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T'ne expel-imental results QD the  oxidat ion of hydrogen from a helium 
streen with copper oxi.de pe1.l.e-Ls were very close to the predicted behavior 
based on the na%heme,t:.cb& m.ociel.. 
1.oading rates on ch1orLd.e equilibrated resin s h ~ w e d  Little variet ion with 
solution concentrations. A . tentative flowsheet was proposed for  cost 
analysis  o f  processing a Pebble &d. Reactor. A uranium-zirconium plate was 
dissolved i n  ni%rate-free Z i r f l e x  solut ion.  An authent ic  TRIGA prototype 
vas processed i n  engineering-scale equl.pment. Three 4-stage leaches model 
d i sso lu t ion  runs were r n ~ d . ~ ! ,  two of' whFch used 8 M KNQs ,and one used 4 M KNOt3. 
Flooding ~ a - t e s  m d  holdup data were obtained for-sieve pla-te pulse c o l b f i  
under 5% TW-1.8 M - -41 (NOS) g ~~.ormhee-i; condttions. A PUWX was-te cdcina-tion 
riin (R-37) WBS mde insj..ng sodium and. mgnesiwn t o  rea1.tce su l f a t e  v o h t i l i t y .  

Experimental messrzremnts of ui-myl sulfate 
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SUMMARY 

1.0 GCR COOLAllJT P U R I F I C A T I O N  STUDIES 

Predieted resul ts  of hydrogen oxidatlore by copper oxide pe,,et;i; based 
an et mdel  of ext,er;nal and i n t e r n a l  d i f fus ion  were i n  good agreement wfth 
experimental results e 

r a t e s  and concentrations measured to -I- 5$> and %he agreement with predicted 
r e s u l t s  was within experimental e r ro r .  

Experimental. results a.re caLcu.hted based on f l o w  
- 

2.0 ION EXCHANGE 

Exprimermtal measurements of uranyl. sulfate loading ra$es OM chloride 
equi l ibra ted  963 micron ~swex  ~ L K  showed B i tLXe variation with the  loading 
solut ion uranium and su l f a t e  concentrations. 
model, this would ind ica te  l f t%le  variation i n  the  e q z s f L i b r i u m  urmiwm t o  
sulfate loading r a t i o  over t h i s  concentration range* 

According to a prQpoSed k ine t i c  

Predicted eUor ide  e lu t ion  r a t e s  from 820 micron r e s in  during u r a n y l  
sulfa-ke loading were i n  good agreement with experimental measurements when 
a t  equilibrium 0.98 of the e f fec t ive  r e s in  capacity was assumed to be 
occupied with UOz(S0~)~ at the  remainder w i t h  su l f a t e  ions.  

3.0 POWER W C T O R  FUEL PROCESSING 

A s  the  basis for cost  analysis  of p rocesshg  a Pebble Bed Reactor fuel  
containing -10% ThC2, 11%~ dispersed i n  graphite spheres, a t en ta t ive  PEowshee-t; 
w a s  calculated which involves the loss to waste stre.ms of 1.15 l i t e r  of" 
22.5 M I-ZNOa (equivalent)  per kg of graphite f u e l .  
i s  rzflrxpright slab with moderate gas overprrsswre t o  dr ive a conitinuoue 
P l o w  of  a,@id domward khrough the bed d is in tegra ted  fue l .  

3.2 Mcdfffed Z!irflex 

Thc reference dissolver 

In engineering-scale equipment i/B-in. th ick  85 U-Zr  p l a t e  was dissolved 
fa 2 hrs i n  ref luxing dissolvent  i n i t i a l l y  6.53 M NI142P-Oe1 M &Oz (rim C Z r - 5 ) ;  
there was KO stable f ~ a m  although a w a s  evolved-in the ratyo c r f  2 mo:Les ~ z /  
mole Z r  dissolved. 
02 f O.l@. 

The scwbked "off-gas" contained Ii;2 -I- G O  2 99% w i t h  

An atzthentie TRlbGA prototype (normal U) w a s  processed i n  the engineering- 
scale equipment. 
dfssoT.ved i n  < 30 min in refluxing 2 M KaOIZ-1.8 M NaNO3. 
(by w t )  of the t w o  graphite slugs werc disintegra'ted i n  2 blps i n  90 v d  $I 
HNOS (wkiite fuming)-qlO vsl (i: H ~ S O ~  (fuming) at mom temperature.  he €I$ 
IJ-ZrH men& slug (1.4-in.  dfa x 14-111. long) weighing 2271~ CT, was 99.'($ 
di ssolved a f t e l -  11-1/2 hrs refluxing i n  dissolve& i n i t i a l l y  6.3 M - NH4F- 

The 0.030-in. A 1  eladdfng and the Al-Sn poiscprw d i scs  were 
About two thirds 

0.55 M - N H ~ O ~ - O . O 1 .  M - H202 .  

c 



Acid-aluiinuin s t ab i l i zed  solvent extracLion feed solution containing 
0.46 M Z r ,  O . @  M free F-, 3.44 g U / l . i t e r  md 0.8 M HNO3 nnd AI.(NOs)s, and 
H20 s h b i l i z e d  sGlutions cnnlainlng 0.444 M Z r ,  0.62 M free F-, and 3.54 g 
U / k i  t e r  remined s tab le  after > 300 hrs  at-'>oom ternpeFature. 

3 e 3 Shearing and k a c ~ h i n g  

A four stage leacher model dissolut ion rim i n  which 9 batches o f  
UOz p e l l e t s  (600 g/ba.tc'n) vei-e dissolved using 4 M III'JO3 a% a HNOs/'lJOa 
mo1.e r a t i o  of 5-43 RS the dissolvent resul ted i n  g8.4 - 99.3$ of the  UOz 
di ssolved i n  a h hr  d lssc lu t lon  time. 

Two Tour-s-bage leacher mdel dissolut1.on runs i.n which 9 batches of 
UOz p e l l e t s  (630 g/batch) were dissolved. i.n each using 8 M Hl!?O3 as %he 
d i  ssolvent resul.ted i n  a stead.y-stat,e composite product 07 500 g IJ/liter 
ani3 1.9 M H+ at a H N O ~ / U O ~  mole r a t i o  OP J-c as compared LO a composite 
product Gf 335 g U / l i t e e r  acd k . 1  M d 8% a H N O ~ / U O ~  mole r a t i o  of 6.15. 
In  each rilil apparent steady statewas at,tni.med i n  3 - l b  batches. 

4.0 SOLWiVT EXTR4CTEON STUDiES 

Flooding rates and holdup da ta  werl? obtained f o r  sieve p la te  (0.125-in. - 
d i n  holes, 23% free area)  pulse cslumns uiider 5% TBP-1.8 M Al(N03)a flowsheet 
conditions. 
2010 gal  ft-*hr-' f o r  aqueous C O ~ ~ ~ ~ U G U S  operation a t  50 cpm. 
the  ratio of  dispersed phase: t o  continuous phase f r o m  3/.1.0 t o  3/1 while 
holding the  pul.se frequency constant-, at '70 cpri lowered the  flooding rate 
from 933 t o  28'7 g a l  ftl."nr-l. Flooding data vas correlated by a method 
based on hindered s e t t l i n g  whereby phase flow rates were re la ted  t o  dl-spersed 
phase holdup by -the charac te r i s t ic  droplet  velocity.  Actual and theo re t i ca l  
phase flow ve loc i t ies  at; floorking a g n e d  vel-l. a t  5/10 pliase r a t i o  e However, 
as the r a t i o  o f  di-spersed phase t o  the  eont;iriuous phase increased, the  
L%eoretical ve loc i t i e s  became progressively greater  than -those ac tua l ly  
measured. Meamirements s!:mwed that df spersed phase holdup varied markedly 
throughout the columi, probably due t o  surface e f f ec t  o f  the plntes ,  r e s u l t -  
Tng i n  tncreased holdup a,?, t h e  Izj-gher dispersed t o  co~itl.n-ous phase r a t i o .  

