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EXECUTIVESUMMARY 

In July 1987, a field demonstration of in situ vitrification (ISV) was carried out at 

the Oak Ridge National Laboratory (ORNL). The project was a collaborative venture 

between ORNL and Battelle Pacific Northwest Laboratory (PNL) using the PNL pilot- 

scale processing unit. A 3Bscale model of an ORNL radioactive liquid waste disposal 

trench was constructed and chemical additions of Cs,CO, and SrCO, were used to 

simulate the 137Cs and 3 r  contained in the Seven abandoned ORNL seepage disposal 

trenches. A 20-Mg mass of vitrified product was produced from the demonstration 

trench. 

The objectives of the demonstration were (1) to evaluate the operational 

performance of ISV within the local geologic and hydrologic regime with the earthen 

materials used in ORNL seepage trench construction; (2) to determine the soil retention 

factors (i-e., the ratio of the elemental amounts in the vitrifed mass to that released to 

the process off-gas) for Cs and Sr so that the radiological safety for ISV application to 

large inventories of 137Ck and 9 r  can be assessed; and (3) to determine the durability of 

the resulting ISV product as a waste form and compare it to the durability of the form 

of u7(ss and %r presently in the ORNL seepage trenches. 

Between 1951 and 1966, ORNL disposed of approximately a million curies of 

fission products, activation products, actinides, and transuranic isotopes by allowing liquid 

waste to seep into seven pits and trenches filled with crushed limestone. Much of the 

radioactivity remains in close proximity to its point of disposal and does not seem to be 

contributing significantly to the current discharges to surface water from ORNL But in 

the long term, this relatively high inventory of radioactivity, particularly the long-lived 

"'Cs and T r ,  is potentially mobile, and techniques for its stabilization must be 

considered. ISV represents a promising technique to incorporate this radioactivity into a 

durable waste form if the process can be shown to be applied safely. 

Four molybdenum electrodes with graphite sleeves were placed in the soil 

formation around the demonstration trench and a specially fabricated off-gas hood 

placed over the trench. Electrical power (up to 400 kW during the later stages of the 

run) was applied to the electrodes. Power delivery system malfunctions caused two 

delays in the initiation of the melt. Once these problems were overcome, the ISV 

... 
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operation continued uninterrupted, except for scheduled downtime, for 110 h. A total 

of 29 MWh of energy was delivered to the trench over the 110 b of the run, The 

starter path on the surface of the soil between the electrodes had to be reestablished 

several times due to trench surface subsidence during the melting and the delays caused 

by the power system malfunctions. After allowing several wccks for the ISV block to 

cool, core samples were taken and, later, one side of the trench was excavated to expose 

the product. The melt tended to proceed down the long axis of thc trench to a greater 

degree than into the host soil forniation. This effect was no1 anticipated but can be 

considered advantageous €or application to seepage trenches because fcwm electrode 

placemcnts would bc required to vitrify a given length of trench than if a symmetrical 

block were produced. 

The retention of Sr in the vitrified zone was excellent; >99.999% of the Sr was 

incorporated in the ISV product and did not appear in the off-gas processing system. 

The retention of C. was encouraging at 99.88%. However, this retention of Cs needs to 

be improved so that the application of ISV to ORNL seepage trcnch 7 (about 10,@00 Ci 

of 13'Cs per electrodc setting) does not result in 12 Ci (0.128) of 137Cs volatilizing from 

the melt and depositing in the off-gas system components. Measures to decrease the 

potential for volatilization of w7Cs need to be established before application to an 

ORNL seepage trench. Potential techniques include addition of a melt temperature 

lowering flux (e.g,, NaOW) to the trench prior to ISV. The NaOH addition may also 

allow a subsurface melt initiation which would allow for more removal. of L37Cs from the 

off-gas via filtration by the overlying soil. 

The ISV product was found to be a mixture of microcrystalline and glass phases 

with the former dominating in the slower-cooling regions of the trench. The melt 

composition was a mixture of the siliccsus saprolite (70 wt %) and the limestone cobble 

(30 wt %) used bo backfill the trench and had a 100-poise viscosity teinperature of 

1325°C. The crystalline phase was in the form of spherulites that consisted of a mixture 

of feldspar-like and wdlastonite-like phases, The bulk chemical compositions of the 

crystalline and glass phases were essentially identical at 55% SO,, 13% Al,O,, 4% FeQ,, 

2% MgO, 18% CaO, 3% K,Q, 1% Na,O, 1.5% SrO, and 0.4% G,Q. The significant CF 

and Sr compositions resulted from the chemical additions to the demonstration trench 



Both Cs and Sr were quite uniformly distributed in all vitrified samples from the trench 

indicating that thermal convection in the molten state had been extensive. 

Both the crystalline and glass phases were tested for leach resistance and durability 

by using standardized test methods for nuclear waste glasses. Although the crystalline 

phase was slightly less leach resistant than the glass phase, both phases were as durable 

as several vitreous forms considered for high-level radioactive waste. The leachability of 

Sr was greatly reduced over its ambient leachability from contaminated soil and waste by 

conversion from a cation-exchangeable form in soil to a solubility-controiled phase in the 

ISV product. The leachability of 's%s from vitrified phases increased marginally over 

that in soil, where its fmation by illitic minerals results in its inherently low leachability. 

However, the increase in 

a decrease in surface area after vitrification, by up to five orders of magnitude, resulting 

in a net gain in durability. Overall, much of the improvement in waste form durability 

after vitrification results from a large decrease in sample surface area when soil is 

transformed to glass. Leaching of pulverized ISV crystalline and glass phases in 

standardized tests resulted in low release rates. The ISV product is, without 

qualification, an extremely durable waste form. 

leachability from the ISV product was more than offset by 

Before ISV is applied to an actual seepage trench at OWL, it would be 

important to perform a "hot" test to demonstrate some of the possible techniques to 

minimize or further reduce the volatilization of '37Cs. Control of the power delivered to 

the melt could be used to maintain temperatures just high enough to continue melting. 

Exceeding this power level superheats the melt and may cause unnecessary volatilization 

of "7Cs. Two possible methods to monitor melt temperature (thus minimum power 

required) are (1) real-time monitoring of '37Cs in the off-gas by using gamma detectors in 

the process trailer and (2) use of heat sensors in the melt itself. Establishing the ability 

to regulate 'J7Cs volatilization through electrical power control would be an important 

safety demonstration. Additional techniques could be established in bench-scale tests 

prior to incorporation in a field hot test. One technique could be the addition of a flux 

(e.g., NaOH) to the trench prior to vitrification to lower the melting temperature of the 

soil-limestone mixture. Addition of NaOH also may allow melting to be initiated below 

the surface, which would allow for more removal of '"Cs from the off-gas via filtration 

through the Overlying soil. It is possible that prefiltration of particulates, where the 137Cs 



is concentrated, could be accomplished within the off-gas hood so that less 13’Cs reache 

the process trailer. Assuming the success of any or a combination of these techniques, 

ISV represents a safe and permanent stabilization technique for disposal trenches at 

ORNL. Because of its inherent costs, ISV would probably not be a cost-effective or 

necessary stabilization technique for lower-hazard sources such as low-level solid 

radioactive waste burial trenches. 



A series of seven Seepage pits and trenches (Fig- 1) were used between 1 

191% for the dispxal of a p ~ r o ~ ~ a t ~ ~ y  6.8 x tP h, of liquid ~ a d ~ ~ a ~ ~ ~ ~ e  wastes at 

Oak Ridge National Laboratory (ORNL) (Qlsen e t  ale 1"[B83), Over 4 x 1 

(%IO6 Ci) a€ fission products, activation products, actinides, and t ~ a ~ s ~ ~ ~ ~ ~ ~ ~  nudides 

4 of in these seepage trenches (Fig. 2 )  "he acidic ~~~~~~s were treated 

with NaOH to raise the pN (pH =: 12). The liquids were then ~ u ~ ~ ~ d  ta the trenches, 

which were filled with crushed limestone. To facilitate t 

trenches were constructed on the tops of ridges and wcrc oriented perpendicular to the 

strike of the bedding of the weathered ~ ~ r ~ ~ t i ~ ~  ~ C ~ ~ ~ ~ a ~ g a  Group). .As the ~~~~~~ 

seeped out, most radionuclides remained within close proximity or the trenches. YZlite, 

an abundant pbase in these mils, generally sorbs Cs ~ ~ ~ e ~ ~ ~ ~ ~ b ~ ~  (Tamura and Jacobs 

