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SUMMARY 

Trial solidifications were made using portland type I1 cement - sodium . 

silicate as the solidification agent. The sodium silicate was found to pro- 
. 

duce an initial rapid'set for all wastes because of the precipitation of 

relatively .insoluble silicate compounds upon reaction with soluble multivalent 

cations in solution .in the cement-waste mixture. Achievement of the ultimate 

waste form strength required ti?? intervals similar to waste forms produced 

using portland cement alone. A hard. waste form was not obtained within. seventy- 

eight days with formulations used to solidify boric acid waste. . . 

The flash points and flame points of Pioneer ,221 bitumen and bitumen waste 

forms were determined using the Cleveland open cup method. The bitumen alone 
0' ' 

had a flash point of 61022'~ and a flame point of 66824 F. The bitumen waste 
a .. 

forms exhibited similar flame points but slightly higher (1.5-20'~) flash points 

were measured. This is presumably due to the removal of some of the more 

volatile bitumen components during the extruder solidification. process. ' The 

flash and flame points for boric acid - bitumsn' waste forms could not be deter- 
mined due to foaming. 

Self-irradiation exposure dos'e curves were calculated for BWR and PWR 

waste forms. These curves indicate the cumulative waste form exposure dose 

with time and serve as the basis for radiation.stability experiments. Waste 
3  

form specific activities of 0.01-100 Cilft were considered.. , 

Bitumen waste forms containing sodium sulfate .from the solidification of 

BWR chemical regenerative waste were prepared by Werner' and Pfleiderer Corp. 

personnel and leach tested at Brookhaven National Laboratory. These specimens 

swelled and cracked during leach testing, exposing substantial new surface 

area to the leachant. This effect is due. to the conversion of the contained 

anhydrous sodium sulfate to'its decahydrate sait and was found to occur in 

samples containing 17.5 to 4 4 . 3  weight percent sodium sulfate. The sodium 

sulfate leach rate was also independent of the salt content over this range, . 

the leachant, and specimen size with an average cumulative sodium sulfate re- 

lease rate df 0.1 cmlday. 



The volumetric efficiencies of urea-formaldehyde and portland type I1 

cement for various wastes and wastelbinder ratios were calculated from com- 

pression test specimen data. 



I. WASTE SOLIDIFICATION USING PORTLAND CEMENT - SODIUM SILICATE 
Portland cement and sodium silicate are used in combination for the 

solidification of power r'iactor radioactive wastes. The addition of sodium 

silicate is reported to increase . . the compatibility of portland cement with 

problem wastes such as bosric acid arid to permit the solidification of in- 

creased quantities of liquid waste-:.per unit waste form volume. (ly2) Trial 

solidifications of simulated wastes were made'using portland type I1 cement 

with sodium silicate. 

Trial solidifications utilized the formulations listed in U. S. Patent 

3,988,258 for the solidification of various wastes with portland cement and 

sodium silicate. These formulations are listed in Table 1. Prior to'. solidi- 

fication, the pH of the regenerative wastes was adjusted to 7 and the pH of 

the boric acid waste adjusted to 10 by the addition of a saturated (25OC) 

sodium hydroxide solution. The waste and the cement were mixed thoroughly . . by 

hand stirring in the solidification container, which was a two inch diameter 

by four inch high cylindrical polyethylene vial. The appropriate quantity of 

40-42O ~ e '  aqueous sodium silicate solution was then added and, quickly sttrred 

into the waste and cement mixture. The fokulations for each wa'ste solidifi- 

cation demonstrated a rapid initial set occurring approximately,two minutes 

after addition of the sodium silicate. The ultimate waste form strength, as 

determined by a qualitative.hardness-penetration observation,required approxi- 

mately seven days for the bead resin, powdered resin, and BWR chemical re- 

generat,ive waste .form formulations. The PWR chemical regenerative waste form 

formulation required approximately Genty-five days for ultimate strength 

development. Each of these formulations resulted in hard monolithic solids 

comparable to ..the'ultimate hardness of cement. waste forms. The boric acid 

waste form £.ormulation did not produce a hard solid within seventy-eight days. 

A soft waste form:with limited resistance to penetration was formed, similar . . 

in consistency to the waste form after the initial rapid set. Increasing the 

quantity of cement or sodium silicate in the initial boric acid formulation as . . ; - shown in  able'. 1 ,dtd not produce a hard .:solid within. seventy days. While the 

boric acid waste'.forms produced were soft solids of .limited strength, they 
.. . 



TABLE 1 

Solidification of Simulated Wastes with Portland Type I1 Cement - Sodium Silicate 

Waste Type 

la Bead Resin 
Waste (slurry) 

2a(l) Powdered Resin 
Waste (slurry) 

3a BWR Chemical 
Regenerative Waste 

3b PWR Chemical 
Regenerative Waste 

3c Boric Acid Waste 

Formulation,'Parts by Weight Waste/Binder 
Waste Cement Sodium Silicate Ratio, by Weight (a) 

(a) binder = cement + sodium silicate 
(b) adjustments to initial formulation' 

Comments 

waste pH 
adjusted to 7 , 

waste pH 
adjusted to 7 

waste pH 
adjusted to 10 

waste pH 
adjusted to 10 

waste pH. 
adjusted to 10 



were monolithic free standing solids and did not have substantial associated 

quantities of free standing water. None of the waste forms produced exhibited 

suLsLaii~ia1 free standing water. 

Sodium silicate reacts with metallic ions having a valence of two or 

higher in solution to form precipitates with low solubilities, often resulting 

in a.gelatinous coagulated mass. The initial rapid setting of the waste-cement- 

sodium silicate mixtures is probably due to this effect. Calcium and aluminum 

ions go into solution when portland cement is mixed with water. These ions, 
0' 

together with any metallic ions having a valence of +2 or higher in the waste, 
n react with. the .sodium sili.cate which is added last. The resulting silicate 

precipitates cause a gellation of the waste form mass producing the initial 

rapid set. Care must be taken with mixing, however, since mixing after the 

initial set (or after formation of substantial precipitates) will break up the 

gellatinous mass resLlting in a mixture with a consistency similar to that of 

waste and cement alone. . . . . 

;.Note .that the waste to binder ratios used in these trial solidifications 

are.-higher than those utilized in this program for solidification with portland . . . .. . . 
cement a,lonet .While the literature suggests that the cement-sodium silicate 

system,~prpduces~acc,eptable solidified products at wastelbinder ratios in excess 

of those used with portland cement, no such comparison has been.made to date 
, 

in this program. Rather, in the absence of more complete information, the 

wastelbinder ratios suggested in the cement-sodium silicate system patent have 

been .used. ~m~rovements in product properties may 'result from changes in the. 

wastelbinder ratio and the relative additions of cement and sodium silicate. 



11. FLASH POINT AND FIRE POINT OF BITUMEN WASTE FORMS 

The flash point and fire point of bitumen and bitumen waste forms were 

measured using the method of ASTM D 92-72, "Standard Method of Test for Flash 

and Fire Points by Cleveland Open Cup". In this technique, a test cup is 

filled to a specified level with the sample to be tested. The temperature of 

the sample is increased and the flash point is approached at a slow constant 

rate of temperature increase.' At 5OF intervals, a test flame is passed across 

the cup. The lowest temperature at which application of the test flame causes 

the vapors above the specimen surface to ignite is the flash point. The test 

is continued and the lowest temperature at which the test flame causes the 

sample to ignite for at least five seconds is the fire point. 

