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1. INTRODUCTION

For the past 50 years, the U.S. Department of Energy (DOE) and its predecessor agencies

have stored large volumes of defense-related radioactive and mixed wastes in underground

tanks. Initially, these tanks were constructed of single steel walls surrounded by reinforced

concrete and are known as single-shell tanks (SSTs). Over time, the highly corrosive contents

caused many of the tanks to begin to leak.

As part of its effort to remediate leaking and potentially leaky tanks, DOE's Office of

Technology Development (OTD) has established the Underground Storage Tank Integrated

Demonstration (UST-ID). The overall objectives of the UST-ID include facilitating the

development and demonstration of enhanced technologies that will lead to improved treatment

and stabilization of underground storage tank wastes. The host site for the UST-ID is Hanford,

but the program addresses potential use of these emerging technologies in remediation of tanks

at five DOE facilities: Hanford, Fernald, Idaho (Idaho National Engineering Laboratory), Oak

Ridge, and Savannah River. In order to meet its objectives, the UST-ID supports technology

development in six focus areas including: 1) waste characterization, 2) high- and low-level

waste treatment and disposal, 3) retrieval, transfer, and storage, 4) waste separation, 5) in situ

treatment and disposal, and 6) site closure. [1] The Hanford Federal Facility Agreement and

Consent Order (Tri-Party Agreement) mandates that a demonstration of a full-scale SST closure

be completed by 2004. An interim milestone includes identification of closure methods

including waste treatment and disposal by 1999.[2] In an effort to meet these milestones, the

UST-ID is supporting efforts to develop technologies leading to successful treatment and

stabilization of SSTs.
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This report describes work supported by the UST-ID, conducted at Brookhaven National

Laboratory (BNL), to develop and demonstrate a polyethylene waste encapsulation process for

low-level radioactive (LLW) and hazardous mixed wastes (HMW) stored in underground tanks.

The project was initiated in FY-92 and an Annual Progress Report was issued in September

1992. [3] Progress to date in FY-93 is presented in this Interim Status Report.

1.1 Experimental Objectives

Although Hanford SST wastes are similar in chemical composition to other nitrate wastes

within DOE (e.g., Rocky Flats Plant, Oak Ridge, Savannah River Plant and West Valley) the

high concentrations of fission products and resulting high thermal loads (assuming fission

products are not separated out of the waste) represent unique conditions that potential final

waste forms must meet. Because of these unique properties, the objective of Phase I of this

effort is to investigate the potential impacts of residual heat and high radiation doses on key

waste form properties including mechanical integrity, strength, and leachability. During FY

1992, studies were completed on the effects of elevated temperature on waste form integrity,

strength and leachability. Testing of long-lerm effects of elevated temperature has continued in

FY-93. Testing is also being conducted to investigate the potential synergistic effects of

temperature and radiation doses on integrity, strength, and leachability. A preliminary study

was conducted to examine thermal assumptions and relationship to fission product

concentrations.

Phase II efforts to be conducted in FY 1994, will determine pre-treatment requirements,

acceptable waste form formulations, and quality assurance/quality control specifications. Phase

II development efforts will be conducted using non-radioactive surrogate waste that closely

resembles actual SST waste in both chemical and physical characteristics (including toxic

metals). Surrogate waste and/or recipes for producing surrogates will be supplied in conjunction'
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with TTP RL321205 and other current surrogate development work. Investigation of pre-

treatment requirements will include engineering design specification, bench-scale testing, and

full-scale confirmation of suitable process technologies (e.g., vacuum dryers, particle size

modification). Pre-treatment results will be compared with extrusion process requirements

established previously under a related effort (TTP CH321204). Waste form development work

with SST surrogate waste will be conducted using two bench-scale extruders at the newly

refurbished lab facilities at the BNL Environmental and Waste Technology Center. Waste

loading will be optimized with respect to key waste form performance characteristics. Process

parameters that result in successful final waste form production including polymer

specifications, extrusion zone temperatures, melt temperature and pressure, etc. will be reported.

Scoping tests will be conducted to evaluate potential waste form performance (e.g., integrity,

strength, teachability) under disposal conditions. Testing will be conducted to determine

compliance with RCRA Land Disposal Requirements as mandated by EPA for hazardous and

mixed wastes. The final phase of this effort (Phase III), to be completed in FY 1995, will

involve confirmation of scale-up feasibility, and completion of a full-scale demonstration of

polyethylene encapsulation of surrogate SST nitrate salts at BNL's Full-Scale Waste Form Test

Facility.