19ss>. Strontium, which k poorly sorbed by the soils, is nmtly retained withiii the 

trenches as a sludge of mprtxipitatd Ct(Sa)GQ, ~~~~~~~~~ et MI. X967), To further 

reduce the potential mobility of contaminants, the trenches wcrc pretreated with a 

solution of NaOH ta increase the alkalinity of the system prior to fi!ling with the liquid 

wastes (Lnmenick e t  ai. 1967; Spalding l%O, 19831). pail af these pits and trenches are 

now covered with asphalt caps to reduce the direct infiltration of precipitation into the 

waste. 

seepage 63f liquids, the 

Currentlyy, 13'Cs and %r from the pits and trenches do not contribute significantly 

ta surface-water contamination; most of the CS and Sr remains mar the ~~~t~~~ 01 the 

pits and trenches. However, near-surface groundwaters in the vicinity of one trench are 

contaminated with other radionuclides (e.g., %, *Fc, "*%la, 2"31J) that were prcsent in E 

wastes in ]lesser but significant quantities (Olsen et al. 1983) Tliese rcssearchen 

suggested that correlations between the activities af ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~ s  in the waters with 

elevated pM values and high ~ ~ ~ ~ t ~ a ~ ~ ~ n s  of Wa+, Ca2+, C1, NO;, and SO:- along 

suspected ~ l a ~ ~ t ~  from the trench indicate that 

of the alkalinity in the trench, which retains the %s, is occurring. Because Sr i s  not 

e soils in this area, the ~e~~~~~~~~~~~ of the  alkaline waste sludge 

f" in the future, 

it is not known at the prmsent time whah the 
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ILW WASTE PITS AND TRENCHES 

Fig. 1. Location of radioactive liquid waste disposal pits 1-4 and trenches 5-7 at 
ORNL in relation to the pilot-scale ISV demonstration site. 
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M P C A L  WASTE DISPOSAL TREWCH 

Fig. 2. Construction details of ORNL liquid waste disposal trench 7. 
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future impact from these sites will be on thc environment, these factors, combined with 

the large inventories of radionuclides in close proximity to the surface, create the 

potential for significant releases in the future. Either a long-term site monitoring and 

maintenance program will be required, or rcmedial actions such as grouting, groundwater 

diversion, dynamic compaction, or vitrification n c d  to be performed for the permanent 

closure of thcse sites. 

In situ vitrification (ISV), developed and patented for the U.S. Department of 

Energy (DOE) by Pacific Northwest Laboratory (PNL) involves placing four electrodes 

around the volume of contaminated soil, applying electrical power to the electrodes, and 

melting the entire mass of contaminated soil into a homogeneous and durable glassy-to- 

microcrystalline waste form. The ISV technolo has been cxtensively tcsted by PNL at 

a variety of scales (Le., electrode spacings from 0.1 to 4.5 m). Tests on several types of 

wastes have been conducted (Buelt and Freirn 1986; Buelt et al. 1987; Timmerman and 

O m  1984; Timmerman et al. 1983). A large-scale ISV system capable of producing 

vitrified blocks of 400 to 800 Mg in a single electrode setting (up to 5.5-m electrode 

spacing) has been devcloped and t c s t d  (Buelt and Carter 19%). 

The pits and trenches at ORNL are candidates for vitrification because of their 

small areal extent, shallow depth (<6 m), and relatively well-defined and homogeneous 

contents. The potential for significant personnel exposure during excavation of the 

contaminated pits and trenchcs with their high concentrations of 137Cs and ?3r makes an 

in situ technology highly desirable. However, before a decision concerning the full-scale 

application of ISV technology to sites at QRNL can bc made, several detailed studies 

were deemed necessary. Results from labratory- and engineering-scale (0.23-m 

electrode spacing) tests that were conducted to evaluate the feasibility of ISV for ORNL 

conditions suggested that a pilot-scale denionstration was warranted (Carter et al. 1987). 

This pilot-scale demonstration, which involved no radioactivity, but rather stable analogs 

for 13'Cs and T r ,  had three main objectives: (1) to determine the retention factors 

(mass in melted soil divided by mass in off-gas) for Sr and Cs under field conditions, 

(2) to evaluate the durability of the waste form produced in the ORNL soil system, and 

(3) to assess the operational performance of ISV applications in heterogenous, high- 

carbonate soils and rocks. The third objective addressed the fact that previous tests of 
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ISV had been 

homogeneous, 

accomplished on the Hanford Site, where the soils are more 

sandy, and highly siliceous. 

1.1 ISV PROCESS DEWRIPTION 

The ISV process as applied to the stabilization of contaminated soils involves 

placing four molybdenum electrodes into a square array of augered holes that bound the 

contaminated zone. Figure 3 illustrates the sequence of the process. A conductive path 

for electrical current is formed by placing a small amount of a mixture of powdered 

graphite and crushed borosilicate glass between the electrodes on the surface of the soil. 

A molten, conductive path is established via the dissipation of power through the starter 

material to create a temperature high enough to melt a layer of soil. This molten zone 

continues to grow downward and increases in size to encompass the contaminated soil. 

Lessdense material sometimes creates a layer of "rock" that floats near the surface of 

the melt until it is eventually incorporated into the molten mass. 

The high temperature (1600 to 2000°C) of the molten material causes organic 

materials to pyrolyze; the pyrolysis products diffuse to the surface and combust. In 

addition, water vapor and carbon dioxide are released from the soil. The movement of 

these gases through the melt produces some porosity in the final product near the 

surface of the melt. A hood over the vitrification zone is maintained under a slightly 

negative pressure to collect off-gases and the small percentage (usually ~ 0 . 0 1  wt %) of 

particulates that are released with the off-gas from the molten mass. The hood also 

provides support for the electrodes. The off-gases from the process are collected, 

treated, and monitored to ensure that only environmentally safe levels of potential con- 

taminants are released. Noncombustible materials dissolve into, or become encapsulated 

by, the molten soil. Thermally induced convection currents within the molten material 

help to homogenize the final waste form, which often physically resembles natural 

obsidian. 

The principles of 1SV are based on developments from work performed at PNL 

on joule-heated melters for various nuclear waste immobilization projects (Buelt et al. 

1979). The joule-heating principle involves internal resistance heating as electrical 

current passes through the molten media. In ISV the resistance decreases as the molten 

mass increases in size. To maintain a power level high enough to continue 
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melting additional soil, the current must be increased. To accomplish the variable 

current during ISV processing, a power transformer with multiple voltage taps is used. 

At startup the ISV process requires high voltage and low amperage. As the melt 

progresses and resistance decreases, the h e r  voltage taps on the power transformer 

allow increased amperage to be applied to the melt, maintaining a high power level. 

The process continues until heat losses from the melt approach the energy delivered to 

the soil via the electrodes or until power is discontinued to the electrodes. 

12 P I L o T s C A I E 7 E s T S Y ~  

The pilot-scale test system at ORNL used four electrodes in a square array (1.2-m 

separation) and consisted of a power-control unit, gas-scrubbing unit, and an off-gas 

containment hood over the vitrification zone. A cutaway view of the pnlot-scale ISV 

system is illustrated in Fig. 4. Prior to the O W L  test, this system had been used on 

11 pilot-scale tests at the Hanford site at electrode spacings from 0.9 to 1.3 m (10 to 

50 Mg of melt). The pilot-scale system has been described previously; the following 

discussion is included for completeness and is modified after Jacobs et  al. (1988) and 

Carter et  al. (1988). 

121 Power-bfiery System 

The pilot-scale power system uses a Scott-Tee connection to transform a three- 

phase input to a two-phase secondary load by using diagonally opposed electrodes in a 

square pattern. The 500-kW power supply may be either voltage or current regulated. 

The alternating primary current is rated at 480 V, 600 A, three phase, and 60 Hz. The 

three-phase input feeds a Scott-Tee connected transformer (Fig. 5), which provides a 

two-phase secondary load. The transformer has four separate voltage tap settings of 

1O00, 650, 430, and 250 V. Each voltage tap has a corresponding amperage rating of 

250, 385, 580, and lo00 A per phase, respectively. The amount of three-phase input 

power delivered to the transformer is controlled by adjusting the conduction angle of the 

thyristor switches located in each of the three input lines. These switches, in 

conjunction with selectable taps on the transformer secondary, regulate the amount of 

power deliverable to both secondary phases. The Scott-Tee connection provides an 

even-load distribution among the three primary phases. 
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Fig. 4. Cutaway view of the pilot-scale ISV processing components. 
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Fig. 5. Scott-Tee electrical connection for the pilot-scale ISV system. 
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ent and 

The off-gas containment and electrode-support h d ,  constructed from seven 

panels of 20-gauge stainless steel bolted together, is 3.1 m wide, 5.5 m long, and 0.9 m 

high. Four leveling supports are attach , which also has a 

port for viewing and providing access to the surface of the melt. A central off-gas port 

to the corners of the h 

direct coupling of the ood to the processing trailer and off-gas treatment system. 

