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ABSTRACT 
The waste treatment facility at Mound Laboratory was recent
ly modified for the treatment of plutonium-bearing wastes. 
Prior to July 1, 1975, the facility had been run at pH 8.8; 
however, since the plant was modified it has been run at pH 
11.3 with different chemical dosages. The improvement in 
effluent quality using the higher pH process (pH 11.3) has 
been dramatic. Prior to the changeover, the system effluent 
activity levels ranged from 2-3 dis/min/ml (9-14X10-!*LiCi/l) 
specific 238Pu; after the changeover effluent activity levels 
ranged from 0.3-0.5 dis/min/ml (1. 4-2. 3Xl0-llyCx/l) specific 
233Pu. Total activity discharged (on a monthly basis) has 
been cut by more than a factor of 2, because of the change
over to the high pH process. Effluent levels are about as 
low as can be obtained in this type of waste treatment pro
cess. 

*Mound Laboratory is operated by the Monsanto Research Corp
oration for the U. S. Energy Research and Development Ad
ministration under Contract No. E-33-1-GEN-53. 



INTRODUCTION 
Information relative to the field of radioactive waste treat
ment has been accumulated at Mound Laboratory from the results 
of research, pilot-plant investigations, and 25 years of 
plant-scale operation. The plant described in this paper was 
recently modified for the treatment of plutonium-bearing 
wastes. The activity of the process effluent [0.3-0.5 dis/ 
min/ml (1.4-2.SXlO-^uCi/l)] is well below the maximum radio
active concentration guideline (RCG) for 238Pu of 11 dis/min/ 
ml (5 X 10~3yCi/l) for discharge to the environment. 

GENERAL DESCRIPTION OF THE WASTE 
The waste-treatment problem is quite complex because of the 
continuous variation in the constituents of the waste solu
tion and the relatively small volumes of waste solution pro
cessed. This condition is magnified by the fact that laundry 
wastes, chemical laboratory wastes, high-risk locker-room 
shower wastes, janitorial sinks and floor drain wastes, and 
wastes from decontamination in radiative handling areas all 
contribute to the waste stream. The function of the waste 
treatment facility is to reduce the activity of the waste 
stream sufficiently so that the process effluent is well be
low the maximum radioactive concentration guideline (RCG) for 
238Pu of 11 dis/min/ml (5X10~3]jCi/l) for discharge to the 
environment. Some of the waste solutions introduced into the 
waste stream have contained various detergents, strong 



inorganic acids, and many other substances in amounts varying 
from traces to large quantities. The pH of these waste solu
tions generally range from 6 to 8, 

The waste-disposal plant (shown diagrammatically in Fig. 1) 
at Mound Laboratory receives several radioactive isotopes. 
The work was concentrated on the removal of the isotope which 
was considered to be the greatest hazard, i.e., 238Pu. In 
accomplishing this other radioactive isotopes (e.g«, uranium 
and thorium) were also reduced to levels well below RCG. 

The concentration of the gross activity in the influent after 
collection in a 30,000-gal tank ranged from 5,000 to 10,000 
dis/min/ml (2.25-4.5 yCi/1). 

LIQUID-WASTE PROCESS 
The waste collection system is composed of waste lines from 
the laundry and floor drains, showers, janitorial sinks, and 
laboratory sinks from radioactive processing areas. In most 
cases the waste lines are standard bell and spigot Duriron 
pipe, vitreous clay pipe, standard schedule 40 steel pipe, or 
cast-iron soil pipe. 

The waste lines from each building are underground, and the 
flow is normally by gravity through conventional manholes-
Sumps and automatically controlled pumps are used to move the 
waste where gravity flow is not possible. All the lines join 



together in one 8-in. line that enters the Waste Disposal 
Building through a concrete tunnel. Inside the building the 
line branches into four influent tanks (see Fig. 1) having 
hopper-shaped bottoms. Each branch is provided with valves 
so that the waste can be diverted into any tank. These 
tanks are constructed of steel-lined concrete and have a 
capacity of 30,000 gal each. All tanks are equipped with 
two side-entering agitators, a hydrostatic pressure-type level 
indicator, and a high-level alarm. 