M m i m u m  eapacxtty of  the  corrpmnd extrzction gcrub column was 
Increasing 

5.0 WASTE PROCESSING 

The feed uscd f o r  t es t  R - 3 7  was Pwex 1 W W  p lus  1 .2  M N a  and 0.2 M Mg 
added t o  reduce sul.fate vol.atil.i.ty. 
ea lc iner  pot  i n  the  area o f  the Liquid level. Tne so l id  was p a r t i a l l y  melted 
and separs-hd. 
tenperatare conki-ol bemuse a. therlmcouple corrooded and al-lowed the ealciner  
pot outside temperatu.re t o  rez;ch R temperature greatel. than llOO°C. 
overheating may have decomposed some MgSOa (decomposed i n  900°C) al.30wing 
S O 3  t o  a t tack  -the 304 s-t;ai:il~~s steel  calciner pot. 

There w a s  ser ious coimsion o f  P,& 

Tne corrosion wag. proh8bly increased because of  loss of 

The 

The t es t ,  controlled, except fo r  o m  temperature zone, very well.. The 
evaporator controlled as had been predicted. 
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L . 0  GCR COOLANT PURLFICATIOFJ STUDIES 

J. C. Suddzth 

Contamination o f  coolant. gases 3y elsemica1 impurities m a  rcl  ea;? 
f i s s i o n  products from fuel elements are major prh;bl.ems i n  gas-c~olcxl 
reac tors  and i n - p i l e  experimental loopse 
t o  determine the  best ned'mds Le, reduce the impuri t ies ,  both radiaaet2ve 
and non-radioactive, w i t h  emphasis on the  kinetics of 'rhe f ixed  bed oxid:<- 
t i o n  of hydrogen by copper oxide. 

Investtgatiuns are bePng .;71;2de 

An attempt i s  being made t o  f i t  experimentall data from -%ne study of 
the  cu0-H~ reac t ion  to a mathematical mdel of externa l  diffusion and internal 
d t f fus i an  of H 2  cont ro l l ing  the rapid, irreversible reac t ion  of 1 % ~  wi"ch CUD. 

1.1 Comparison Between Predicteil Results and Experimental Data - C .  D. Scott  
I_ 

The method used t o  t es t  the inathematical vazodei w i t h  experimnta3. data 
w a s  t o  compare results predicted by the inatbematical model w i t h  actim2. 
experimental data. 

The deep-bed tests i n  which 1/2-in. to 2-in.  deep beds of CuO pel-lets 
were used t o  oxidize B2 i n  a flowing stream of helium were run .&'or t h i s  
purpose (Unit Operations Monthly Reports for  Janua-ry, Febmayy, am3 b'brch, 
1961). III %hese tests, the e f f luen t  hydrogen concent.ra%isn -ms measured 
per iodica l ly  t o  give complete e f f luen t  hydrogen eonceatration hisCcr3'es. 
The d i f f e r e n t i a l  equations derived folr the extel-rial difSusio~-"iMt~er;ir-,I 
d i f fus ion  rate controLlZng model were Used t o  c d c i A h ? X  -&he effluexrt hydro- 
gen concentration history. 

1.2 Solution of Di f f e ren t i a l  Equations I- 

The three d i f f e r e n t i a l  equations which describe i h c  ex-krntll dd ff'uslon- 
t i n t e r n a l  dlffusion model are : (March. lg6Z Lhit OperaI-.ions :kpr)%-t. 1 

Deep bed materi.al balance, 

React ion rate, 

Posi t ion of Cu-CuO interface 

L II 
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where , 
C = bulk gas -phase hydrogen concentration, g-moles/cc 

t = time of  yeaction, SCC 

z = height i n  f ixed bed of CuO measured from the  bottom o f  "c'ne bed, crn 

V = l i n e a r  veloci ty  through the  i n t e r s t i c e s  between CuO p e l l e t s ,  crn/sec 

P = bed porosity,  volume of intergranular  voids per u n i t  gross volume 
of bed 

n = g-moles of CuO which have been reacted t o  Cu i n  a un i t  volume of 
bed, g-aoles/cc 

k = mass-transfer coef f ic ien t  across the  external  gas f i l m ,  cm/sec 
i2 

a = BU e r f i c i a l  surface of t he  CuO p e l l e t  per  un i t  volume of bed, 
crn /cm3 

T = number of  CuO p e l l e t s  i n  a u n i t  volume o f  bed, pe l le t s /cc  

R = radius  of a sphere having the  same volume as t h e  average volume of 
the  CuO p e l l e t s ,  cm 

r = radius of t he  Cu-CuO in te r face  i n  a p e l l e t ,  cm 
0 

a = ef fec t ive  in t e rna l  porosi ty  of t he  Cu p e l l e t ,  void volume/to-t;al volume 

D = molecular d i f f u s i v i t y  of hydrogen i n  helium a t  t h e  conditions of 
the system, cm2/sec 

b = molar density of CuO i n  the  CuO p e l l e t s ,  g-moles/c@ 

These equati.ons can be solved simu1taneousl.y by a f i n i t e  difference 
method and the  hydrogen concentration i n  the e f f luent  gas stream can be 
predicted as a function of time. For a f i n i t e  difference solut ion,  the  
posikion of t h e  Cu-CuO in te r face ,  ro,  can be determined by a r e l a t ion ,  
somewhat s imnle r  than equation ( 3 ) .  
period of time can be determined by: 

The change i n  ro during; a short  

The f in i te -d i f fe rence  colution of equations (1), (2)  and (4)  w a s  s e t  
up f o r  a high-speed digital .  computer and seven d i f f e ren t  cases were solved. 



E 

-9 - 
By use of these equations one finds qualitatively that a plot of C/Co 

(effluent 
typical. "S"-shaped curve found in the experimental tests 
value of the effective porosity (April 1961 TJnit Operations Yanthly Report) 
was used along with the initial experimental conditiofis, the predicted 
effluent hydrogen concentration for six deep bed runs gave fair agreement 
w i t h  experimental values and in Ynree particular cases (runs R-4,  R-7  and 
R-9)  the agreement was very good (Figures 1.1, 1.2, 1.3 ,  1.4, 1.5, 1.6, and 
1.7). Since Ghese predicted values are based 03 gas fLow ratis, and ini,tl:,;J. 
hydrogen concentrations measured to -... -t 576, the  agreement, in general, is 
within experimental error. 

concentration/initial ~2 concentration) vs t i m e  gives the  
Men the rreasured 

f 
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model of external diffusion and internal diffusion of hydrogen controlling a rapid, irreversible reaction of hydro- 
gen with porous pellets of CuO. 
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Fig. 1.6. Comparison between experimental results from run  R-8 and predicted results from the mathematical 
model of external diffusion and  internal diffusion of hydrogen controlling a rapid, irreversible reaction of hydro- 
gen with porous pellets of CuO. 
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2 * 0  I O N  EXCIMGE 

J. C. Suddath 

2,1 Predict ions of Uranyl Sulfate Loading Rates on Chloride Equilibsated 
*-_I 

D ~ w ~ x  P1K - J* S. W ~ % S O ~  

In recent  month8 predicted uranyl sulfate  Znading rates on chloride 
equi l ibrated r e s in  have been shown t o  be a function of the equilibrium 
s u l f a t e  t o  uranyl sulfate loading on the  res in .  
ratio experimentally has not been possible, bud an assumed value of approxi- 
ma,tely 0.02 i n  the  ca lcu la t ions  has been shown t o  give good agreement; 
between measured and predicted loading rakes w i t h  960 micron Dowels 2 1 K  
and a loading so lu t ion  0.005 M i n  uranyl sulfate and 0.020 M i n  sulfuric 
acid. 
of  the rate a t  whlcla chlor ide icrmns leave the r e s i n  during the uranyl 
s u l f a t e  loading. 

