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INITIAL TESTING OF PILOT SCALE EQUIPMENT 
FOR SOIL DECONTAMINATION 

John E. Garnett, Uoyle L. Mitchell, and Peter T. Faccini 

ABSTRACT P i lo t  scale equipment was 
evaluated to  determine the feasibi l i ty  
of i ts  application t o  a soil decontami- 
n a t i o n  process. Tests were conducted 
both a t  Rocky Flats w i t h  plutonium- 
contaminated s o i l ,  and of fs i te  by 
equipment manufacturers us ing  noncon- 
taminated so i l .  Equipment evaluation 
tests indicated the feas ib i l i ty  of the 
process concept and proved the need fo r  
p i  1 o t  pl ant scale process development . 
SUMMARY 

This report covers p i l o t  scale equip- 
ment t e s t s  that  have been performed as 
part of the soi l  decontamination 
project a t  Rocky Flats. This project 
is concerned w i t h  devel opi ng a process 
t o  reduce the volume of plutonium-laden 
so i l  that  must be disposed of by being 
shipped t o  an appropriate repository. 
The intention has been the design of a 
self-contained plant capable of 
processing 9100 kg of soil  per hour. 

The process t o  be implemented was based 
on laboratory experiments that  indicate 
the plutonium is more closely associ- 
ated w i t h  smaller particle size 
fraction of so i l ,  and t h a t  the coarse 
material could be cleaned. T h i s  
information was used t o  develop a 
conceptual design consisting of 
scrubbing the soil  w i t h  a wash solu- 
t ion,  followed by screening and 
hydrocycloning t o  separate the clean 
gravel. The f ines  subsequently were 
removed from the .wash so lu t ion  which 
then was recycled. Three different 
methods were used t o  evaluate equipment 
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for  use i n  this process: 
tests u s i n g  noncontaminated soi l ;  pilot  
plant scale testing by the Colorado 
School of Mines Research Inst i tute  
(CSMRI), a lso u s i n g  noncontaminated 
so i l ;  and pilot  scale equipment testing 
a t  Rocky Flats w i t h  bo th  contaminated 
and noncontaminated so i l .  

manufacturers' 

Results of these tests indicate that the 
process concept i s  feasible, and because 
of the large potential application of 
the process, development work should 
continue. Concerns like the gradual 
bui  ldup of process equipment contami na- 
tion make i t  evident that  pilot  plant 
data will have t o  be generated t o  
provide an acceptable risk for  a 
production plant. 

I NTROOUCTION 

The contaminated soil  a t  Rocky Flats 
originated i n  1964 when an area used to  
store 210-1 drums of pl utonium-laden 
lathe coolant o i l  was discovered t o  be 
contaminated by coolant oil  that leaked 
from some of the barrels onto the 
ground. By 1968, a l l  of the drums were 
removed, processed, and shipped o f f s i t e  
for disposal. 
then covered w i t h  a pad consisting of 
successive layers of f i l l  d i r t ,  gravel, 
and f ina l ly  asphalt. Subsequent 
sampl ing  o f  the area determined the 
extent of contamination t o  be between 
1500 and 50,000 dpm/g of so i l ,  and 
penetration depth t o  be a t  least  0.6 m. 

The contaminated area was 

Concern over the environmental problem 
t h i s  contamination presented, prompted 
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the Atomic Energy Commission [now 
cal led the Department o f  Energy (DOE)] 
t o  make a commitment t o  then Governor 
Love, that  the s o i l  would be removed o r  
decontaminated. The decision t o  decon- 
taminate the s o i l  ra ther  than d i g  i t  

repository was made on the basis o f  
cost comparisons. The economics o f  the 
decontamination opt ion were improved by 
considering the possible development o f  
a mobile f a c i l i t y  t ha t  could be used t o  
decontaminate Rocky F1 a t s  soi 1 . This 
mobile f a c i l i t y  perhaps could a lso be 
used f o r  s im i l a r  problems a t  other DOE 
s i t e s  such as Hanford and Mound. 

. up, package it, and ship i t  t o  a 

Laboratory scale studies were i n i t i a t e d  
i n  1972, and many techniques f o r  decon- 
taminating s o i l  were investigated. 
Experiments were conducted with u l t r a -  
sonics, chemical oxidation, calc ina- 
t ion , des1 i m i  ng, f l o t a t i o n ,  heavy- 
1 i q u i d  separation, magnetic separation, 
scrubbing, wet screening, and dry 
screening. These tes ts  const i tu ted a 
survey o f  potent i  a1 techniques, but 
only the methods tha t  were most 
promising were pursued i n  de ta i l .  The 
scrubbing and wet screening process i n  
p a r t i c u l a r  appeared su i tab le f o r  large 
scale appl icat ion wi th a high chance o f  
successful decontamination. Laboratory 
work indicated that the plutonium was 
more closely associated with the 
smaller p a r t i c l e  s ize f r a c t i o n  o f  the 
soi  1, and tha t  scrubbing would decon- 
taminate the larger  par t ic les,  which 
could then be separated by screening. 

, and would e f f e c t  the 
maximum per mi nut vo el ume reduction o f  contaminated 
s o i l  t o  below the 30 dpm/g level .  Data 
f o r  these plant spec i f icat ions were t o  
come f rom manufacturers' equipment tes ts  
i nvol v i  ng noncontami nated soi  1 simi 1 ar  
t o  that  found under the pad. A contract 
a lso was given t o  Colordo School o f  
Mines Research I n s t i t u t e  (CSMRI)  t o  
fu r the r  evaluate the process. This 
evaluation would be by means o f  p i l o t  
scale tes ts  o f  the process through the 
use o f  hydrocyclones, again using 
noncontaminated s o i l  . I n i t i a l l y ,  no 
t e s t s  using contaminated s o i l  were t o  be 
carr ied out other than on a laboratory 
scale; however, a bench scale equipment 
t e s t  loop was b u i l t  i n  the s o i l  
decontamination laboratory f o r  use with 
contaminated s o i l .  This t e s t  loop was 
assembled i n  response t o  concerns over 
the lack o f  large scale equipment t e s t s  
wi th contaminated s o i l  . Equipment f o r  
t h i s  setup was obtained on short  
notice. Because o f  t ime r e s t r a i n t s  
placed on t h i s  phase o f  the test ing,  
equipment tha t  could be operated i n  a 
completely continuous mode was not 
obtained. This resul ted i n  tes ts  
resembling batch processes, and an 
overa l l  system that  never reached 
dynamic equi l ibr ium condit ion. S t i l l  i t  
was t h i s  work, using contaminated s o i l ,  
t h a t  y ie lded most o f  the relevant data. 