Flash and fire point measurements were made for samples of Pioneer 221 

asphalt'') and Werner and Pfleiderer Corporation extruder specimens of Pioneer 

221 asphalt used to solidify water, BWR chemical regenerative wastes (23 wt.% 

Na SO ) and boric acid waste (12 wt.% H3B03). The water solidification product 
2 . 4  

.is nominally 99.5 wt.% bitumen while the BWR chemical regenerative waste and 

boric acid waste products nominally contain 50 wt.% salt. Both the BWR chemical 

regenerative waste and boric acid wastes were neutralized to a pH of 7 by the 

addition of sodium hydroxide prior to passing through the extruder. Duplicate 

measurements were made for each specimen. The results are shown in Table 2. 

Pioneer 221 asphalt is represented as having a minimum flash point of 

550'~. (3) ~ieveland open cup measurements indicated flash point of 610+2~F 

with a flame point of 668+4OF. The samples from the solidification of water 

and sodium sulfate wastes showed a small increase in the flash point, 

however, no effect on the flame point was noted. The increase in the flash 

point may be due to the removal of some volatile components from the bitumen 

during the extruder solidification process. A small quantity of residual 

water was present in the extruder samples as indicated by the presence of 

water bubbles on the specimen surface during heating. Flash point and flame 

point determinations could not be made using neutralized boric acid waste 

- 
Witco Chemical Corporation, Perth Amboy, New Jersey 08862 



forms. This was due to substantial foaming which occurred during specimen 

heating . 



TABLE 2 

Cleveland Open Cup Flash and Flame Point 

Determinations for Bitumen Waste Forms 

(ASTM D 92-72) 

(a) o Flash Point, F 0 
Waste Type Flame Point, F 

None 610+2 668 24 

Water 630210 66523 

BWR Chemical 
Regenerative Waste 

Boric ~ c i d  Waste (b) ' (b) 

(a) specimens prepared using Pioneer 221 asphalt 

(b) determinations could not be made due to specimen foaming 



111. EXPOSURE DOSE OF SOLIDIFIED WASTE FORMS 

As a prelude to additional waste form radiation stability experiments, 

CLe cumulative ~adiatibn exposure dose receivcd by BWR and PWR solidified 

waste'forms was calculated as a function of time. The radiation doses were 
3 

calculated 'for a range of waste form specific activity of 0.01-100 Ci/ft and 

were based on the relative perc.entage of each radionuclide present in BWR and 

PWR solid.wastes as listed fri Tables 3 and 4. It is assumed that'solidification 

takes place 180 days after waste generation. The dose' contributions of each 

radionulcide, as a function of time were. calculated individually, including 

decay,' to arrive at the cumulative self-radiation exposure dose curves shown 

in Figures 1 and 2 for BWR and.~WR solidified waste forms respectively. The 

calculations also assumed that the activity was uniformly distributed in a 
3: 

waste fo&'.with a density of 2.0 g/cm . Fbr both the BWR and PWR waste forms, 

the cumulative dose is proportional. to the waste form'specific activity at any 

given time. , . 

Ranges, of observed activity levels in BIJR and PWR solidified radwaste are 

shown in Table 5 together,with typical generation rates. The activity content . , .- 

, - 

and hence the radiation d.ose to which a waste form is exposed is dependent 
, ' . ,% . ... 

upon the type of waste solidifed. Doses for the observed activity concentra- 

tio? ranges"ate spanned by the curves given in Figures 1 and 2. Because of 

the half-live; of the cont'ained radionucli'de species, greater than' 90% o-f the 

total cumulative dose is received in the fir.st 100 years. The cumulative 
7 

doses calculated here are ,comparable to the 10 rad integrated dose over 100 . . 
years determined by Burns for waste forms with a specific activity 'of the order 

3 ( 6 )  of lo-' curieslliter (2.8 curies/£ t ) . 
. . . ,. 



Calculated Radioactivity content of Radioactive 

Materials in Solid Wastes - BWR 4 

Activity (a,b) 

Decay Ci/Yr/Reactor 
Nuclide . Half -Lif e Enerpy, MeV . (Cases 2-5) % Total 

CO-58 71.4d 2.31 130 8.39 

Co-60 5.3~ 2.82 200 12.91 

TOTAL 1.6~10 3 100.0 

(a' After 180-day decay. 

(b) Two 3500 W(t) rcactors per station in each ease. 



TABLE 4 . '  . " ,  

calculated ~adioactiviky :~;nte'nt'.f&  ofi id Waste .- PWR 
4 

. , .  
% .  

. . ,... . , : .. , , . . . . . . 
. . . .  - .. . . . . 

' Activity (a,b) 

. . Decay Ci/Yr/Reactor 
~ a l f  -Life' Energy, MeV (Cases 1-6) % 'Total 

0; 03 

0.04 

0.01 

(a) After 180-day decay. 

(b )  Two 3500 Mw(t) reactors per station in each case. 



TABLE 5 

LWR Sol i d i f  ied Radwaste 5 

Filter/' Filter1 
Evaporator Demineralizer Demineralizer 
Bottoms Resins Sludge 

3 
Generation rate (f  t / W e )  , 25.5 4 . 0  19.5 - 

3 Activity content (Ci/ft ) 

Range 0.0003-0.14 0.001-6.5 0.004-20.0 . 

Average 0.039 2.0 0 .2  

Average Total Activity (CiIWe) 1 . 0  8 .0  3.9 

3 Generation rate (ft / W e )  30.7 2.7 - - 

Activity content (ci/ft3) 

Range 0.002-0.4 0.03-37.0 - 
0.045 Average 4.5 - 

Average Total Activity (CilWe) 1 . 4  12 - 



I 1 
10 100 loo0 

TIME, YEAR 

'Figure 1. Waste Form Self-Irradiation Exposure Dose with 
. . ' Time, BWR Waste. 

. . 

I I 1 1 1 , 1 1 1  . . 
I 10 100 1000 

TIME. YEAR 

Figure 2. Waste ~ o k n  Self-Irradiation Exposure Dose with 
Time, PWR Waste. 



IV. LEACHING OF BITUMEN WASTE FORMS 

A test program was conducted in December 1977 during which various simu- 

lated waste streams listed in Appendix A were solidified in bitumen using a 

Werner and Pf leiderer C~r~oration'~) Model ZSKT-53 twin screw extruder. The 

extruder was set up and operated for this test program by Werner and ~fieiderer 

personnel in the presence of observers from Brookhaven National Laboratory. 

Waste and asphalt feed rates were selected to produce an acceptable product 
B 

containing approximately 50 wt.% waste solids. The extruder screw speed and 

barrel temperature profile were adjusted to allow essentially complete evapora- 
- 

tion of the water from the waste. This machine has three heat zones and four 

steam domes. Six thermocouples were located along the length of the extruder 

barrel for monitoring purposes. Each waste stream was adjusted to pH ~7 by 

the addition of sodium hydroxide when necessary to minimize corrosion effects 

in the extruder. Detailed operating parameters for this test sequence are 

found in Appendix B. Samples obtained were taken to Brookhaven National 

Laboratory for testing. In this section, the leach properties of bitumen waste 

forms produced during the solidification of BWR chemical regenerative waste 

will be described. 

In the screw extruder solidification technique, bitumen and liquid or 

slurry wastes are continuously pumped into one end of an extruder which may 

contain one or multiple screws. The design and operation of the extruder is 

such that the bitumen and waste are intimately mixed and spread into a thin 

film on the heated surface of the extruder barrel. Depending on particle size 

and screw clearance, solid particles in the waste are comminuted. This 

mechanical processing together with the maintenance of a temperature approaching 

2 0 0 ~ ~  can affect the almost complete (99.5%) evaporation of the water contained 

in the waste and provides a homogeneous product. Final product water content 

is a function of waste water content, extruder barrel temperature profile and 

residence time. The evaporated water is vented through large disengaging 

sections called stream domes and passed through an oil separator before being 
. . .  

