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CHEMICAL TREATMENT AND CEMENT 
FIXATION OF RADIOACTIVE WASTES 

C. W. Christenson and L.A. Emelity 

The treatment of radioactive wastes 
is necessarily different from treatment 
of other industrial wastes because of the 
very nature of the material. The radio­
active characteristics of the contami­
nants cannot be changed. Radioactive 
isotopes cannot be stabilized by oxida­
tion as cyanides are oxidized to innocu­
ous compounds; they cannot be reduced 
to less hazardous nuclides in the manner 
that hexavalent chromium is reduced 
to trivalent chromium. Only time has 
any effect on this kind of contamina­
tion. Because the contaminants cannot 
be destroyed, there are only two ways 
to handle these wastes-concentrate 
and contain or dilute and disperse. In 
the case of waste management at Los 
Alamos Scientific Laboratory (LASL), 
the former method has been chosen. 

The "half-life" is the term used in 
the description of radioisotopes to 
indicate the rate of disintegration. It 
represents the length of time required 
to reduce the activity by one-half. 
This time varies from micro- or milli­
seconds for many fission products to 
28 yr for strontium-90 and 30 yr for 
cesium-137, two of the more important 
contaminants, to 2.5,000 yr for pluto­
nium 239, which is the principal con­
taminant at LASL, to 4.5 bil yr for 
natural uranium, which presents a very 
minor problem in water pollution. 

There are three types of radiation 
emitted by unstable nuclides-alpha, 
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beta, and gamma. The alpha particles 
(actually helium nuclei) are relatively 
heavy and present no great external 
radiation problem because they do not 
penetrate even the thickness of a sheet 
of paper. The beta particle is a high­
speed electron and is considerably more 
penetrating than the alpha particle. 
Gamma rays are similar to x-rays in 
having high energy and no mass, and 
they can pass through several feet of 
concrete. When wastes containing 
large concentrations of gamma emitters 
are processed, it is necessary to use 
high-density or thick concrete for pro­
tection from radiation. Fortunately, 
when this kind of waste is handled at 
LASL, the volume is generally quite 
small and relatively small shielded 
areas are required for control. 

Wastes Treated 

The main contaminant at LASL 
is plutonium-239, an alpha emmiter; 
hence, no shielding is necessary. How­
ever, there is another consideration re­
lated to exposures. Absorption of 
plutonium through the pulmonary tract 
is much more hazardous than through 
the alimentary tract. Control mea­
sures are therefore concerned with 
preventing plutonium particles from 
becoming airborne. 

The liquid radioactive wastes at 
LASL are handled at two different 
plants. One plant handles a relatively 
large volume of low-level wastes gener­
ated in a variety of research laboratories 
and has been described previously (1). 
The other plant handles a relatively 
small volume of medium-level wastes 
discharged from a plutonium-process-
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ing facility and is the treatment plant 
discussed in this paper. 

The waste stream results from an area 
in which research and development 
programs on plutonium are carried 
out. The group in this area synthesizes 
and fabricates well-characterized, pure 
plutonium fuel materials, including 
carbides, nitrides, and oxides as well 
as solid solutions of these with 
the corresponding uranium compound. 
The high-temperature thermodynamic, 
chemical, thermal, and physical proper­
ties of these materials are investigated. 
Electrorefined plutonium-238 is being 
prepared and evaluated for its use as 
a power source in life-support applica­
tions. The group also has the respon­
sibility for the recovery and recycle of 
plutonium and the production and 
fabrication of plutonium metal, alloys, 
and compounds. 

It should be pointed out that a 
major portion of the main waste stream 

results from cleanup and decontami­
nation procedures. . The wastes are 
quite difficult to treat because many of 
the stable chemicals in the solution 
are used to complex plutonium in 
order to facilitate its removal from 
surfaces and materials. Because co­
precipitation of plutonium with ferric 
hydroxide is the basis of the treatment 
process, complexing agents obviously 
create difficulties. 