The s o i l  decontamination p ro jec t  
cu r ren t l y  i s  i n  temporary suspension 
because o f  lack o f  funds., This report  
covers the work t o  date on t h i s  project .  

Based on the work already performed, 
and with the Chemical Research Group 
continuing t o  support the project ,  the 
P i l o t  Plant Group was brought i n  t o  
provide a l l  engineering speci f icat ions 
for a f u l l  scale s o i l  decontamination 
f a c i l t y .  This was t o  be a 9100 kg/hr 
plant that  would be mobile, 
self-contained ( inc lud ing recycle o f  
the estimated 850 2 o f  wash so lu t i on  

EXPERIMENTAL 

Materi a1 s 

I n i t i a l  .shakedown o f  the s o i l  
decontamination p i l o t  scale equipment 
was performed using noncontaminated 
s o i l .  S o i l  f r om the Wind Energy Test 
S i te  ( i n  the northwest corner o f  the 



RFP-3022 

Plant s i t e )  was chosen because of its 
similarity t o  the rocky, clay-based 
material found under the pad. Ten 210-2 
drums of this  noncontaminated soil  were 
collected and transferred t o  the. soil 
decont ami na t i on 1 abora t ory . 
noncontaminated soi l  also was used for  
the manufacturers' tes ts .  The CSMRI 
experiments were conducted w i t h  50 tons 
of soil  from a commercial gravel quarry. 

Th i s 

Laboratory experiments and contaminated 
bench scale equipment t e s t s  were 
conducted using pl utoni um-contami nated 
soi l .  , The soi l  was obtained from the 
original samples taken t o  determine the 

extent of contamination under the pad. 
S ix  of these samples were collected from 
under the pad and labelled P-1 through 
P-6; two others labelled A and B were 
taken from the southeast corner of the 
pad where the wind had blown some of the 
soi l  prior t o  laying of the pad. The 
analysis of these samples is shown i n  
Table 1. These samples were collected 
ut i l iz ing a floorless,  portable metal 
building equipped w i t h  a i r  movers, h igh  
efficiency particul a te  air  (HEPA) 
f i l ters,  and a portable power supply. 

Several common I aboratory materi a1 s were 
used i n  the pi lot  scale work: standard 

Table  1. Analytical Results of Excavated Soil Samples 

Disintegrations Per Minute 
Per Gram (dpm/g) 

Sampling Depth From 
Sample 239Pu 2 4 1 h  Top of Pad ( m )  

A 

B 

P- 1 

P-2 

P-3 

P-4 

P-5 

P-6 

1,200 

11,900 

940 

1,400 

8,000 

45,000 

14,000 

17,000 

330 

1,400 

,620 

1,100 

1,000 

4,200 

4,100 

5,000 

("1 
("1 
0.46 

0.61 

0.56 

0.66 

0.61 

0.61 

* Samples of windblown accumulations o f i so i l  from an area next t o  the pad. 

5 3 
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grade aluminum sul fate,  semiconductor 
grade NaOH pel le ts ,  and Pure Floc, 
which i s  a long chain organic 
f locculant.  

Process 

The s o i l  decontamination p lant  was t o  
incorporate a conceptual process t h a t  
was derived from the laboratory work. 
A f low diagram o f  t ha t  process i s  shown 
i n  Figure 1. The process concept was 
based on laboratory studies tha t  
indicated the plutonium associated 
c losely  with the small s ize f r a c t i o n  of 
the s o i l  and could be removed from the 
la rge r  p a r t i c l e s  by scrubbing with a 
dispersing solut ion. The process 
underwent changes during the course of 
equipment test ing;  however, only the 
o r i g i  nal concept w i  11 be discussed 
here. 

A drum scrubber was used t o  contact the 
s o i l  and 'the pH 11 NaOH-water so lu t i on  
int imately,  a f t e r  which the largest  
p a r t i c l e s  could be separated from the 
s l u r r y  by screening. A f u r the r  separa- 
t i o n  was performed by passing the 
s l u r r y  through a hydrocyclone t o  remove 
the remai n i  ng decontaminated p a r t i c l e s  
whose size exceeded 10 p. The hydro- 
cyclone underflow was passed through a 
Clar i fuge f o r  removal o f  the oversized 
par t ic les,  and the r e s u l t i n g  Clar i fuge 
overflow was recombined with the hydro- 
cyclone overflow i n  a f l occu la t i on  
tank. A f t e r  f locculat ion,  the wash 
so lut ion was centr i fuged t o  remove the 
f locs; the suspended, so l ids- f ree 
so lut ion was then u l t r a f i l t e r e d  t o  
remove any residual co l l o ida l  mater ia l  
p r i o r  t o  recycle. 

Equipment and Procedures 

This section, 
procedures u t  
pertains only 
Rocky Flats. 

covering equipment and 
l i z e d  i n  the experiments, 
t o  the work performed a t  
The section does not 

include manufacturers' tests  and the 
CSMRI experiments. 

