea urem nt fr m -11 2. liquid level mea urcment taken in receiver tank 241-A -
101 ( - IO 1) before and after the wa te transfer from tank C-1 12. and video ob rvations. 

2.0 UMMARY OF RE ULT AND CONCLU IONS 

The olume of waste remaining in tank -112 a of January 28,2014 is ti mated t be I, 700 ft' 
(12,700 gal). ection 6.0 pr cnt the methodology, mea ur ment, re ult calculation, and 
uncertainty for this volume estimate. Additional ideo footage and a more preci e estimate using 
the cam ra computer-aided d sign ( D) mea ur rn nt s tern per TF -E G-F A P-CD-22, 
"Po L-Retri al Tank Waste Volume D te1mination•· ,,viii be developed for the retri al data 
report and final volume calculation. 

3.0 INTRODUCTION/BACKGROUND 

1 ank -112 i. a 5.,0,000-gal single- hell tank that is one of twel e 75-ft diameter tank built in 
241- Tank Ffu·m (C-Farm from I 944 to 1945. On April 18, 2012, tank -I 12 wa retrieved to 
the limit of technolog using th modified sluicing technolog leaving an e ti mated 33,600 gal 
of sludge remaining in the tank RPP-RPT- ~2480. Retrieval Completion Report for Modified 

Jui ·ing of Tank 241-C-I I 2). Thee ti mate was ba ed on olum balance calculation which 
have hi toricall o er timated th olume of olid r mainino after luicing. The bulk of th 
remaining a te wa compri ed mo tly of olid (hard he I that were not m bilized b lui ing. 
Thee ti mat d compo ition of th remaining waste in tank C-112 wa detailed in RPP-RPT-
54588, Tank 2./ I-C-112 Hard Heel Retriewl Flow ·heel for the 'auslic oak. Mod ling 
perfom1ed fi r RPP-RPT-5458 indicated that the di oluti n/dige ·tion targets of odium fluoride 
phosphat (natrophosphat . a1 [PO4]2• I 9H2O), gibb ite. and odium ph phate (trisodium 
pho phate. a PO4• I 2H2O) wer pre ent in ignificant quantiti , and that ther compound in 
the olids in luded in oluble o ides of uranium, iron and bi muth: fluorapatite Ca·[PO4 ] F ; 
and odium alumino ilicate (cancrinit , £16 a2[ 0 2Al6 i6O24]•21-bO). Preliminar r ult 
from the olid pha e characterization of the samples taken at lh nd of caustic pre-conditioning 
erify that the e comp unds ar pr nl in the sludge ( -mail from . ook to . M. 
empl ton t. al., ' -1 12 ummary of PC R ult ; · ( ook . G. ., 20 1., -12-16). 

Ba d upon th re ult f h I r lrieval operati n p rf rmed in tanks 41- - I 08, _41-C-I 09, 
and 24 l-C-104. and other e pcrience in - ·arm. cau tic prc-conditi ning follow db a sluicing 
proce s ilh up mat was selected as the be l meth d for retrieving the remaining heel olid:s in 
tank -112 (RPP-PL - -546_, L ing/e-, /pl/ Tank · 2./1- '-/II and 2./1-C-I /_ Hard Heel 
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Title: Estimared Waste Volume Remaining in. ingle hell Tank ./ I-C-11] c!fter Hard Heel Rerrieval 
Enginccr/Analy t: ....:..W'-'B"-"'B=a.,__,rt..,,_o,_,_n ________________ Date: 4/8/2014 

hecker: S malle Date: 4/8/20 .14 

Retrieml Technology election) . Du lo th relati v large quantity of hard heel in lank -112. 
a econd cau tic di solution tcp wa p rf nned . 

R trie al f th tank -112 hard heel -.: a conducted between v mber 18, 20 I "' and 
January 31, 2014. The lume of waste remaining after retrieval. a de cribed in this report. wa 
determined u ing a liquid displacem nt proces and video ob ervations. 

4.0 [NPUT DAT A 

Th di men ion of tank -112 ar do ument d in BPF-735 -o Spe ·ificat ions For Con /ruction 
of 'ompo. ·ife rorage Tank'i Bldg. o. _-/J Hanford Engineer Work· Projec/ 9536, Drawing D-3 . 
The tank diameter i 75 ft. Th dish-shaped tank bottom i 12 in. de p, with a radius of 33 fl 
8.875 in. and radiu of cur at11re of 569.59 ft.. A 4-ft-radi.us tank knu kle region (rising 47.9 in. 
from the top of the tank dish) nnects the tank dish to the vertical tank wall. Tank C-112 has 
four tiffi ner ring located at 4. --ft int I al \i ith ele ation of 5.5 fi. IO ft. 14.5 ft. and I 9 fl 
ab ve the bott m f the tank. Each tiff en r ring extend 5 in. from th wall. The topmo t 
tiffener ring (ring #1) is located at th top f the tank Jin rand is loped lightly downward from 

the wall to the inside edge of the ring. 