(a)Werner and Pfleiderer Corporation, Waldwick, New Jersey 07463 



condensed. Carryover of activity to the condensate is reported to be of the 

order of 0.01%. (7) Typical waste residence time in the extruder is a few , 

minutes. The bitumen waste mixture is discharged directly into solidification 

containers.at the-end of the extruder and allowed to cool. An excellent des- 
( 7 )  cription ~f~this~process is found in the, literature. 

Leach samples of the.'~a SO - bitumen product produced by the solidifi- 
2 4 

cation of BWR chemical regenerative waste were collected in silicone rubber 

coated cardboard tubes with a diameter of two inches and four inches in 

length. A few samples with a three inch diameter and six inches in length 

were also obtained by a similar technique. The bitumen waste forms exhibited 

substantial shrinkage after cooling and solidification. As such, each 

solidification container was "topped off" by.a second pass under the extruder 

discharge port after the in5tial fill had cooled. This'procedure is routinely 

used for full scale bitumen waste forms to more- completely utilize the solidi- . 

fication container volume'. Based on the average. waste and asphalt feed rates, , 

these samples contained.46.0 wt.% Na SO .and .had~a waste solids/bitumen weight 
2 11 .. . .: : 2 

Leach samples were tested by the static method described in Appendix C. 

In this method, samples' are' leach,.tested with their entire surface area ex- 

posed. to the leachant' solution'. A 'leachant volume to sample surface area :. - t-  , !.? '., 

ratio'of ~ 1 0  cm was~employed:~he'leachant was replaced daily (except weekends) 
... i$+ 

with a sample takenifor analysis. . Leachant.analysis determined the quantity 
r . 3;; 

of sodium sulfate released- from therspecimens..by. a colorimetric technique for 
.: :;k 

-2 
SO4 using a Technicon autoanalyzer. 

~eaching' is.expfessed as the cuniulative fractibn sodium sulfate release x 

(V/S) where V is the 'leach 'speciinen volume and S is its external geometric 

surface area (based on the original spkcimen diminsiofis). Two inch diameter 

by four inch cylindrical'specimens were tested in triplicate in distilled 

water series). and duplicate,in ,ground water.(lC series). ' .One three inch 

diameter by six inch long specimen- was, leached in distilled water (1D2). 



The Na2S04 - bitumen samples exhibited a tendency to swell, crack, and 
break up during leach testing. This is shown in Figures 3 and 4 for sample 

1Al and Figures 5-7 for sample 1D1. The control sample in these figures in- 

dicates the initial specimen dimensions and geometry. This effect occurred in 

all leachants, however, severe sample degradation required a somewhat longer 

time for the larger leach 'specimen. The degradation process was essenti'ally 

complete after seven days for the two inch diameter by four inch specimens and , 

fourteen days for the three inch diameter by six inch specimen. This behavior 

is due to the tendency of the sodium sulfate (initially present in an anhy- - 
drous form) to combine with water to form Na2S04-10H20. Anhydrous sodium 

sulfate has a density of 2.68 g/cm3 while the decahydrate salt has a density 
3 

of 1.46 g/cm . As such, one mole of the anhydrous salt occupies a volume of 
3 3 

53.0 crn while a mole of the decahydrate salt has a volume of 220 crn . ~ h i k  

increase in the sodium sulfate volume causes an expansion of the waste form 

and ultimately its disintegration since the bitumen cannot elastically expand 

to accommodate the volume increase. Since this degradation process increases 

the specimen surface area exposed to the leachant, it is expected to have an 

affect on the leach rate. 

After leach testing was completed, the leach specimens were dissolved in 

carbon tetrachloride and a solvent extraction process used to remove the re- 

maining sodium sulfate. Subsequent analysis showed that essentially no sodium 

sulfate was present in the samples after leaching. The quantity of sodium 

sulfate removed during leaching revealed that the samples did not contain the 

assumed 46.0 wt.% sodium sulfate, but rather the sodium sulfate content varied 

from 17.5 to 44.3 wt.%. This was presumably due to variation in the waste 

stream feed rate during sample preparation. However, it did serve to allow 

observation of leach rates over a range of compositions. 

Figure 8 illustrates the cumulative fraction Na SO release for leaching 2 4 
in distilled water for the two inch diameter by four inch long leach specimens. 

These specimens had initial sodium :sulfate contents of from 17.5 to 44.3 

percent by weight. The rate of release during leaching was found to be inde- 

pendent' of the initial sodium sulfate content. This is also true for the 1C 



series samples containing 24.5 and 33.6 wt.% sodium sulfate which were leached 

in groundwater as shown in Figure 9. The average leach rates were essentially 

equal for the two inch diameter by four inch long specimens independent of the 

leachant. For the first nine days of leaching, the average cumulative fraction 

Na2S04 release x (V/S) was 0.108 cmlday and 0.104 cmlday for leaching in dis- 

tilled water and groundwater respectively. The sodium sulfate releases were 
" approximately linear with time from the initiation of leaching until day nine, 

at which time little sodium sulfate remained in the specimens. The leach rate 

in distilled water for the three inch diameter by six inch long cylindrical 

sample is shown in Figure 10. The sodium sulfate release rate for this sample - 
was 0.121 cm/day over the first nine days and 0.0960 cmlday over the first 

fifteen days (96.5% Na2S04 release). As such, the leach rate for the three 

inch diameter samples is essentially the same as the leach rates determined 

for the two inch diameter by four inch long specimens. Preparation informa- 

tion and tabulated leaching data for series lA, lC, and 1D specimens are found 

in Appendix D. 
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(V/S), Static Leaching of Series 1C .Waste Forms in Ground 
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Figure 10. Cumulative Sodium Sulfate Fraction Release x 
(V/S), Static Leaching of Waste Form 1D2 in Ground Water. 



'1 V. UREA-FORMALDEHYDE AND PORTLAND TYPE I1 CEMENT WASTE FORM VOLUME EFFICIENCY 

The volume efficiency of urea-formaldehyde and type I1 cement 

waste forms has been calculated based upon volumetric data from compression 

test specimens. Volumetric efficiency is defined as the ratio of the solidi- 

fication system input waste volume to the solidified waste form.volume. 
., . 

Volume efficiency is a function of the weightlbinder weight rkio and the waste 

and binder densities. The average volume efficiencies are shown in Tables 6 ' 

and 7 for urea-formaldehyde and portland type I1 cement compression test 

specimens respectively for selected wastelbinder weight ratios. These weight 

ratios are not meant to represent.optimized formulations, but simply represent 

formulations that have been utilized in the course of this program. 



. TABLE. 6 

Urea-Formladehydc Waste Form Volume Efficiency 

. .  . . . . , . .  . . .  Waste/Binder Volume 
. * 

Waste ~~~e Weight Ratio Efficiency 
. ,  , ! .... . . . , . .,, . .>. . . . 

. . la 
.'. t.;;. ' . 

Bead Resin 2.6 0.792t0.012 
Slurry 

. ,  . 

2a(l) Powdered Resin 
Slurry 

' 2b (2) Diatomaceous' Earth 
(Dewatered) , 

3a BWR Chemical 1.2 0.564t0.007 
Regenerative Waste 

3 c Boric Acid Waste 2.0 0.735+0.013 

TABLE 7 

Portland Type I1 Cement Waste Form Volume Efficiency 

Waste Type 

la Bead Resin 
.: . # Slurry 

2a (1) Powdered Resin 
Slurry 

2b(l) Diatomaceous Earth 
Slurry 

3a BWR Chemical 
Regenerative Waste 

3 c Boric Acid Waste 

Waste/Binder 
Weight Ratio 

Volume 
Efficiency 
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-Appendix A . 