Exact measurements of t h i s  

This value of the ratis also allows reasonably accur~%e predict ions 

The most recent efforts:  have been d i rec ted  toward determining i f  t h i s  
same behavior i s  found with other r e s in  samples, and to determine if  the  
loading rate i s  a function of the  loading salutbion urmfwn o r  s~l la- te  
concentrations. Uading runs have been made with a 0 . 0 ~ 6  M uranyl sulfate 
so lu t ion  e The t o t a l  sulfate concentration of the  solution-was vmie-3 from 
0.0% 14 t o  0.201 M i n  total  sulfate. by adding sodium s u l f a t e  between r u m .  
A run cas a l so  maze wit'n. a 0.003 M uranyl sulfate aolution O@ll M En total 
su l f a t e .  
these runs are shown i n  Figwe 2.1. Over t , h i s  concefitratjon there w e r e  no 
s ign i f i can t  var ia t ions  i n  the loading rate. A6xor6ing t o  the pmpased 
model t h i s  implies that no s ign i f i can t  variztim i n  t he  eqiilibrim. 
sulfate to uranyl s u l f a t e  loading o c c u r e ~ j ~  

Both so lu t ions  were 0.020 M in s u l f u r i c  acid. T ~ P  rez?Glts or" - 

Calculations m d  experimental measurements cf the rate or" chloride 
l o s s  from 820 micron resin during uranyl sulfake loading have been made. 
The r e s u l t s  (Figure 2 ,2 )  show t h a t  good agreement between the  pi-edfcted 
and measured l o s s  rates are obtained if one a~smes that, %he equiltbriurn 
s u l f a t e  t o  uranyl sulfate loa,d.i.ng ratis i s  0.02* ThEs l a  iderr.t,icoal. t o  the 
results obtained with 960 micron res in .  
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3.0 POVER REACTOR F ~ L  PROCESSING 

C. D. 14atson 

3.1 U-C Fuel Processing - B, Ai. Hsnnaford 
I .- 

Proposed reae tor  f"uels of t he  u-mnium-graphite type contain paYciculate 
compounds (UO2,  UO2-Th02, UCz, IJCz-TfiCz) dispersed i n  a graphi-te matrix. 
FL1ei. pa r t i c l e s  may be uncoated or coated with a refractory (P-I-203, pyrolyt ic  
carbon); fuel elemen.ts m y  be coated with Sic o r  associated wi.th unf'ueled 
graphite. 

As %he bas is  fo r  a preliminary estimate of the cos t  of processing a 
urmi im graphjte fue l ,  a continuously-loaded 350 MRT Pe'bb2.e Ped Reactor 
w a s  chosen. Processing load, assuming pl.mt operation 300 days .per year, 
would be LOO kg/day. 
pyi-olyt,i@ carMn,  dispersed i n  2.-1/2-.i.i? 

Fuel was assumed t o  be UC2-TnCz p a r t i c l e s  coated with 
spheres covered wi th  Si-SIC. 

Figure 3. I represents 31: untr ied semi -continuous flowsheet, contrived 
primarily as a bas is  foy the preliminary cos t  estimate.  The disso'l-vcr i s  
an upright s l ab  designed f o r  noderate (1 to 2 atm) gas overpressure Lo dr ive  
Timing HNBs and wash w a t e r  through the deep bed o f  disintegrated graphite 
and the  supporting sand filter. A smll gas stream i s  continuously bled 
of f  t o  the condenser arid off-gas treatment system. Following an i n i t i a l  
soak period, during which the cracked spheres a r e  la rge ly  dis integrated,  
continuous rlov of ac id  through the  d isso lver  i s  began. mil-down of ac id  
leach solut ion prior t o  mix-fng w i t l a  wash. Tm-ter would permit recycle of t h e  
bulk o f  fuming WO3. Leached graphite,  SIC, and sand would be f luidized 
and/or j e t t e d  t o  wasie. 

A make-up volunie o f  l i s  l i t e r  of 22.5 M HNO3 would be requi - red f o ~  t h e  
sueceediag 100 kg batch of Y m l ,  d ic ta ted  p & m r i l y  by the  s ize  of the  waste 
acid cut during boil-down, Stoichiometry of the  react ion o f  UC2,  TbCp with 
fuming HNOs f s  no t  known; however, acid consumption due t o  chemical react ion 
and tiiemfil decorfiposition would be small. i n  comparison with the loss  t o  
waste acid overhead-. 
order that acid I'n t h e  d jssolver  waul-d not drop below -21*2 M. Volume and 
coinpositions o f  v i r t u a l l y  a21 stri;.mis show - acid dissolvend, ?rater wash, 
recycle acid,  w 8 , s t e  acid,  and o f f - g a s  - arc. highly tentat ive,  mcl require  
experimenta? verifLcatioi3 e 

An a z i 6  mincentra%ion of 22.5 M (95%) w a s  chosen i n  

5*!2 Modiffed Zi r f lex  - F. G .  K i t - b s  
1_11 

Modified Zirflex dencjtxcr; a process f o r  t'ne recovery of uranium from 
U-Zr-Sn fuels 'oy batchwise dissolut lon in l W ~ F - N I I + N 0 ~ - ~ 1 ~ 0 2  solutions,  
s t ab i l i za t ion  w.th Rf103-Al(l!J03)3, and. 'TBF extract ion.  During d isso lu t ion  
8 s m a l l ,  coiltinuous addi t ion or" hydrogen peroxide i s  made t o  oxidize UIV 
Lo the more soluble Uvr. 
zil-eon~um fue l s  cQntaini.ilg higher pel. i:entageS o f  u (up to 10%) Without 
Lke intermediate precipitsL.tion of UF* vhich would. occur i f  no oxidant were 
ad.d.ed. 
carried out both on a labora%ory scale and i n  engineering-scale equlpment . 

Such a process is desirab1.e fo r  processing 

Present1.y dissolut ions of uni.rrad..i.a-ted zirconium fue l s  are being 
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WASTE ACID I 

83 I 
19.4 M H N 0 3  

U NCLASS 1 F I ED 
ORNL-LR-DWG 61903 

WASTE ACID I1 

86 I 
4.1 M H N 0 3  

DISSOLVENT 

13351 

FUEL CHARGE 

100 kg 
8.05 kg Th 
0.73 kg U 

Balance C, Sic 

(TE WASTE 

I u loss 0.1-1.0% 

DlLUTl ON WATER 

I I CONCENTRATED* 
PRODUCT 

4.4 M H N 0 3  
90.5 g/l Th, U 

LEACH PRODUCT* 

310 ! 
21.2 iM HNO3 
26.9 g/l Th, U 

RECYCLE ACID 

220 I 
22.5 M H N 0 3  

SOLVENT EXTRACTION 
FEED 

35.1 I 
2 M H N 0 3  
250 g/l Th, U 

*Cornposition, volume of mixed 
entering streams--before boil-off. 

Fig. 3.1. Tentative f low sheet for processing PBR fuel containing ThC2, UC2r i n  22.5 M HNO3. 



Run C Z r - $  w a s  made i n  the engliieer.-iiig-scale equipment u s ~ g  dissolvent  
ini t ia? . ly  6*53 M NR4F-0.00 M NH;~IisO3-0.01 M HzOa mid a &02 addi t ion rate of 
0 . 5  x lo-" niola~cm2-n;in (Table 5.1.).  
p la t e  (8.122 i n .  t h i ck )  was completely dissolved i n  2 hrs  of refluxing. 
About 4 g of a green prec ip i ta te  WAS col.l-ectrc? which contained 56$ U, 25$ 
F 8nd 3% Zr. 
coat formation reported by Gens (OREJL-2905) s ince the free f luor ide  to U 
ratio vas only  51. 
very well w i t t i  the  assumed stoichiomt:cy- of  the disso lu t ion  reae-kion wi-kh 
2.0  moles of  Hz %nd. 1t02 mol-es of IKHs observed ger mole of Zr dissolved. 
Four samples of  t he  scrubbed ofr-gas taken at in t e rva l s  throughout; the  
rui showed Hz 2 93% w i t h  H2 t -  H20 2 99% and 02 2 0.15%. Tile average boil-up 
r a t e  (obtained by measuring .the re f lux  t o  the disso lver )  was 0.15 ml/min-cmn' 
of i n i t i a l  f u e l  surface. The ad.di.tiofi of  s tab i l izer  E1.8 M HN03 - 1.8 M 
KL(NOQ)~] ~ 1 ;  rciom temy;era.ture when +;he dissolut ion product-had cooled to 
-90°C produced s. stx~h1-e solvent extra.ctloii feed containing 0.35 M Z r ,  2.78 
g U/Ii.%er, 2.7 M F, 1 M BIfO3 and 1. M .8_1(NOs)3. Material bal.ance's for  Z r ,  
U 8nd F accounlgd for F3.5 - 95.5% 0-1' the  total amount o f  each. element 
charged. 