The laboratory constructed f o r  the Soi 1 
Decontamination Project  i s  equipped wi th  
three wall-mounted fume hoods and 
four  Ca l i f o rn ia  hoods placed 1.2 m 
apart i n  the center o f  the room. 
Ca l i f o rn ia  hoods are 1.2-m wide by 3-m 
long by 1.5-m high, and are accessed by 
two f u l l  height s l  i d i  ng p lex i  g l  ass doors 
on each side. One addi t ional  door was 
added t o  each hood providing access 
through a s l o t  only 0.46 m high; t h i s  
allowed a wider door opening whi le 
maintaining the required l i n e a r  a i r  f low 
o f  46 m/min. To prevent resuspension of 
contaminated dust, a l l  p i l o t  scale 
equipment t o  be tested was located i n  
the Ca l i f o rn ia  hoods. The t ransfer  o f  
materials from one hood t o  another was 
through Tygon tubing inserted i n t o  
0.1-m conduit welded between the hoods. 

The 

A combination o f  commercially avai lable 
and speci a1 l y  desi gned equipment was 
i n s t a l l e d  i n  the hoods f o r  test ing.  A 
l i s t  o f  a l l  equipment used i s  shown i n  
Table 2. A l l  o f  the pumps used i n  t h i s  
process were L i t t l e  Giant submersible 
pumps except f o r  the hydrocyclone and 

Figure 2 
equipment 
mental 

u l t r a f i l t r a t i o n  feed pumps. 
contains a f low sheet o f ' t h e  
incorporated i n t o  t h i s  exper 
setup. 

Soi l  t o  be processed through the 
equipment t e s t  loop was weighed and 
bagged i n t o  5-kg packages p r i o r  t o  the 
test .  This was done so the feed ra te  
could be closely control led. A 
v i  bratory feeder w i th  attached hopper 
was used t o  uniformly feed s o i l  i n t o  the 
drum scrubber. A drum r o l l e r  equipped 
wi th  a modified 115-n drum served as the 
scrubber. The drum contained smal 1 
l i f t e r s  t o  ag i ta te  the s l u r r y  and had 
been sealed o f f  a t  both ends except for  
a 0.15-m hole a t  the feed end and a 
0.25-111 hole a t  the discharge end. 
trormnel screen was attached t o  the 

A 

4 
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Equi pment 

C1 a r i  fuge 

U l  t r a f  i 1 t r a t  i on Unit 

Drum Ro l l e r  

Sandpi per Pump 

Ceramic Hydrocycl one 

Hydrocycl one 

Submers i b l  e Transfer Pumps 

Centrifuge 

TABLE 2. Equipment L i s t  

Manufacturer Size o r  Model 

Leon J. Bar re t t  Co. 

Continental Water 
Conditioning Corp. 

Morse Manufacturing Co. 

Warren Rupp Co. 

Krebs Engineers 

P i  oneer Inc. 

L i t t l e  Giant Pump Co. 

Western States Co. 

0 . 3 4  bowl 

8003 wi th  9.1 m2 
of e f f e c t i v e  area 

1- 5154VS 

SA1-A rated at  100 n/m 
a t  35 MPa 

0.025 m PC-1 . 

0.025 m Cyclomite 

4E 

0 . 38-m bowl 

discharge end o f  the drum f o r  
separating the +5 mesh rocks from the 
s lur ry .  
so lu t i on  was fed not only i n t o  the 
scrubber, but also i n t o  a spray head 
mounted ins ide the trommel f o r  
washing o f f  the +5 mesh rocks. A 
3.8 i /min f low ra te  was maintained t o  
both the scrubber and the trommel 
spray. These +5 mesh rocks f e l l  o f f  
the tromnel and i n t o  a p l a s t i c - l i n e d  
drum. 

The NaOH and water wash 

The s l u r r y  o f  -5 mesh material was 
funneled i n t o  an 0.464 v ibratory  
Seveco screener. The screener was 
equipped wi th  a 35 mesh screen, and was 
continuously washed with the NaOH 
so lut ion from two spray heads mounted 
above it. 
operated at  a 1.9 n/m flow rate. The 
+35 mesh gravel was discharged i n t o  a 
second p las t i c - l i ned  drum while the 
s l u r r y  was pumped t o  a 115-1 hydro- 
cyclone feed tank. A large feed tank 
was needed because the hydrocyclones 
operated a t  23 n/m and the s l u r r y  was 
produced a t  only 11.4 n/m. 

Each o f  these spray heads 

Two 0.25-m hydrocylones, one from Krebs 
Engineers and one from Pioneer Inc., 
were evaluated. .. An arrangement f o r  
measuring the f low r a t e  and pressure o f  
the feed and overf low was set up, and 
the hydrocyclones then were tested 
separately i n  t h i s  system. 
pressure feed required f o r  good 
separation was supplied by a Sandpiper 
pneumatic diaphragm pump equipped w i th  
a pneumatic pulse dampener. Underflow 
from the hydrocyclone was discharged a t  
atmospheric pressure i n t o  an open drum 
and immediately was pumped t o  a 
continuous sol  id-bowl Clarifuge. This 
underflow was t o  contain a l l  o f  the 
sol ids greater than 10 
weight percentage o f  l i qu id .  

The high 

and a small 

The Clar i fuge operated a t  3600 rpm and 
removed essen t ia l l y  a l l  o f  the noncol- 
l o i d a l  sol ids.  At -per iod ic  in terva ls ,  
the Clar i fuge bowl had t o  be manually 
emptied, and t h i s  necessitated a b r i e f  
process shutdown. The Clari fuge overflow 
was recombined with the hydrocycl one 

6 
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overflow i n  a l i n e d  40-A drum tha t  
served as a f locculat ion taflk. A 
sparge l i n e  was used t o  ag i ta te the 
tank during the f l occu la t i on  procedure, 
which consisted o f  manual l y  addi ng 
preweighed quant i t ies  o f  f locculents. 
Once the s l u r r y  had been properly 
f locculated, it was pumped t o  a 
continuous solid-bowl centr i fuge tha t  
was operated a t  - 900 rpm t o  minimize 
breaking upa the flocs. 
sol  ids, which co l lected i n  the 
centr i fuge bowl , formed a gelatinous 
s o l i d  o f  high water content t ha t  
supposedly contained most o f  the 
contamination. Overflow from the 
centr i fuge was co l lected i n  a l i n e d  
20-n drum and then was pumped t o  a 
115-n u l t r a f i l t r a t i o n  feed tank. 