2. Sample Preparation

Samples were prepared using a bench-scale plastics extruder (Killion) with a 32 mm

(1.25 in.) screw diameter and a maximum output rate of about 35 kg/hr (16 Ib/hr). The BNL

extruder, shown in Figure 2.1, is equipped with two volumetric feeders (AccuRate Model 301)

calibrated to deliver precise quantities of simulated waste and polyethylene binder. The

materials are mixed and heated at about 150°C within the extruder, forming a homogeneous

molten mixture. The mixture is then extruded into a suitable mold and forms a monolithic

solid waste form on cooling.



Polyethylene Encapsulation of SST LLW FY-93 Interim Progress Report

When operated in the volumetric mode, feeders were calibrated using the polyethylene

and simulated salt waste materials that were employed for test specimens. Each feeder was

calibrated at five different speeds covering the complete operating range (10, 25, 50 75 and

90% of full speed). Output rate at each speed was measured for at least 10 trials. Mean output

rates, associated 2er error, and linear regression lines were calculated. Calibration results are

shown in Figures 2.2 and 2.3 in terms of feeder output (g/min) as a function of percent full

speed.

The volumetric feed system was upgraded to a loss-in-weight system. This system

monitors the mass feed rates of each feeder instantaneously (by measuring the loss in mass

of the feeder and feed material in real time). The actual feed rate is compared with the mass

feed rate set by the operator and the speed of the feeder is adjusted accordingly. The loss-in-

weight conversion kit (Merrick Industries Model 510) includes: platform scales (to monitor the

amount of material delivered in real-time), temperature and pressure compensated strain gauge

load cells (to convert weight loss to a digital signal), SCR motor speed controllers (to provide

DC drive motor control), programmable micro computer controllers (to compare input signal

with set point and adjust feed rate to compensate), and a master computer control (to store

recipe blends, and control multiple feeders to maintain preset ratios independent of feed rate).

The loss-in-weight feed system is also shown in Figure 2.1.
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Figure 2.1 The BNL bench-scale extruder, equipped with two volumetric feeders and loss-in-
weight control system to deliver precise quantities of simulated waste and-
polyethylene binder.
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Figure 2.2 Calibration curve for sodium nitrate simulated waste in terms of feeder output
(g/min) as a function of percent full speed.
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(g/min) as a function of percent full speed.
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2.1 Radiation and Thermal Effects Specimen Preparation

Simulated waste forms containing 60 wt% sodium nitrate encapsulated in polyethylene

were prepared for examining the effects of high gamma radiation dose and elevated

temperatures on waste form integrity and mechanical strength. Specimens were prepared using

the Killion 32 mm (1.25") diameter extruder. Waste and binder materials were metered

volumetrically using two AccuRate Model 301 feeders Waste form preparation technique for

these specimens was similar to the procedure described in Ref. [3]. Nominal dimensions for

these test specimens were 50 mm diameter x 100 mm height.

In preparation for compressive strength testing, top and bottom surfaces of test

specimens were machined to form right cylinders with smooth surfaces. Densities were

calculated from dimension and weight data. Average densities were 1.400 ± .01 (error

expressed at the 2c confidence level).

2.2 Preparation of Leach Test Specimens

Leach test specimens containing 60 wt% NaNO3 were prepared using the Killion 32 mm

(1.25") diameter extruder. Polyethylene and NaNO3 were metered using the loss-in-weight

feeder system described in Section 2. The NaNO3 feeder was set to a mass feed rate of 30.0

g/min and the LDPE feeder was set to 20.0 g/min, for a total mass feed rate of 50 g/min. Prior

to preparing samples, 10 grab samples were taken from each feeder to verify delivery rates and

evaluate statistics. The mean feed rate measured for the NaNO3 feeder was 30.86 ± 0.24 g/min

and for the LDPE feeder was 20.55 ± 0.34 g/min (error expressed at the 2a confidence level).

A total of 23 test specimens were prepared. Densities were calculated using a pyncnometer



Polyethylene Encapsulation of SST LLW FY-93 Interim Progress Report

to measure volume and electronic balance for weight. The pyncnometer (Quantachrome

Multipyncometer, Model MVP-1) measures true density of a solid by measuring the pressure

difference when a known quantity of helium gas is allowed to flow from a precisely known

reference volume into the sample cell containing the solid. Average density for the leach test

specimens was 1.413 ± .011 (error expressed at the 2a confidence level).

