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0.0 ABSTRACT

A scale model of the evaporator designed for concentration and decontami-
nation of radiochemical wastes was installed and operated for two weeka;
Satisfactory operation of the designed system is predicted by the expgriu
mental work which indicates: |

1. 4n overall heat transfer ceocefficient of 150 to
250 BTU/Hr-Ft2-CF,

2., No scaling in acid solutions.

3. Evaporation rates greater than the required 12.8
1bs/hr-£<2 heating surface.

yAN Decontamination factors greater than 103 and perhaps
as high as 105 (exclusive of Iodine),

1.0 INTRODUCTION

Recently there has been great emphasis on reducing the quéntities of

radioactive wastes discharged from Osk Ridge National Laboratory and other
Atomic Energy Commission Sites. Several possible methods of minimizing both
gageous and liquid waste éctivities'are under study at presentl 'This feport
describes one means of haﬂdling liquid rediochemical wastes to effect a
reduction of at least 20 to 1 in the volume of stored waste with an accompanyé ‘
ing decontamination of greater than 103 in the activity of the discharged wagto,

4% the present time the activity of all liquid chemical wastes which may be

discharged from this laboratéry into the Clinch River is liﬁited to S.curies
per day, It is highly desirsble that this quantity immédiately be reduced

to a much smaller figure, say 5 millicuries per day,
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In the past it has been possible to opsrate the waste disposal system
so that discharzed activity was hold below the 5 curie limit. This has been
accomplished %y)routing all highly active waste streams to a 1?0,000 gal,
concrete tank {Tk. W+5), neutralizing here and permitting this tank to overflow
to a second 150,000 gallon tenk (Tk. W=6). The overflow from the second
atorage tank ié'discharged to a 1,400,000 gallon open pond and indirectly
to the River. iow intensity wastés amounting to an estimated 0.1 curie maxi-
mun by-pass the concrete tank and go diréctly to the open poga. (Uhless these
very dilute activities'are handied differently than at oresent, they may be the
limiting factor on decontaminétion with any systém which processes material
in the conctete tanks only.,) Such a handling procedure results in a decay
time of perhaps 10 weeks in the concrete tanks and 40 weeks in thé open pond,
which has been sufficient for ih@ activitiés handled in the p%st.i

The previous history of activitics discharged by the 706-D énd Hot Pilot
Plant operationg have little significance at present because both plants are
working material of several times highér activity levels than previously.
Building 706-D is now using 3-day old Hanford metal which produces roughly
103 curies of S-Qéy lodine waste per run. These runs are made at least 4
times per year. The Redox Hot Pilot Plant is processing'loouday old Hanford
metal and can produce long half-live chemicazl wastes of ~._200 curies éer day
at maximum capacity, All other sources of waste activity are reiativaly
unimportant at the present time,

The decay time allowable in the waste disposal system 1s still sufficient
for the 706-D Building iodine - 10 weeks in tanks W-5 and -6 would take it
through 9 half-liveg from 103'curies t§‘~u2 curies, However, the wastes

from the Redox Hot Pilot Plant have a very long half-live average and cannot
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be significantlj reduced by passage through the gtorzge. system. Relief for
the already bve:-téxed 1iqﬁid wéste disposal system must be provided
immediately. |

The possibility of iﬁsia}ling an evaporatioh gystem to reduce the volume
of material stored and thus providé mﬁch longer deecay times has been investie
gated actively for several months, ‘Inbaugust, 1948, a decision was made to
design faéilitieé for the evaporation of 300 gallons of water per hour from the
active waste effluent of the laboratory. 4lthough the design was considered
aduquate by ordinary industrial evaporation atanaards and was to be constructed
almost entirely of surplus equipment, reports from othor sites indicated the
possibility of a severe scaling problem in an evaporator of this type used
for waste solutions. 4s @ result,'a pilet model of the large evﬁporator‘has
been installed and operated to obtain firgt-hand dats on heat-transfer and -
scaling; decontaminaticn andAevéporatién rates.  The time allotted for this

assignment was five weeks.

Figure 1 shows the general equipment layout of ths pilot evaporator
system, In view cf thg fact that the spparatus was designed, installed and
cperating within two weeks, it is not su;brising that many desirable refine~
ments were omitted.