Waste Formulations 
, . 

The following are the chemical formulations of the waste types included 
in the experimental program. The temperature and pH listed are typical 
values prior to solidification at reactor sites. Slurry and dewatered 
formulations are listed for bead resin and BWR precoat filter cake wastes. 
The slurry formulations are meant to represent wastes that are pumpable for 
short distances. 

la: BEAD RESIN WASTE (slurry) . . 

. Material Weight .Percent, % 

Water 50. 
Bead Resin (IRN-150) a . . .  '50. 
Temperature 7 O0I? 
PH ' 7  

.. . 

. BEAD RESIN WASTE (Dewatered) 
. . . .. . . . . 
. . . . 

 ater rial Weight Percent, % 

. .. , . . . .: ; . , 
. . . . katert . . . . ,  35. 

Bead Resin (IRN-150)~ 65. 
~=iperature . . . ' 7 0 0 ~  
Pfl . . . 7  

ha). BWR PRECOAT FILTER CAKE WITH POWDERED RESIN (Slurry) 

Material Weight Percent in Filter Cake, 6 

Water, b 50. 
Anion Powdered Resin (PAO) 

b 
20. 

Cation Poidered Resin (PCH) 20. 
crudC ' 5. 
Sodium Chloride 5. 
Temperature 7 0% 
PH 7 



2 a  ( 2 ) .  BWIi PRECOAT FILTER CAKE W I T i  POWDERED RES1.N ( ~ e w a t e r e d )  

 ater rial . Weight P e r c e n t  i n  F i l t e r  C a k e ,  % 

Water 
b 

3 2'. 
A n i o n  Powdered R e s i n  (PA01 30. 
C a t i o n  P o w d e r e d  R e s i n  (PCH) 3'0. ' 

; crudc , . .  . 6. 
Sodium 'Chloride 2. 
T e m p e r a t u r e  : 7 OOF 

P H  7 '  

2b U) . BWR PRECOAT F I L T E R  CAKE WITH DIATOMACEOUS EARTH . ( S l u r r y )  

M a t e r i a l  Weight P e r c e n t  i n  F i l t e r  C a k e  

Water 
~iatomaceous E a r t h  
crudC 
T e m p e r a t ~ e  

PH 

2b(.2) BWR PRECOAT FILTER CAKE WITH DIATOMACEOUS EARTH ( D e w a t e r e d )  

'  ater rial Weight P e r c e n t  i n  F i l t e r  C a k e  

Water . . 60. 
D i a t o m a c e o u s  E a r t h  30. 
crudC 10. 
T e m p e r a t u r e  7 0 O ~  . 

PH 7 
. . 

. - 

3a. .  BWR CHEMICAL REGENERATIVE WASTE.OF A FORCED RECIRCULATION EVAPORATOR 
. . . . .  

Weight P e r c e n t  
M a t e r i a l  . . I n  E v a p o r a t o r  B o t t o m s ,  % 

Water 
S o d i u m  Sulfate 
S o d i u m  C h l o r i d e  
crudC 
T e m p e r a t u r e  

PH 



3b. PWR CHEMlCkL REGENERATIVE 'NASTE' OF ' A  FORCED RECII?CU*TIOI~ E J k P O i t o . m R  

Weight Percent 
Material in Evaporator Bottoms, % 

Water 
Sodium Sulfate 
Ammonium Sulfate 
Sodium Chloride 
crudC 

, Temperature 
PH 

Material 

Water 
Boric Acid 
crudC 
Temperature 
PH 

Weight Percent 
in Evaporator Bottoms, % 

3d. . DECONTAMINATION WASTE :OF A FORCED RECIRCL?LATION EVAPORATOR 

. . Weight Percent 
. '  . . - .Material 

. . 
in Evaporator Bottoms, 6 

. Water 
Nutek NT-700d 
EDTA 
Citric Acid 
crudC 
Hydraulic Oil No. 2 

. Lubricating Oil No. 20 
Temperature 
PH 

4a. BWR CHEMICAL REGENERATIVE WASTE OF A THIN FILM EVAPORATOR 

Material 

Water 
Sodium Sulfate 
Sodium Chloride 
crud 
Temperature 
PH 

Weight Percent 
in Evaporator Bottoms, % 



Material 

Water 
Sodium Sulfate 

% Ammonium Sulfate 
, Sodium Chloride 
crudC 
Temperature 
PH - 

Weight Percent 
in Evaporator Bottoms, % 

4c. BORIC ACID WASTE OF A THIN FIW. EVAPORATOR 

Material 
weight Percent 

in Evaporator ~ottoms, % 

Water 50. 
Boric Acid 49.8 
crudC 0.2 
Temperature 150 to 2509' 
PH 2.5 to 3.5 

4d. DECONTAMINATION WASTE OF A THIN FILM EVAPORATOR 

Material 

Water 
Nut.ek NT-700d 
EDTA 
Citric Acid 
crudC 
Hydraulic Oil No. 2 
Lubricating Oil No. 20 
Temperature 
PH 

Weight Percent 
in Evaporator Bottoms, % 

a Rohm and Haas Co., Philadelphia, Pa, 19105 
Ecodyne Corp., ' Union, N. J. 07083 
fine air cleaner test dust no. 1543094, AC spark Pluq Division, General 

Motors Corp., Flint, Michigan 48556 . . 

Nuclear Technology Corp. , Amston, Conn. 06231 - 



Appendix B 

Bitumen Solidification Test Program Run Data 
(conducted at Werner and P'fleiderer Corp., Waldwick, NJ).. . 

, . 

1. BWR Chemical Regenerative Waste of a Forced Recirculation Evaporator 
(Run 10/27/77) . 
A. Feedstream Composition . , 

. Weight Percent Weight, lbs. Material 

Water 75.0 198.0 
22.9 Sodium Sulfate 60.5 

5.3 Sodium Chloride 2.0 
crud (Ferrous Oxide 0.1 0.26 ' 

264.06 lb. total waste 

The W&P heated waste tank and Triplex pump wereused for this waste. 

Because of.the limited capacity of this tank, it was necessary to'use 

three individual waste batches, each one-third of the total waste. These 

waste batches were each neutralized to pH%7 by the addition of %1OM - NaOH 

(4009 NaOH/750g H20, providing % 1 liter) and cesium chloride was added 

for leaching purposes as listed below. 

2, 10M - NaOH, 
Waste ~atch L 2 CsC1, g 

* Over addition, excess neutralized with 13 g 37% H C ~  

B. Operating Conditions (ZSKT-53) 

Screw speed 250 rpm 

Asphalt feed.temperature 2 OOOl? 

Barrel temperature profile, OF 

Thermocouple 1130 hrs 

tl 

t2 

t3 

t4 

t5 

t6 
discharge 

1400 hrs 



Waste feed rate: 44.6 lbs/hr 

Asphalt feed rate : ' 11.0- lbs/hr 

Output 23.5 lbs/hr (1130 hrs) 
.' . . . 

' ".' 22.0 lbs/hr t1400 .hrs) . '. . . . 

Product ratio (weight) 50.5/49.5 (solids/asphalt) 

46.0 w t .  % Na2S04 

C.   is till ate' samples 

Distillate,samples were taken from each of the four steam domes 

while this waste was being solidified. The plastic garden hoses were 

removed from steam domes one and four to prevent organic contamination. 

Note that the interiors of steam domes three and four were painted 

just'prior to the beginning of this run. 
, , _ .  - .  



2. Boric Acid Waste of a Forced Recirculation Evaporation (Run 10/28/77) 

A. Feedstream Composition 

Weight Percent Weight, lbs. 