The f locculated 

The u l t r a f i l t r a t i o n  u n i t  was t o  remove 
a l l  remaining suspended sol ids p r i o r  t o  
recycle, but i t  also produced two new 
waste streams: a r e j e c t  flow, 
amounting t o  10% o f  the product flow, 
and a backwash f l o w  o f  approximately 
40 t o  80 2. The u n i t  had i t s  own 
p l a s t i c  backwash tank and two l i n e d  
115-1 tanks tha t  were used t o  c o l l e c t  
the re jec t  and product flows. The 
clean product produced by the 
u l t r a f i l t r a t i o n  u n i t  was supplied t o  
t h e  scrubber and t o  various spray 
heads e 

OISCUSSION 

Tests performed t o  evaluate equipment 
f o r  the S o i l  Decontamination Project  
were conducted by manufacturers, by 
CSMRI, and by Rocky F lats  i n  i t s  s o i l  
decontamination laboratory. U s i  ng soi  1 
s i m i l a r  t o  that  under the pad, the 
manufacturers' t es ts  were made t o  
determine i f  t h e i r  un i t s  could perform 

the tasks speci f ied i n  the process 
layout. Three major manufacturers were 
v i s i t e d  i n  the course o f  t h i s  stage of 
the project: Telsmith Div is ion o f  
Barber-Greene Company, for  a scrubber 
test ;  B i rd  Machine Company, f o r  f l occu l -  
a t i o n  and cen t r i f ug ing  tests;  and 
Dorr-Oliver Inc., f o r  an evaluation o f  
f locculat ion,  f i  1 t r a t  i on, and cen t r i  fu-  
gation. 

The contract awarded t o  CSMRI ca l led f o r  
an unbiased view o f  the proposed process 
f o r  the s o i l  decontamination project. 
Personnel a t  CSMRI were t o  base t h e i r  
repor t  on an engineering study o f  t he  
process, drawing on t h e i  r extensi ve 
mineral processing industry experience, 
and p i l o t  plant sca le t e s t s  o f  the 
equipment through the  hydrocyclones. 

The p i l o t  scale equipment t e s t s  per- 
formed a t  Rocky F l a t s  provided the most 
deta i led information about process 
f e a s i b i l i t y .  The t e s t  loop setup f o r  
equipment evaluation was bas i ca l l y  a 
ser ies o f  batch operations performed 
through cont i  nuous u n i t s  . This resul ted 
from the d i spa r i t y  i n  capacity among the 
var'i'ous pieces o f  equ i pment bei ng 
tested. I n i t i a l l y ,  a number o f  batches 
o f  noncontami nated soi  1 were processed. 
These tes ts  y ie lded equipment i nforma- 
t i o n  but no decontamination data. That 
was not obtained u n t i l  a f i n a l  series o f  
t es ts  wi th contaminated s o i l  was 
performed 

Results f r o m  a l l  o f  the various equip- 
ment tests  a r e  reported i n  the fo l lowing 
subsections according t o  the process 
t h a t  the un i t  was t o  af fect .  ' 

Scrubbi na 

The scrubber.tests were performed t o  
determine the a b i l i t y  o f  a drum scrubber 
t o  break up dry aggregates and remove 
attached s o i l  from the gravel. 
Experiments wi th scrubbers were 

7 
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conducted by Telsmith, CSMRI, and a t '  
Rocky Flats. 

Several sealed-drum t e s t s  were 
conducted by Tel smi t h  w i t h  varying 
residence times and 1 iquid-to-solid 
weight ratios. Telsmith concluded a 
3-min residence time i n  a 1.22-m 
scrubber would be sufficient for  a 
production scale plant. 
rate of 312 J./min was advised fo r  a 
9100 kg/hr  soil feed rate. T h i s  
represented a 2:l  liquid-to-solid 
weight ra t io  for the scrubber alone. 

A liquid feed 

CSMRI operated a 0.76-111 diameter by 
1 . 22-m 1 ong scrubber d u r i  ng thei r 
test. For this size scrubber, a 150 
kg /h r  soil feed rate was deemed 
optimum. T h i s  allowed a 30-min holdup 
for  the gravel, which produced a 
clean-appearing product. A 1.7:l 
1 iquid-to-sol i d  weight ra t io  was used 
i n  this scrubber. CSMRI also compared 
drum and a t t r i t i on  scrubbing and found 
both to  be equally effective. 

Scrubbing experiments performed i n  the 
soi 1 decontami nation 1 aboratory a t  
Rocky Flats took place i n  an 0.46-m 
diameter scrubber. Feed rates between 
34 and 114 kg /h r  were t r ied  w i t h  no 
visible effect on the separation of 
fines from the gravel. Residence time 
i n  the scrubber was found t o  be a 
function of the s ize  of the material; 
the coarse gravel had a holdup of 10 
to  20 min;  the fines tended to  be 
flushed out more rapidly w i t h  the wash 
solution. The l i q u i d  feed t o  the 
scrubber was maintained a t  230 kg /h r  
which yielded a liquid-to-solid weight 
ra t io  from 2:l t o  7:l .  

All of the scrubbing t e s t s  indicated 
that the fines and gravel could be 
separated easily w i t h  a relatively 
small q u a n t i t y  of water. Residence 
times of 10 t o  30 min for  the gravel 
were thought necessary by CSMRI and 

8 

Rocky F1 a t s ,  but  Tel smi t h  reported t h a t  
only 3 min were required. 