3. Apparatus and Procedure for Irradiating at Elevated Temperatures

Apparatus to test the effects of high radiation doses and elevated temperature on

polyethylene waste form properties was designed and fabricated. Test specimens were

subjected to a total gamma radiation dose of 108 rad at BNL's Co-60 Gamma Irradiation

Facility. Samples were placed in specially designed holders that maintain waste form specimen

temperatures within ± 1°C. Heat is provided by electric resistance band heaters in an

aluminum holder assembly. Temperature is controlled by digital PID controllers and monitored

by thermocouples. Figure 3.1 shows the modified sample holder apparatus with band heaters

and insulation to maintain temperature within the gamma pool. Waste form test specimens

were irradiated at dose rates between 1 - 3 x 106 rad/hr at ambient pool temperature, 50°C, and

70°C until a total dose of 10* rad was achieved. Figure 3.2 shows a sample being lowered

into the BNL gamma pool facility. Figure 3.3 is a photograph of the temperature control and

data acquisition module used to control and monitor sample temperature.
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Figure 3.1 Modified sample holder apparatus with band heaters and insulation to maintain
temperature within the gamma pool.
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Figure 3.2 Waste form test specimen containing sodium nitrate encapsulated in polyethylene-
being lowered into the BNL gamma pool facility.

10
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Figure 3,3 Temperature control and data acquisition module used to control and monitor-
sample temperature.

11
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4. Mechanical Properties Following Irradiation at Elevated Temperature

Following irradiation to a dose of 108 rad at ambient gamma pool temperature, 50°C,

and 70°C, polyethylene waste form specimens containing 60 wt% sodium nitrate were

examined for changes in weight and dimension and were tested for compressive yield strength.

Measurement of physical dimensions and weight before and after irradiations indicate no

significant changes. Compressive yield strength data are given in Table 4.1. Mean

compressive yield strength of specimens was 1920 ± 70 psi (13.25 ± 0.48 MPa) for specimens

irradiated at gamma pool temperature, 2070 + 110 psi (14.29 ± 0.76 MPa) for specimens

irradiated at 50°C, and 2020 ± 140 psi (13.94 ± 0.97 MPa) for specimens irradiated at 70°C.

These data represent an increase in compressive yield strength of 29 to 41% over unirradiated

control specimens containirc the same waste loading. Increases in mechanical strength are

expected due to increased cross-linking of polymer chains when subjected to gamma

irradiation. However, differences in compressive strength data for irradiated samples at varying

temperatures are nov statistically significant. Thus, no synergistic effects occurred due to the

elevated temperatures during irradiation.

12
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Table 4.1 Compressive Yield Strength for
NaN03, Irraditated to a Dose of

Ambient Pool Temperature

Sample #

6

7

8

9

10

Mean

Std. Dev.

Error

% Error

Yield

Strength, psi

1907

1840

1914

1941

2009

1922

55

68

3.5

Polyethylene Waste Forms Containing 60 wt%
108 rad at Ambient Elevated Temperatures

Irradiated at 50°C

Sample #

16

17

19

21

22

Mean

Std. Dev.

Error

% Error

Yield

Strength, psi

1965

2115

2184

2129

1956

2070

92

114

5.53

Irradiated at 70°C

Sample #

11

12

13

14

15

Mean

Std. Dev.

Error

% Error

Yield

Strength,

psi

1971

2223

1901

2058

1948

2020

113

141

6.97

5. Mechanical Properties Following Long Term Conditioning at Elevated Temperatures

Testing to determine the effects of elevated thermal conditions on waste form

mechanical integrity and strength properties, initiated in FY-92, was continued for one year.

Simulated waste form specimens containing 50, 60, and 70 wt% sodium nitrate encapsulated

in polyethylene were placed in two thermal test chambers, at 50°C and 70°C, respectively. •

13
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Five replicates at each waste loading and temperature were removed from the chambers and

allowed to cool to ambient temperature at the end of three months, six months and one year

of conditioning. Three month data were reported in Reference [3]. Sample weights and

dimensions were taken and were compared with measurements made prior to thermal testing.

For specimens conditioned at 50 °C for one year, the average change in weight (gain or loss)

was 0.03% with a maximum weight gain of 0.29% and maximum weight loss of 0.05%.