Water 87.9 197.8 
27.0 Boric Acid 12.0 

Crud (Ferrous Oxide 0.1 0.23 
225.03 lb total waste 

The W&P heated waste tank and Triplex pumpwereused for this waste. 

Because of the limited capacity of this tank, it was necessary to make 

three individual waste batches, each one-third of the total waste. These 

waste batches were neutralized to pH%7 by the addition of %1OM - NaOH 

(400g NaOH/750g H20) as shown below: 

% 10M. - NaOH, 
waste Batch A 

B. Operating Conditions 

Screw speed 250 rpm 

Asphalt feed temperature 200°F 

Barrel temperature profile, OF ' .  

Theriocouple 1215 hrs 1400 hrs 

t6 
275 280 

' discharge 3 10 310 

1545 hrs 

Waste. feed rate : 37.6 lb/hr 

Asphalt feed rate: '4.5 lb/hr 

Output 7.8 lb/hr (1215 hrs) 

7.1 lb/hr (1545 hrsl 

Product ratio (weight) , 52.2/47.8 (solids/asphalt) 

45.7 w t . %  boric acid 



C. D i s t i l l a t e  Samples . 

D i s t i l l a t e  samples were taken from each of t h e  four steam domes 

during t h i s  run.. The steam domes were .cleaned p r io r  t o  t h i s  run. 



3. Blank Run - Water and, Asphalt Samples (Run 10/31/77,, 1:30, p.m.) 
A. Feedstream Composition 

Material Weight Percent 

Water 100.0 

Water was heated up to 140°F at the inlet of the feedline. 

B. Operating Conditions (ZSK-53) 

Screw speed 250 rpm 

Asphalt feed temperature 235OF, water feed temp. 140°F 

Barrel ~em~erature profile , OF 
Thermocouple 1330 hrs 1400. hrs 

Waste feed rate: 

Asphalt feed rate : 

Output 14.3 lb/hr (1330 hrs), 

14.5 lb/hr (1400 hrs )  

Product ratio (weight) 0/100 (solid/asphalt) 

C.  ist till ate Samples 
Distillate samples were taken from each of the four steam' 

domes while'this product was being solidified. The steam domes were 

cleaned before this run. These samples will represent distillation 

blanks for asphalt alone to'be used as a background in comparison with 

other distillate samples. 



4. Bm Precoat  F i l t e r  Cake w i t h  Diatomaceous Ear th  

A. Feedstream Composition . . .  

Mater ia l  . - : Weight Percent  Weight, l b s  

Water 75 
Diatomaceous e a r t h  20 
Crud ( fe r rous  oxide)  5 

270.0 
72.0 
18.0 

360.0 l b s  t o t a l  water 

The W&P heated waste tank and t r i p l e x  pumpwereused f o r  t h i s  water.  

Because of the  l imi ted  capaci ty  of t h e  tank,  it was necessary t o  use 

ind iv idua l  waste batches. These waste batches were each neu t ra l i zed  t o  

a pH%7 by t h e  add i t ion  of %log NaOH when necessary. I n  add i t ion ,  small  

q u a n t i t i e s  of sodium iodide and sodium ch lo r ide  were added f o r  leaching 

purposes. 

D i f f i c u l t i e s  arose  during t h e  attempted pumping of t h i s  waste. A s  

a r e s u l t ,  t he  waste batches d i f f e r e d  somewhat i n  composition. The a s p h a l t  

feed r a t e  f o r  ba tch  4 was va r i ed  t o  .produce ad i f fe ren tso l id /asphal t :  

r a t i o  i n  t h e  f i n a l  product.  The batch 2 run was ended a f t e r  9 samples , 

were co l l ec ted  due t o  Tr ip lex  pump.outlet clogging. 

Batches 1 and 2 were run on 10/31/77, batches 3 and 4 on 11/1/77. 

No NaOH s o l u t i o n  was added t o  batches 2, 3, o r  4. 0.5. g of: 10M - NaOH 

was added t o  ba tch  1. 

Weight Percentage 

Water DE Crud NaI NaCl Tota l  Weight, l b s  - 
Batch 1 79.9 11.8 : 5.3 1 .5  1.5 84.5 
Batch 2 73.0 19.4 4.8 1.4 1.4 92.5 
Batch 3 82.6 12.5 3.1 0;87 0.87 '108.7 
Batch 4 81.6 12.4 4.3 0.86 0.86 . 45.6 

B: ~ ~ e r a t i n ~ " C o n d i t i o n s  

Screw speed 250 rpm 

Asphalt feed temperature 235OF (Batches 1, 2, 3) 

215OF (Batch 4)  

Waste feed temperature 1 4 0 ~ ~  (Batch 1) 

160°F (Batch 2)  

68OF (Batches '3, 4) 



Bar re l  temperature prof i le ,  OF 

Batch 1 Batch 2 Batch 3 

d ischarge  

(1650 h r s )  

Batch 4 

Waste feed r a t e  60.0 lb /hr  

a s p h a l t  feed  r a t e  15.2 lb /hr  (Batches 1, 2, 3)  

10.0 lb /hr  (Batch 4) 
. , 

output  28.0 lb /h r  ( ~ a t c h  1) 

27.8 l b j h r  (Batch 2) 

25.0 lb /hr  (Batch 3,  1500 h r s )  

24.8 lb /hr  (Batch 3, 1540 h r s )  

21.0 lb /hr  ' (Batch 4) 

Product r a t i o  (weight) 44.3/55.7 ( . so l ids /asphal t ,  Batch 1) 

51.6/48;4 (Batch 2) 

40.7/59.3 (Batch 3) 

52.5/47.5 (Batch 4)  

C. D i s t i l l a t e  Samples 

D i s t i l l a t e  samples were taken dur ing  t h e  runs  of batch 1 from 

each of  t h e  fou r  steam domes. . . 



5. BWR Precoat Filter Cake (with powdered resin) (Run 11/2/77) 

, A. , Feedstream Composition .. . 

Material . , . . . . . Weight ... ,Percent . . . .  - Weight, lbs 
. . 

Water . . 50.0 88.60 
'&ion Resin (5h water) 20.0 35.46 
cation Resin ' (62% water) 20.0 35.46 
Crud (Ferrous oxide) 5.0 8.86 
sodium Chloride 5.0 8.86 

177.24 lbs total waste 

The W&P heated waste tank and Triplex pumpwereused for this waste. 

Because of the limited capacity of this tank, it was necessary to make 

two individual waste batches , each one-half of the total waste. ~hesk. 

waste batches were each neutralized to pH%7 by the addition of 10M - NaOH. 
Sodium iodide and cobaltons chloride (CoC12. 6H201 were added for leaching 

purposes as follows: 

Waste Batch 10M NaOH, g pH NaI, lb CoC17-6H30, lb - 

B. Operating Conditions 

Screw speed 250 rpm 

Asphalt feed temperature 225O~ 

Waste feed temperature 6 8 O ~  

~arrel temperature profile , OF 

Thermocouple 

discharge 

waste feed rate 

Asphalt feed rate 

Output 

' Product ratio (weight) 



C. Distillate Samples 

Distillate samples were taken from all four steam domes. The . 

steam domes were cleaned prior to running this waste. 
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Proposed s tandard  S t a t i c  Leach Tes t  Procedure . f o r  So l id i f . i ed   adi id active Wastes 

(This  prgcedure i s  based on t h a t  propbsed by t h e  VLEA k i t h  minor mod i f i ca t ions )  

I. INTERCOMPARISON METHOD 

1. Requirements f o r  Specimen and Leachant Con ta ine r s  

1.1 Mate r i a l s  of Cons t ruc t ion  

1.1.1 Specimen Container  

The specimen con ta ine r  . s h a l l  b e  c o n s t r u c t e d  of a m a t e r i a l  which: 

(a) w i l l  no t  r e a c t  chemica l ly  w i t h  t h e  specimen . 