Treatment Processes 

As might be expected in a rapidly 
developing industry, the operations at 
the site producing these wastes have 
changed considerably over the past 
25 yr. Original processes were modified 
and new processes were developed, 
with each improvement signaling a 
change in the volume and charac­
teristics of the wastes. For uniformly 
efficient industrial waste processing, 

FIGURE I.-Schematic diagram of liquid waste treatment plant, 
Los Alamos Scientific Laboratory. 
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the single most important considera­
tion is an awareness of variations in 
plant operations. Fortunately, through­
out this period the waste-management 
group has been able to maintain a 
very good liaison with the waste-pro­
ducing group, and timely adjustments 
in waste-treatment procedures have 
been effected. Segregation and sepa­
rate treatment of small volumes of 
waste that are incompatible with the 
main waste stream simplify the entire 
operation. Wastes ideally suited for 
treatment by evaporation usually are 
not processed economically by ion ex­
change; wastes easily incinerated gener­
ally are difficult to treat chemically. 
Acceptable changes in the main waste 
stream, with adequate advance infor­
mation, can often be accommodated by 
minor modifications in the treatment 
process with little or no loss in efficiency. 

Continuous Stream 

A schematic of the process used at the 
site for treatment of the continuously 
flowing main waste stream is shown in 
Figure 1. The design data are pre­
sented in Table I. The wastes are 
collected from five buildings into a 
4-in. (10.2-cm) mild steel pipe and are 
transported to one of two influent 
holding tanks with a capacity of 29,000 
gal (110,000 1) each. Raw feed pumps 
lift the waste to a flash mixer where 
ferric sulfate, lime, and coagulant aids 
are added. The waste then flows to a 
flocculator and on to the settling tank; 
settled effluent is pumped through a 
pressure filter into the final holding 
tanks. The pressure filter, rather than 
a gravity filter, is used because the 
two existing 15,000-gal (56,780-1) steel 
tanks for containing the plant final 
effluent are at an elevation higher than 
the settling tank. 

The filter sump located between the 
settling tank and the pressure filter 
permits backwashing of the filter with 
settled effluent while the plant is in 
operation. Backwash water is trans-

TABLE I.-Design Data for Continuous 
Stream Process 

Variable 

Design treating rate (gpm) 
Raw waste (normal) storage 

capacity (gal) 
Acid batch waste (gal) 
Alkaline batch waste (gal) 

Flash mixer detention time 
(min) 

Flocculator detention time 
(min) 

Settling tank detention time 
(min) 

Settling tank surface settling 
rate (gpd/sq ft) 

Weir loading (gpd/ft) 
Filter loading (gpm/:;q ft) 
Filter head lo~A (psi) 
Wash water (% of flow) 
Average length filter run (hr) 
Sludge storage capacity (gal) 
SolidH in raw sludge (%) 
Total solids, raw waste, 

average (mg/1) 

Value 

125 

60,000 
825 

1,740 

1 

30 

140 

918 
6,400 

2.8 
8 (clean) to 22 

7.5 
22 

4,300 
Approx. 15 

2,000 

Note: Gal X 3.785 =I; gpd/sq ft X 40.7 
= 1/day/sq m; gpd/ft X 12.4 = 1/day/m; psi 
X 0.0703 = kg/sq em. 

ferred to the influent holding tanks and 
is treated with the raw wastes. 

The data shown in Table II indicate 
that the procedure used is very efficient 
in removal of plutonium from the 
wastes. 

Plutonium is one of the most toxic 
radionuclides known to man. The 
maximum permissible amount of plu­
tonium-239 that one can have in 
his body is about 0.65 J.tg, and that of 
plutonium-238, which is also now 
present in the waste stream, is about 
1/300 of that amount. The volume 
occupied by this mass of plutonium-238 
is equivalent to that of half a red 
blood cell. 

Batch Wastes 

In addition to the waste stream de­
scribed above, a variety of other wastes 
that are classified as "batch-type" 
arrive at the plant. Some are trans­
mitted via 1.5-in. (3.8-cm) stainless 
steel industrial waste lines and are 
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TABLE !I.-Typical Characteristics, Treatment Plant Operation 

Treat­
ment 
Rate 

(gpm) 

93 
86 
58 
81 
76 
77 
83 
89 
81 
77 
65 
64 I 

Lime 

--
101 
65 

413 
255 
222 
222 
446 
209 
437 
462 
395 
329 

Ferri-
Floc 

--
88 
82 

115 
108 
153 
68 

108 
89 

115 
113 
90 
84 

Chemical Dosage 
(mg/1) 