After upernatant liquids from - I 01 and water were added to tank -112 for the liquid 
di placement measurement, th tank -112 Honeywell nraf I el gauge 1 (hereafter referred to 
a Enraf) showed a le el reading of 21 . 22 inches, ,. ith limited solid ob erved abo e tbe liquid 
urfac . The A - IO I Enraf howed a le I f 268. 18 inches. Liquid wa transferred from th 

tank and Enraf mea urem nts re made in tank -112 and A -101. The measurement in C-
112 wast det rmine the le I mea ur d v hen the nraf plummet conta led the tank bottom. 
The m a urement in A -101 was to determine th volume of wast tran ferred from -112. 
Thee mea urement were 11 .69 inche and 277.46 inches rep ctiv ly (se tabl 6-1 . 

In addition to liquid level mea urem nt , vide recording were made before during, and after 
the pump-out of the waste . Th vide r cording pro ided informati non th location and 
am uni f wast abo e the tarting liquid lev I. Video was taken of the tank wall and tiffi ner 
rings and of the nraf displacer. to erify that it was hitting tbe b ttom of the tank. Residual 
wa te olume · wer stimated fr m th tank video for tho area hich were not covered b 
the liquid to arrive at an estimate of the total waste in the tank. 

5.0 A UMPTIONS 

1 nraf is a registered trademark of H ney~ ell Int rnational. In . Morristown. e~ Jer ey . 
2 II RAF data \ a taken from th urvc illanc Data Di play y tem ( DD ). (Level reading from I 12-LI-
R005-0 I and A IO l -LI-R004-011, hllp://toc.rl.gov/rapidweb/ DD /index. fm ?PaoeNum= I, fi r the appropriate 
date and time. 
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The fo lio,. ing as umptions arc used in lhe wa t olume estimate. 

• The vo lume displacement e -timates as ume that the tank dimensions are as document d 
in BPF-73550. Ora ing D-3. Differences in actual tank dimensions ha e b en ob erved 
for other tanks and may ignificantl y impact vo lume di placement results. 

• The tank C- 11 2 nraf measurement befo re starting the tran fe r is assumed to provide the 
mo t accurate starting volume for this tank. A. noted in the first assumption, accuracy i 
contingent on the actual tank dimensions. Tank - 10 I Enraf measur m nt provide the 
best estimates for the volume of waste tran ferred. Totaliz r rnea urements provide a 
econd measure of the waste transferred, but g nera ll y have hi gher unce,tainty than 

transfer volumes detennined from nraf measurement . 

• The following conversion factors are used in the calculations: 

o 1 ft = 12 in . 
o I ft3 = 7.48 l gal 
0 I Ill = 3.281 ft 

6.0 METHOD O F ANA LYSIS AND RES UL TS 

6. 1 WAST E REMAINING IN TANK BOTTOM 

6.1.1 Volume Displacement 

Volume di placem nt i a mean toe timate remaining vo lume b removi ng a kn wn amount 
from a known starting volume. For tank C-112, enough supernatant liquid and water was added 
to the tank for final luicing and liquid displacement m asurement to cover all but about 500 ga l 
of solid on the tank bottom This does not in Jude olids on the tiffener ring and walls). n 
Emaf mea urement at the liquid surface in tank -112 pro ided a starting liquid level fo r the 
vo llm1c di placement. Tb amount of waste transferred was measured by th change in the 
liquid level in the receiving tank (tank A -IOI). 

The tank fa rm tank o lum calculator ( VF-l 770. SVF- 1770. Rev 2 - Tank Waste Volume 
Calculalor.xl x) wa u ed to alcu late was te vo lumes fo r tank -11 2 using the tank -11 2 Enraf 
readings. These vo lum were a combination of o lid and liquids. Wast vol um s tran ferred 
to tank A - IO I were determined using the tank A - IO I nraf to mea ure the liquid level in tbe 
tank before and after tran r rs from tank -112 . gain the tank v lum cal ul ator wa u d to 
convert th -10 I liquid I el reading t volume and the difference between th ta1ting and 
ending olume a the vo lume tran ferred. Table 6-1 how olume di pla ment result.. 
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Th Enraf plummet c nta t d th tank bottom at I 1.69 inche . Ba ed on tank drawing · (BPF-
7 0 . th nraf h uld ha e onta t d th tank b tt m urface at 12.0 inche . Thi indicat 
that the di tance fr m th t p of the ri er t the tank b tt m i gr at r than h n in WH - D­
WM- -078. As a re ult, a al ue of 0. I in. wa add d to the tank - 11 2 En.raf r ad ings Ii ted 
in Table -I to co1Tect the ·nraf mea ur m nt. 