(b) i s  n o t  so rben t  towards, t h e  i o n s  e x t r a c t e d  from t h e  sample by 

t h e  l eachan t  

(c) w i l l  wi ths tand  t h e  c o n d i t i o n s  involved i n  sample , p r e p a r a t i o n .  

I f  t h e  l e a c h  t e s t  i s  performed w i t h  t h e  specimen i n  t h e  specimen 

con ta ine r ,  t h e  m a t e r i a l  from which t h e  specimen c o n t a i n e r  i s  con- 

s t r u c t e d  must meet t h e s e  a d d i t i o n a l  c r i t e r i a :  
. . 

(d )  i t  wil l  n o t  r e a c t  chemica l ly  w i t h  t h e  l eachan t  
' 

(e) i t  w i l l  n o t  be  a f f e c t e d  by t h e  r a d i a t i o n  dose  rece ived  du r ing  

t e s t i n g  

( f )  i t  i s  n o t  sorbent  towards t h e  i o n s  o r i g i n a l l y ' p r e s e n t  i n  t h e  

l eachan t  

It i s  recommended, whenever p o s s i b l e ,  that t h e  .specimen n o t  be  

l e a c h  t e s t e d  i n  i t s  specimen c o n t a i n e r .  

Leachant Container '  . 

The c o n t a i n e r  f o r  t h e  l e a c h a n t  shall be  c o n s t r u c t e d  of a m a t e r i a l  

which: 

(a) w i l l  n o t  r e a c t ,  chemica l ly  w i t h  the l a c h a n t  

(b) i s  n o t '  so rben t  towards t h e  i o n s  e x t r a c t e d  from t h e  sample by 

the l eachan t  

(c) w i l l  no t  b e  a f f e c t e d , b y  t h e  r a d i a t i o n  dose  r ece ived  du r ing  t h e  

test 
I 

1.1.3 A b lank  run  w i l l  be made t o  de te rmine  t h e  l e a c h  r a t e  of the ' appara tus .  



1.2 Dimensions and Form 

1.2.1 The, specimen c o n t a i n e r  s h a l l . b e  of  c y l i n d r i c a l  form. open a t  one 

. .. .. lend ,. o r  i n  t h e  'form of a .  suppor t  o r  envelope wi th  s u f f i c i e n t  

openings and s o  shaped t h a t  maximum con tac t . be tween  t h e  l e a c h a n t  

and a l l  exposed specimen s u r f a c e s  i s  achieved.  The specimen con- 

t a i n e r  dimension and specimen s i z e  may v a r y  and w i l l  be  s e l e c t e d  

so  t h a t  t h e  procedure  being used . f o r  ana lyz ing  t h e  leached m a t e r i a l  

i n  t h e  l e a c h a n t  -11 have s a t i s f a c t o r y  accuracy .  In  t h e  event  

t h a t  a g ranu la t ed  specimen i s  r e q u i r e d  f o r  a m a t e r i a l  of v e r y  low 

l e a c h a b i l i t y ,  t h e  s i z e  of +he i n d i v i d u a l  g ranu le s  must be  l a r g e  

enough so t h a t  a n  a p p r e c i a b l e  p o r t i o n  of each specimen p a r t i c l e  

w i l l  main ta in  i t s  o r i g i n a l  composi t ion throughout t h e  t e s t s .  Th i s  

requirement w i l l  b e  assumed t o  b e  met i f  t h e  d a t a  from r e p l i c a t e  

ana lyses  ag ree .  

1.2.2 The dimensions of t h e  l e a c h a n t  ( o u t e r )  c o n t a i n e r  s h a l l  be such 

that t he  exposed s u r f a c e  of  t h e  sample be  covered by a t  l e a s t  2.54cm 

of l eachan t .  I f  t h e  specimen i s ' n o t  covered t o  this dep th  w i t h  

l eachan t ,  t h e  dep th  used a long  w i t h  t h e  reason f o r  d e v i a t i o n  

s h a l l  ' be  r epo r t ed .  
. . 

2. Requirements f o r  Specimen P r e p a r a t i o n  

2.1 sampling 

S u i t a b l e  p r e c a u t i o n s  s h a l l  b e  t aken  t o  ensu re  t f ia t  t h e  sample i s  

r e p r e s e n t a t i v e  of t h e  p r o c e s s  m a t e r i a l ,  and t h a t  t h e  homogeneity 
I 

of the t e s t  specimen i s  t h e  same a s  t h a t  of t h e  p roces s  material. 

2.2 Sample P repa ra t ion  

2.2.1 Cement o r  Concrete/Waste Mixtures  

The mixtures  s h a l l  be  cast i n  a convenient  form which f a c i l i t a t e s  

su r f ace  a r e a  and volume c a l c u l a t i o n s .  The specimen s h a l l  b e  cured 

i n  a manner r e p r e s e n t a t i v e  of t h e  c o n d i t i o n s  expected t o ' b e  used 

i n  a c t u a l  was t e  p roces s ing .  The h i s t o r y  of  t,he specimen d u r i n g  

p repa ra t ion  and between the t ime of p r e p a r a t i o n  and l e a c h i n g  



s h a l l  be  r eco rded ,  i nc lud ing  tempera ture ,  humidi ty,  s t o r a g e  

atmosphere, and c u r e  t ime.  It i s  p r e f e r a b l e  t h a t  t h e  . specimen . . . 

be  removed from i t s  c o n t a i n e r  f o r  leaching , .  a l though i t  may b e  

leached i n  t h e  c o n t a i n e r  in which i t  was c a s t .  I f  d e s i r e d ,  new . ' 

s u r f a c e s  may be exposed by sawing o r  o t h e r  techniques ,  o r  p a r t  

of t h e  s u r f a c e  may b e  coa ted  w i t h  a waterproof ing  m a t e r i a l .  In: . ' , 

any case ,  t h e  s u r f a c e  a r e a  exposed t o .  t h e  l eachan t  s h a l l '  b e  known. 

Whenever p o s s i b i e  r e p r e s e n t a t i v e  specimens should be obta ined  from 

a c t u a l  was te  forms. 

2 . 2 . 2  Urea-Formaldehyde Waste Mixtures  

The mix tu res  s h a l l  b e  c a s t  in a convenient  form which f a c i l i t a t e s  

s u r f a c e  a r e a  and volume c a l c u l a t i o n s .  The specimen shall be prepared 

in a manner r e p r e s e n t a t i v e  a f  t h e  c o n d i t i o n s  expected t o  be  used 

in a c t u a l  w a s t e  process ing .  The h i s t o r y  of t h e  specimen du r ing  

p repa ra t ion  and between t h e  time of p r e p a r a t i o n  and l e a c h i n g  shall 

b e  recorded ,  i n c l u d i n g  tempera ture ,  humidi ty,  s t o r a g e  atmosphere, 

and e lapsed  time. It i s  p r e f e r a b l e  t h a t  t h e  specimen b e  removed 

from its c o n t a i n e r  f o r ,  l e a c h i n g ,  a l t hough  it may b e  leached  in t h e  

c o n t a i n e r ,  i n  'which i t  was cast. I f  d e s i r e d ,  new s u r f a c e s  may be  

exposed by sawing o r  o t h e r  t echn iques ,  o r  p a r t  of t h e  s u r f a c e  may 

be  coated w i t h  a wa te rp roo f ing  m a t e r i a l .  I n  any c a s e ,  t h e  s u r f a c e  

a r e a  exposed t o  t h e  ' l e achan t  s h a l l  be  h o w n . .  Whenever p o s s i b l e  

r e p r e s e n t a t i v e  specimens should be  obta ined  from a c t u a l  was te  

f  o m s .  