Heat fins instal 

transferred to the hood from the partially molten surface during processing. The hood, 

designed to withstand a water vacuum s f  18 em, had a flexible skirt of tightly woven, 

high-temperature-resistant fabric attached to the bottom of all side panels. This skirt 

to allow for a hood-to-ground seal 

on the surfaces of the panels help remove radiant heat that is 

roximately 0.6 m away from the h 

when covered with a layer of soil. 

The electrodes consktcd of molybdenum rods (5-cm diameter) placed into graphite 

sleeves (15-cm diameter). To reduce the oxidation of the electrodes during processing, 

they were mated with MoSi,, and the annulus between the molybdenum rods and the 

graphite slceva was filled with a molybdenum disilicide/zirconium diboride powder. The 

~ o ~ y ~ d ~ ~ ~ m  rods of the electrodes protruded through the hood and were surrounded by 

electrically insulated sleeves that allowed adjustment of the electrode positions. The 

electrodes and bus bars were supported by insulators above the sleeves that were 

designed to withstand movement of the molten mass against the electrodes from 

convection currents and the gravitational and buoyant forces exerted on the electrodes. 

12.3 0 Treatment §y%tem 

The off-gas treatment system is shown ~ c h e ~ a t ~ c a ~ l y  in Fig. 6. The off-gas passes 

through a venturi-ejector scrubber and separator, a Hydro-Sonic scrubber (Hydro Sonic 

Systems, Dallas, Texas), a separator, a condenser, another separator, a heater, two stages 

of high-efficiency particulate air (HEPA) filtration, and a blower. Liquid to the two wet 

scrubbers is supplied by two independent scrub recirculation tanks, each equipped with a 

pump and heat exchanger. The entire off-gas system has been installed in a 13.7-m-long 

semitrailer to facilitate transportation (see Fig. 4). All of the off-gas components except 

the second-stage HEPA filter and blower are housed within a removable containment 
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Fig. 6. Schematic drawing of the pilot-scale ISV off-gas treatment system. 
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module that has gloved access and is maintained under a slightly negative pressure to 

protect workers from potential contamination. Heat is removed from the off-gas by a 

closed-loop cooling system consisting of an air/liquid heat exchanger, a coolant storage 

tank, and a pump. A 1:1 mixture of water and ethylene glycol is pumped first from the 

storage tank through the shell side of the condenser and the two scrub-solution heat 

exchangers and then through the air/liquid exchanger, where heat is removed from the 

coolant. 

The venturi-ejector scrubber serves both as a quencher and high-energy scrubber. 

The second scrubber is a two-stage Hydro-Sonic scrubber (tandem nozzle scrubber) as 

illustrated in Fig. 7. The first section condenses vapors, removes large particles, and ini- 

tiates growth of the finer particles so that they are easily captured in the second stage. 

Particles are captured when the gas is mixed with fine water droplets produced by 

spraying water into the exhaust of the subsonic nozzle. Mixing and droplet growth 

continue down the length of the mixing tube. Large droplets containing thc particles 

are then removed by a vane separator and drained back into the scrub tank. When 

operated at a differential pressure of 127 em of water, the unit is designed to remove 

over 90% of all particles greater than 0.5 pm in diameter. Efficiency of removal 

increases with an increase in pressure differential. 

Additional water i s  removed from the gas system by a condenser with heat 

exchange area of 8.9 m2 and a final separator. The gases are then reheated to 

approximately 25°C above the dew point in a 30-kW heatcr to prevent condensate 

carryover to the HEPA filters. The first stage of filtration consists of two HEPA filters 

(61 x 61 x 29 cm) in parallel. During operation, one filter is used and the other 

remains as a backup in case the primary filter becomes loaded or fails. The primary 

filter can be replaced during operation. 



ORNL-DWG 87-1 541 8 
SCRUB 
LIQUID 

SUBSONIC 

+ + u 
GAS 
IN1 t T 

ORAIN DRAIN 

Fig. 7. Tandem nozzle Hydro-Sonic scrubber (Hydro Sonic Systems, Dallas, Texas). 
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The objectives of the pilot-scale demonstration s f  ISV technology at ORNL were 

developed to address key differences between the conditions during previous tests and 

those anticipated for contaminated sites at ORNL For cxample, the waste trenches at 

ORNX.. contain large quantities of '37Cs that could volatilize at high temperatures and be 

carrid into the process trailer with the off-gas, raultiag in excess wastes and the need 

for radiation shielding to prevent significant operator expaswe. Also, the soils at ORNL 

are more structurally and chemically heterogeneous than those used in previous tests at 

Hanford. The trench design, with a significant quantity of crushed carbonate rock 

present, results in a bulk composition of the ISV product lower in silica and higher in 

calcium than previously studied corn sitions (Oma et al. 1983). Therefore, the 

operational performance of the ISV technology as well as the long-term durability of the 

resulting waste form needed to be addressed specifically for sites at ORNL. Some issues 

have been investigated during lab- and engineering-scale tests conducted at PNL during 

1985-1986 (Carter et al. 198'71, but nedcxi field verification. 

Performance of ISV 

Prior to the full-scale application of ISV technology to contaminated sites at 

SWNE, all health, safety, radiological9 and environmental concerns need to be identified 

and resolved, The most efficient manner to identify such esncems is to plan and 

execute snialier-scale demonstrations of thc technology. The numerous tests of ISV 

conducted previously by PNL provide an exeellent bask for evaluating many concerns at 

the pilot scale. Indeed, many of the plans and procedures developed by PNL for 

previous tests were directly transferable to the demonstration at ORNE. Although such 

background information is useful, conducting an actual test so that staff at ORNL can 

be familiarid with the process is an essential step in assessing the feasibility of the ISV 

technology for application at ORNL. 

As part of this objective, the transportability of the trailer containing the off-gas 

treatment system, power delivery controls, and data acquisition equipment was addressed 

by shipping the system to ORNL and performing the tats successfully. In addition, it 

was important to asscss the construction and installation of the electrodes and the 



off-gas hood and off-gas lines. The preparation of the test site, a 3B-scale simulated 

trench, was designed to demonstrate the ability to (1) auger holes in the soils close to a 

trench for the electrodes, (2) seal the hood to the ground, (3) have a suffiient supply 

of electrical power, and (4) coordinate the necessary personnel to complete preparation, 

construction, and installation details. The overall performance of the system during 

processing needed to be assessed also. For example, the quantities of off-gas and its 

composition needed to be determined so that a full-scale system can be properly 

designed. The pilot-scale demonstration allowed a more accurate determination of the 

power required to melt the high-carbonate soils at ORNL, which are unlike the silica- 

rich sandy soils used for most previous tests conducted by PNL. The potential influence 

of the complex structure and stratigraphy of the Conasauga Croup at Oak Ridge on the 

ISV process and vitrification zone geometry needed to be determined in a field situation. 

All these activities were designed to provide a data base for more confident scale-up 

analyses in the design and construction of a full-scale system should the pilot-scale 

demonstration show that the ISV technology is feasible. The demonstration also allowed 

ORNL staff to dirextly participate in the operation of the equipment and observe its 

capabilities and limitations. 

0-2: tiOIlt Of Retention Factore lfor cb md Sr 

The retention factor (RF) is defined as the ratio of the mass of an element in the 

solidified ISV product to the mass of the element released in the off-gas. These RE; 
values are determined by the analysis of hood and ducting smears, scrub solutions, and 

HEPA filters from the process trailer and samptes obtained from the ISV product. 

Determining reliable RF values is important because of the large inventories of 137Cs and 

%r in the pits and trenches at ORNL. Trench 7 contains approximately lo7 GBq of 

fission product activity (Olsen et  ai. 1W3). Therefore, even small releases to the off- 

gas trailer muld be of concern for operator exposure and waste generation. In 

laboratory- and engineering-de tests, RF values of 2.6 x lo4 and 2.7 x IO4 for Cs and 

Sr, respectively, were obtained (Carter et al. 1987). However, these favorable values 

needed to be confirmed at a larger scale under field conditions so that the anticipated 

behavior of a full-scale system can be reliably assessed. 
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Previo~s tests of OlSV IKWG pmducxxl highly durable waste. forms (Om 

However, the bulk cmqxxitioas of thew ~~~~r~~~~ were much higher ion silica and lower 

in calcium than the expected maapsition of the ISV product resulting from the melting 

of a limestone-filled trench in an interBayered shale-carbonate saprolite. In addition, the 

x4srmil-y and crystallization behavior twill be affected by differences in bulk composition. 