The'--1..103 kg o r  imoxidized 8% I.J-Zr 

It i s  ass~imed t h a t  t h . i s  i s  the  same m ? A x i a l  involved i n  t h e  

The m o u n t s  o f  gaseous react ion products evolved agreed 

Runs Wz-lT? 18 arid 19 were ma&: i n  the  1- in . -dia  rec i rcu la t ing  dissolver  
t o  l ea rn  the e f fec t  on dissolu,tion o f  a, d i f f e ren t  s t rength ( 6 $ )  and method 
of &Oa addi t ion.  The vol..umetric addition rate w a s  maintained %he same as 
w i t h  3% sol-ution resul..l;ing i.n an approximate doubling of the molar rate- 
No change i n  disso lu t ion  rats w a s  observed but the  solut ions turned yellow 
earlier indicat ing a lower ULv eoricentration i n  the  midd1.e stages o f  dissolu-  
t i o n .  
(Ta.ble 3 .  I-) a 

w a s  s tab le  for t h i r t y  days; the f i r s t  portion [0.8 M H N O ~ - A ~ . ( N O S ; ) ~ ]  produced 
white c rys t a l s  while the second [1.0 M H W 0 3 - A l ( N 0 3 ) ~ ]  produced a, suspended 
gelatinous p rec ip i t a t e .  
stable; the  mas% highly loaded. one contained 0.4Jclc M - Z r ,  3.28 M - F and 3.54 
Q U/l i te r*  

The HN03-Al(N09)3 stabil . ized portion of MZr-I-7 was n stable solut ion 
Neither soI.i"iion i n  Mi.Lr-19 (also HN03-AL(N03)3 s t ab i l i zed )  

All three c f t h e  ll&l s tab i l ized  solut ions were 

Run CZr-h (Ta.hl.e 3"l) m,s .the d.i-ssoiution of a ':PRI(;A "meat" slug (8$ 
U-ZrH,  -3..jh in. fl x 14 i n .  long) I 

slug resulted. i n  a low area t o  mass r a t i o  and a long disso lu t ion  time. 
T h i s  necesslta%ed high 320, addi t ion EUKI boil.-up rates, on an  a rea  bas i s ,  
-in order t o  give streams o f  t h e  desired. rmagnitude. The 2202 volumetric r a t e  
was sti.11 low (2  - 6 cc,/mi.n) so thEt considerable gassing (indicati-ng H202 
decomposi.l;Lon) was obae~ved at the i n l e t  "io tine dissolver .  Although the 
N1& evolution rate and. 02 percentage are believed r e l i ab le ,  t h e  Hz + 02 + 
(Nz?) ev3lutio.n rate (Figure 3.2) i s  i.n e r r o r  (low) due t o  a ma.l-fimction 
i n  t h e  scrubbed o f f  -gas rrete:t-ing system. 

The l a r g e  diameter. (-1.4 in. ) of  the 

The 8% U-2rlI s lug dissolution descr-iibed a'oove w a s  only one s t ep  i n  the 
prwess ing  ( ~ i g u r e  3 .2 )  of a genuine TXIGA element. ~ l h e  removal of the  
0.030 in. A 1  clad. and d.issolut;j.on of the  A l - S m  pOtSoiI d i sc s  were accomplished 
i n  l e s s  tA1a.n. l/2 hr  a.f, refl.ux i n  an excess of 2 M N H , o H - ~ . ~  14 - N E L N O ~  ( t he  
large volurne of dissoivenr; w8s required t o  c o v e r t h e  28-in. long element i n  
'The 6-5-11. -dia disso lver )  
equal a.uc~u.:a~~ car r ied  by ii, gelatinous prec ip i ta te  [presumed Fe(OH)3]. After 

The sol-uble I; loss was 0.015% with about an 



Table 3.1. Dsta for Modified Zi r f lex  Runs 

H202 m i i - u p  %OH 
Dissolvent U-Zr-Sn Add Rate Diss. & Nl& Scrubbed Off-gas Rate In 

Diss. Area mfes Time Z r  Z r  Vol H;? + iizO Oe m l  Reflux 
- cm2 em2-min burs rmls m1s f t 3  % % cmd-nin Y 

R u n  Vol >X~iiqF '&NO3 €kOe 
YO. TI E: ?I Type - 

0.1 0.15 0.6-0.1 CZr-5  13,35p 6.53 0.00 0.01 6% U - Z r  ll0j 100 1077 0.5 x 2.0 2.0 4.2 18.2 99 

sZr-17 25'ra 6.53 3.30 0.01 6$ c-%r 21.00 ~ O O  
C Z r - 6  27,513 6.3 0.6 0.01 TRIGA 2274 99-3/4 412 1.6 x i r S  1 1 . 5  - 5.3 - >lo 0.b 0.6-0.1 

23 1.3 x 1.9 - 
,Wr-i6 241a 6.53 0.m 0.01 6% V - Z r  20.32 100 23 1.1 EC-5 2.0 - 
Er-15 24sa 6.58 0.00 0.01 TRIGA 20.54 100 14.2 1.1 x 3.75 - 

Stabi l izer  Solvent Extraction Feed Material Palances 
Run Yo1 HN03 Al(XO3)3 Vol 7, r u F HNO3 Al Z r  U F 
NO. nl il E n l l  $/e g l J  E g  k 6 5 

CZr-5 17,000 1.8 1.8 30.3 31.9 2.76 2.7 1.0 1.3 95.2 95.4 93.7 
C Z ~ - 6  21,6@0 1.9 i . 8  49.95 39.2 3.31 3.3 0.78 0.78 94.4 93.8 94.2 
bEr-17 1 5 5 ~  1.9 1.6 266 33.9 2.92 3.0 1.05 1.35 95.2 94.8 97.5 

mr-15 96 1.6 1.8 21 6 41.8 3.44 3.53 0 . h  0.80 91t.5 %.a 91.9 

203 0.0 0.0 323 25.0 2.53 2.54 0.0 0.0 

145b 0.0 0.0 263 54.a 3.01 2.65 0.0 0.0 

150 1.6 1.8 270 33.4 2.76 2.66 1.6 1.0 

Mi'r-16 108b 0.0 0.0 226 40.5 3.54 3.26 0.0 0.0 57.9 97.9 94.9 

'After dissolut ion,  the batch was s p l i t  in to  two equal volumes and s t a x l i z e d  as indicated. 
5 H20 

I 
[v w 
I 
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CLADDIkG DISSO'-VEI.IT 
i:.95 L i T E R S  
2.0 ,hi N"3H 
1.6 .\i NoND3 

I 

I I 

71 I 
C 0 9 E  DISSOLVENT 

27.54 L:TERS 
6.3 hi PiF,,F 
0.6 ,li N H 4 N 0 3  

3FF-GAS I 
(N2?!i 

114.5 MOLES KHg 

3.35 hiOLES k 2  + O 2  

0.01 hi li202 

STABILIZER 
I 21.6 L ITERS 
j 1.6 M Hh03  1 1.8 1 1  A 1 ( N q 3  

i 
D;S:<TEGRATION 

,I 
D E C L A D D I ~ G  WASTE 

11.89 LITERS 
C.0155: J LOSS 

WASIE ACID 
SRAPHITE 

227 g 31SINT. 
125 g UhDIS. 

I ! :  

H202  
' 1 4.6 MOLES r 

Aqueoss Processing of Tr iga Fuei. 

1 SOLVENT EXTRACTION I 
FEED 

49.95 L;TERS 
0.43 M Zr 

Fig. 3.2. Aqueous processing of '[RIGA fuel. 
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thorough washing and drying 1 .0  l i t e r  of  90 vo1 5 WFNA - 10 vol '$ H&X14 
(fuming) w a s  admitted t o  the  d isso lver  f o r  d i s in tegra t ion  of t he  two -1.4- 
i n .  -dia  x 4-in. long graphi te  s lugs 
t u r e  the  graphi te  w a s  2 / 3  (by We) dis in tegra ted  (equal a t t ack  on both plieces). 
Due t o  the  system geometry the  U-ZrH slug was not subjected t o  the acid 
mixture; low U lo s ses  were reported. by Gens (ORNL-3065). 
were only s l i g h t l y  attacked. 