2.2.3 Bitumen Waste Mixtures  

The mix tu re s  shall b e  c a s t  i n  a convenient  form which f a c i l i t a t e s  

s u r f a c e  a r e a  and volume c a l c u l a t i o n s .  The specimen s h a l l  b e  prepared 

in a manner r e p r e s e n t a t i v e  of the c o n d i t i o n s  expected t o  b e  used 

in a c t u a l  waste process ing .  The h i s t o r y  of t h e  specimen du r ing  

p repa ra t ion  and between t h e  t ime of p r e p a r a t i o n  and l e a c h i n g  

s h a l l  b e  r eco rded ,  i nc lud ing  tempera ture ,  humidity,  s t o r a g e  atmos- 

phere,  and e l apsed  t ime.  It i s  p r e f e r a b l e  t h a t  t h e  specimen b e  

removed from i t s  c o n t a i n e r  f o r  l e a c h i n g ,  a l though i t  may be  leached  



i n  the container , in  which it was cast .  I f  desired, new surfaces'.  

may be exposed bysawing or  other techniques, or  p a r t  of the 

surface may be coated with a waterproofing material. In any 

case, the:surface area.exposed t o  the leachant s h a l l  be known. 

Whenever possible representative specimens should be obtained from 

actual waste forms. . . 

3. Test Method 

3;l Leachant 

l he leachant s h a l i  be d i s t i l l e d  or deionized water. 

3 .1 .1  The pH of the leachant sha l l  be determined and recorded. 

3.2 Temperature of the Test 

The leaching sha l l  be performed a t  a temperature of 25O?5,?~ and the 

temperature of t h e . t e s t  recorded t o  the nearest degree. 

3.3 Procedure 

3.3.1 Prior t o  placing in the leachant solution container, a l l  f ines  and 
\ 

dust, such a s  might r e su l t  from sawing or crushing a granulated 

sample sha l l  be removed from the specimen by a technique tha t  is 

not expected t o  r e su l t  i n  a removal of the species of in t e re s t  from 

the specimen. Free standing water, i f  present, w i l l  be added t o  

the leachant solution container. 

3.3.2 The specimen sha l l  be placed in  the leachant container and suf f ic ien t  

leachant added t o  ensure t h a t  the specimen i s  covered by a t  l e a s t  

2 . 5 4 ~ ~ .  The r a t i o  o f . t h e  volume of leachant t o  the external geometric 

surface area of the specimen exposed t o  the leachant sha l l  not be 

l e s s  than 2.5m for  monolithic specimens and sha l l  not fo r  any 

specimens exceed a r a t i o  which r e su l t s  in  an appreciable decrease 

i n  leachant analysis accuracy. The leachant sha l l  be added care- 

fu l ly  so a s  not t o  impinge d i rec t ly  on the exposed face of the' specimen. - 
3.3.3 The leachant container sha l l  be l i gh t ly  covered and allowed t o  stand 

undisturbed u n t i l  sampling i s  necessary'. 



3.3.4 A t  sampling the specimen s h a l l  be removed from t h e  l eachan t  con- 

t a i n e r  and the l e a c h a n t  thoroughly mixed. During sampling of t h e  

l eachan t ,  care-will  b e  taken t o  prevent  any s o l i d  r e s i d u e  from . . 

fo l lowing  t h e  s o l u t i o n .  . . 

. A sample of t h e  l e a c h a n t  s u f f i c i e n t  for .  . r e p l i c a t e  a n a l y s i s  s h a l l  . 

be taken and t h e  remainder d i sca rded .  

Leachant s h a l l  b e  allowed t o  d r a i n  o f f  t h e  specimen; however, t h e  

specimen w i l l ' n o t  be  r i n s e d .  

The- l eachan t  c o n t a i n e r  w i l l  be  r i n s e d  a f t e r  which t h e  specimen 

w i l l  be  r ep l aced  and covered w i t h  a f r e s h  p o r t i o n  of l e a c h a n t  of 

t h e  same volume and t h e  test s h a l l  proceed. 

3.4 Sampling Frequency 

3.4.1 A t  t e n  minutes  a f t e r  the s t a r t  of t h e  test 

3.4.2 Af t e r  one hundred minutes  of l e a c h i n g  

3.4.3 A f t e r  six h o u r s  of l each ing  

3.4.4 Af t e r  twenty-four hours  of l each ing  

3.4.5 Af t e r  each  s u c c e s s i v e  twenty-four hour per iod  dur ing  t h e  work week 

. f o r  a t  least the f i r s t  f o u r  weeks. Leaching should begin  on 

Monday whenever p o s s i b l e .  

3 . 4 . 6  Once p e r  week dur ing  t h e  fo l lowing  f i v e  months. 

3.4.7 . Once p e r  month f o r  the  fo l lowing  six months and then ,  

3.4.8 Twice p e r  y e a r  f o r  a s  long as i s  cons ide red .neces sa ry .  

3.4.9 Sampling may b e  performed more f r e q u e n t l y  than  expressed i n  this 

s e c t i o n .  

3.5 Analysis  . . .  

3.5.1 The l eachan t  sample shall be mixed and al lowed t o  s e t t l e  

3.5.2 On t h e  c l e a r  supe rna t an t  s o l u t i o n  the fo l lowing  de t e rmina t ions  s h a l l  

b e  made and recorded:  

3.5.2.1 pH v a l u e  
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-. 4.3.1 The amount of >each element leached o r  r a d i o a c t i v i t y  p r o p o r t i o n a l  

t o  t h e  amount l eached  (a,), du r ing  each l eachan t  renewal per iod  

.(n) shall b e  p re sen ted  i n  t a b u l a r  form a long  w i t h  t h e  d u r a t i o n ,  

days ,  of the l e a c h a n t  renewal p e r i o d  (t,) . The f ol lbwing in- 

formation s h a l l .  accoinpany t h e  t a b u l a t e d  l e a c h  d a t a :  :, 
A,, = t o t a l  amount, o r  r a d i o a c t i v i t y  p r o p o r t i o n a l  t o  t h e  t o t a l  

amount, of t h e  element i n i t i a l l y  p r e s e n t  i n  t h e  specimen. 

S = exposed geometr ic  s u r f a c e  a r e a  of t h e  specimen (cmZ) . 
V = volume of t h e  specimen (cm3). 

M = mass of  t h e  specimen Cg). 

The method used t o  determine t h e  s u r f a c e  a r e a  and volume of t h e  

specimen s h a l l . b e  desc r ibed .  

The i n t e n t  of the f o r e g o n g  i s  t o  a s s u r e  t h a t  t h e  "raw" d a t a  a r e  

made a v a i l a b l e  i n  a n  a c c e s s i b l e  and unambiguous form. 

It is recommended that t h e  d a t a  b e  t a b u 1 a t e d . a ~  (%/Ao) (V/S) ( l / t n )  

WILL the u n i t s  o f  ( f r a c t i o n  leached) .  (cm) (day - I ) .  It i s  suggested 

t h a t  (C~,/A,) (V/S) a l s o  be ' t abu la t ed .  

4.3.2 The r e s u l t s  may, in a d d i t i o n ,  b e  expressed g r a p h i c a l l y , '  by., f o r  

i n s t a n c e ,  (Ca,./Ao) (V/S) a s  a f u n c t i o n  of t h e  t o t a l  t ime of 

leaching .  
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I n d i v i d u a l  Bitumen Sample Leach Data. 



Experimental Results for the Leaching of 
Sodium Sulfate from Bitumen . . 