Some of these differenax were ide tifiexi in the lab- and engineering-scale tests 

performed prcwiowdy (Caites et al. 1987). Therefore, an important o 

pilot-xak ISV demonstration was to ~ n f i r t l o  the melting and durability characteristics on 

a field-seak applicatian, 
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Trench 7 (Figs. 1 and 2) was chosen as a model Because of its size, its inventory 

characteristics, and the fact that much characterization of the trench has already been 

accomplished (Qlsen et a l  1983). A 3B-scale model of trench 7 was constructed in a 

pristine (Le., uncontaminated) portion of QRNL (Eg. 1). The site was chosen for the 

s ~ ~ ~ ~ a ~ ~  sf  its physical and geological characteristics to the areas used for seepage 

disposal in the past at ORNE (e.g., h a t e d  on the top of a ridge in the saprofite of the 

Ile Formation, an interlayered shale-limestone sequence). Four water table 

~ o n ~ t o ~ ~ n g  wells were constructed at the site with a 6-in. (24-cm-) diam auger to depths 

at least 20 Et (6.2 m> below the first encounter with free water. Wells were cased with 

4-in. (l.5-cm) Schedule 80 PVC threaded flush-joint pipe with slotted casing on the 

Et (3.1 m>. The annular space was backfidled with sand to about 5 ft (1.6 m) 

above the slotted sation. Then, a bentonite pellet seat was emplaced for the next 5-ft 

(1.6-rn) interval, an the remaining annular space was filled with soil. Water levels in 

these wells have been monitored at weekly intervals from May 20, 1987 to the present 

and have never been higher than 9 m below the ground surface. Thus, the ISV trench 

was at least 7 m a b e  the water table, and no influence of the water table on the 

vitrification of the trench (or vice versa) would be possible. Samples of groundwater 

from each of these welk were collected in November 1987 for background water quality 

characteristics at the site; they were essentially a Ca-Mg-bicarbonate composition, as is 

~p~~~~ sf water in contact with limestone in the Maryville Formation, and contained no 

etectable bard beta or alpha activity. 

After preparation of the site (clearing, leveling, electrical service, etc.), the trench 

was constructed perpendicular to the strike of the bedding (approximately N57"E). The 

dip of the saprolite layering was quite variable because of foiding in the area (Fig. 8) 

but averaged about 45" to the south. Figure 8 also illustrates the interlayered shale- 

limestone stratigraphy near the center of the trench. The site was leveled to a mean 

elevation of 262.1 m above National Geodetic Vertical Datum (NGVD) and the center 

oE the trench was located at ORNL Administrative Grid coordinates 18,420 ft north and 

1 ft east. The 9.2-m-long trench was 1 m wide at the top and tapered to 0.4 m at 
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Fig. 8. View of stratification in the eastern wall of ORNL ISV demonstration trench showing folding, dip, and 
interbedded limestone and shale. 
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the bottom (Fig. 9). The trench was constructed to a depth of 1.5 m, except for a 

central section (e2.5 m long), which was excavated with a backhoe to a depth of 2.5 m 

to allow for the placement of a vertical array of thermocouples. To simulate the 

contaminated sludge that is present in trench 7, a chemical addition consisting of 526 kg 

of a mixture of 18 wt % Cs,CO, (99.9% purity, Henley Chemicals, Inc.) and 82 wt % 

SrCO, (Pyrotechnic grade, nominally 97.7% pure but analyzed as 99.4%, Hummel 

Chemical C o p )  was placed in the central portion of the trench (Fig. 9). Because the 

SrCO; was packaged in 50-lb bags and the Cs,CO, in 1-lb plastic bottles, the mixture was 

prepared in 19 batches of 50 + 11 lbs, respectively, by blending the powders in a sealed 

drum. These quantities of Cs and Sr were selected to yield (1) a waste form with 

sufficient concentrations of Cs and Sr to permit determination of leach characteristics 

and (2) sufficient Cs and Sr in the ISV off-gas to permit determination of accurate 

retention factors for these elements. 

The entire trench was then filled from the 0.6- to 1.5-m level with crushed 

limestone (4- to 5-cmdiam cobbles). Two tared 20-L buckets were filled with the 

limestone gravel and reweighed; the bulk density of the free-fall packing of the 

limestone averaged 1.44 k 0.01 g/cm3. The width and depth of the trench was measured 

every 0.3 m of its length before and after each additional layer of backfill material. 

From the measured trench dimensions before and after addition of the limestone cobble, 

the limestone occupied a volume of 6.51 m’, which calculates to a weight of 9.38 Mg at 

47% porosity. The upper 0.6 m of the trench was backfilled with the soil which had 

been excavated from the trench. Figures 10 through 12 illustrate the sequence of filling 

the trench. Four samples of this backfill soil were taken in 20-L buckets, whose exact 

volumes were determined previously by weighing before and after filling with water. 

The soil was placed in the buckets to its free-fall density to simulate the density of the 

trench cap layer. The buckets were weighed and then dried at 80°C to constant weight. 

The moisture content during trench construction was calculated at 7.0 f 1.6 wt % (dry 

weight basis) and its bulk density was 1.41 k 0.04 g/cm3. The trench soil cap occupied a 

volume of 6.43 m’ and calculated to a weight of 9.08 Mg with a total porosity of 47%. 

A vertical array of eight type-K thermocouples was placed in the center of the 

trench (Figs. 9 and 10). These thermocouples, one at every 0.3-m depth, were used to 
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ORNL-PHOTO 4966-87 

i. 

Fig. 11. ORNL ISV demonstration trench partially filled with crushed limestone. 
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ORNL-PHOTO 4962-87 

Fig. 12. ORNL, ISV demonstration trench showing final stages of filling with soil. 
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monitor the depth of the melt during processing. As the melt approaches a 

thermocouple, the temperature increases to =lWC as the water boils off. As the water 

is exhausted and the melt reaches the thermocouple, the temperature increases rapidly 

and goes off scale as the thermocouple exceeds its working range. In addition to the 

array of thermocouples in the center of the trench, type-K thermocouples were placed at 

depths of 0.6, 1.2, and 1.5 m along both sides of the trench at distances of 2.2 and 3.1 m 

north and south from the center of the trench (Fig. 9). Three type-R thermocouples in 

high-temperature ceramic protection tubes were placed in the center of the trench at 

depths of 0.9, 1.5, and 2 m in an unsuccessful attempt to monitor melt temperatures and 

cooling rates. Moisture detection cells were placed in the trench at several locations but 

did not function properly and will not be discussed further. Between the dates of trench 

construction, May 13, 1987, and electrode placement, June 17, 1987, the trench area was 

covered with plastic sheeting to prevent infiltration of rainfall into the trench. 

The four molybdenum electrodes (5-cm diameter and 3.7 m long, consisting of two 

1.8-m sections screwed together, Teledyne Wah Chang) were placed in graphite sleeves 

(15-cm OD by 6.4-cm ID, Great Lakes Carbon Corp.) and placed 1.2 m apart in a 

square array of 2km-diam augered holes approximately 2.5 m deep. To reduce the 

oxidation of the electrodes, they were coated with a 0.04 to 0.06-mm layer of MoSi, by a 

proprietary process (Hitempco) and painted with a molybdenum disilicide coating. The 

annulus between the electrodes and the graphite sleeves was filled with a powdered 

mixture ( 1 5  by weight) of molybdenum disilicide (99.5%) and zirconium diboride 

(99.5%, Noah Industrial Corp). The starter path was established by using a mixture of 

powdered graphite and crushed borosilicate glass. The path was formed by placing a 

thin and narrow layer (nominally 5 by 5 cm) around each electrode and between the 

electrodes. The path formed an X pattern between the electrodes as well as connecting 

each electrode in a surrounding square pattern. A ceramic insulating blanket (Kaowool) 

was placed over the melt zone to help reduce radiant heat loss during the processing. 

The off-gas hood was then placed over the trench, its skirt attached, and the off-gas 

lines connected to the hood and trailer. Auxiliary hoods [4 x 8 x 1 ft (1.3 x 2.5 x 

0.3 m) high] were constructed of 16-gauge carbon steel and were placed over the 

portions of the trench that were not covered by the main hood. These hoods were not 

connected to the main off-gas system and were not held at a negative pressure. 