The design of the pllot installetion followed that of the fullescale
arrangement as closely as possible and varied only where necessery to utilize
exiating equipment pieces. Stainlesé steel was used for all surfaces in
coptact with process solutions, Concrete blocks wers used fof shielding.

Pertinent comparative design data are:
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Comparative Data for Pi;pt Model
. and FulleScale Evaporators

Pilot Full~Scale Ratio
Evaporator Tank:

Height - 4 £ts 10 f£t. 1:2,5
Diameter . 2 4, 7 £t. 1:3.5
Volume ' ~-100 gal. 2350 gal. o 1324
Liquid Surface Area 3.1 ft2 38,2 ft, 1:12
Heat Trans. Surfacg 16 £t2 (coil) 196 £t(tubes) 1:16
Heating Surface/ft -

Iiquid Surface 5.1 : 5.1 -l
Height Heating Surface 26 in, 52 in, 1:2
Height Vapor Space ~20 ~ 60 in. 1:3

Condenserg
Heat Transfer Area 50 £t°(1 condenser) 400 ft2(8 condensers) 1:8
Cooling Water Reg'd 15 gpm "~ 120 gpm(8 condensers).
(T = 50° F) ' '
Dia, Vapor Line 3% in. 12 in,

Velocity in Vapor Line 28 ft/sec at 250 #/hr, 24 ft/sec at 2500 #/hr.
(Atmos. Press.) S

To 5rie£1y describe the flow of materials in Figure 1, waste solution
was jetted fQom tank ﬁ-s to the feed tank located on a 6 foot high platform,
It flowed p& gra?ity to the evaporator where a steam coil vaporized the water
which then passed through the condenser, was condensed and drained into the
catch ﬁank, Concentrated waste from the evaporator was returned to tank W-5,
Steam coﬁdensgte was«c&lleoted in the weigh tank,

Additional detail on all equipment pieces is given in Appendix 6.1.
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3,0 OPERATION

The series of experimental runs was planned for measurements of:
1, Overall heat transfer coefficients to boiling water.

2, Overall heat transfer coefficients to hoiling active
waste solution,
3. Scaling rate with waste solution.

-

4. Evavoration rates at various steam pressures
to 110 psig.

5, Decontamination factors at various evgooration
rates,

6, Necessity for entrainment separator,

7. Necessitv for vacuum 6peration.

8. Shielding fequirements.

Generally, the gquipment was operatad with continuous feed until the

500 1b. evaporator heel represented a 20 to 1 concentration of the feed
sblution.; The first run to determine heat transfer coefficients with water in
the system was followed by five runs with active wastes, Runs 1, 2 and 3
were made at 20 psig steam pressure, Run 4 at pressures increasing in 15 1b,
steps to 90 psig, and Run 5 under 17 inches mercury vacuum at 10 psig steam,

Operating details of all runs ave discussed in Appendix 6,2,

4.0 RESULTS

4«1l Hesat Transfer Coefficients

Coefficients were calculated for all runs on the basis of steam
consumption as determined by steam condensate weight data. Temperature

differences were taken as the differsence between saturated steam énd 212° F,
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4l Heat Transfer Coefficients (Con't.)

Although work by J. O. Davis“of this laborotory indicates verhaps a 3° F
increase in boiling point as concentration increases to 20:1,'this rise was
not within the aceuracy of the temperature recorder used on the Pilot Plant.
Results were checked frequently with calculations based on feed and evaporation
rates. A summary is presented in Table 1 and plotted in Figure 2.

All the data except those aﬁ 75 and 90 psig in Run No. 4 and perhans
Run No. 5 under vacuum are thought to be reliables (Time was not available
for repeating these runs), At the hicher steam pressures in Run No. 4 it
was.necessary to operate with the heating surface partially submerged to
prevent excessive entrainment. Therafore it was necessary to eétimate the
heat transfer area from the liquid level iﬁdicator which was often difficult
to read, However, thess estimates should be within 20%, the results probably
being too high,