Average change in volume was 1.14%, with a maximum increase of 2.15% and a maximum

decrease of 4.60%. For specimens conditioned at 70°C for one year, the average change in

weight (gain or loss) was 0.08% with a maximum weight gain of 0.12% and maximum weight

loss of 0.0%. Average change in volume was 0.91%, with a maximum increase of 1.58% and

a maximum decrease of 2.49 %. None of the variations in weight or volume represent

significant changes in the physical properties of the waste forms as a result of long-term

storage at elevated temperatures.

Compressive yield strength was measured for the thermal test specimens and a set of

control specimens stored at ambient temperature. Although percent of original strength ranged

from 91% to 108%, after 6 months and 94% to 113% after one year, no statistically significant

changes in compressive yield strength were observed as a result of thermal conditioning at

these expected temperatures. Results are given in Tables 5.1 and 5.2 for 6 months and 1 year

data, respectively.

14
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Table 5.1.

Waste

Loading,

wt%

50

60

70

a) Average

Compressive Yield Strength for UST-ID Polyethylene Waste Forms Containing
Sodium Nitrate Stored at Elevated and Ambient Temperatures For 6 Months(a)

of 5

Control

(ambient

temperature)

Yield

Strength, psi

2080 ± 260

1600 ± 140

1500 ± 200

Stored at 50°C, 6 months

Yield

Strength, psi

2090 ±310

1610 ± 140

1620 ± 130

%of

Original

Strength

101

1 < > 1

108

Stored at

Yield

Strength,

1890 +

1650 ±

1620 ±

replicates. Error calculated at 95% confidence limit.

70 '

psi

150

110

90

3C, 6 months

%of

Original

Strength

91

103

108

Table 5.2. Compressive Yield Strength for UST-ID Polyethylene Waste Forms Containing
Sodium Nitrate Stored at Elevated and Ambient Temperatures For 1 year(a)

Waste

Loading,

wt%

50

60

70

Control

(ambient

temperature)

Yield

Strength, psi

2080 ± 260

1600 ± 140

1500 ± 200

Stored at 50°C, 1 Year

Yield

Strength, psi

1980±200

15901160

1590±160

%of

Original

Strength

95

99

106

Stored at 70 °C, 1 Year

Yield

Strength, psi

I960±II0

1640±120

1690±150

%of

Original

Strength

94

103

113

a) Average ot 5 replicates. Error calculated at 95% confidence limit.

15
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6. Fission Product Heat Load Calculations

Thermal load testing for this project has assumed a maximun waste form centerline

temperature of 70°C. This assumption was evaluated by conducting an engineering estimate

to determine the maximum amount of decay heat that can be removed from polyethylene waste

forms containing SST waste without exceeding a maximum temperature of 70°C. [4] The

proposed waste forms consist of 40 weight % polyethylene and 60 weight % NaNO3.

Currently, two sizes of waste forms are being considered: 55 gallon drums, and 300 gallon

drums. Obviously, the heat transfer from the waste forms to the surroundings will depend

upon how the drums are stored (geometry, packing density) and where the drums are stored

(ventilation in the disposal facility, ambient air temperature, etc.). For the present calculations

it is assumed that the drums are stacked vertically on top of each other, and that the columns

of drums are far enough apart so that the heat transfer due to natural convection from a column

of drums is independent of the other columns.

Q " is a function of three parameters: the waste form outer radius, R, the ambient air

temperature, Tm, and the heat transfer coefficient, h. We have performed calculations for four

different values of h. These correspond to:

(a) Base Case With Natural Convection Only

For this case the waste form is assumed to loose heat by natural convection only

and the heat loss by radiation is neglected. This, for example, would be the case

for the central columns of waste forms which are surrounded by similar

columns, thus resulting in no net heat loss by radiation. For this case, the heat

transfer coefficient is given as: h = 3.7 W/(m2K)

(b) Base Case With Natural Convection and Radiation

16
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For this case, the heat loss by radiation is taken into account. This, for example,

would be the case for waste form columns stored at the periphery. The total

heat transfer coefficient for this case is h = 3.7 + 6.3 = 10 W/(m2K).

(c) Restricted Natural Convection Only

The heat transfer coefficient for the case (a) above is reasonable provided the

columns of waste forms are sufficiently apart such that the natural convective

heat loss from one column is not affected by the natural convective heat loss

from the adjacent columns. If the columns are closely spaced, and/or the access

of ambient air into the disposal facility is restricted, the heat transfer coefficient

is likely to be less. To parametrically take this into account, for this case we

have assumed h to be one half the value for case (a). That is: h = 1.85

W/(m2K)

(d) Restricted Natural Convection and Radiation

Analogous to the case (c) above, for this case we assume h to be one half the

value for case (b). That is: h = 5 W/(m2K). This, for example, might be the

case for a column somewhere between the center and the periphery when natural

convection is restricted.