.. 
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However, they contained a CO, trap of ascarite (A. H. Thomas G r p )  and gas flow 

meters, attached to 1/4-inch tube fittings, to detect any off-gases that may have bypassed 

the main hood; neither gas flow nor change in the CO, color indicator was observed 

during the ISV run. After the electrodes were connected to the power delivery system 

by using 750 MCM single-conductor flexible cable and several operational checklists 

were completed, the system was ready to be operated. Figure 13 depicts the pilot-scale 

system completely installed at the ORNL site. The area around the off-gas hood, 

containing all the electrical power delivery cable, was roped off to prevent visitors from 

entering the area without proper safety equipment. A permit (no. 996148P) to construct 

or modify an air contaminant source was issued by the Tennessee Air Pollution Control 

Board pursuant to Tennessee Air Quality Act to operate the ORNL pilot-scale ISV 

demonstration from June 12 to July 31, 1987. 

Run data were recorded every 6 min and logged into a computerized data storage 

system. Parameters that were monitored included temperatures (soil, surface of the 

off-gas hood, plenum of the off-gas hood, inlet of the venturi scrubber, and the off-gas 

stack); off-gas flow rate; concentrations of CO, and CO in the off-gas; amperage; 

voltage; and power and cumulative energy. Samples of the scrub solutions from the 

off-gas treatment system were collected approximately every 2 h. (Duplicate samples 

were obtained for analysis at both PNL and ORNL.) After the power was shut down at 

the end of the test, a portable data logger was used to monitor the temperatures from 

thermocouples outside of the melt zone that were still functional. Samples of 

particulates on the inside of the hood and in the off-gas lines were taken after the 

system had cooled ( ~ 1 2  h after power shutdown). After the m a s  had cooled 

sufficiently, the hood was removed and cores of the mass were obtained. The mass was 

partially excavated and additional samples recovered for analysis. Details of the sampling 

procedures and locations are discussed in Sect. 5.1. 
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4. ISVRUNPERFORMANCE 

.- 

Many results from the pilot-scale ISV demonstration have been reported 

previously (Carter et al. 1988). Some of the results are repeated here to provide a 

complete record. In addition, some parameters were either not reported earlier, o r  

samples and analyses were performed in duplicate. These results are presented and 

contrasted and compared where appropriate. 

The ISV test was started on July 14, 1987. Previously, a start was attempted on 

June 26, but transformer malfunctions had to be repaired by the manufacturer. The test 

was restarted on July 13, but had to be shut down again because the automatic power 

control system was not operating correctly. Therefore, manual control was used and the 

test got under way at 9:28 AM. on July 14, 1987. Approximately 5 h into the run, the 

starter path between electrodes was interrupted due to subsidence. Because all of the 

graphite and glass frit starter path material had been consumed in the previous restarts, 

45.3 kg of soda ash (Na,CO,) was used to reestablish the starter path. The test then 

ran continuously, except for short planned power interrupts, for a total of 110 h until 

power was shut off on July 19 at midnight. Temperatures from the vertical array of 

thermocouples on the center of the trench and manual probing of the melt with a steel 

rod confirmed that the desired depth (g2.1 m) of melting had been reached. 

4.1 RUN P- AND OVERALL SYSTEM PERFORMANCE 

The starter path had to be regenerated several times as a result of the starting 

and stopping of the process during the problems with the transformer and power control 

units. In addition, the starter path had a tendency to break its continuity during the 

early stages of melting. This behavior was a result of the heterogeneous nature of the 

trench components and their relatively low bulk densities that allowed the initial melt 

path to break apart when the molten soil flowed into lower pockets. When this 

interruption of the conductive path occurred, the system had to be shut down and the 

starter path reformed. This tendency is one area that needs attention prior to a 

radioactive application (see Sect. 6). 

In addition to the power problems mentioned above, one other equipment failure 

occurred. The pump to the venturi scrubber had to be shut down 5 h into the run 
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because of a leak in the pump surge tank. This malfunction required that the Hydro- 

Sonic scrubber handle the entire off-gas stream scrubbing. Carter et al. (1988) note that 

the single scrubber was designed to accommodate this situation and performed 

adequately during the demonstration. In addition, some unknown interaction occurred 

between the ORNL power delivery system and the PNL power regulation system. 

Spurious alarms of the process trailer area radiation monitors occurred during every 

voltage tap change to the electrodes. In addition, spurious alarms of area radiation 

monitors were also noted during ISV operation at the New Hydrofracture Facility and at 

White Oak Creek dam in Melton Valley; these facilities are supplied electrical power via 

the same secondary line as the ISV trailer. 

Table 1 lists predicted and actual operating results for the pilot-scale test. The 

predicted results are from a model developed by Buelt et al. (1987). Note that the 

model assumes a square, symmetrical shape for the final ISV mass, but that the actual 

mass produced during the test was oblong in shape because of the growth of the melt 

down the length of the trench. 

reach the target depth of approximately 2.1 m and was longer than predicted because of 

the longitudinal melting that occurred. This depth of melting was required to completely 

encompass the zone of chemical addition (Fig. 9) so that all of the Cs,CO, and SrCO, 

would be incorporated into the melt. The longer run time is the reason that the energy 

use was higher than that predicted. The energy-to-mass ratio was larger than that 

predicted based on engineering-scale test results and may be partly attributable to 

differences in water and carbonate content of the trench site compared to the samples 

used in the engineering-scale test. 

The run time was governed by the time required to 

The estimated mass of the ISV product is calculated from the measured 

concentrations of Cs and Sr in the product. Knowing the initial quantities of these 

elements placed in the trench, and assuming they are homogeneously distributed 

throughout the final product (see Sect. 5.3), one can calculate the mass of the ISV 

product by dividing the mass added by the measured concentration (wt %) of the 

element. The calculated masses obtained with this approach are 19.4 Mg using Cs and 

20.6 Mg using Sr. 
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Table 1. Comparison of predicted and actual operational 
results from the pilot-scale ISV demonstration 

Parameter Predicted Actual 

Run time, h 
Melt depth, m 
Melt width, m 
Melt length, m 
ISV mass, lo00 kg 
Average power, kW 
Energy, lo00 kwh 
EnergyMass, kWhkg 

54.6 
2.19 
2.57 
2.57b 

16.3 

16.9 
309 

1.04 

110 
2.13 
2.1" 
5.3 

=20" 
263 
28.9 

1.44 

- -  

'Estimated maximum width at the center of the trench. Estimate because the ISV 

bModlel assumed formation of a symmetrical block; therefore, width = length. 
"Calculated value based on CS and Sr concentrations in the ISV mass. The mass 

is calculated according to (mass added to trench)/@ % in ISV product). The actual 
value calculated is 19.4 Mg using Cs (77,681 g Cs,O, 0.40 wt % Cs,O) and 20.6 Mg 
using Sr (304,981 g SrO from the chemical addition and estimated contributions from 
the melted soil and limestone cobble, 1.48 wt % SrO). See Sect. 5.3 for details on the 
chemical composition of the ISV product. 

mass was not completely excavated. 

Figures 14 and 15 summarize the key run parameters monitored during the ISV 
demonstration. Thc trends of increasing amperage and decreasing voltage illustrate the 

typical behavior necessary to maintain power levels during operation because of the 

decreasing electrical resistance of the melt during processing. Tap changes made during 

operation are indicated by the sharp increases in power at run times of approximately 

10, 20, and 30 h. The manual control of the power delivery system, required because of 

malfunctions in the automatic control system, was adequate to successfully perform the 

demonstration. The total energy consumed (28.9 MWh, Table 1) was calculated from 

the product of the average power during operation (263 kW) and the run time (110 h). 

Figures 16-18 illustrate operational data for the off-gas system. The flow rate was 

fairly constant at a value of approximately 11 m3/min. Figure 17 shows temperatures 
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Fig. 14. Voltage and amperage to electrodes during the QRNL ISV demonstration. 
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electrodes during the ORNL ISV demonstration. 
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Fig. 16. Flow rate of off-gas at the stack during the ORNL ISV demonstration. 
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during the ORNL. ISV demonstration. 
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during the run at various p i t i o n s  in the off-gas system. The concentrations of CO and 

CO, exiting the off-gas system are illustrated on Fig. 18. The time ( r22  h) of the 

increase in CO, concentration corresponds lo the time when the depth of the crushed 

limestone in the trench was encountered by the melt. Although there is much scatter in 

the data, the CO concentrations generally parallel the CO, values. '"he melt reached B 

depth below the crushed limestone at approximately 80 h although the melt continued to 

grow longitudinally into the limestone cobble of the trench; this behavior can be seen in 

the somewhat r e d u d  levels of both CO, and CO in the off gas. 