Screening 

Both CSMRI and Rocky Fla t s  investigated 
screeni ng processes . Trommel screens 
and v i  bratory screeners w2re examined 
for  efficiency of separation, ease of 
operation, and the i r  ab i l i ty  t o  allow 
simultaneous washing of the coarse 
product . 
CSMRI reported good separation by the 
tromnel screen and by the 0.61-m 
diameter Sweco screen that they used. 
The trommel oversize, 6.35 mn, contained 
only 0.4% of the 1 0 - p  fines, and the 
Sweco oversize, a t  +35 mesh, contained 
another 0.04% of these fines. CSMRI 
also reported thorough washing i n  both 
the trommel and the Sweco by the spray 
heads located there. 

In the soil  decontamination laboratory, 
good separation also was obtained i n  the 
screening processes. The 0.46-m Sweco 
yielded an oversize w i t h  3% total  
undersize using a 35 mesh deck screen, 
bu t  most of t h i s  undersize was close t o  
35 mesh, as opposed t o  being fines. An 
80 mesh deck screen was used in the 
Sweco for  one experiinent t o  see i f  a 
f iner  cut could be made by mechanical 
screening , but  the screen became 40% 
plugged i n  less than 5 min. A double 
tromnel ut i l iz ing two concentric screens 
also was evaluated. T h i s  tromnel had a 
5 mesh screen w i t h  a 35 mesh screen 
arranged concentrically around i t .  T h i s  
separated the gravel into two fractions 
for  better washing ,  and made almost as 
good a cut as d i d  the Sweco. 
heads mounted on the outside of this 
trommel provided the best washing and 
a l s o  decreased plugging .  

Mechanical screening and simultaneous 
washing appeared to  be accompl i shed 
easily i n  the trommel and the Sweco. 

Spray 
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The double trommel, however, provided 
equivalent separation and allowed the 
elimination of one piece of equipment. 

Hydrocycl oning 

The Rocky Flats investigations into 
this part of the process were hampered 
because the capacity of both 0.025-m 
hydrocyclones that had been purchased 
was inappropriate for  preceding or 
subsequent equipment being tested. 

I .  

The Krebs ceramic hydrocyclone had an 
apex opening that  was so small i t  be- 
came plugged on the -35 mesh material. 
The Pioneer hydrocyclone had a much 
larger apex that did not plug, bu t  d id  
result i n  a poor hydraulic split. One- 
third of the flow exited through the 
apex, carrying large quantities of  
fines into the oversize stream. The 
overflow, however, was relatively free  
of oversize. Testing of the hydro- 
cyclones was complicated by the p u l s i n g  
of the feed flow rate. A Sandpiper 
pneumatic diaphragm pump was employed 
i n  conjunction with a pulse dampener, 
but  a fluctuation of 5 t o  10% i n  the 
feed pressure was s t i l l  noted. Since 
consistent feed is  one of the most 
important criterion for effective 
operation of a hydrocyclone, the Rocky 
Flats results are suspect. The Pioneer 
cyclone, however, removed a l l  of the 
+20-@ fines from the overflow stream 
when the cyclone operated a t  0.31 MPa 
(45 psi) and 23 A/min .  

The CSMRI 'study of hydrocyclones was 
more thorough and confirmed the appli- 
cabi 1 i ty of hydrocycl ones, when used i n 
stages. 
cloning proposed and tested by CSMRI 
involved a 0.1-m Krebs 040 for the 
f irst  two stages and a Krebs PC1 0.025- 
m hydrocyclone f o r  the t h i r d  stage. 
Results of these tes t s  are shown i n  
Figure 3. The f i r s t  0.1-m hydrocyclone 
was made a cut a t  400 mesh, and i t s  

The three stages of hydrocy- 

underflow provided the feed for the 
second 0.1-m hydrocyclone. The second 
stage of hydrocycl oni ng produced an 
underflow containing only 1.6% 400 mesh 
fines. These two hydrocyclones operated 
a t  8.96 X lo4 Pa (13 psi) w i t h  a 
0.032-m vortex finder, a 0.016-111 apex, 
and a feed ra te  of 114 d m i n .  The 
0.025-m hydrocycl one further reduced the 
+400 mesh material i n  the overflow from 
stage one. These results, while not 
based on contaminated so i l ,  indicate 
t h a t  the hydrocyclones could be used t o  
separate soi 1 fines 

The major process change t h a t  was made 
dur ing  the noncontami nated q u i  pment 
tes t ing was elimination of the 
hydrocyclones from the test loop. The 
available cyclones and pump were 
inappropriate; consequently the -35 mesh 
material from the Sweco was directed t o  
the Clarifuge, where a l l - o f  the coarse 
fines could be removed. 

F1 occul ation, Centrifugation, and 
Fi  1 t r a t i  on 

The slurry produced i n  the Telsmith 
scrubber tests was uti l ized as a 
representative feed for  t e s t s  a t  Bird 
and Dorr-01 iver. Bi rd  began w i t h  a 
ser ies  of runs using a 0.46-111 by 
0.71-m sol id-bowl centrifuge to  remove 
solids from the slurry. With no 
pretreatment of the feed, only 73% of 
the solids was recoverable a t  an 
optimum operating speed of 200 spm. 
Bench scale flocculation t e s t s  indicated 
t h a t  bo th  alum and an organic polymer 
were necessary for  a clear supernate. 
The flocs that  were produced were deemed 
f rag i le ,  b u t  insufficient sample volume 
prevented tes t ing the flocculated slurry 
w i t h  the sol id  bowl centrifuge. Bird 
concluded t h a t  the i r  Continuous Low 
Speed Solid Bowl Centrifuge would be 
suitable if  used i n  conjunction w i t h  a 
polymer f 1 occul ant. The B i  rd  report 
predicted an "excel lent recovery of 

9 
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From Wet Screening 

7- First Stage Cyclone 

overflow 

400 mesh (29% oversize) 
68% Solids 18% solids 

22.9 i g  &lids per minute 

Underflow 7 
-35 Mesh +400 Mesh (8.2% undersize) 

11.4 kg solids per minute 

I I 
f 

3rd Stage Cydone 
t 

2nd Stage Cyclone r 3 overflow Underflow i overflow - - Underflow . 