It is seen that the measured coefficients vary from 150 to ~250
BTU/Hr»thwoF,. Although these values are somewhat’lower than those calculated |
from reported data, they are reasonable. The data taken during the active

waste runs are in fair agreement with the data on water,




TABLE 1

Heat Transfer Coefficients for Pilot Plant Evaporator

CRNL~-224,

, Final
Evaporator Concentration
Run No. Duration Bvaporator Heel Steam Pressurc Pressure Ratio
Water Run 2?hours water 20’psig ‘ atm, 157~BTU/Hr—Ft2~°F
o 30 n ] 175 u o n @ ]
2 40 1] R ]_92 ﬂ’ a n (1]
2 50 " " 188 . oon [ ] ]
2 60 " ] 215 ® o n n n
2 110 0 n 235 o1 w8 "
#1 _ 48 hours pH = 9.2 ;
contained sludge 20 " 1051 150 # n n n
4 85 houre PH = 4.2 20 =n " 2051 156 n 0o a
‘ clear supernate
#3 86 hours pH = 4.1 20 " " 20¢1 170 » o w "
: clear supernate
#4, 8 pH = 2.0 3 » L 15:1 160 1 n ou L
9 PH = 2.5 45 " " ~ 2021 18, v uw =n "
8 PH = 2.8 60 0 " ~~2581 A22 w w8 n
8 PH = 3.8 75 H u ~30:1 27 ¢ o on A
é pH = 4.0 90 1 i ~35351 271 2w v o8 L)
#5 15 PH = 7.2 10 n 17 in Hg 531 141w onw on o
clear supernate Vac.

QII'
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4e2 Scale Formation

There is no evidence that scale formation will be a problem if the
waste solution feed is acid, It was assumed that all the feed solution
taken from waste tunk W-5 would be basic (the tank is concrete) as was
the feed in Run No. 1, and that Buns No. 2 and 3 would be made under
basic conditions which would aggravate scale formation, Hdwever, Runs No. 2
and 3 were completed before it was learned that the pH had dropped below 7.0,
Although there was no indication of scale formation in Run No. 1 (the
coefficient remained at 150), one might suspect that the highei coefficients
of Runs 2 (Upge, = 156) and 3 (Uave, = 170) resulted from gradual removal
of scale formed early in Run No. 1. The fact that hour-to-hour coefficients
in both Runs No. 2 and 3 remained constant is proof that such was no£ ﬁhe
cases However, scaling may have been noticeable had several consecutive )
runs beenlmade with basic solution.

Ionic analyses on both acid and basic waste solutions are reported
in Table II, These concentrations of ions incrcase by the volume~-reduction
factor (~~20) toward the end of a run. In Run No. 4 which was started
with a 15:1 concentration, the.final golids concentration was 350 to 400

gms/liter - a volume reduction cf;~,35 to 1 over the feed liquid,




- 14 - ORNL-224 |

TABLE 11

Ionic Analyses of Feed Solutions
for Pilot Plant Eveporator

T _Concentration - gms/liter
Apalysis Aci§ ngplas‘ SlC Sa rples*

U ‘ 0.88 - 0. 026
va | 2.1 9.5

Ca 0.037 : . 0,01

Mg 0.005 - 0,01

Al 0.07 . 0.4

Fe 0,003 0,001 .
cl 0.26 0.35

F 0,005 . 0,005
c05 0,50 2,75
50, 0:50 0.9

POA 0.003 0.002
NO5 7.9 17,7

* Represents average results of weckly composmtes
taken over period 7-26-48 to 8-26-48.
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43 ggépbration Rate

The full-scale system must evaporate water at the rate of 12,8 pounds.
per square foot of heating surface for its intended output of 2500 pounds
per hour, Figure 3 is a plot of evaporation rates at various steam pressures
for the small equipment. From thése data one can judge that the large plant
should be able to operate at capacity with 35 to 40 pound.steam pressure,
assuming no scaling and. proper entrainment separation,. The probiem of
entrainment is, of cburse, interrelated'wiﬁh rdate of evaporation and may be
the factor which limits the rate because of its effect on decontamination.