Specimen 1Al 

A. Description of Specimen 

Waste Type - BUR Chemical Regenerate Waste 

Na SO /bitumen weight ratio - 0 .399  
2 4 

6 Mass - 284.4  g. 

- 3 
Volume 202.3  cm 

- 200.3  cm 2 
Geometric Surface Area 

B. Leach Test Procedure 

Leach Test 

Leachant 

Leachant Volume 

1 - static 

- distilled water 

- 2027 cm 3 

Leachant Replacement Interval - daily 



. . . . . .  ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S a a i ~ l e  ~Jui;iP:.er 1*1 . . . . . . . . . . . . . . . .  :. ............. : ................. 
. .  , 

LS GC !! ,.2' l!!!~ ( u . 3 ~  S.1 . . . . . . . . . . . . . . . .  P i n k 1  ...... pI.1 ~f . . . . . .  . . .  ( F r a c t i o n  ......... Release) X ( V / S )  . 

I n c r e ~ n e n t a l  C u~~ iu l a t i ve  Lekchant' I n c r e m e n t a l  Cumulative 



Exper imenta l  R e s u l t s  f o r  t h e  Leaching of 
Sodium S u l f a t e  from Bitumen . I 

. Specimen 1A2 

A.  D e s c r i p t i o n  o f  Specimen 

Waste Type - B\\R Chemical  R e g e n e r a t e  Waste 

Na SO /bi tumen w e i g h t  r a t i o  - .  0.212 
2 4 

Mass - 289.1 g 

- 3 
Volume 188.6 cm 

- 2 
Geometric S u r f a c e  Area 191.7 cm 

B, Leach T e s t  P rocedure  

Leach T e s t  - s t a t i c  

Leachant  - d i s t i l l e d  w a t e r  

Leachant  Volume - 2027 cm 
3 

Leachant  Replacement I n t e r v a l  - d a i l y  



i~ i i c t i  '1'irrle ( u & y  s) E ' i  n s l  .pel cit ( E r a c t i o n  I ie lease)X(J /S)  
I r ~ c r e ; r i e n t a l ' . ~  ;:~l:r~ulative '- ~ e a c i n a n t .  " . . . .  - Incremental-".. """'Cumu.lative-.- 



Experimental Results for the Leaching of 
Sodium Sulfate from Bitumen 

Specimen 1A3 

A. Description of Specimen 

Waste Type - BIJR Chemical Regenerate Waste 

Na SO /bitumen weight ratio - 0.795 
2 4 

Mass - 282.8 g 

Volume .. - 198.3 cm 3 

- 197.1 cm 2 Geometric Surface Area 

B. Leach Test Procedure 

Leach. Test - static 

Leachant - distilled water 
3 

Leachant Volume - 2027 cm 

Leachant Replacement Interval - daily 



Leac 'h  Ti i i ,e  ( a a y s )  F i n a l  ~ I I  o f  . . . . . .  . .  - -. . . . -  - . . . . . . . . . . . . .  
( F r a c t i o n  ee lease )  x ( v / S : I  

c6m u.l a't.i.. ' 
.. ' . 

. . I n c r e m e n t a l  C u m u l a t i v e  Leachar i t - "  ' 1 n c r  G,riental--- ve. 
. ? -' 

.-._..I ...... --..-.-- -̂-. .--..-... . . - . . . . .  .... _- ...... .- .....___... ..... -./_ ..--. i. -,.---..* .... --..-...-...- .... .-*-.-,. 
: 1 . 0 0 0  1 . 0 0 0  ' 7 : i o  . , o-*'(j.(j-c y0.o u D''UED3- 
-.1. . . 000  2 . 0 0 0  ... ...... - . . . . . .  . . . . .  .. .. .6 . ,;.. .......... . . . . . . . . .  

. 7  . Q 4 .'. .' 4 .7  5 ~ - 0 . 3  4 . 7 5 ~ - 0 3  
8 . 7 1 L  

2.---.--..--9 ".18 c...o.2., ". 
i. ooii  3 . 0 0 0  I - - 
1 . 0 0 0  4 .  000  6 . 9 8  1 . 2 2 E - 0 1  2 . 1 4 ~ - 0 1 .  . . . . . .  . . . . . . . . . . . . . .  .-, "., ;.8 C-..-a 

" 

3 . 0 0 0  7 . 0 0 0  6 . 3 5 '  . -- , - 
I .-- ..-. .. -- - .. 1 . 0 0 0  ,-. -..-. - --.- ..-.. ..... 8 .  . . . . . . .  i100 .-.-. .... ..- -- .. .-. ..,,--. -- .-.- ..-. G : 3.7-.-- -. .-. -- .. ,- ... ---- - .. 6 . 3 5  4 .21E-02  8 . 2 8 E - 0 1  

1 . 0 0 0  9 7 zT'~Z'u-ffg--q X=M--"- . 
' Cn 

cn 5 :000 1 4 . 0 0 0  
. - .  ' 6 . 6 7  . . . . . . . . . . . . . . . . . . .  - . - . .  - .. . . . .  . .... . .... . . . 5 .07E-02  1 . 0 0 E  Oi0 -- - -. -, -. -- -- - - -- - 

. .I 1 . 0 6 0  1 5 .  O U O  b i-9 5 ij i i i ~ - ( j " j  1.OOE 0.0. . 

. . -. . . . . . . . . . .  1 . 0 0 0  . . . . . . . . . . . . . .  ................ .. . ... ... . .. .. i. 1 6 . 0 0 0  7 . 2 2  8 .06E-04  1 . 0 1 E  0 0 ,  -. -. .2 - - --- - - - - 
1 7 . ~ 0 0  . 5.44  - 1 . 0 1 ~  o r - - .  . 



Experimental Results for the Leaching of 
Sodium Sulfate from Bitumen 

Specimen 1C2 

. . 

A. Description of Specimen 

Waste Type 
. .. 

- BWR Chemical Regenerate Waste 

Na SO /bitumen weight ratio - 0.325 
2 4 

Mass 
L - 283.6 g 

Volume 

Geometric Surface Area 

B. Leach Test procedure 

Leach Test - .  static 

Leachant - ground water 

Leachant Volume - 2.027 cm 
3 

. . 

Leachant Replacement Interval - daily 
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Experimental Results for the ~eachin~ of 
Sodium Sulfate from Bitumen 

Specimen 1C.3. . 
.. . 

. , 
I .  . . . , ., . 

. ,  .- . , . -. .. .., 
: >. ! I .  

.. . 
:. - 

, . .  . . 

A. Description of' Specimen..: . . 

waste Type - .  , BWR Chemical ~e~enerate Waste 

- 0.506 Na SO /bitumen weight ratio- 
2 4 

Mass - 285.4 g 

- 3 3 
Volume 194.4 cm 

- 194.8 cm 2 Geometric Surf ace Area . 

(V/S) 6 
0.998 cm 

B. Leach Test Procedure 

Leach Test - static 

Leachant - ground water 

Leachant Volume - 2027 cm 3 

Leachant Replacement Interval - daily 
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Exper imenta l  R e s u l t s  f o r  t h e  Leaching of 
Sodium S u l f a t e  from Bitumen 

. Specimen 1 ~ 2  

A. D e s c r i p t i o n  of Specimen 

Waste Type 
A 

- BUR Chemical Regenera te  Waste 

- 0.707 Na SO /b i tumen weigh t  r a t i o  
2 4 b 

Mass - 9 3 9 . 3  g 

Volume 

~ e o m e t r i c  S u r f a c e  Area 

B. Leach T e s t  P r o c e d u r e  

Leach T e s t  - s t a t i c  

Leachant  - d i s t i l l e d  w a t e r  

Leachant  Volume - 4560 c m  
3 

Leachant  Replacement I n t e r v a l  - d a i l y  
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