4 0 0  mesh +10 pm 

7.7 kg soli& per minute 

-10 pm (05% oversize) 

15.1 kg solids per minute 

-35 W h  +sOe mesh ' -400 mesh 
(1.6% undersize) 5% solids 33% solids 9.5% solids 

71 % solids 1.7 kg d i d s  per minute 
9.7 kg tolids per minute 

FIGURE 3. Hydrocycl one Materi a1 Balance 
From Colorado School of Mines Research Ins t i tu te  

solids" and an "easily truckable cake 
product. I' 

Dorr-01 i ver compared thickening, 
centrifugation, and f i l t r a t ion  as 
methods of recovering solids from the 
supplied slurry sample. Centrifuging 
of the flocculated slurry yielded a 
cake of only 30% solids and left  the 
-2 pn fines i n  the l i q u i d .  For 
t h i  ckeni ng of the f 1 occul ated materi a1 , 
an equipment area requirement was 
estimated a t  1.5 X s uare meter 

per t o n  per day). T h i s  was much too 
large an area fo r  a mobile production 
scale process. Continuous vacuum 
f i  1 tration was unsuccessful because of 
negligible cake formation,  and a 
precoat was rejected. Rejection of 
precoats was ,made because of their  
additional weight, b u t  th is  would be 
only a small fractional increase. 
Dorr-01 i ver recommended cent ri f u g i  ng of 
a flocculated slurry w i t h  a Merco Bowl 

per kilogram per day (14. 7 square foot 

- centrifuge. 

The feed stream used for  flocculation 
experiments a t  Rocky Flats was overflow 

. from the Clarifuge. T h i s  was a t h i n  
slurry w i t h  mainly colloidal solids; 
these solids were expected t o  contain a 
large portion of the contamination, and 
had to  be removed prior t o  recycle of 
the liquid. Flocculation of this 
overflow with alum was tried in i t i a l ly  
and appeared t o  do an adequate job. 
Problems arose when the flocculated 
liquid was pumped or centrifuged. The 
flocs were so fragile t h a t  any movement 
destroyed them. 
centrifuge were so h igh  t h a t ,  even a t  
low revolutions per minute, and even i f  
no pumps were used, the flocs s t i l l  
broke up. A search was conducted for  
other flocculants, and a decision was 
made t o  use an organic polymer i n  
conjunction w i t h  the alum. Pure-Floc 
proved to  be the besf additive. I t  
produced a clear l i q u i d  i n  the floc 
t a n k  when the flocs were allowed to  
se t t l e .  The resulting flocculated 
solution formed a gelatinous solid i n  

Shear forces i n  the 
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the bowl and a re la t ively clear overflow 
when centrifuge speeds produced a 
correspondingly .higher tu rb id i ty  i n  the 
overflow. . 

. 

' To properly flocculate the slurry,  1 g/n 
of alum and 0.029 g/n of Pure-Floc were 
used. T h i s  represented an amount i n  
excess of the m i  nimum requirements, 
which compensated fo r  va r i a t ions  i n  the 
p u l p  density of the slurry. The 
recycled water showed no tendency to  
cause flocculation prior t o  the f loc  
tank . 
Drum f i l t r a t ion  was t r ied  as an 
alternative t o  centrifuging, and this 
technique appeared t o  have promise 
despite the small s i ze  of the u n i t  
tested. The decision t o  t ry  a drum 
f i l t e r  was based on anticipated h i g h  
capital and maintenance expenses f o r  a 
centrifuge, and because of the f r a g i l i t y  
of the flocs. The drum f i l t e r  d id  not 
break up the flocs. 
c lear  f i l t r a t e ,  b u t  because of the 
slin\y, gelatinous nature of the 
material, the knife edge d id  riot remove 
a l l  of the accumulation. The result  was 
a plugged f i l t e r .  Problems w i t h  
d i f f icul t - to-f i  l t e r  solutions usually 
are solved by addition of a precoat, 
l ike  diatomaceous earth, which is shaved 
away w i t h  the material t h a t  is f i l t e r ed  
out. The drum f i l t e r  performed well, 
bu t  i ts small capacity, > 100 mR/min ,  
prevented i ts  incorporation i n t o  the 
test  loop. 

I t  d id  produce a 

U 1  t r a f i  1 t ra t ion 

The overflow remaining a f t e r  floccula- 
t i o n  was never sufficiently clear t o  be 
a suitable feed for  an' u l t r a f i l t r a t ion  
u n i t .  The u l t r a f i l t r a t ion  u n i t  i n  the 
soi 1 decontamination. laboratory was the . only one tested. The u n i t  produced a 
h i g h  qual i t y  product, b u t  plugged f a r  

. too quickly, t h u s  requiring frequent 

. backwashes. The r a t i o  of the product 

flow to  the reject  flow was as h i g h  as 
10:l. 
solution, the u n i t  would require a 
backwash of 80 R. T h i s  amount of 
contaminated water was unacceptably 
h i g h ,  as the volume of t h i s  waste 
stream would rival the volume reduction 
i n  contaminated so i l .  Thus ,  the u n i t  
normally was excluded from the t e s t  
loop and the Clarifuge overflow was 
recycled directly. 

After processing 200 R of 

Contaminated Soi 1 Experiments 

The goal of the i n i t i a l  t e s t s  u s i n g  
contaminated soi 1 was t o  vary operating 
parameters and note the effect  on so i l  
decontamination. T h i s  was done t o  
confirm results obtained i n  the labora- 
tory. After each test, a l l  of the 
different fractions of soil  were 
quickly analyzed w i t h i n  the soil  decon- 
tamination laboratory fo r  plutonium 
content, and samples were sent t o  the 
Building '  881 Analytical Laboratories for 
cer t i f ied analysis. Tabulated data, 
from these experiments are shown i n  
Table 3. A flowsheet and mass balance 
is reported i n  F igure  4. 