(See decontamination),

4o4 Decontamination

As discussed in the introduction, a reduction in the activity of the -
present effluent from the concrete storage tanks to at leaét one-thousandth
its present level is the goal of the lerge evaporator installation., The
pilot model has proved definitely that this gozl is attainable,

The five runs of this investigation were made under father severe
conditions, from a decontamination standpointy Building 706<D had juét
completed a run with a 3~day old Hahford material which produced approxi-
matély a thousacnd curies of iodine waste activity, .Thigtin addition to
~~ 200 curies/day of 1ong—1ived.activity from the Redox Hot Pilot Plent in=

6 _ 107

creased the intensity of the waste liquid stored in ¥#-5 to 10
dis/ml/min duriﬁg the time the experimental evaporator runs vere made. This
count is approximotely e factor of 10 below the\expected activity of the
diluted weste whi;h will be fed directly from the Redox Building to the
large evaporetors Radicchemical analysis of the feed material gave the

results in Table III, As moy be seen, the various activities in the feed
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TABLE III

Radiochemical Analyses cof Feed Solutiocns for

Pilet Plant Evapcrator

ORNL-224

Run No.

pH

Total
Solids

gms/L

Disintegraticns

per nl per nminute

Gross f?

GrossZ{

4
£

Hu

2w 4

Ce /5

Sr /g

IlBl(,g

1 (Supernate)
; 1 (Sludge)

| 2 {Supernate)
| 3 (Supernate} ;

4 (Supernate)

5 {Supernate)

9.20

4.20
4410
7.70
7.20

17,2
all

20.0
17.6
10,3
10.5

1,07x10°

7.0 %107
4.99x10
9.66x100
3.50x10°
3.96x10°

61

0.03x10°

wwwww -

0.13x10°

5.0 xlO?'

40 x10°
9.0%x105

0.38x10°
0.9 x10°
0.61x105
1.10x10°
1.30x103

0.11x10°

O.lelO5

0.6 x10°
0.42x10°
0.23x10°
0.13x10°
0.91x10°

0.32x105
19,0%10°
17.3x10°
34,.0x10°
2.67x107

2.37x10°

0,87x10°

3.1 x10°

0.37x10°

15,0%10°

16, 4x10°
|
12.6x10°

1.05x10

Q.&leOB‘

| 21.0x%10°

0.78x10°
13.7x105‘
2.93%10°
3.41x105

3.,07x10°

nega

18,6x105

1.95%107
1.77%10°

% Total rare earths

iless

cerium.

- LT -



Ohh£i224

) S
e
€N

=

4.4 Decontamination (Goﬁ‘t.)i;. | |

stream vary conside;ablygin amount fromvtimé~to timefas wastes are added to
tank W-5, The pH's shove 7 indicate that sodium cerboriate was added to
neutralize and to precipitate approximately half'thé:diasolved solids., Some
activity (roughly 10%) is carried down with the‘preéiﬁitate. Thus the
precipitate is highly COnceﬁtruted activity (see Tabie III) and should not

be allowed to enter the evaporator, not only because éf:‘iits greater intensity
but also because it ineresscs foaming and entrainment, An even more practical
‘reagon is that the material is alrcady sblid, the eventual state to which

ell iiquid wastes arc to be processed,

Figure 4 is a plot of typical dato on the activity of the eveporctor
heel and d@contaminatibn as o run progresses, The decontaminction factor
{(ratio activity in evaporétor to activity in product strerm) is scen to
increase zs the eveporator asctivity lncrecses, reéulting in o product of
constant activity (x»--»io4 d/ml/min). This level of activity is low cnough
- to be sent d;rectly into the settling'basin.’ In feet, if one assumes a

" product of 10% d/wl/nin. ond o dischorge rote of 300 gals/hr . the total
activity in 24 hours would be ~. 0,13 curiés per day,"If the evaporator is
fed directly from unstc sources as is planned, the feed should count roughly
ten times higher on the average and resﬁlt in 2 product count proportion-

ctely higher, The totai activity discharged would then be,%“i,B curies,
assuming that the decontémination factor is no better than reported here,

However, there is good evideﬁce~that fhe.evaﬁorator"can be operated to

.give higher decontamination factors, ‘Examine the comparison of feed and
condensate activities in Table 'IV, Note that the prinecipel activity in the
condensate streem is iodine131 (except in Run lio, 5, bosic solution), greatly

out of proportion to its concentrction in the fecd stream, This great increonse
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TABLE IV