After 2 h r s  exposure a t  room tempera- 

The A l  em3 pieces 

It i s  believed t h a t  future  inves t iga t ion  should include a preliminary 
mechanical preparation which would require only the cu-%ting of the 0.030 i n .  
Al cylinder near each end of t h e  U-ZrH slug. 
graphite s lugs,  t h e  Sm poison d i sc s  and the massive A 1  end f i t t i n g s  from 
the  d isso lu t ion  cycle. Even i f  t h e  U-ZrH s lug could not be mechanically 
separated f r o m  i t s  A 1  tube the process would be reduced t o  a xueh simpler 
two s t e p  operation w i t h  the  elimination o f  %he hazards of handling fuming 
IINO3-H2S04, exhaustive washings and the removal of Al heels  md granular 
graphi te  from the  d isso lver .  

This would elfminate the  

3.3  Shearing and Leaching - B. C.  Fininey 

A chop and leach program t o  determine the  economic and t cckzo log icd  
f e a s i b i l i t y  of continuously leaching the core m t c l - i d  ( U 0 p  or UO~-ThO,) 
from r e l a t i v e l y  short  sectfons (1-in. long) of f u e l  elements produced by 
shearing i s  continuing. 
of recovering f iss i le  and f e r t i l e  material from spent p o w e r  reac tor  f u e l  
elements without d i sso lu t ion  of the  i n e r t  jacket ing material  and end 
adapters.  
as so l id  waste. 
leacher,  and compactor i s  being evaluated pr io r  t o  "hot" r ~ m s .  

This  processing method enJoys t he  apparent. advctntage 

These unfueled portions are s tored d i r ec t ly  in a minfrnrm volume 
A "coL6" chop-lwch complex consis t ing o f  a shear, conveyor, 

Three d isso lu t ion  runs were made i n  t%e glee;~%rare leacher 

PWR r e j e c t s )  were d-lssolved with a program t o  ainiula-ke 4 stages. 
Zirst run (run 2 5 ) ,  4 M HNO3 w a s  used as dissolvent a t  a JzN;sO3/UO2  mol^ 
r a t i o  of 5.4; t h i s  r e sc l t ed  i n  s l i g h t l y  less than eomp,e t e  dissc~lu'cfon of 
t h e  U 0 2  (98.4 - 99.4%) i f i  a 4 hr disso lu t ion  t i m e o  

and i n  each mu? 9 batches of U& p e l l e t s  (kks2e unirrad-fated 
In  the 

Two runs were made using 8 M m-03 as the dissolver&. "be first  (mm 26)  
 as made at; a HKO3/UO2 mole ratio of 4. The instantaneous uranfim l o d i n g  
and ac id i ty  as a function of disso lu t ion  t i m e  Tire presented i n  Figure 3.3. 
The uranium loading varied from a maximum of -600 g ; / l iL  pr t o  a, minimum of 
350 g / l i t e r  while t he  a c i d i t y  var ied from a minimum of 1.1 M I9N(33 t o  a 
maximum of 3.6 M HNOs. 
m d  the  composize product a h  apparent steady state as repyesente3 by tke  
port ion of the  curves above l i n e  AB was -500 g U/bi-ter and 1.9 i!4 - HN&. 

Steady s t a t e  w a s  a t ta ined  i n  a p p . ~ - ~ x ~ k ~ - t ; e I y  3 batches 

R u n  27 was made a t  a HNO3/U02 mole r a t i o  of 6.15 (Figure 3.lb). 
steady state was a t t a ined  i n  approxima%eLy 7 babches of UOp. 
of the  6th  batch, the m8ximm~ uranium loading varied from 315-1425 g/l.iter 
t o  a minimum 0% approximately 280 g/ l i tz r  and the s e i d ~ i t y  varied froixi a 
rnaxinixn of approximately 6 M - fix03 to EL rninimm of approximately 2.7 M - IirSOs. 

Again 
Yith exception 
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The corsrpmite product a% apparent steady state was 325-350 g U / l i ' r , e r  and 
approximately 4 M HNO3. In comparing runs 26 and 27 a 50% increase i n  the 
BNO~/U02 mole r&io resulted i n  approximately a 30% dec rase  i n  the  compsi tc  
product uranium loading and apprsxlma%ely a lOO$ increase in the  composite 
product aeiaiey. 
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The I"looriing rates a x d  hc~l-clup data reported this month were obtatned 
u-s ing t h e  5$ TBP-1.. 8 M AJ..(N@3)3 flowsheet. 
a descript.ion of the ~olumns may he fouid i n  the  October 1.959 U i i t  Operations 
month1.y repoi-t (CP 59 -10-77) 

The expe~iments~l techniques and 

Studies were made $63 ::ieten-niine the fi-Goding rates t o r  aqueous continuous 
operation of sieve plate (0.125-in. -di.a holes, 23% f r e e  area) pulse col?unns 
miit.r conditions si..rn?_lar to  ';?:e 5% TBP-~. .  8 M AI ( ~ 0 3 ) s  flowsheet. 

ie 8 of the salver;% - aque:x~s feeds are shoTm i n  Table 4.1. Flood.- 
in.g r a t e s  for  aq~.:eou~~ ~on ' :~ i r ruuus  opera.tion of .the 21; ft compound extract ion 
s(::rl.jb @02Lmi where mass traa.sfe.r; of u r m i w n  occurred increased from 580 t o  
20113 gal-f"t-"hr-' as the pulse frecpency clecreased from 90 t o  50 cpm (Table 4.2) .  
Flooding rates f o r  operatIan of t he  :?'-I. P t  column w i t h  no scrubbing o r  mss 
'cmnsfer ( recycle  feed) rangt:ci from 665 to > 1770 gal ft-*hr-', as the  pulse 
fiwpency demeased from 90 tc 50 cpm and are i n  good agreement with values 
obtained with mass transfer (Figure 4 o l ) .  
dispersed phase t o  ,:;he continuous phase from 3/10 t o  3/l, while holding .the 
pul.se frequency constar;', at; 70 cpm, lowered the flooding rate from 933 t o  

mysical  .- 

1ncrear;ing the r a t i o  of the 

28'7 gal ft-21ip-*lo 

I Flooding dsta wad @ori-?lstcc! using the method of Loe;sdail and Thornton 
whereby phase f lov  iqat?s were reiqted to the dispersed phase holdup, x, and 
the charaictex-istib: drcpPet -~cl .x-Ety,  v , by ineans af  Eq. 1 

0 



Table 4.1. Physical Properties of T e s t  Solutions 

Density Viscosity 
SO XU% i O i 1  g/ 4 centipoise 

U-Feed 1.275 4.442 u, 2-1. g / R g  H+, 0.17 M 
A m 0 3 ) 3 ,  1-75 M 

Scrub 1.155 2 * 177 1.0 M AL(NOs)sr B", 0.03 AD 
Solvent 0 - 765 1.42 5$ $ g ~  in h s c o  125-82 
Recycle Feed 1 275 3.425 1-75 M - A1(NQs)3, 0.16 I M Hs 

InteyfaciaL Tension 
SQlution Pairs dynes/ cm 

Solvent ) 
Raffinate 1 

Solvent 1 
Recycle Feed) 

Loaded Solvent ) 
Scrub 1 

17.1 

16.5 

17.1 

~1 measurements at 2 5 ' ~ .  
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Table 4.2. Flooding Point  Data .  
-II 

Pulse Flooding Rate Rui? Fre yuenc y .._..-_____ Phase Ratio 
No. CPm Solvent Scrub Feed gal. ft-2hr-1 

1 
2 
3 

'7 
8 
6 
9 
1-2 
10 
11 

13 

224- ft Compound Extraction Scrub Colim-U Feed 

50 3 0.1 10 
70 3 0.1 10 
90 3 0.1 10 

24 ft Colusnxx - Recycle Feed 

1.2 ft Colrunri .- Recycle Feed 

1.0 
10 
10 
1 
1 
1 
1 

170 3 10 

2010 
1020 
5% 

950 

Pulse amplitude = 1 inch 
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Fig. 4.1. Flooding curve - sieve plate extraction column. 



- 34. - 
Pl-otting the values of vd c vcx/(l  - x) vs x ( l  - x) calculated from the  
flooding t e s t  da ta  resu l ted  i n  a series of s t r a i g h t  l i n e s  passing through 
the o r ig in  whose slope = To, (Figures 4.2 and 4.3, Table 4 . 3 ) .  
f r ac t iona l  holdup a t  flooding can be calculated by Eq. 2. 