The first  processing of contaminated 
soil  was performed u s i n g  the double 
trommel screen without the Sweco. 
Process water was passed through the 
u l t ra f i l t ra t ion  u n i t ;  t h i s  was the only 
time that the u n i t  was used w i t h  a 
contaminated feed. The soil used was 
from the P - l  s i t e  and was suppose to  
average 1600 dpm/g of alpha (cf. Table 
1). Analysis showed the 20 kg of soil  
used contained only 100 dpm/g. A l l  +35 
mesh gravel and a l l  material left  i n  
the scrubber was decontaminated t o  
below 1 dpm/g, or well w i t h i n  the 30 
dpm/g limit. L i t t l e  product  was ob- 
ta ined  i n  this r u n  because the scrubber 
began empty, and i ts  holdup was 
substantial. A1 1 subsequent t e s t s  began 
w i t h  a ful l  scrubber. The Clarifuge 
solids were found to  be 3200 dpm/g. 

11 
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TABLE 3. Contamination Levels of Soil Products From Pi lot  Plant Operations 

Feed +5 Mesh Product -5, +35 Mesh Product - Run (dpm/g) (dpm/g) ( wei ght f rac t ion)  (dp m/g) ( weight f r ac t ion1  

< 1  0.08 If 100 --- ---- 

2 630 2 0.39 70 0.19 

3 16,700 25 0.59 660 0.19 

4a 2,900 50 0.66 2,800 0.21 

26 0.59 650 0.18 

5 1,500 100 0.40 400 0.18 

4bt ----- 

C1 a r i  fuge 
Feed Sol ids  Scrubber Total Product +35 Mesh 

- Run _Sdpm/gl (dpm/g) ( weight f rac t ion)  (dp m/g) ( wei g h t  fraction) 

I* 100 3,200 < 1  < 1  ---- 
26 0.58 

3 16,700 200,000 60 192 0.78 

7 56 0.87 

95 210 0.72 

198 0.58 

, 2  630 3,300 -- 

4a 2,900 24,000 -- 
4bt ----- 
5 1,500 13,000 -- 

* A double trommel was used and the scrubber 

t Feed consists of a l l  +35 mesh product from Run 4a. 
i n i t i a l l y  was empty. 
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3.8 umin of wash solution 

T =  
-4 in. 

35% solids 
1.25 kg solids per minute 

3.8 k?/min of wash solution 

Oversize t T r o A m e l  7 Undersize 

+5 mesh -5 mesh 
90% solids 8.1% solids 

0.63 kg solids per minute 0.62 kg solids per minute 

3.8 Qmin of wash 
solution 

0ven)ze Undersize 

-5. +35 mesh 3.4% solids 
84% solids -35 mesh 

0.25 kg solids per minute 0.37 kg solids per minute w 
Solids rUarifw 7 overflow - 

+50 m -50 pm 
68% solids 2.2% solids 

0.13 kg solids per minute 0.24 kg solids per minute 
I 

I 

I .O gfl of alum 
0.025 g/Q of 
Pure Floc 

Floc Tank - 
I 
I 

(Batch Process) 

l c m  floa 
2.3% solids 

0.252 kg solids per minthe 

Centrifuge 
t 

Solids 77 Underflow - 
gelatinous solid -2 pm 

0.2% solids 
0.023 kg solids per minute 

34% solids 
0.229 kg solids per minute 

F I G U R E  4. Average Mass Balance f o r  Pilot Plant R u n s  
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The second processing o f  contaminated 
s o i l  was made i n  a s i m i l a r  manner except 
t h a t  the  Sweco replaced the double 
trommel screen. Also, 50% o f  t h e  wash 
s o l u t i o n  was recycled from the p r i o r  

, t e s t .  The P-1 s o i l  used as feed was 
analyzed as having 630 dpm/g. 
product was not as co ld  as i n  Run 1, but 
t he  sum o f  the +5 and -5, and +35 mesh 
f r a c t i o n s  s t i l l  f e l l  w i t h i n  the  desired 
l i m i t  a t  26 dpm/g. The -5, +35 mesh 
gravel contained 70 dpm/g, i n d i c a t i n g  
t h a t  -35 mesh f i nes  would be 
s u f f i c i e n t l y  contaminated so as t o  
preclude blending. This run was 
encouraging i n  t h a t  120 kg/hr o f  
contaminated so i  1 was processed w i th  66% 
o f  i t  being decontaminated us ing only  
650 kg/hr o f  l i qu id - -a  5: l  l i q u i d - t o -  
s o l i d  weight r a t i o .  

The s o i l  

Results o f  the f i r s t  two runs were 
acceptable, so f o r  the  t h i r d  tes t ,  s o i l  
averaging 16,700 dpm/g was used. 
run a lso  u t i l i z e d  a l l  recycled water 
from Run 2. 
recyc l  ed d i  r e c t  l y  from the  cent ri f uge 
and was o f  low qual i ty .  The product 
from t h i s  run was not decontaminated 
s u f f i c i e n t l y .  The -5, +35 mesh gravel 
was 660 dpm/g and even when blended 
w i t h  the  co lder  +5 mesh rocks, t he  t o t a l  
was s t i l l  192 dpm/g. It was speculated 
t h a t  the  recy le  water was responsible 
f o r  the poor decontamination. Another 
f a c t o r  t h a t  began t o  appear i n  t h i s  t e s t  
was contamination o f  mater ia l  i n  the 
scrubber. Backlog cons is t ing  mainly of 
+35 mesh rocks and gravel was analyzed 
a t  60 dpm/g. This scrubber inater ia l  
must a1 so be decontaminated f o r  a clean 
product, but the p o s s i b i l i t y  of the  
scrubber becomi ng progress ive ly  more 
cbntaminated u n t i l  some equ i l i b r i um 
po in t  i s  reached seemed very r e a l .  
Even the equipment could become so 
contaminated tha t  the 30 *dpm/g leve l  

frequent t o t a l  decontamination o f  the 
plant. 