ORNL-224

Comparison of Activities in Feed Solution and in Product Condensate

. FEEDv CONDENSATE
Run No, pH I | sr]lcelcs IE | Ru §'T !sr | s | mu
1 9.20 30%| 8%| 3% 40% | 53| 4% || --- |- not analyzed -
2 4.20 | 358| e%| 358] 128 166 | 13 n%% ~== | == | neg.
3 4.10 28| 16%| 358 72| 14%| 1% | 90% | === |-=- | neg.
4 30 psig 770 | s%| 45%| 8%|26% | 8% | 3% | 70% | 30% |nee.| neg. |
45 psig { Acié heel | @ s 8 n ec n 10% | . 1% | 10% neg-.
of Run No.| ‘ '
€0 psig | 3 pot " " A B R 30% | 10% | 7% | neg.
drained) . : i
5 pSig n [} " n . n 4 40% 6% 10% neg.
90 psig " " LTt Y less | 5% 102 | s
5 (vacuum) 7.20 1% | 312 | 5|27 | oz | 13 [10% | 20% |65% | 6%

- Oz -
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44 Decontamination gcon!t‘;

indicates the volatilization\of iodine from the acid sclution, The short
half-life (8 days) of the iodine makes it relatively unimportant because
if it were discharged directly to the settling pond, it would decay through
~-35 periods to reduce its or1ginal value‘by a factor of,~1101° .
Volatilization might be prevented by the additicn of a complexing agent.
It is known3 that the presence of microgram quantities of mercury reduces
iodine libefation from some waste solutions by formation of an Hgl, complex,
However, the possibiliiy of producing some gaseous iodine may make it
desirable to continue'storing wastes from barium runs in tank W-5 for 8 to
10 weecks before evaporation. Remcval of icdine should increase the de-
contamination-factop by 5 to 10.

'Except for the volatilized iodine, the coﬁtamihaﬁicn of the condensate
stream is by entrainment. - The pilot evaporator was operated without-an
.entrainment separator but the degign of the full scale facility includes
this piece  of equipment. In the discussion of Run No.. 4 (See Appendix 6.2,
Operations) it is noted also tﬁat insufficient vapor spsce was available to
prevent serious entrainment at high steam pressurés.‘ The large evapcrator
has a 3~-times greater height of  vapor space which, in conjuncticn with a
separator, should permit operation without entrainment at a much higher
temperature differences. The increase in decontaminstion efficiency will,
of course, be directly proportional to the effectiveness (an unknown, at
present) of the entrainment separator. In the event that an entrainment
separator is unsatisfactofy, the contaminated condensate might be passed
through a resin bed, Resins have been found efficient in the removal of

the rare earths, strontium and cesium icns and appear promising as a
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4e4 Decontamination (Com't.)

éolution‘if the problen arises. Decontaminaticn factors of~—200 can be

4

expected with resin treatment of those wastes,” A laboratory investigation

is now underway to determiné efficienby and capacities for the case at hand,

L5 Yacuun ggeration

Vacuum operatioh was not investigated sufficiently to justify concluéive
stateménté. Howevér, there is no doubt that evaporation at atmospheric
pressure is more.desiraﬁle both sconomically and from an operaticnal stand~
point, Since the runs at atmospheric pressﬁre proviﬂe'suffiéient evidence
of setisfa&tory bperati@n, provigion for vacﬁum operétion is not‘thought

necegsarys

" 46 ‘Shielding Requirements

With"apﬁroximately 50 gallons of concentrated waste solution counting
308 /% dis/ml/min and,lOégyaiq/ml/min, the activity intensity at the surface
of the evapcrator was 1 r/hr, Two six~inch thicknesses of conerete reduced
this aétivity to 15 mr/hr. At the seme time %he feed tenk, with 6b gailons
of waste solution couﬁtiné 107 £ dis/m1/min and 10634iis/ml/min, read 700
mr at the surface and 20 mr through 6 inches of goncrete. These thicknesses
of shielding were aééquate fér pilot plant opeéaticns- |

& A Ke
~ﬂ§.,$;4f}f.kcap¢5(§7
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APPENDIX
6.10 EQUIPMENT (See Sketch ;

6311 Feed Tank
| Height: 48 inches

Diameters . 32 inches
- Volume: ~~150 gal. (

Material: Type 347 Stainless Steel-

The tank was mounted on a & foot high platform to allow gravity
£low of feed to the evaporatorg A type Cl-1lA steam jet from wasté tank
W-5 supplied waste so}utioﬁ at 4 to 8 hour intervale as needed., The top of
this tank was sealed except for a 2-inch vent line and an overflow back to
W-5, liquid level and specific gravity dip pipes, and a thermocouple well
were quarter-inch 1PS pipe. 4 halfw-inch air sparger was provided for
agitati@na |