The l fmi t ing  

where Vd/Vc i s  the  r a t i o  of  the  dispersed phase flow t o  the continuous phase 
fl-ow. 
ve loc i t i e s  c m  be calculated using Eqs .  3 and b .  

Using the  l imi t ing  xf values a d  To values, t he  theo re t i ca l  flooding 

v = 2v0 X f 2  (1 - Xf) d ( 3 )  

(4)  

The a c t u a l  and theo re t i ca l  phase ve loc i t i e s  a t  fl.oodlng agreed qui te  
well for  the 3/10 phase r a t io  t e s t s  (Table 4.4).  
the dispersed phase t o  the continuous phase increased, t he  theo re t i ca l  flood- 
ing ve loc i t i e s  became progressively grea te r  than those actually measured. 
For s implici ty ,  the  above correlat ion assumed that the  holdup of t he  
dispersed phase was constant throughout the  column. Actually, holdup of 
t he  dispersed p'mse varied markedly (Figure 4 .4) ,  consequently flooding 
occurred a t  some point i n  the c o . l m  a t  a lower dispersed phase veloci ty  
than predicted.  Probably the  surface e f f e c t s  of t h e  p l a t e s  where loca l  
flooding: occinred were d i f f e ren t  from those of the majority- of plates i n  
t hc t  they tended t o  form smal.lev dispersed phase di-c,plets, resu l t ing  i n  
increased holdup. Further, as the r a t i o  of dfspersed phase t o  continuous 
phase increases , these surface e f f e c t s  ~~rould become increasingly important 
and actual, flooding vd.ues should be pmgressive1.y lower than t h e  predicted 
values,  s imi la r ly  t o  the  r e s u l t s  show;l i n  Table 4.4. 

Bowever, as the  r a t i o  of 
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Table 4.3. Recycle Flooding Test 

Dispcmed 
Pulse Phase R u n  Phase Fraction 

R u n  Frequency Ratio Time Flow Rate Holdup X 
No D CPm vd/vc hr vdj f t / h r  x x(1 - x)  -(= vc + vd 

7 50 3/10 0.5 22.0 
0.5 27.5 
0.5 33.0 
0.5 3845 
0.5 44.0 
0.5 55.0 

0.050 
0.065 
0.078 
0.090 
0.094 
0.119 

0.047 

0 -072 
0.061 

0.082 
0 ., 085 
0 105 

25,8 
33.9 
42.4 
51.2 
599 2 
79- 6 

8 70 3/10 0.5 11.0 
0 .5  16.5 
0.5  22.0 
1.0 22.0 
1.0 22.0 
1.0 24.8 
0.5 27.5 

0.042 
0 069 
0.087 

0 .  no7 
0.107 
0.138 

0.094 

12.6 
20.6 
29.1 
29.6 
30.8 
340 6 
42.1 

0 040 
0.064 
0.080 
0.085 
0.096 

0.119 
o * 096 

6 90 3/10 0.5 8.3 
0.5 11.0 
0.75 13.8 
1.0 13.8 
0.5 16.5 
1.0 16.5 
0.5 19.3 

0.048 
0.096 
0.089 
0.121 
0.121. 
0 0 1.50 
0 .  L73 

0.050 
0.107 
0 so99 
0.14.2 
0 142 
0.184. 
0 a 222 

947 
15.4 
18.9 
21.3 
25.6 
28.9 
37- 5 

9 70 0 * or(n 
0.090 
0.110 
0.134 
0.142 
0.196 

0 * 077 
0 099 
0.127 
0.160 
0 ., 172 
0 268 

1.0 16.5 
0.5 24.8 

1.0 24,8 

3/1 

0.5 24.8 

0.5 33.0 

0.065 
0.048 
0.096 
0.111 
0.149 

0.061. 
0.046 
0.086 
0.099 
0.127 

16* g 
25.2 
25.6 
25.8 
34.9 

10 70 

1.0 33.0 
0.5 49.5 
1.0 49.5 

3/1 0.096 
0.llI-Q 
0 - 177 

11 50 0 107 
0. a68 
0.230 
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Table 14.3. (Cont 'd) 

12: s p1.s: ?, 
Pulse Phase R i m  Phaz e Fract i on 

Fun Frrequency Ratio Time Flow Eate Holdup 
No. CPm vd/v, hr vd, i%//hr x 

0.5 
1.0 
1.0 

1 2 - A  70 2/1 

124 '-70 3/10 1.0 
1 .0  
0.5 
0.5 
1.0 
1-1. 0 0 

13* 70 3/10 0.5 
1.0 
0. IJ 
1.0 
0.5 
1.0 
0.5 
1.0 

27.5 

27.5 
33 .0  
16.5 
22.0 
22.0 
22.0 

16.5 
16.5 
22.0 
22.0 
27.5 
27.5 
33.0 
33-0 

0.170 
0.170 
0.320 

0.122 

0.229 
0.153 
0.0'73 
0 107 
0.122 
0.168 

0.063 
0.063 
0. oglc 
0.094 
0.126 
0.141 
0.243 
0 * 173 

0.140 33.3 
0.140 33.3 
0.221 39.1 

0.107 31.. 3 

0.176 54.8 
0.130 52.9 
0.067 20.8 
0.096 30.8 
0.107 32.2 
0.140 36.8 

0.059 
0 * 059 
0.085 
0.085 
0.110 
0.121 
0.184 
0 . 1 k j  

20.2 
20.2 
29.6 
29.6 
40.7 
42.6 
68.4 
56.0 

* R u n  No. lj in 12 ft colwm. 

BALSZ amplitude 1 inch - Aqueous cont imous  opera t ion  
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Table 4.4. Calculated and Actual Flow Rates at Flooding 

Phase Fractional Pulse Calculated ActuaS - 
V 

Vd va 
V d V C  xr CPa ft/hr ft;/hr f t / hP  
Ratio Holdup Frequency 0 

3/10 0.242 50 640 56.9 >55* 5 
70 350 31.1 28.8 
90 220 19.5 20.6 

0 - 333 70 330 48.9 41.3 

2 b -  0.382 70 240 43.3 35.8 

3 / l  0.407 50 350 68.7 45.3 
70 280 55.0 28.9 

Pulse amplitude = 1 inch 
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5.0 WASTE PROCESSING 

J. @. Suddath 

The piirpose of t h i s  program i s  t o  obtain engineering information for 
design of a k k o t  p i l o t  p lan t ,  which w i l l  demonstyate the disposal of high 
Level waste solutions.  During t h i s  period the mia emphasis w&s on thz 
close coupled evaporator-calciner with Purex type feed. 

5.1 Evaporixbor-Calciner T e s t  R-37 - C .  W. Haricher 

The purpose of t h i s  t e s t  (R-37) was t o  demonstrate t he  operabi l i ty  and 
control of a close coupled waste evaporator and. calciner ,  previously 
described, March and Apri l  1961 Unit Operations m0nthl.y reports .  
evaporator bad an operating capacity of  22 l i t e r s .  
8- in . -dia  by $&-in. long, operating capacity of about 63 Li ters .  

The 
The calcirmer. pot w a s  

The feed used was simulated Furex lVW (40/ton of U) plus 1.2 M of Na 
and 0.2 M Mg added t o  reduce su l f a t e  vo la t i l i t y ,  Table 5.1. 
added as-NazS04 and the  Mg as 0.1 M MgS04 and 0.1 M as MgO i n  the simulated 
feed with t h i s  being the  only su l fz te  i n  feed. ThZ analy t ica l  laboratory 
had d i f f i e u l t y  i n  determining Mg i n  the  feed samples, but t he  correct  
amount w a s  added during feed make-up for tAe amount of sulfate, since the  
only su l f a t e  i n  t h e  feed was added either as Na2SQ4. o r  MgSO+- 

S a d 1 6  was 

5.2 Evaporator-Calciner Control and Operation 

Test R-37 s t a r t e d  wi th  t he  evaporator f i l l e d  with cold feed and the 
The evapcll-at,o~ cofitents are heated ca le iner  empty 8nd cold (Table 5 .2) .  

t o  bo i l ing  and then the calciner  i s  heated and f i l l e d  simiLtanenusLy, 
requiring about $3 min t o  f i l l  the calciner.  A s  t,lcne control variables 
reach t h e i r  set point conditions they were ewitched Tram manua l  -to auto- 
matic control .  The ecnt ro l  s e t t i ngs  f o r  f i v e  controlled slireczzls are shown 
i n  Table 5.3. The system controlled sa t i s f ac to ry  f o r  over 90% of the t es t  
(Table 5 .4) ,  during one period ( t e s t  time 6.0) ea lc iner  l i qu id  l eve l  probe 
plugged for a shcrt pericd of xime, about 5 min. The control T ~ S  sh i f ted  
t o  the higher e levat ion l i qu id  level probe, Figure 5.1.  By the  t i m e  the  
probes were switched the calciner  level w a s  l@w and the  evaporator ].eve1 had 
d r i f t e d  high and was bsiEing a t  a high rate (4  - 6 liters/mln) to rc6uce -the 
1-evel. The calciner  remarred a s igni f icant  volume from the cvo2oratol- at a 
high rate and overshot s l i gh t ly .  
o sc i l l a t ed  f o r  about 3 hrs, before it was manually brought back in to  control  
i n  a Pew minutes. Major upsets had t o  be controlied manually. 