Coagulant Aids 

Cal-
gun 

Sepa- A-10 C-31 ran 
--------

7.4 1.3 - 24.0 
- 1.7 4.4 -
- 2.8 2.2 -
- 1.9 1.7 6.8 
6.1 3.8 3.1 -
8.3 2.5 2.8 -

10.7 2.2 - 16.2 
5.1 1.1 - -
1.2 1.1 7.3 4.0 
3.8 1.2 3.6 -
2.3 1.3 - 4.5 
1.5 1.4 - 9.2 

* c/m/1 
l.l X 106 ~'Ci/1 

Radioactivity* GroBB a Efficiency 
(c/ml) (%) 

Raw Raw Feed Settling 
Feed Settling Filter Through Tank Over-
(in Tank Effluent Settling Through all 

l,OOO's) Effluent Tank Filter 

-------
160 1,670 175 98.96 89.52 99.89 
916 11,870 423 98.70 96.43 99.95 
495 850 73 99.83 91.41 99.99 
376 3,560 130 99.05 96.35 99.97 

1,566 6,880 1,400 99.56 79.65 99.91 
2,794 3,910 100 99.86 97.44 99.99+ 
2,545 21,170 700 99.17 96.69 99.97 

703 3,190 248 99.55 92.23 99.96 
346 1,840 133 99.47 92.77 99.96 
234 2,628 92 98.88 96.50 99.96 

94 200 20 99.79 90.00 99.98 
493 730 77 99.85 89.45 99.98 

MPC for 239Pu = 5 X w-a I'Ci/ml for 168-hr week. See Title 10 Part 20, Federal Regi8ler, 
December 22, 1965. 

Note: Gpm X 3.785 = 1/min. 

collected in special stainless steel or 
concrete holding tanks at the plant; 
others are delivered in 270-gal (1,000-l) 
stainless steel tank trailers. Assorted 
wastes in polyethylene or glass bottles, 
100 ml to 9 l, all enclosed in stainless 
steel cans, are often received for treat­
ment. Though volumes are small in 
comparison to the normal waste flow, 

TABLE III.-Americium Waste 

Mont 

Jan. 19 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 19 
Feb. 
Mar. 
Apr. 
May 
June 

h 

68 

69 

Totals 
Averag e 

Volume 
(gal) 

1,056 
1,607 
1,738 
1,497 
1,331 
1,790 
1,327 
2,057 
1,564 
1,695 
1,632 
1,522 
--
18,816 

1,568 

Americium 
(g) 

3.876 
3.530 
8.678 
5.457 
2.895 
5.110 
3.658 
4.711 
3.889 
7.673 
4.056 
5.167 
--
58.700 

4.892 

Note: Gal X 3.785 =I. 

Plutonium 
(g) 

4.140 
5.823 

13.532 
10.918 
5.491 
8.513 
5.104 

11.232 
13.022 
7.085 
5.943 
8.187 
--
98.990 

8.249 

a high percentage of the operator's 
and the laboratory's time is consumed 
in the receipt, treatment, disposal, and 
analyses of these wastes. 

Cement Fixation 

The waste demanding the most 
effort and time is a high solids-content, 
highly acidic solution, which is delivered 
in 270-gal (1,000-l) tank trailers. The 
radioactivity is of an intermediate 
level, averaging approximately 1 mg/l 
of americium-241 and 1 mg/1 of pluto­
nium-239. Table III indicates monthly 
volume and radioactivity data for this 
type of waste for the period of July 1968 
through June 1969. After neutrali­
zation, the solids concentration is about 
30 percent, most of which is sodium 
nitrate. 

Management of this waste includes 
neutralization with 50 percent sodium 
hydroxide, mixing with cement in a 
pug mill, and pumping to deep pits on 
the site. 

Figure 2 is a schematic diagram of 
the system, and Figure 3 is a picture of 
the pug mill during operation with the 
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FIGURE 2.-Schematic diagram of continuous process 
for cement fixation of radioactive slurries. 

cover removed to show the interior. 
As shown in Figure 2, sludges accumu­
lated from chemical treatment of the 
main waste stream are also added to 
the pug mill feed for disposal. 