The upper sections of the electrodes were removed prior to core sampling of the 

trench on October 13-1§, 3987, and were inspected (Fig. 19). The graphite sleevcs were 

= L hedviq oxidized in the high-tempejature mne~  where significant subsidence occurred, . .. * 1. 

allowing contact between the sleeves and air. The molybdenum electrodes showed little 

sign of oxidation, which was inhibited by the molybdenum disilicide - zirconium diboride 

powder that was placed in the annulus between the electrodes and the graphite sleeves. 

This conductive powder formed a sintered, protective coating where the graphite had 

been oxidized away. 

.- 

Figure 20 illustrates the temperatures from the vertical array of type-R 

thermocouples as a function of run time. Temperatures from the thermocouple at the 

0.3-m depth are not shown because this thermocouple burned out during the first 

aborted startup, The depth of melting was determined by observing the maximum 

temperature reached by each thermocouple in the vertical array located at the center of 

the trench. The sharp, near-vertical increases in temperature indicate the time when the 

melt reached the thermocouples. The thermocouples at depths of 2.11 and 2.4 m do not 

accurately reflect the depth of melting because the extension wires placed along the 

bottom of the trench burned out before (at %lo0 h) the melt reached the thermocouple 

itself (a result of the longitudinal melting behavior of the system). The type-R 

thermocouples intended to monitor melt temperatures did not function properly so this 

information was not available The type-R thermocouples were 1.8 m long and were 

positioned so that their tip was at the center of the electrode array. However, the melt 
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Fig. 20. Temperatures in the central vertical array of type-K thermocouples in the 
ORNL ISV demonstration trench and derived depths of melting. 
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progressed further than 1.8 m from the center along the length of the trench so that the 

thermocouple-wire junctions burned out. Based on previous experience with ISV, the 

PNL staff estimated that melt temperatures were between 1600-2ooo"C. In future tests, 

it would be highly desirable to monitor melt temperatures and correlate them with the 

volatilization of Cs, which is temperature dependent. 

Temperatures from the thermocouples located 2.2 m along the length of the 

trench are illustrated in Figs. 21 and 22. The temperatures are shown for times well 

past the end of the melting period to illustrate the cooling behavior of the ISV mass. 

The temperatures of the north Section reached several hundred degrees (Celsius), 

indicating that the melt nearly reached this distance during the longitudinal melting. 

Note that the northwest 1.2-m thermocouple did not function at all, so no data are 

available. To the south, the 1.2- and 1.5-m-deep thermocouples actually burned out, 

indicating the melt had reached at least this far down the length of the trench. The 

0.6-m-deep thermocouples did not reach temperatures as high as the others. This 

behavior is consistent with the shape of the ISV mass (see Sect. 5.1), which was found 

to have a horizontal surface at a depth of approximately 0.9 m, well below the level of 

the 0.6-m thermocouples. At the 2.241 distances, the cooling period was actually longer 

than the melting period as indicated by the asymmetric cuwes. Nearly 25 d was required 

for the temperatures at 2.2 m from the center of the trench to reach <lOO°C after 

power was shut down. 

Temperatures 3.1 m from the center of the trench are illustrated in Figs. 23 and 

24. Again, the temperatures are illustrated through 45 d to show the cooling trends. 

The northern section of the trench never reached 100°C at the 3.1-m distance. To the 

south, however, several thermocouples indicated temperatures approximately 150°C, and 

one approached 300°C. Nearly 15 d was required for temperatures to reach <lOO°C at 

this distance from the center of the melt after power to the melt was discontinued. 

Note that the southwest 1.2-m thermocouple did not function at all so no data are 

available. 

The temperature profiles at the 2.2- and 3.1-m distances along the trench were 

used to predict the shape of the ISV mass that is illustrated in Fig. 9. This prediction 
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Fig. 21. Temperatures along the west and east side of the ISV trench at indicated 
depths 2.2 m north of the center of the ORNL ISV demonstration trench. 
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Fig. 22. Temperatures along the west and east sides of the ISV trench at 
indicated depths 2.2 m south of the center of the ORNL ISV demonstration trench. 
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Fig. 23. Temperatures along the west and east sides of the ISV trench at 
indicated depths 3.1 m north of the center of the ORNL ISV demonstration trench. 
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was consistent with the shape of the mass as determined after partial excavation of the 

ISV mass (see Sect. 5.1). 

4 3  PRMXSS OW-GAS SYSTEM EWALUATION 

Although the process off-gas system operated continuously throughout the 110 h 

of this demonstration, the venturi-ejector scrubber component failed about 5 h into the 

run. The pump (Fig. 6), which circulates scrub solution to the scrubber, failed. The 

function of the venturi-ejector scrubber is to remove coarse suspended particles in the 

off-gas and to reduce the temperature of the off-gas. The system continued to function 

by relying on the Hydro-Sonic scrubber to remove particulates and prcvent clogging of 

the HEPA filters. The system was designed to remain operative if either the Hydro- 

Sonic or venturi-ejector scrubbers are not functioning. 

The distribution oC elements and solids within the five off-gas system components 

provides a good summary of the system performance (Table 2). Details of the sampling, 

evaluation, and properties of each off-gas system component will be discussed 

subsequently. Determination of elemental inventorics on the ISV hood and ducting 

were made from the amount and chemical composition of transferrable solids within 

defined surface areas. Scrub solution inventories were based on elemental analyses of 

samples of the scrub solutions taken at 2-h intervals during the run and on analyses of 

the clcven barrels of composite scrub solution waste. The HEPA filters were ashed and 

digested for total elemental analyses. 

Of particular interest to the evaluation of ISV for application to seepage pits and 

trenches at ORNL is the distribution of Cs and Sr (Fig. 25). The distribution of these 

elements will prcdict the distribution of the two major radioisotopes, 137c1s and ?3r, 

among off-gas system components. The total amount of Sr in all off-gas system 

components (0.82 g) represents such a small fraction of the total amount in the ISV 

product @e., 257,892 g, which includes the 254,212 g added as SrCO,, 2,000 g from the 

cstimated 6 tons of limestone, and 1,680 g from the estimated 14 tons of soil which 

formed the ISV melted product). Thus, greater than 99.9997% of the Sr was retained 

in the melted product. Cesium, in contrast, showed a more significant degree of 

volatilization. A total of 91.73 g of Cs was detected in all off-gas system components. 

A total inventory of 73,274 g was placed into the trench as Cs,CO,; the soil and 
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Table 2. Distribution of elements in ISV off-gas system components 

Al 

ca 

cs 

Fe 

Li 

Mg 

Mo 

Na 

Si 

Sr 

Solids 
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Fig. 25. Amounts of cesium and strontium in off-gas system components after the ORNL ISV demonstration. 
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limestone made no significant contribution to the inventory of Cs contained in the 

trench. Thus, the retention of Cs in the melted product was only 99.87%. Both the 

amount and fractionation of Gs within the off-gas system necessitates careful planning 

and evaluation of radiological safety for application to a seepage trench at ORNL- 

Details of this radiological assessment will be discussed subsequently (Sect. 6). 

43.6 O f f - G a s P E ~  
. *  ~. 

The deposited solids from five 10- by 10-crn ireas on the LSV off-gas h&d were 
’ 

smeared on April 27, 1988. Three areas from the top and two from the sides were 

wiped with a moistened paper towel, which was placed into a scal-lock polyethylene bag. 

Each area was wiped with a second paper towel until a shiny stainless stcel surface was 

achieved, indicating that all ash had becn removed. The towels and their plastic bags 

were placed into tared 250-mL beakers, covered with watch glasses, and ashed for 16 h 

in a muffle €urnace. After cooling, the beakers were weighed to deterniinc asb content 

and corrected for ash contributed by blank paper towels and polyethylene bags. The ash 

was then transferred to SO-mL beakers and heated to dryness with 15 mL of Ultrex 

HNO,. The residue was then extracted with hot 12% HNO,, filtered through Whatman 

no. 1 paper, and made up to 50 mL with 12% HNO, and submitted for Cs and Sr 

analyses. After these analyses indicated lower-than-expected levels of Cs, the archived 

samples of filter paper and ash residue were placed in Teflon beakers and digested with 

several aliquots of 5 mL of Ultrex HNO, plus 5 mL of 48% HF to dissolve all the 

solids. Thc resulting digests were rinsed three times with 10 mL of hot 12% HNO, and 

transferred to a 50-mL volumetric flask. These RF-digests were then submitted for Cs 

amd Sr analyses. 