6,12 Bvaporator Tank

Heights. 48 inches

Diameters 24 inches

Volume: ~~100 gal,
Material: Type 347 Stainless Steel

Steam Coil
Pipe 3izes 1/2 inch, 1P8
Diameters. 18 inches
Heizhts 26 inchos
Surface Area: 16 ft°
Miaterials Type 347 Stainless Steel
The steam coil was.located one inch above the tank bottom, concentric-
with the wall and welded through the bolted cover. Vapor space above the
top of the coil was approximately 20 inches, A 7-inch diameter shallow
cone baffle plate was welded in the é-inch flanged opening to which the

3%~inch vapor line was attached. Although the vapor line appears inordinately
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6.12 Evaporator Tank {(Con't.)

high, the ﬁeighx was necessary for.installatibn of the condenser at a 60°
angle as in the full-scale plant.

Other attachmenfs to the tank cover included a half~inch feed line,
I/A;inch IPS dip pipes for liquid level, specific gravity and thermocounle
wells, and a vacuum-pressﬁfé equaiizer line. A 3/4-inch drain line and a
1/8-inch sample line were attached at the tank bottom, The tenk and the
vapor line were lagged with a 2-inch ﬁhicknesé of magnesia and weather~-proofed.
6.13 Condensger

Type: Shell and tube

Length: 6 ft,

No. tubes: 44

Dia, tubsss 3/4 inch

Surface Areas: 50 fi

Shell mat:rials Black iron
Tube material; Stainless Steel

Thermocouple wells were provided at inlets and exits of the shell
(water temperatures) and tubes (vapor and condensate temperatures). 4

sampls line at the condensate end was provided for frequent sampling and

: inspéction of the condensed liéuia.

6.24 Condensate Receiver

Heighﬁ: 48 inches
Diamaters 24 inches
Volumes ~-100 gal.
Materials Type 347 Stainless Steel
A CL-IA steam jet mounted on top of the catch tank served to evacuate
the system and maintein a 20-inch Hge vacuum in the evaporator when desired,
The steam discharged from the Jet was condensed in a spray condenser fed

with cooling water from the condénseé,
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6.1, Condensate Receiver (Con't.

| »A ii@uid'levél,'dip pipe, va@uum equalizer, and thermocouple well of
l/A;inch pipeywere mounted through the ﬁop>of the tank, with a 1/2-inch
éir sparger‘fér agitation, Drainage and sampling lines were attached at the

“bottom of the tank,

6,15 Steam Condensate Weigh Tank

A 55Agallon‘stainlésé steel drum mountad on a 1000-pound capacity
Fairbénks platfbrm‘scale served as a collector for stecam condensatés A

length of tygon tubing connected the dain outlet to the waste drain line,

6.16 shielding
Concrete blocks, 6 in, x 6 in, x 12 in., were uséd for shielding,
Two six-inch layers were stacked around the evaporator tank and a single

" six-inch layer around the feed tank.

6.17 * Instrumentation

. Aﬁ instrument board, not shown in Figure 1, contained threé 36=inch
mgnoﬁetérg for indication of the weights of liquid in the feed, evaporator
and catch tanks. Two 18-inch mandmeters showed the specific gravities of
the feed and evaporator tank liéuids. An8-point Micromax instrument
recorded temperatureé in all tanks as well as coﬁdehser water and vapor

temperatures,
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APPENDIX °
6.20 OQPERATIONS

6.21 Water Runs

Initial operating experience was obtained during 24 hours operaﬁion
with water in the system., Data were collected for hest transfer coefficients
at steam pressures up to 110 psig. linor difficulties such as leaking flénges
and valves were coﬁrected during this ﬁerio&. ' |