When an influent tank has been filled to the desired levelr 

it is shut off from the system to prevent additional waste 
from entering. Because of the wide variation in the character
istics of the solution from tank to tank, a pretreatment is 
required to reduce adverse effects of these variations. The 
purpose of the pretreatment is to bring about coprecipitation 
with and adsorption of the activity or particulate matter 
that can be removed by the treatment process. The quality of 
treated water and the costs of chemicals for its production 
are dependent on proper control of the coagulation-flocculation 
process. Laboratory and inplant control are essential to 
proper coagulation treatment for two basic reasons: first, 
waste treatment facilities employing coagulation usually treat 
waters which may be subject to wide variations in quality; 
and second, the best and most economical treatment of such 
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FIGURE 1 - Schematic layout of the waste-treatment facility at Mound 
Laboratory showing treatment steps and flow diagrams. 



waters cannot be predicted from known relationships but must 
be checked by one or more testing or monitoring techniques. 

In order to determine the extent of treatment required/ many 
detailed studies were made in the laboratory. Reagents used 
;for these experiments were ferric sulfate, calcium chloridee 

sodium hydroxide, activated carbon, and various organic 
polymeric coagulant aids. After many tests, it was found 
that a pretreatment using various combinations of calcium 
chloride, ferric sulfate, activated carbon, and a long chain 
(high molecular weight) cationic coagulant aid would meet the 
requirements of optimized treatment (Table 1). The pH needed 
for optimized treatment was found to be 11.3 in all cases 
(Table 2). Calcium chloride will precipitate as the phos
phate and carbonate. Ferric sulfate will form hydroxide and 
phosphate precipitates, and it will form an excellent floe 
in the clariflocculator which acts as a scavenging agent. 
The activated carbon is an adsorption agent which adsorbs 
small particles and many organic substances. The NaOH added 
to achieve pH 11.3 causes the precipitation of calcium car
bonate, magnesium carbonate, and magnesium hydroxide which 
then act as scavenging agents. The polymeric cationic coag
ulant aid improves the removal of activity and improves the 
settleability of the various floes. The exact amount of each 
chemical used in the multiple treatments is determined in the 
laboratory prior to plant-scale treatment. 



Table 1 
TYPICAL CHEMICAL DOSAGES FOR PLUTONIUM REMOVAL 

Coagulant 
Fe+3 

Ca+2 

Carbon 
Polymeric Coagulant Air 
OH" 

Amount Added 
(PPm) 
160 
230 
280 
30 

to pH 11.3 

Chemical Form 
Ferric Sulfate 
Calcium Chloride 
Powdered Carbon 
Long-chain Cationic Polymer 
Sodium Hydroxide 



Table 2 
EFFECT OF ELEVATING pH ON TREATABILITY OF WASTES - LABORATORY STUDY 

Activity After3 
2' ym 

Filtration 
(dis/min/ml )d 

35 
4.1 
0.5 

Feed 
Influentb 

Influentb 

Influentb 

Chemical Dosage 
None 

Fe, Ca, C, polymer0 

Fe, Ca, C, polymer0 

pH 
Adjustment 

None 
8.8 

11.3 

aGross alpha 
bInfluent - 5,000 - 10,000 dis/min/ml 
:160 ppm Fe , 230 ppm Ca + i , 280 ppm C, 30 ppm cationic polymer 
1 dis/min/ml * 4.SXlQ-^yCi/l 



The waste disposal process uses two standard clarlfloccu-
lators (see Fig. 1). Each consists of a flocculator and 
clarifier. The clarifier is 30 ft in diameter, has a coni
cal bottom, and has a side depth of 10 ft. The flocculator 
is located in the center of the clarifier and is 16 ft in 
'diameter with a side depth of 7 1/2 ft. The flocculator 
is equipped with a rotating-blade agitator that turns at 
2 rpm. The clarifier is equipped with plows in the bottom 
to move the sludge toward the apex of the conical bottom. 
Sludge is withdrawn from the center of the conical bottom 
of the clarifier. The plows are turned at 0.05 rpm. Fig
ure 2 shows one of the clariflocculators installed In the 
Waste Disposal Building. 