In addit ion, th En.raf refer n e I el caJ ulation ti r tank - I 12, a n in WH - 0 - M-
-078 Re . 0-E, £ RAF R ference Level a/cu/at ion, sho nraf is et up to en e 

solid ha ing an a urned immer ion depth of 0.00 inch . The nraf works by measuring when 
a hange in weight f the di placer of I 5 grams oc ur . If th di splacer contact a olid surface 
th e ight change i immed ia te thu th u e of an immer ion depth o f 0.00 inches. I Iowever. if 
it c ntact a liquid urfac thew ighl graduall y change ' as it i immer ed in the liquid un ti l it 
reachc 1 - gram hange in ight. An adj ustment fa tor for thi immersion is ca l ulat d below 
t account f r the d ptb of the ensor di placed when read ing water with a specific gra ity of 
1.0. 

The foll owing quation fr m H F-4328, Te ·t Report for E RAF Annulus l eak D tecror 
D velopmenr ( quation I, pag B-3) wa u ed to det rmine an immer ion depth fo r the di spla r 
in a liquid ith a pecifi gravity f 1.0. 

Wher : 

eqn l 

H = Imm r i 11 depth cm 
D = Diam t r of di pla er = 2 in . r - .0 cm 
R0 = D n it of liqu id (g/cm 
Fb = bu ya11t fi rce g 

Th nraf in talled in tank -11 2 i t to mea ur a 15 buo ant fo r e 5-L 'D-1 25,' E RAF 
ub tituting Lh abo e alue int rie 854 rnitial lnstallati 11 and Op rational h ck · . 

quation I gi e : 

11 = (4) 15 g)/[n 5.08 m 2(1.0 g/cm3
)] 

H = 0.74 cm or 0._ in. 

c unti11g fo r b th Lh nraf off: et fro m th tank bottom and th immersi n d plh for th 
di pla er. a t ta l of0.60 in . \I a add d to the mea ured ~nraf le el in - 11 2 to calculate the 

rrccted I v I in Tabl 6-1 . 
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Table 6-1. Liquid Di placement Mca urement (Ja nuary 28, 2014). 

Incremental - 10 1 
Enraf En raf -IOI 

- 11 2 A - 101 
olume En ra,-. 

measured orrected olume (gal) 
olume Vo lum e 

Pumped Out (in.) 
(in.) (in.) 

(ga l) hange (ga l) 

tart 268.18 2 1.32 2 1.92 7369 11 37427 0 

Finish 277.46 762440 25 -29 

After the tran fi r, the olume f remaining wa te and equipment in the -11 2 tank b ttorn a 
e ti mated to b I 1.898 gal (1,590 ft b differenc and 500 gal wa onservati I e ti mated to 
bound the a le above the liquid level RAF reading) b re iew of the vide for a total f 
12 398 ga l ( I 657 ft\ Thi wa calculated b det rmining the starting olum in tank C-1 12 and 
ubtracting th olume tran ferr d to tank '- 10 I 7.427-r ,529 and adding th e timated 

olum abo the liquid le el. 

6.1.2 Potential ource · of Error in Liquid Di placement Re ult · 

n of th ke assumpti n for the olum di pla ement calculation to pro id correct re ·ult 
that the tank configuration i the ame a the de ign drawing· ee ction 5. ). For the 
relati el mall olume of waste remaining in the tank a maller tank radiu or bul e or rippl 
in the tank bolt m could intr duce error in the r ult. Mea urement in 24 1- -1 a~ and 24 1- -
107 have h wn lightl mailer diameter than the dra ing hows. umerous tanks ha 
h n irregularitie in th di h of the tank, u uall an up\ ard bulging of a porti n f the di h. 

Both of the c ndition lead the vol um di placem nt t o erstat the olume of aste 
remaining in the tank with th . ffect b ing larger th ·mailer th al ulat d vo l um f wa ·te 
remaining. Thu vol urn di plac ment pr ide a con rvati e timat of th wa te remaining 
n the flo r f the tank. 