The ea lc iner  and evaporator l i qu id  l eve l s  

The feed rates varied from 4 t o  70 l i t e r s / h r ,  the axerage rate was 
21.0 l i t e r s / h r .  
i s  added t o  remove the n i t r i c  acid from the evaporatoy by s t e m  stripptng. 
Evaporator acid i s  held a t  6 M o r  below to rediace Ru v o l a t i l i t y ~  no cs1.d 
or radioactive Ru w a s  used in-this t e s t .  T k  vster t o  feed ratio was 0.05 
t o  5.80, tbe average ratio w a s  2.4, F i g ~ r e  5.2. 
evapol-ator acid w a s  controlled by evaporator iemperatbre and w:iLter aitdttion. 
The evaporator tempersture s e t  point was 115°C 
be approximately 6 M - H N O ~  a t  -0.5 psig and a PE: coocentration 25 t o  30 g/Pi ter .  

The water additior, rate was 3 t o  1'72 Pit;ers/hr. The water 

The concentration Of  

which vas predetermined t o  
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Table 5.1. Test R-3’7 Feed-%rex (IC0 gal./ton U )  l___..lll___ 

Ii NO3 Fe A l  so4 N a  m 
_I_ ---- _.-- _I 

As made up 4 . 1  6.1 0 .5  0.1 3.. . 0 1.8 0 . 2  

A s  malyzecl 
Tank 1 3.6-4.3 6.0-6.1 0.49-0.51 0.11. 1.0-1.1- 1.6-1.8 0.09-0.11 

Tank 3 3.4-4.2 6.1 0-48-0.49 0.11 1.0 I. 2-1.8 0.u-0.18 
T%nb 2 3.6-4.3 6.1 0.49 0.11 0.98-1.1 1.6-1.8 0.08-0.11 

Table 5.2. Test R-37 Opera’cion _-̂ ..__I __ Iag --___.._.._-I- 

9:OO A 

9:30 A 

~ 3 0  A 

12:oo A 

3:OO P 

7:oo m 

3.2 :00 A 

)4 zoo A 

6:OO A 

6:oo A 

0 

0.5 

2.5 

3 - 0  

6.0 

10.0 

15.0 

19.0 

20.0 

20.0 

S t a r t :  Empty-cold calciner  
Full -col.d evayomtoy 

Calciner Pu3.1 

Calciner l i qu id  l e v e l  probe plugged 

Calciner l i qu id  level probe plugged 
Added 50 cc/rnifi water 

Calciner li quid level went high, plugged probe, 
vhen unplugpd then low. Meanwhile evaporator 
vent high, started t o  b o i l  fast, then f i l l e d  the  
ca lc iner  and went low. Cycle repeated. Took 
3 hrs to re turn t o  good control.  

Water t o  evaporator mama1 (20 l i t e r / h r )  

Evexythtng norrml, ca3.ci.ner feed r a t e  low 

Stop: Stopped feeding calciner  

Stop : Stopped evaporator opei-ation 

Stop : Stopped csbcination 
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Table 5.3. Control Set t ing for Test R-37 

Devx- 

Vaidable Range Band Re s e t  Po i n t  Point, 
Control Control Prop. Set f r o m  Set 

d 0 -loo$ $ min ss IO 

Evaporator Liq Level 7.4-35.0 LOO 10 50 40-85 
l i t e r  

Evaporator Density 1.0-1.5 200 LO 65*** 57-71 

Evaporator Temperature 101-128*~ 100 10 50 30 -90 
Evaporator Pressure -5 t o  +5 50 0 . 3  40 40-63 

Calciner Liq Level 44-52 25 3 50 4&62x-% 

g/cc  

Psig  

l i t e r  

* Deviations of hourly reading 
** A t  end of t e s t  went t o  100% f u l l  

*w Approximately 30 g / l i t e r  Fe 

Table 5.4. Operational L i m i t s  for  Test R-77 

Evap (scale 
Liq k v e ~  ( l i ters  

E V ~ P  4 ( sca le  $ 
Density (g/cc 

Operational* 
~ 

Set  Reading 
L i m i t  "A" L i m i t  "B" Point L i m i t  "Cg' L i m i t  "D" min m a  

Operational Desired Desired Operational 
L i m i t  L i m i t  Lfmi t Limit 

90 
33 

80 
1.40 

90 
22 

Evap ( s c d e  $ 45 
Pressure (psig -0.5 

CaEciner ( sca le  $ 30 
pliq Level ( l i t e r s  58 

50 
22 

65 
26 

60 50 
113 

42 40 
-0.75 -1.0 

40 50 
59 60 

35 
18 

25 
15  

50 40 
1.25 1.20 

20 0 
.07 103 

38 35 
-1.25 -1.5 

60 70 
61 62 

lL0 
19 

57 

30 
09 

1kO 
-1.0 

48 
59 

1.27 

85 
3 1. 

71 
1.36 

90 
22 

60 
+1.0 

62 
61 

X- Recorded hourly reading 
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The control  of  var iables  has been evaluated 'by the  s e t t i n g  of limits: 

L i m i t  "A" Too high, out of' control,  dangerous 
LimLt, "B" Upper limit of  AGO^ contml- 
L i m i t  "C" Lower l i m i t  of g m d  control 
Z i m i t  "D" Too law, oiri, o f  control , uneconomical 

The evaporator temperature control  w a s  very good. Only two high readings, 
once above "A" limit and once above "13" l i m i t ,  and no low readings, Figure 5.3. 
However the ac tua l  acid eoncentratton deviated more than the  tezperature 
indicated deviation, Figure 5 .3 .  
due t o  a low Fe concentration below l i m i t  "CSa a t  t h a t  time. 

The one hTgh acLd concentration w a s  probably 

The cJ,cr,sity of evaporator content -m,s used t o  de temine  the dissolved 
sc;.lids as n i t r a t e  salts which i n  t r r m  were expressed as Pe concentration 
sirice Fe i s  the  major consis tent .  When the  densi ty  w a s  low, feed was aaded 
t o  l ; h ~  evaporator. The densi ty  was twj.ce above 1 . i m i . t  "B", -this was the  only 
control  d i f f i c u l t y  (Figure 5 .4 ) .  
L i m i t  "CpB twice and above l i m i t  "Bit onee. The densi ty  and F'e concentration 
foll.owed each other very well. 

However, t he  E'e concentration w a s  below 

The evaporakor pressure controlled very we1.J. (Table 5.7) : YO$ of t h e  
time tile process controlled -1.0 -t 0.25 psig. 

'The n i t r a t e  t h e  condensate wa.s '72% of t k ~ e  nitrat ,e -in t h e  feed. 'i'iie 
remaining NO3 i s  assumed t o  be i n  the  so l id ,  s inee it i s  no,t completely 
calcined. The si1.lfa1;e in the  condensate w a s  0.7576 o f  t he  feed, and the 
su l fa te  i n  the so l id  w a s  92$ of the feed. 