This 

The process water-was 

. would be d i f f i c u l t  t o  reach without 

The f o u r t h  t e s t  conducted w i t h  
contaminated so 1 u t i l i z e d  a f resh  wash 
s o l u t i o n  i n  con unct ion w i th  the  s o i l  
averaging 16,70 dpm/g. This feed s o i l  
contained 2,900 dpm/g, but the  r e s u l t s  
were even worse. The +35 mesh mater ia l  
was analyzed a t  750 dpm/g, which was 
f a r  above the  goalo Since the  use o f  
recyc le  water was not responsible f o r  
the  lack o f  decontamination, the h igh  
value was t e n t a t i v e l y  a t t r i b u t e d  t o  
inadequate scrubbing and washing. A 
qu ick experiment was done t o  see i f  the  
mater ia l  could be decontaminated by a 
r i n s e  only. Washing 70 g o f  the  -5, 
+35 mesh gravel w i t h  successive 100-mn 
a l i q u o t s  resu l ted  i n  on ly  a 30% 
reduc t ion  i n  contamination. This 
i nd i ca ted  t h a t  f u r t h e r  washing was 
he lp fu l ,  bu t  t h a t  more scrubbing a lso  
was required. To simulate a second 
stage o f  scrubbitig, the +35 mesh 
mate r ia l  was mixed together and run 
through the  t e s t  loop again. 
e f f e c t  o f  more scrubbing, screening, 
and washi ng was decontamination o f  the  
+35 mesh mater ia l  t o  210 dpm/g. 
S i g n i f i c a n t l y ,  t h e  scrubber mater ia l  
was now analyzed a t  95 dpm/g; the  
mater ia l  was becoming h o t t e r  w i t h  
subsequent runs. The water requi re-  
ments f o r  t h i s  t e s t  were an exorb i tan t  
13:l  l i q u i d - t o - s o l i d  weight ra t i o .  

The 

An attempt was made i n  the f i f t h  t e s t  
t o  extend the  residence time o f  the  
s o i l  and t h e  quan t i t y  o f  wash water i n  
one stage o f  scrubbing. 
accomplished by feeding the s o i l  a t  45 
g/hr (one h a l f  the  previous ra te )  and 
leav ing  the  l i q u i d  f low ra tes  the 
same. This resu l ted  i n  a 15:l l i q u i d -  
t o -so l  i d  weight r a t i o ,  and consequently 
a .  much t h i  nner s lu r r y .  
t i o n  achieved i n  t h i s  experiment was 
inadequate, as theA +35 mesh s t i l l  
contained 200 dpm/g. The +5 mesh rocks, 
which u n t i l  t h i s  t e s t  had never exceeded 
50 dpm/g, now were analyzed a t  100 
dpm/g. It appears t h a t  a t  leas t  a second 

This was 

The decontamina- 
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stage o f  r i ns ing  i s  necessary t o  obta 
* the desired decontamination levels. 

n 

a CONCLUSIONS AND RECOMMENDATIONS 

1 1. The laboratory data, manufacturers' 
equipment tests,  CSMRI studies, and 
the equipment evaluations performed 
a t  Rocky F lats  a l l  ind icate the 
potent ia l  success f o r  t h i s  process 
concept. 
should therefore proceed f o r  the 
Rocky F lats  s o i l  decontamination 
project. 

P i  1 o t  p l  ant development 

2. Under the t e s t  condit ions evaluated, 
the equipment did not consistent ly 
decontaminate the s o i l  t o  30 dpm/g. 

3. The equipment evaluation t e s t s  
conducted a t  Rocky F1 a ts  w i th  
contaminated s o i l  prove tha t  p i l o t  
scale development must take place f o r  
the process t o  be scaled up t o  
product i on  needs. Scale-up from 
laboratory data provides an 
unacceptable ri sk . 

4. A l l  equipment tes ts  wi th  contami- 
nated s o i l  were o f  i n s u f f i c i e n t  
durat ion t o  come t o  equi l ibr ium 
conditions. This was indicated b j  
s o i l  holdup i n  the scrubber 
becoming progressively more 
contaminated from run t o  run. 

5. 

6. 

I 

8. 

9. 
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The feas ib i  i t y  o f  decontaminating 
the +5 mesh f rac t i on ,  i f  mult istage 
scrubbing and r i n s i n g  were used, 
was shown by the equipment tests. 
This amount o f  clean s o i l  repre- 
sented 50 weight percent o f  the 
feed. 
less than 100 dpm/g, the +35 mesh 
f r a c t i o n  was decontaminated t o  65 
weight percent o f  the feed. 

If the contaminated feed was 

Mu l t i p le  stage scrubbing and r i n s i n g  
was more e f f e c t i v e  than a s ing le , .  

extended o r  prolonged stage. A 
countercurrent scrubbing scheme 
would prove t o  be the most 
e f f i c i e n t  . 
Test resu l t s  i nd i ca te  t h a t  a 
trommel screen should be as 
e f f e c t i v e  as a v ibratory  screen i n  
separating the +35 mesh material. 

Equi pment t e s t s  w i th  noncontami nat 
s o i l  i nd i ca te  the f e a s i b i l i t y  o f  

d 

using hydrocyclones f o r  p a r t i c l e  s ize 
separation. This concept, however, 
should not be used without p i l o t  
p lant  t e s t s  w i t h  contami nated s o i l  . 
Centr i fuging o f  f locculated so lut ions 
i s  d i f f i c u l t ,  and f i l t r a t i o n  
u t i l i z i n g  a precoat should be f u r t h e r  
i nves t i gated. 
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