The system then was charged with an inactive waste sélution containing
ionic concentrations as indicated b& éhalysis of the aetive waste liquid.
After 6 hoﬁrs'operatiop at maximum evaporation rate without evidencé of
scaling or other difficulties, the equipment was dreined and readied for

active runs,

6.22, Run No, 1

The first run with active waste solution was made at 20 psig steam
pressure'with the system et 2tmospheric pressure., Difficultiss appeared
immediately after running the first charge to the evaporator. Steam to
the heating coil had been on 4\or 5 minutes when the evaporator liquid |
level mancmetef began moving very erratically, It appeared that the .
manometer line was blocked by o slug of conden§ed vapor, so the line was
discohnected for draining. Shortly afterwasrd, the evaporator pressure surged
upward for an instant and forced hot waste solution out the manometer line,
spraying several onlookers, At the.same time a quantity of liquid from the
evaporator was carrled up through the condenser and into the catch tank,

thoroughly contaminating both, The system was shut down immediatsly.
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6,22 Run No, 1 §Con't:2

| Several factors éont:ibuted to this mishaps The evaporator should
have been only partia}ly £1lled and brought to boiling before increasing
the liquid level to the operating‘level. Heat should have been applied
gradually. A large amount of §uspended soiids in the feed liquid resulted
in excessive foaming and bumpingf |

A second attempt to pﬁt the system in operation was more successful.

Evaporation at a rate of 100 lbs. per hour was continued for 24 ﬁours with
the intention of decontaminating the condenser and catch tankg During .
this peri&d operators were trained to make continuous 3-shift operation
possible. Féed material from W-5 contained a large amount suspended matier
throughoﬁt Rﬁn N&. 1, making it diffieult to maintain steady-state conditions.
‘ After completion of Run No. 1, all additions of waste to W~5 were
stopped and the tank allowed to settle. In the meantime the equipment

was rinsed thoroughly to remove any remeining solids.

6.23 Runs Nos. 2 and 3

| Runs Nos. 2 and 3 were both made with clsar supernatevat 20 psig steem
(other conditions equal) for a measure of reproducibility, Some trouble
was'experiencad with maintaining a constant evaporator level in Run No. 2,
At ievelé above 28 inches, eptrainmént wag severe enough to carry color into
the catch tank; In Run No. 3, ope;étor functions wers sufficiently routine
that excellent results were obtained,

Each of these rﬁﬁs required approximately 90 hours of continuous

evaporation to doncentrate 10,000 lbs, of waste to 500 lbs.,, the rate of

water removal averaging 105 lbg/hr.
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6.24 Run No, 4
‘T:Thié_run was aﬁarted,without regoving the‘evaporator'hgel remaining
after completion of Run No. 3. Cpil steam pressures of 30, 45, 60, 75 and
90 psig were held 8 hours each. One difficulty encountered was that of

preventing serious entrainment carryover, As the higher steam pressures

increased both the violence of boiling and the vapor vglocity, the liquid

level of the evaporator had to be reduced to prevent foaming over. App:gximate

operating levels for no visible entrainment were:

20 #'s « 26-28 inches
30 " - 25 inches
L5 "« 20 inches
60. " - - 17 inches
75 %« 15 inches
90w . 12 inches

Successful operation at pressures above 45 psi requires experience

for which time was not available. At least a duplicate of this rﬁg would

have been necessary for good data.

After six hours operation at Bo_psig‘steam pressure an attempt to

, partia@ly‘drain the evagprator showed the‘evaporator drain line to be frozen.

‘The solids content of the evaporator heel was ~. 300 gms per liter at this

ti@e. The application of steam iq'the drain line was sgcgessfu; in thawing
the line. This incident suggests steam'tracing for 1ines 1 inch or smaller
and at l@qst lagging for larger lines,

_ At the end_of_this ;un.hackgrpund éctivity ﬁad increased po gevera%‘
hupdrgd mr at some pqinfs and was‘considered‘hazardqus to operating pérsennel
who had already received several overekposures.

. A deadline of'December %Qﬁh, had been set for completion of this work

so that construction could be started on waste unloading facilities for the
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6.24 Run No. 4 {Con't,)
Atomic Energy Commission, Run No. 4 was completed on December 18th, leaving
48 hours for decontamination of equipmeﬁt and completion of a vacuum run,

It was deeided to decontaminate and operate under vacuum conditions

in the remaining time.

6025 Run No. 2

After decontamihation 18 hours were available for vacuum operation.
The run was made at 10'psig gteam pressure, 17 ihches'mercury vacuum with a
ZSfT equivalent to ~-35 psig stéam at atmosgheric pressure in the
evaporator. Although the system required more attention and rates were
somewhat more erratic than in pre&ious runs no difficulties appeared

which could not have been eliminated with more operating experience,
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APPENDIX

6,30 Improvement of Equipment and Procedures

From the operational experience accumulated during this investigation

several suggestions for improvement of equipment and control may be noted

6,31 Decontamination after severe entrainment.