When tank trailer loads of the 
americium are delivered to the site, the 
contents are first transferred by vacuum 
to a stainless steel storage tank; incre­
ments are removed from the storage 
tank by vacuum to a mixer-equipped, 
water-cooled neutralization tank. A 
50 percent sodium hydroxide solution 
is used for neutralization of the 5 to 
8 N acid waste. After the mixture has 

cooled sufficiently, it is transferred by 
vacuum to a steel feed-storage tank. 
Transfer by vacuum is practiced when­
ever possible because spills of this 
hazardous material are extremely dif­
ficult to clean up. Vacuum transfer 
is a "fail-safe" procedure. 

The pug _mill is a large, horizontal, 
rubber-lined mixer with a number of 
separate paddles that mix and move 
the contents from an inlet at one end 
to an outlet at the other. Cement is 
added at the rate of about 130 lb/min 
(59 kg/min), and the liquid waste is 
pumped into the mill at a rate of about 



""!'!"_ -----

1348 JOCRNAL WPCF July 19i0 

FIGURE 3.-Interior of pug 
mill during operation. 

6 to 9 gpm (23 to 341/min). The rate 
of feed of both liquid and cement may 
b~ adjusted easily to maintain a good 
mix. .The pug mill is sealed during 
operatiOn, and air is withdrawn to main­
tain a less-than-atmospheric pressure 
to prevent the escape of radioactivity 
to the area around the mill. The 
exh~ust air is passed through high­
efficiency filters, which have a removal 
efficiency of 99.98 percent (DOP test 
-0.3-t-~-diam particle). The paste is 
d!scharged into the hopper of a positive­
diSplac~ment pump that pumps it 
app:oximately 150 ft ( 46 m) through a 
2.5-m. (~3.4-cm) diam line to the re­
?eiv~ng pits. The pits are 8 ft (2.4 m) 
m diameter and vary in depth from 15 
to 65 ft (4.6 to 19.8 m), with most of 
them of the deeper type. 

To determine the extent of migration 
of. radioactivity from the disposal pits, 
2-m. (5.1-cm) diam holes are drilled 
adjacent to them. To date, no move­
ment of radioactivity through the tuff 
formation has been detected. 

During a run, samples of the paste 
are collected for determination of com-

pressive strength and leachability. The 
test cylinders for compressive strength 
are cured underwater for 28 days 
before testing. Compressive strength 
has varied from about 800 psi to 3 .500 
psi (56 to 246 kg/sq em). ' 

The leach samples are collected in 
bottles of about 75 ml capacity. The 
samples are allowed to set, volume and 
weight are determined after removal 
from the bottle, and the block is im­
mersed in a measured volume of water. 
Periodically the water is removed 
a~alyzed for radioactivity, and replaced 
With fresh water. Records are main­
tained on the quantity of radioactivity 
that has leached from the block. None 
of the samples, including some from an 
old drum tumbler operation that have 
been leaching for more than 9 yr, has 
lost as much as 1 percent of its radio­
activity to date. 

The pug mill continuous cement 
fixation process described above is a 
recent development and, to our knowl­
edge, is the only one in operation. The 
method used previously at LASL 
was to put the cement into a 55-gal 
(208-l) drum, add 9 lb ( 4.1 kg) ground 
exfoliated vermiculite and about 20 gal 
(76 1) of waste and mix in a drum 
tumbler for about 15 min. This 
method, described elsewhere (2), was 
time consuming, laborious, and expen­
sive, with materials costs high because 
of the use of 55-gal (208-l) drums. The 
sludges from chemical treatment of 
the main waste stream were treated 
separately by dewatering on a vacuum 
filter, packaging in 55-gal (208-1) drums, 
and transporting to a burial site. The 
continuous method has decreased the 
cost of treatment of the americium 
waste and plant sludges from approxi­
mately $24,000/yr to $6,000/yr. Al­
though the proximity to a disposal 
area is fortuitous and results in a large 
saving in transportation costs, the 
continuous cement mix method could 
be advantageous where the final dis­
posal area is more remote because of 
the possible use of inexpensive con-
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tainers or reusable forms for containing 
the cement paste. 