The amounts of Cs and Sr in the HNO, and HF extracts were totaled to calculate 

the amount of Gs and Sr deposited on the hood. Only 22% of the Cs was extractable 

from the hood ash by hot HNO,, whereas about 70% of the Sr was extractable. (See 

Appendix for all tabulated results.) The amounts per square centimeter wcre thcn 

multiplied by the top and lateral areas of the hood, 167,225 and 156,038 cm’, 

respectively, to obtain the total inventory on the hood. The resulting total was 576 and 

42 mg of Cs and Sr, respectively, in a total of 542 g of deposited solids (1.67 mg/cm2). 

Thus, the deposited solids averaged 809 and 47 mgkg of Cs and Sr, respectively, which 

. . j  . I  
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contrasts with the higher concentrations within the melted product (Le., 3,500 and 

10,700 mag, respectively). Therefore, it appears that the solids deposited on the 

off-gas hood do not represent flaking or deposition of solids directly from the ISV 
melted product, but indicate some elemental fractionation. 

4 3 2  Off-GasDucting 

The ISV ducting consisted of five pieces of stainless steel 21-cm-ID pipe: a 

264-cm-long upright with a right-angle turn (17,380-cm2 internal surface area), a 

671cm-long straight section (44,144 cmp, a 41-cm-long straight extension (2,699 em2), an 

86-cm long elbow (5,661 cm'), and a 36-cm-long reducing adaptor (21 to 15 cm ID, 

2,370 cm2). The upright, extension, straight, and elbow pieces were sampled on 

August 28, 1987, by the same technique described above for the off-gas hood. Unlike 

the samples of ash taken from the ISV hood, these samples were subjected to Li,B,Q, 

fusion for Si analyses and HF digestion for all other elements. Thus, any fiation of Cs 

in the ash, resistant to HNO, dissolution, would not be evident in results €or these 

samples. 

A significant amount of Cs, 2.94 g, was found in the deposited solids on the 

ducting. (See Appendix for complete elemental analyses.) Considerably more solids 

were deposited on the ducting, 898 g averaging 11.1 mg/cm2 of surface area, than on the 

hood. This increase represents about a tenfold increase in areal deposition over that 

found on the hood. Whereas the hood remained quite hot during the run, the ducting 

was sometimes cool enough to condense water vapor from the melt zone, probably 

enhancing the deposition of solids onto the ducting. This condensation was particularly 

noticeable during the first day of the run when much electrical energy was being 

expended to evaporate water from the melt zone. The average Cs and Sr 

concentrations in the ducting ash samples were 2420 and 23 mg/kg, respectively. The 54: 

concentration is similar to that found on the hood. The Cs concentration is higher than 

the 809 mg/kg found on the hood; however, this concentration is still lower than the 

3500 m@g of the ISV product. This result seems to imply that Cs is volatilizing from 

the melt zone and being deposited with the solids on the ducting. The low 

concentration of Sr, however, implies that the deposition process is not a simple physical 

mechanism of cls depos i t ing  with solids, because this behavior would result in a Sr 



~ ~ ~ ~ t r a t ~ o n  similar to that found in tbe eltd material, 10,700 mg/kg. Analyses of 

donned by Carter et al. (1 ) indicated a factor 

present analyses. The acid leaching procedure to 

extract the Cs from the PNL smear samples probably resulted in the much lower 

irnventongr foeand by these investigators, As discussed previously in the hood ash analysis 

section, themally treated samples of ash are resistant to leaching of Cs by acid and 

rcquire complete d b l u t i o n  with HF. This effect will be amplified even further in the 

section on MEPA filter analyses. 

ash itself had an unusual ele ntal composition (Table 3)" It was 

quite enriched in sodium wmpared. to the composition of the melted product, probably a 

result of the release of particulate, from the addition of the soda ash. The depletion in 

Ca, Mg, and Ss was clearly indicative 0f the nonvolatile nature of these elements. The 

ash deposited OII the ducting was abo highly siliceous, although the 95 wt % %EO, was 

based on ~~~~~t~~~~~ mupled plasma emission spectroscopy (ICP) analyses and was 

Table 3. Average ek ntal composition of ISV ash 
ited on off-gas system ducting 

Elemental oxide Weight percent 

1. 
0.38 
0.26 
3.07 
1 .e 
1.52 
0.35 
0.04 
0.62 
5.24 

95.0 1 
0.03 

109.43 



probably high. The significant macentration of Mc, was a result of the v o ~ ~ t ~ ~ ~ z a t ~ o n  

from the electrodes and the MoSi2/ZrB, er between the Mo electrodes an 

graphite sleeves. 

43.3 0 

The temporal variation of the inventory of any element in the off-gas scrub 

solution during the HSV run can bc calculated from the chemical composition of samples, 

usually taken at 2 h intcsvals during the runP, and the recorded feed tank and transfer 

volumes However, due IS the large number of chemical analyses performcd and the 

large number of volumetric. measurenvxts required for this calculation, the calculated 

inventory is subject to a great many uncertainties. Fortunately, however, all of the scrub 

solutions were transferred into 11 barrcls (208-L capacity) during and after the run. 

Thus, the total elcmcntal inventory can be calculated from a relatively small number of 

ical analyses and volumetric rxee;issuremcnts. A high degree of confidence, 

therefore, can be placed in thc invcntories calculated from the barrel samples. These 

iovcntsries can then he used as a guide in the various methods of calculating temporal 

invcntarics during the c o u r , ~  of the ISV run. 

Ba~reBs were sampled on two occasions: August 5, 1984, and again on 

Novcmhcr 13, 1987. Drum contents wexe recircutatcd €os 2 min at 20 gal/min using an 

electric drum pump with its intake pipe extending to the bottom of the barrcl. This 

pumping was perforrncd to resuspend any settled solids at the barrel bottom, An 

approximately one-liter sample was t kcn inla a ~ ~ y ~ r ~ ~ ~ ~ ~ n ~  bottle. The elevation of 