6.1.3 Video Re ult 

The olum di plac ment wa d neon Januar 2 , 20 14. Following the olurne di plac ment 
the tank v as rin d ith wat r t rem a mu h ·olubl wa t fr m th liquid a po ibl and 
final tank id o were obtained Februar 1 -4, 20 14 from both ri . er J and 6. The lume f 
wa t ob er ed appear to b on ist nt with volume di placement m a uremenl and ma b 
I wer. 

- I to 6-6 sh w till photograph f wa le remaining on th tank b ll m. drawing f 
wa ·te r idual u ing th cam ra D m asur m nt system per TF· -E G-F ''UP- 0-22 
will b de d p d fi r th retri al data report and final r idual wa le lume cal ulat d. 
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Figure 6-1. Tank 241-C-112 Panorama View. 
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Figure 6-3. Tank 241-C-112 Enraf Plummet from Riser 6. 
Subsequent video clearly shows that the tank bottom was clear under the plummet when it was 
raised. 
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Figure 6-4. Tank 241-C-112 from Riser 3. 

Figure 6-5. Tank 241-C-112 Tank Stiffener Rings and Wall. 
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Figure 6-6. Tank 241-C-112 Composite. 

6.2 WASTE ON STIFFENER RINGS 

The volume of waste on the stiffener rings was calculated by estimating the average depth of the 
waste on each of the stiffener rings and multiplying by the surface area of each of the rings 
(97.6 ft2

) . The average depths of waste on the stiffener rings were estimated based on video 
observation and comparisons with video estimates before and after the retrieval. Figures 6-1 , 6-
5, and 6-6 show photographs of the rings after completing retrieval. Only ring 3 shows a 
significant amount of waste on the ring. In general the tank rings were clean compared to 
previous C-Farm tanks retrieved. Table 6-2 shows the estimated depth and volume of waste 
remaining on each of the stiffener rings. 
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Ta ble 6-2. Waste Estimate for tiffener Rings. 

tiffener Ring # 

I (top) 

2 

3 

4 (a bove knuckle) 

Tot.a l 

Average Waste Depth Waste Volume (ft3) 

0.25 in. 2.0~ 

0.25 in. 2.03 

3. - in. 28. 

0.25 

The waste vo lume for each ring was e timated using: 

eqn.2 

Where: 
R = outer radius of tiffener ring 

= 75 ft/2 
= 37.5 fl 

r = inner radius of stiffener ring 
= 17 .5 ft - S in./12 in./ft 

•·h = average thi kness ofwa te on th sti ffener ring as e timated from the 
phptograph b the author. 

Stiffener ring #I: 

Where: 
h1 = 0.25 in . 
Y1 = n(( 7.5 ft )2-(3 7.5 ft - 5 in ./12 in .lft )2] 0.25 in ./ l2 in ./ft 

= 2.0 ft3 
( I 5.2 gal 

tiffeucr ring #2: 

Wh re: 
h2 = 0.2 in . 
V2 = n[ 7.5 ft }2-(37.5 ft - 5 in./12 in ./ft) 2

] (O.r in ./12 in.lft) 
= __ 03 ft 3 ( 15.2 ga l) 

tiffeucr ring #3 : 

Wh re: 
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h3 = 3.5 in. 
V3 = 1tl{37. ft 2- 37.5 ft - in ./12 in ./ft) 2

] (3.5 in ./12 in ./ft) 
= 2 8. ~ ft3 (2 I 3 gal) 

Stiffener ring #4: 

Where: 
~ = 0.25 in. 
V4 = 1r[(37.5 ft / -(37.5 ft - 5 in ./12 in .!ft/ ] 0.25 in ./12 in ./ft) 

= 2.03 ft3 
( 15 .2 gal) 

Total Waste Volume on Stiffener Rings: 
T he total vo lume of" aste on the stiffener ring 1 : 

V = V1+ Y2+ V3+ V4 
= __ 03 ft3 2.0'"' ft3 +28.5 ft 3 + 2.03 ft3 
= 4.6 ft3 = 259 gal 

6.3 WASTE ON TANK WALLS 

The wa te on the aJI was al o detennin d by estimating an a erage d pth and multiplying b 
the surface area b tween each tiffener ring. Figure 6-5 shows photographs of the tank wall . 
The tank wall appear t b mostly clean, but some v a te was observed n the tank wall s 
between the ti ffoner rings. Becau e f the thin la er of wa te on the tank v all , a uniform. 
nonporous layer i a urned . The waste volume was caJculated a follow , assuming a thi kne 
of ~0.0625 in. on half the tank wall between tiff en r ring #1 and #2, rings #2 and #3, and 
nng #3 and #4. 