'Once the condenser and catch tank becomes cohtahinated, several hours
normal operation are: necessary to eliminate the contamination from the
product stream. During this time condensate should not be discharged, but
returned to'ﬁhe system for reevaporation. Mﬁch more rapid decontamination
is possiﬁie with liQe steam. This suggests a stean line discharging just
below the top of the evaporator tank, With condeﬁser cooling watey fo,
all equipment beyond the evaporator could be effectively decontaminated in

much less time,

6.32 Start-up Precautions

Start ups should be made with a low liquid level in the evaporator,
the‘levél being increased gradually after boiling has begun. Cautions starts
are good insurance against contamination which might linger in the condenser

and catch tank.

6.33 Evoporator liguid-level and specific gravity indicators

In the pilot evaporator dip tubes for liquid level and specific gravity
manometers were located in the main body of the tank. 4 side arm outside
the tank or a protected well inside would have been much more satisfactory.
The Wellatﬁpe 36 inch manometers used in this installation were unsatis-
factory, Taylor or Ring Balance Recorders should be used in the final
installation, '




. steams and it is not unlikely that one of these designs
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6.34 Protection of Drain snd Sample Lines

The freezing (or plugging with precipitate) of the evaporator drain
and sample lines suggests that every precaution be taken to prevent such
an occurrence where larger quantities of éctivity are involveds Lines
exposed to low temperatures should be steam traced and rinsed after each

uge., Lines smaller than one inch should not be used for gravity flow.

6.35 Sludge Elimination |
The elimination of all sludge froﬁ evaporator feed is highly désirable

for many reasons including better deéontéminétion, smoother operation, lower
activities handled, and fewer plugged lines, Specisal care should be taken
to see that the intakes of 'all jets to the feed‘tanks are-located in the
clear~supernate zone4o£ the supply tanks and that ﬁhe supply tanks are not

agitated unnecessarily when feed is to be withdrawn.

6.36 Condengate Monitoring

The ﬁonitoring of the product stream from the condensers te give a
continuous record of decontsmination would be highly desirable. Such a
dévice could be used‘to shut.down the system automatically, if an operator
were not in attendance. Several types of ion chambers and Geiger tube
monitors have been used satisfactorily for meassuring activities of flowing

5.6 could bé:adopted.

6,37 Decontemination of Equipment’

After draining all tanks, finsing and evaporating 1000 lbs of water

in the system, Cutie Pie readings at contact showed 300 mr/hr in the feed

~ tank and 400 mr/hr on the evaporator, The feed tank was then filled with a

10%. nitric acid solution and steam sparged for one hour. The nitric acid
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6.37 Decontamination of Eguipment (Con't.)

was fed into the evaporator and boiled for 8 hours. This treatment was
repeatéq and followed by 2 hot water rinses, after which the feea tank
read 5 mr/hr., the evaporator 60‘mr/hr., the condenser 20 mr/hr., and the
catch tank <-3 mr/hr? The entire installation was theg dismantled and sent

to the burial grounds,
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APPENDIX

6.40 Estimation of Waste Activities

6441 Daily Waste from Redox Hot Pilot Plant

Basis: Dissolver Solution Activity

(a) Volumn of Dissolver Solution processed
per week at maximum rate e - 75 gals,

(b) Activity of Digsolver Solution ~ 10%°
dis/ml/min.

Assume that entire quentity of activity‘reaches waste tank =5 -
at 10 gallons per day, curies discharged per day:

10 gals/day x 4 x 10° nl/gal x 1020 dis/ml/min
3.7 x 1010 dig/sec/curie x 60 sec/min

= ~200 curies/day

6,42 Wastes from D-Building to Tank W=5 for one BalAO Run =

Basis: 2500 curiss Bat4? in metal dissolved
140 '

Fiss. Yield of Ba % = ...6%
Fiss, Yield of 1131 2 3%
131

Amount I = A-1300 curies
Assume an average proceSsing time of 8 days so that half this amount
is sent to waste Tank W-5.

Amount 1131 to W=5 =~ 650 curies,

SEB:tks
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