Other Wastes 

Table IV lists a variety of other 
wastes received for disposal. The dis­
tillate waste, though it contains moder­
ately high concentrations of uranium-
235, is normally !routed into the main 
waste receiving tanks for treatment 
with the low-1eve alpha wastes. The 
KOH waste, on the basis of its plu­
tonium-239 content, could be treated 
with the normal waste, but its fluoride 
content is very high. Because the treat- "' 

d ~ ment plant oes not remove fluorides ~ 
efficiently, this waste is received into ~ 
a special concrete storage tank. For S 

.; treatment and disposal, it is included ~ 
with wastes that are mixed with '5 
cement in the pug mill operation. The ~ 
Am-Pu solutions and the uranium-235 
solutions are normally alkaline and 
are undesirable in the main flow stream 
because of chlorides, fluorides, and high 
levels of radioactivity. They are there­
fore added to the feed solutions for 
disposal through the pug mill. The 
nitric acid solutions and miscellaneous 
wastes are either treated through the 
pug mill operation or added to the 
normal influent flow, depending on 
their degrees of radioactivity. The 
alcohol waste, contaminated with plu­
tonium-239, is added to cement and 
vermiculite in 55-gal (208-l) steel drums, 
mixed by tumbling, and sent to the 
solid wastes burial area. 

Oils and miscellaneous organic solu­
tions are mixed \Vith kerosene as 
necessary and incinerated in standard 
"salamander" gravity burners. Tests 
have shown that essentially all the 
radioactivity is retained in the ash 
residue. The ash is removed periodi­
cally, mixed with cement, and sent to 
burial. 

"Strip" waste, resulting from re­
processing; small amounts of spent 
uranium fuel, is an acid solution and 
contains both strontium-90 and cesium-
137. It is processed chemicaily in 
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special batch-waste treatment tanks to 
precipitate both strontium and cesium 
by the addition of strontium nitrate, 
ferric chloride, tribasic sodium phos­
phate, nickelous sulfate, and copper 
ferrocyanide. Cesium is precipitated 
as a nickel ferrocyanide, and strontium 
is removed from solution as the phos­
phate. The entire mixture, after pre­
cipitation, is added to feed solutions 
for treatment through the pug mill 
system. 

Infrequently, minor amounts of very 
toxic chemicals or solid wastes contain­
ing relatively large amounts of plu­
tonium are delivered to the site for 
final disposal. These items have been 
placed in the pits at the site during 
pug mill operation to provide adequate 
concrete encasement. 

Environmental Effects 

The LASL policy has always 
been to discharge liquid wastes at less 
than 10 percent of the allowable 
concentration for drinking water as set 
by the International Committee on 
Radiation Protection. Although there 
is always the possibility of reconcen­
tration by aquatic organisms, the wastes 
usually are discharged into dry canyons 
where there is little, if any, chance of 
reconcentration. The wastes disappear 
into the unsaturated alluvium and tuff 
within 0.25 to 2 miles (0.40 to 3.2 km) 
downstream of the outfall, depending 
on seasonal runoff. Extensive analyses 
have demonstrated that none of the 
contaminants reaches the Rio Grande, 
which is about 15 miles (24 km) away, 
nor has any contamination been dis­
covered in the groundwater or springs 
surrounding the area. 

The burial of solid wastes is another 
major concern in waste management. 
Because plutonium decays at a very 
slow rate, the burial grounds must be 
under surveillance for thousands of 

years. Fortunately the water table is 
at least 1,000 ft (305 m) below the 
surface. Although the volcanic tuff on 
which Los Alamos is built has a low 
ion-exchange capacity (about 2 meq/ 
100 g), the volume of tuff in 100 acres 
(40.5 ha), 1,000 ft (305 m) deep has a 
very large total capacity. It is un­
likely that the plutonium would move 
into the groundwater because rainfall 
of only 15 in./yr (38.1 cm/yr) provides 
little transport. 

An Environmental Studies Group at 
LASL concerns itself exclusively with 
monitoring the air and water in and 
around the LASL site. The work of 
this group is augmented by the United 
States Geological Survey, which has 
a continuing contract with the Atomic 
Energy Commission for test-well drill­
ing and for water and soil sampling 
and testing. 

Several thousand samples of air and 
water from the environs are analyzed 
each year for various contaminants. In 
the 25 yr of operation of the Labora­
tory, the average of these samples has 
indicated a concentration of radio­
activity well below 10 percent of the 
maximum permissible concentration. 
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