The non-condensable off-gas was 391 CII ft o r  0.97 cu f t l l i t e r  of feed. 
Tnis i s  about 4 t o  5 times the  voluiic o f  non-condensable o f f -gas  from t e s t  
2-36 ('fable 5.5)  . 
5 3 Cal-ciner Pot Corrosion 

In  al.1 of the other  pot eal .eination t e s t  made t o  date ,  corrosion has 
not; been ser ious.  In  tes t  R-37 a number of  hoI.es ( 5  t o  8 )  a,boxt 2-in. d3.a 
corroded through the  caiclner  pot a t  60 t o  65 i n .  from the  bottom of  the 
pot;. 
from furnace sect ion No. 2, Figure 5.1. 

There also w a s  l oca l  overheating i n  this area o f  t h e  calciner  pot 

There are 5 Ynemocouples per furnece sect ion : 

A = center  of pot - record 
B = inside 1 in. I"rorn wall of pot - record 
C = outside of  pot - record 
C outsitie o f  pot  - cont ro l  
C = i n  furnace sec'cion - control  

The power to  the  furnaces w a s  control led by a therinocouple aS;tached t o  
the outs ide of t h e  calciiiar DO% a t  a se t  poin'c o f  900°C. 
couple i n  t h e  furnace was to  l i m i t  i t s  temperature t o  about 1130 LO 1200°C. 

Ifhe furnace thermo- 
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Table 5.5. Test R-37 - System Results 

Nitrate  Balance 

System input 2469 g moles 
System recovery 

(condensate - 1.776 g mol = 72$ 
(off-gas - unknown 
( so l id  - 86 g mol = 3.5% 

Sulfate Balance 

System input 390 g mole 

(condensate - 5.0 g mol = 0.75% 
(off-gas - unknown 
(so l id  - 3a g mop = 92.0% 

System recovery 

Off-Gas 

831 cu f t t o t a l  
440 cu ft leakage and gas purge (20 cu f t / h r ,  25% and 75%) - 
391 cu f t  of generated non-condensables 

391/404 = 0.97 cu f t l l i t e r  of system feed 

Feed Rate 

404 l i t e r / l g  hr = 21.0 Ei ters /hr  

Water Rate 

983 l i t e r  of water; water t o  feed r a t i o  = 983/404 = 2.4 

78 kg solids/68 l i t e r  = 1.15 g /cc  bulk density 
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P.t test ,  time 27.0 all. of thermocouples appeared t o  be operating s a t i s f a c t o r i l y .  
Apparently thermocouple (Se-in. - C )  t o  the Wheeko control  f o r  t h e  furnace 
section No. 2 was then destroyed by corrosion and. repoyted. a low temperature 
which caused furnace section No. 2 t o  overhest, (Table 5.6) The overheat- 
ing occurred after t h e  pot had corroded through. 
s t a in l e s s  steel .  The a rea  a t  the elevation around the holes w a s  reduced t o  
izboiit 25 m i l  thickness (Figure 5.5). 

The pot  wzs 1.00 m i l  304L 

One poss ib3.e explauat5on of the  corrosion i s  tha t  M@04 decomposed a t  
900°C, f reeing SOs, which mixed w i t 1 1  i-IN03 availab1.e a t  the corroded zcme. 
'r'rae corroded zone w a s  approximtely the  operating l i qu id  level. In R-36 
w j - t b  no Mg o r  Na there w a s  plenty o f  SO4 t o  corrode cornp1et;ely t h e  ends of 
'ihe 1iqul.d leve l  probes and feed  l i n e s ,  bu t  the wall w a s  not attacked 
(Table 5.6) .  
dzta over the  feeding cycle are presented i n  Table 5.7. 

In R-37 the  feed and. level lines were no% corroded. Complete 

Calcined Sol id .  The calcined scsltds had. a bulk d e m i t y  cf I. 1-5 g / c c  
('li'ahle 5.57. 
metal shell. renoved (Figure 5 e 6), it was noted t h a t  the  mid.sec";.on of  tine 
calciner  w s s  empty except for  8 t h i n  outer  film from 1/4 t o  1/2 i n .  th ick .  
The bottom appears t o  have melted (Figure 5.7).  The top  (Figure 5.8) had. 
not  been calclned. The s o l i d  was red-yellow and smelled of sulfur.. 

When-the calciner- pot w a s  s l i t  from end. t o  end mid half of the 
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1; 72 120 4 120 500 -+ 550 

/ 
/ 
t 

/ 
/ 

58 200 3 960 840 -+ 1050 

45 915 -+ 1000 830 3 1000 

/ 

Table 5.6. Temperature Test Time 17.0 t o  20 .O 

920 -+ 925 1125 -+ 1150 

980* 3 1060 1.000 --f 1040 

1000 950 goo --f 850 

+-- Calciner Wall 

a t  the Top of Calciner 

* Thermocouple (58 i n .  - C )  t o  Wheelcs control  was corroded in to  when 
calciner  pot was removed from the furnace after the t e s t .  
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Table 5.7. Waste Evaporator-Calciner Test R-37 (Purex Waste) 

F'urex Waste (40 @:/ton) + 1.2  8 Xa and 0.2 E Mg 
h'ater Calc iner  

System System To &l Y'vap. Evap. Caklne r  Calciner Temp. 
Test Feed Water Feed System System NOS No1 N i l 3  Evap. Evap. Fe Evap. Steam Zeat Temp. a t  Midsection 
Tine Purex Feed Ratio Condensate Off-gas Input Condensate Density Temp. Conc. Acic Tcmp. Input Feed Po in t  Center 
~ S G  l i t e r s  l i t e r s  Ratio l i t e r  Ci l  f t* g mol g mol d c c  *C g/e m1 " C  KWH 'C .C 

1 70 
2 121 
3 150 
4 196 
5 235 
6 259 
7 305 
8 335 
9 356 
io 366 
11 370 
12 374 
13 379 
1.4 361 
1 5  363 
16 393 
17 397 
18 402 
19 404 
20 - 
21 - 
22 - 

0 
f, 

57 
123 
241 
381 
512 
684 
736 
756 
791 
811 
830 &a 
867 
664 
900 
912 
927 
955 
983 
983 

0 
0.06 
1.9 
1 - 5  
3.3 
5.8 
2.8 
5.7 
2.5 
2.0 
8.7 
5.0 
L.7 
5.0 
9.0 
1.7 
4.0 
2.4 
7.5 

29 
83 

166 
277 
434 
598 
775 
977 

1050 
1080 
1119 
11Lt3 
1167 
1187 
1208 
1235 
1250 
1267 
1284 
1312 
1345 
1345 

35 
64 
91 

128 
170 
217 
2 66 
313 

406 
362 

430 
743 
921 

1197 
1436 
1577 
1859 
204 3 
2173 
2234 
2258 
2263 
2314 
2326 
2539 
2400 
2425 
2455 
2468 

24 
165 
5w 
773 
8178 

1026 
1141  
1369 
1445 
1486 
1544 
1575 
lh4 
1627 
1651 
1075 
1691 
1707 
1719 
1752 
1776 
1776 

1.27 109 26 5.4 
1.27 113 23 6.1 
1.32 115 22 7.9 

1.32 116 31 7.5 
1.36 1x1 22 6.7 
1.27 122 27 5.4 

1.30 112 30 6.6 

:.e9 114 31 6.0 
1.28 111 31 6.9 
1.26 11: 32 6.8 
1.30 11: 34 6.5 
1.32 111 32 6.9 
1.32 111 32 6.4 

1.27 log 28 6 .1  

1. j1 112 35 6.1 
1.31 112 31 6.1 

1.31 114 27 9.0 

1.32 116 36 4.9 
1.36 111 32 6.2 

1.27 112 50 7.: 

1 .33  loa 32 6.6 

1.31 1L2 32 5.2 

117 
134 
i i 2  
134 
136 
154 
158 
136 
112  
i16  
117 
117 
11 3 
113 
116 
115 
113 
111 
111 
120 
123 
123 

1@ 
399 
415 
426 
434 
444 
J+53 
4 61 
466 

115 
125 
120 
120 
120 
125 
130 
120 
120 
115 
115 
11s 
115 
115 
120 
123  
120 
120 
120 
120 
120 
120 

1 1 5  
125 
125 
430 
370 
253 
300 
415 
765 
910 
920 
920 
920 

92 5 
925 
430 
92 5 
920 
930 
930 
935 
935 

I 
u w 
I 

~~ ___ 

* System leaKage and purging = 20 cu ft/hr 
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