The parameter values for which the calculations have been performed are summarized

in Table 6.1, and the results of these calculations are presented in Figures 6.1 and 6.2. These

figures show the results (volumetric heat source or curies per drum) as a function of the

ambient air temperature

17
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Table 6.1. Summary of Parameters Used for Thermal Load Calculations

Parameter

R

T.

h

Values

0.29m (55 Gallon Drum), 0.456m (300 Gallon Drum)

Ambient Air Temperature: 20°C, 30°C, 40°C

Base Case With Natural Convection Only: h = 3.7 W/(m2K)

Base Case With Natural Convection and Radiation: h = 10

W/(m2K)

Restricted Natural Convection Only: h = 1.85 W/(nrK)

Restricted Natural Convection and Radiation: h = 5 W/(m2K)

18
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for various values of heat transfer coefficient, h. The left ordinate in these figures shows the

maximum permissible value for the decay heat in W/m3 and the right ordinate shows the

maximum permissible curies per drum. In order to convert the decay heat values to curies we

have assumed that the radioactive nuclides consist of 80% Strontium-90 (Sr90) and 20%

Cesium-137 (Csl37). For these nuclides, calculations show the following curies per watt:

Sr90: 861.15 Si

Csl37: 899.73 —

80%£?r$0 + 20%Cs237 : 8 6 8 . 8 6 £ i

19
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A detailed description of the calculation methodology is given in Reference [4].

Although this analysis represents a preliminary assessment of thermal loads for

polyethylene waste forms and is subject to several broad assumptions, it provides technical

justification for the assumed maximum waste form centerline temperature of 70°C. The

number of 55 gal. drums required for polyethylene encapsulation of the entire SST inventory

(53,000 kg dry sludge, 121,000 kg dry saltcake, and 7,200 kg dried interstitial liquid for a total

of 181,200 kg) and resultant waste/drum loadings (based on maintaining a maximum drum

centerline temperature of 70°C) is given in Table 6.2. These vary from a minimum of 441

drums (411 kg of waste/drum) assuming an ambient temperature of 20°C and heat transfer

coefficient of 10 W/(m2K), to a maximum of of 1,442 drums (125 kg waste/drum) assuming

an ambient temperature of 40cC and heat transfer coefficient of 1.85 W/(nrK). For

comparison, the amount of waste/drum based on waste loading and density data developed

during process development studies is shown in Table 6.3. By comparing the waste/drum in

Tables 6.2 and 6.3, waste loadings between 50 and 70 dry wt% are estimated to result in

temperatures < 70°C for all cases except the most conservative (heat transfer coefficient of 1.85

w/nrK and an ambient temperature of 40°C) in which a maximum waste loading of about 48

wt% is estimated. Thus, actual centerline temperatures are expected to be considerably lower

than 70°C.

22
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Table 6.2 Estimated Number of 55 gal. Drums and Waste/Drum Based on Thermal Load
Calculations

Temperature, ° C

Heat Source

w/m3 kCi/drum

# of Drums

(Based on Ci)

Waste/drum,

kg

h=10 W/(m2K)

20

30

40

752.8581

602.2865

451.7148

136.0415

108.8332

81.62486

441.04

551.30

735.07

411.00

328.80

246.60

h=5 W/(m2K)

20

30

40

617.943

494.3546

370.7659

111.6623

89.32988

66.9974

537.33

671.67

895.56

337.35

269.88

202.41

h= 3.7 W/(m2K)

20

30

40

548.8307

439.0646

329.2984

99.17371

79.33897

59.50422

605.00

756.25

1008.33

299.62

239.69

179.77

h= 1.85 W/(m2K)

20

30

40

383.7535

307.0028

230.2521

69.34426

55.47541

41.60655

865.25

1081.56

1442.08

209.50

167.60

125.70

23
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Table 6.3 Quantities of Waste/55 gal. Drum Estimated Based on Waste Loading and
Density Data

Waste Loading, dry

wt%

50

60

70

Density, g/cm3

1.300

1.400

1.571

Drum Wt, kg

270

291

326

Waste/Drum, kg

135

175

228

24
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