The sludge collects and concentrates in the bottom of the 
clariflocculator. The concentration is such that the aver
age sludge withdrawn is 12 to 18% solids and contains 
practically all the radioactivity. 

The supernatant from the clariflocculators varies in carry
over composition. Typical activity levels range from 3-6 
dis/min/ml (1.35-2.7X10" MCi/1). Precipitation of the hy
droxides, phosphates, and carbonates was fairly complete at 
pH 11.3. Some difficulty was encountered in the filtration 
of the clariflocculator overflow. The acid-carbon system 
was used to overcome this trouble. Addition of 
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FIGURE 2 - Clariflocculator facility for sedimentation of coagulated wastes, 



acid-activated carbon aids in the removal of soluble organic 
complexes and aids in the filtration process by acting as a 
precoat filter. A slurry of activated carbon in sulfuric 
acid in sufficient quantity to adjust the pH from 11.3 to 
;7.0 is added to the clariflocculator effluent. This re
duction in pH from 11.3 to 7.0 has the additional benefit 
of eliminating the problem of carbonate precipitation 
around the sand grains that plugs the sand filter. 

Two rapid sand filters (see Fig. 1), are used to filter 
the treated clariflocculator effluent. These units are 
equipped with automatic or manual control for backwash and 
sand-cleaning operations. One of these filters is shown in 
Fig. 3. The filters are 12^ft wide and 24-ft long. Each 
filter consists of supports, 36 sections with porous plates, 
sand, and effluent piping. The filters are loaded with sand 
to a depth of 10 in. The filtering medium is a silica sand 
with an effective size of 0.147 mm with a uniformity co
efficient of 1.4. The filters operate with a head of 0 to 
24 in. The normal rate of filtration is approximately 0.27 
gal/min/ft2 of filter area, and the backwash rate is about 
12 gal/min/ft2 of filter area. The backwash water is re
cycled to the influent tanks for reprocessing. The filtrate 
from the sand filters is collected in four rectangular, 
concrete effluent tanks (see Fig. 1), having a capacity of 
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FIGURE 3 - Sandfilter facility for final filtration of the treated wastes. 
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Table 3 
TYPICAL PERFORMANCE OF THE WASTE TREATMENT FACILITY 

Effluent from Waste Treatment 
Facility,Specific Alpha 238Pu 

D a t e 

7 - 2 1 - 7 5 . 

7 - 2 8 - 7 5 

8 - 4 - 7 5 

8 - 1 1 - 7 5 

8 - 1 8 - 7 5 

8 - 2 5 - 7 5 

9 - 2 - 7 5 

(di£ 5 / m i n / m l b ) 

1 .67 

0 . 4 4 

0 . 7 0 

0 . 6 1 

0 .59 

0 . 2 4 

0 . 2 9 

Clariflocculator at pH 11.3; pH adjusted to 7.0 
with addition of carbon prior to filtration. 
bl dis/min/ml = 4.5 x I'O""^!/! 



yCi/1) gross alpha, thus shov/ing the effect of the change
over to a high pH "system on clariflocculator performance. 
One other way of measuring the performance of the system is 
in the total curies discharged as 238Pu. During February 
s1975 (system at pH 8.8), 329,000 gal of effluent were dis
charged with a total activity of 604 jiCi of 238Pu; during 
August 1975 (system at pH 11.3), 355,000 gal of'Veffluent 
were discharged with a total activity of 289 tiCi of Z38Pu. 
Thus the total activity discharged during those representa
tive months was cut in half due to the changeover to the 
high pH process. 

Effluent levels are about as low as can be obtained in this 
type of waste treatment process. Decontamination factors 
have been 101*; higher decontamination factors could be ob
tained if there was a higher activity level in the influent 
feed. The activity in the effluent, obtained by the waste 
treatment process, is about equal to the background level 
of the system and probably could not be made much lower. 
In other words the system is operating at peak efficiency 
in removing 238Pu. 
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