R = tank radiu 
= 37.5 ft 

h = di tan e betw n stiffener ring 
= 4.5 ft 
= waste thi ·kne betw en tiffen r ring· 
= 0.0 25 in. = 0.00521 ft 

c = verage factor 
= 0. 

Wall heh een stiffener ring : 
V = olume f waste bet we n ti ffi n r rmg · 

= 2rcRhtc qn . .., 
=2n('"'7 . 11 (4 . ft)(O. 052 1 ft )(O. -) 
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== 2. 76 ft per wall segment 

Total Wa te olum c on Wall 
T tal olume == V (3 

== 8.3 ft 62 gal 

6.4 TOTAL WA TE lN TANK 

umming the waste volume on the tank bottom, ·tiffener ring and wall s the total volume of 
wa te remaining in tank -112 is e timated to be le than : 

V == 1,657 ft.3 + "4.6 fi.3 + 8.3 ft = 1700 ft3 12700 gal . 

ur e ofuncertaint in the stimate ofth vo lum ofwa te remaining in tank -112 are waste 
charact ristic and Enraf measurement adju tment. 

• Visual observation of the wa te remain in I in tank -1 l 2 ugge t that the wa te is 
compri ed of a near! monolithic la er rath r than f ludge-like mat 1ial. 

The Enraf mea urement of the tank bottom indicated that the distance from the top of the 
ris r to the tank bott m may be slight! great r than exp cted. The alculation of the 
wa te remaining in the tank u ed an adju tment for thi · differen e. n adju tment wa · 
not made to the initial tank wast olum f 104,000 gal prior to bulk retri al. whi h 
was al ba ed n aste level measurement . 

The r ults of thi cal ulati n indicate that ~2 1.000 gal of a te has been retri v d whil the 
olume balance ( VF-2867, -112 volume balanc (Final).xlsx), which calculat the olum 

retrie ed from the increa e in the volume of tank - IO I , indicat that ~ 0 0 gallon f wa te 
wa · retri v d. Thi differenc can be a re ult f factor · uch as water evap ration, void spa e in 
the olid . and uncertainty in the ini tial olume. 

• E aporati n i n t ac ounted for in th lum balan . Water e iti11g the sy tern via th 
off-ga will not be recei ed in tank A -IOI and the olurne balan e i bia ed low. 
E aporati 11 rate during luicing are 11 t known but ar expe ted to be hi gher than when 
the tank i not being retrie ed due to the hi gh droplet urfac ar a a ailable fo r 
evaporati n a upernatant liquid is pra cd into the tank. 

• There i an unce11aint as ociated wi th the tank C-11 2 initial vo lume. The Best-Basis 
late that th relati e tandard de iation f th tank C-11 2 lume at the 

5% (Tank Wa t ln fo rmati n etwork tern (T I ) Qu ried 
a lculati on Detail. Tank 4 1- - 11 2], 

= = c.:..:..:...=====<....:...:.-'...:..:.== ,::__:_;=.:..:..'-=-'-===x·) 
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• Factor such as unce11aintie in flow measurement ; pot ntial gas retention in tanks lids; 
and solids disso lution or non-ideal mixing b havior e plain some of the differen e 
between the results of this calculation and the results of the volume balance. Howe er, 
these factor do not contribute to unce1tainty in thi calculation. The results of this 
calculati on are not dependent on these factors. 

7.0 U E OF COMPUT ER SOFTWARE 

The conversion of liquid level measurements to waste volumes was performed u ing E ·cel 3 

spreadsheet ' VF-1770 whjch i described in RPP-42930. preadsheet De cription Document 
for Tank Waste Volume Calculator.xlsx. o other computer softv are or preadsheets were 
required for the calculation. The table· presented were g nerated in Excel for ea e of 

i ualizalion of the data. 

8.0 CONCLU IONS 

The prel iminary r maining wa·te volume for tank C-112 is estimated as follows: 

Tank b ttom 
tiffener Rings 

Tank Walls 
Total 

= 1,657 ft 
= ~35 ft3 

= ~8 fl3 

= I 700 ft 3 , 12,700 gal). 

Additional ideo footage and a more precise estimate using the camera CAD measurement 
system per TF -E G-FAC P-CD-22 will be developed for the retrie a] data report and final 
volume calculation. 
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