drum was measured using a dipstick, and the volume of liquid was 

calculated by nsultiplying the fractinaaal liquid levcl by the barrel capacity (208 L). 

~~~~~~s were taken to the laboratory for analyses. Approximately half the sample was 

filtcrcd through a 0.45 &cm nitrorzllulose membrane in a disposablc polystyrene filtering 

unit to remove suspcndcd solids. Samples of the filtratc were analyzed for pW, elcctrical 

conductivity, alkalinity, acidity, and gross alpha and beta activity by standard methods 

HA 1980). A 5-mE aliquot of the Gltrate was dried onto a tared 2-in- (5-cm-) diam 

staiadms steel planchet for the gross beta and alpha analyses, and the dried weight was 

aka, used to calculate total dissolved solids. A 5-mL aliquot of the unfiltered sample 

was used to calculate total solids, and the difference was used to calculatc total 
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suspended solids. Additional 100-mL aliquots of the unfiltered samples were submitted 

for elemental analyses with ICP. These analyses were performed on 50-mL aliquots that 

had been evaporated to dryness, digested with HNO,, and reconstituted to 50 mL with 

12% HNO, [U.S. Environmental Protection Agency (EPA method 200.7)]. This method 

would tend to underestimate the contribution of suspended siliceous materials to the 

inventory of elements such as Si and Al. After the ICP analyses, the same samples were 

analyzed for Cs and Sr via atomic absorption spectroscopy (EPA method 200.7). The 

total inventories of selected elements and characteristics for the 11 barrels are presented 

in Table 4, and the analytical results for each barrel are contained in the Appendix 

Table 4. Total inventory of elements and characteristics 
in barrels of ISV off-gas scrub solutions 

(All quantities given are in grams unless otherwise indicated) 

Ratio of amount in off-gas 
Characteristic Quantity to amount in vitrified mass 

Al 
B 
Ba 
ca 
co 
cs 
Fe 
Li 

Mo 
Na 
P 
Si 
Sr 
Zn 
Zr 
Total Solids 
Dissolved Solids 
Alkalinity 
Acidity 
Gross Beta 

Mg 

17.32 
281.72 

0.11 
35.43 
0.49 

86.02 
487.08 
78.97 
22.13 
8.05 

22.98 
160.80 

0.67 
45.80 
3.41 

17.14 kg 
10.16 kg 

1693. 

292. g CaCO, 
1663. gCaCO, 
823. kBq 

0 . m 1 1  
0.0518 
0.000009 
O.ooOo14 
0.0015 
0.00120 
0.00074 
0.00157 
0.000087 
0.0601 
0.0070 
0.00154 
O.ooOo29 
0.000002 
0.0332 
0.O0088 
0.00087 

A. 
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A number of caveats need to be established to interpret these inventories correctly. 

First, the inventories of Si and Al are probably low because the acid digestion of 

samples would not dissolve all the suspended solids as discussed above. In the 

investigation of Carter el al. (1988), significantly greater amounts of Si and Al were 

found in duplicate samples of off-gas scrub solutions than were found in the ORNL 

samples. The PNL samples were filtered, and the suspended solids were fused with 

KOH; elemental analyses include these suspended solids. Second, the amount of Fe 

reported in Table 4 is probably largely an artifact of the strongly acidic scrub solution 

(ie., pH < 3) dissolving Fe from the mild-steel barrels during storage. "bird, the 

apparently contradictory coexistence of alkalinity and acidity resulted from early barrels 

having alkalinity and later barrels having acidity. These later barrels also contained most 

of the Fe; several of these barrels also swelled and were significantly pressurized if the 

bungs were tightly closed, presumably due to outgassing of CO, or perhaps the 

formation of H,, from the corrosion of the steel (Fe + 2H+ = Fez+ + Hq,). Fourth, 

the relatively large amounts of B, Mo, and Zr in the scrub solution, and, hence, their 

large ratios to the amounts in the vitrified product, are a result of the inclusion of ZrB, 

and MoSi, as a protective powder filling the annular space between the Mo rod and the 

graphite sleeve of each electrode. Fifth, the presence of gross beta activity (and gross 

alpha not shown) was due to residual contamination within the off-gas processing train 

from previous tests in Richland, Washington; the major radionuclides were PUSr and ? P u  

with estimated inventorics of %O and 10 kBq, respectively. Because over 800 kBq of 

gross beta activity was found in the scrub solution barrels, considerable decontamination 

of the off-gas train must have been achieved during the pilot-scale operation. Sixth, the 

rclatively large amount of Na in the off-gas is also largely an artifact. Approximately 

five hours from the initiation of the run on July 14, 1987, electrical continuity of the 

starter path material between the electrodes was interrupted due to subsidence of the 

ground surface. Because the usual starter path material, a mixture of glass frit and 

graphite, had been used up in several previous reestablishments of the starter path, a 

100-lb bag of light soda ash (Na,CO,) was used to fabricate a new starter path. The 

subsequent heating and decomposition of the soda ash lead to a pulse of Na, high pH, 

dissolved solids, and alkalinity over the next several hours into the scrub solutions. Most 
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of the Na in the off-gas scrub solution resulted from this spike from the soda ash and 

will be discussed subsequently. 

The amount of Cs in the barrels, 86.02 g, was considerably greater than the Cs 

inventory, 69.53 g, calculated by Carter e t  al. (1988). Although there were some minor 

differences in the concentrations of Cs in duplicate time-series samples of the of€-gas 

scrub solutions between ORNL and PNL, most of the difference probably resulted from 

the estimates of volumes used in the calculation. Carter et al. (1988) computed a 

standing inventory of Cs based on volumes of liquid transferred to waste barrels and 

concentrations of Cs in samples taken immediately before and/or after transfer. The 

total volume recorded for 19 liquid transfers was only 1357 L. However, the 11 barrels 

had a total volume of 1990 L (or 1656 L, if the 334 L transferred during the abortive 

June ISV start is subtracted). 

low enough to account for most of the discrepancy between the Cs inventories [(i.e., 

(1656/1357) x 69.53 = 84.8 g]. The PNL estimates were based on the liquid level 

measurements on Tank 2 (the Hydro-Sonic scrubber) before and after transfer to 

Tank 1 (the venturi-ejector scrubber). From Tank 1, the waste solution was then 

transferred to the barrels. However, the liquid levels in Tank 1 also were recorded 

before and after each transfer from Tank 2, and the resulting volume estimates arc 

significantly larger than those based on measurements of Tank 2. Using the Tank 1 

solution transfer volumes, a total volume of 1894 L of scrub solution was calculated, 

which is approximately 95% of the 1990 L contained in the barrels. Thus, the Tank 1 

liquid level measurements appear to be more accurate than the Tank 2 liquid level 

measurements used by Carter e t  al. (1988). 

Thus, the PNL solution transfer volume estimates were 

In the following discussion of the temporal changes in the off-gas scrub solution 

composition, the transfer volumes were based on the measurement of liquid levels in 

Tank 1. Duplicate samples of each scrubber tank were taken every 2 h during the ISV 

run. Analytical procedures for the characterization of these samples were identical to 

those described previously for the samples from the 11 barrels of scrub solution waste. 

By using (1) the laboratory determinations (see Appendix for a complete listing of 

analytical results), (2) the ambient liquid levels in both scrubber tanks, and (3) the 

solution transfer volumes, the time dependence of the accumulation of elements and 
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characteristics of the scrub solutions can be computed [analogous to the calculation 

method employed by Carter et al. (1988)l. 

The time dependence of the scrub solution pH indicates several changes that 

occurred during the course of the ISV run (Fig. 26). Initially near neutral, the pH rose 

to above 10 within a few hours of the start of the run. This increase was due to the 

volatilization of the alkaline Na,CO, used to rcinitiate the starter path between 

electrodes as discussed previously. Concurrently, there was a dramatic increase in the 

electrical conductivity of the scrub solution also associated with the volatilization of 

Na,CO,. At - 24 h into the run, the electrical conductivity began to decline and the pH 

of the scrub solution began to decrease rapidly. Also at this time, the titratable 

alkalinity disappeared from the scrub solution and titratable acidity began to appear 

(Fig. 27). This dramatic change in character of the scrub solution from basic to acidic 

conditions occurred at the time when the melt depth began to encounter the limestone 

gravel. The increase in the concentration of CO, in the oCf-gas (Fig. 18) was indicative 

that the melt had reached this depth [Le., 2 Ct (0.6 m)] as corroborated by the 

thermocouple data. This increased evolution of CO, would produce significant carbonic 

acid in the scrub solution and would result in the neutralization of the alkalinity and 

further production of acidity. However, the pH of the scrub solution continued to fall 

well below pH = 4.0, which is about as low as carbonic acidity, even in equilibrium with 

100% CO,, can go. The rise in pH at the end of the run was associated with an 

alkaline wash solution placed in the scrub tanks to protect them from corrosion. The 

depression of pH below pH = 4 must be associated with strong mineral acidity. 

Samples from the waste barrels were analyzed for anions which indicated that sulfate 

was the predominant anion present (see Appendix). Thus, the off-gas likely contained 

SO, which is the likely source of the stronger mineral acidity that lowered the pH below 

4.0. The sulfur content and chemical form in the soil and limestone of the trench is not 

known at this time. 

The behavior of total, suspended, and dissolved solids in the scrub solution 

(Fig. 28) allows an assessment of the radiological consequences of an ISV operation on 

a seepage pit at ORNL. The amount of total solids in the scrub solution rose rapidly 

during the first 18 h of operation and rose slowly thereafter. Some of this rapid 
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increase was probably a result of the entrainment of the Na,CO, powder in the air 

stream, but the majority of solids probably result from entrainment of sail particles in 

the air flow. This behavior i s  expected because the ground surface over which the hood 

lies would become depleted of air-suspendible solids as the air flow continues without 

further ground surface disturbance, Secondly, a cold cap begins to form over the surface 

of the melt zone as it progresses downward. This cold cap aids in the removal of 

particulates that might otherwise become entrained in the off-gas due to turbulence on 

an exposed melt surface. The off-gas scrubbers are designed to remove particulates 

from the off-gas so that the NEPA fillers do not become clogged. However, after ahout 

a day of operation, relatively few particulates needed lo be removed by the scrubbers. 

Thus, there is a potential technique to minimize '"Cs accumulation in the processing 

trailcr components. At this point in the run, a HEPA filter might work well if placed 

directly at the intake of the ducting within the off-gas hood. Notably, at this point in 

the run, significant amounts of Cs had yet to appear in the off-gas because the melt had 

not progressed to the burial depth of the Cs. This situation is identical to that expected 

in the vitrification of a seepage trench at ORNL. Insertion of a HEPA filter in the 

h d  at this point in the ISV operation would minimize the deposition of Cs on the 

ducting and its accumulation in the scrub solutions and trailer KEPA filters. Near the 

end of the run, the HEPA filter, in a remote-controlled housing within the hood, could 

be dropped into the melt. 

The behavior of individual elemental accumulations in the off-gas scrub solution 

provides further indications as ta what might be expected during an actual application to 

a seepage trench at ORNL. The behaviors of Ca, Mg, and Sr (Fig. 29) were quite 

similar although the actual inventories varied. All three elements started with significant 

accumulations due to their initial concentrations in the makeup water for the scrub 

tanks. After the pulse of each element during the initial 18 h of operation, 

accumulation was much more gradual and the ratio of all three alkaline earth elements 

remained constant throughout the run. Thus, perhaps all of the accumulated Sr was due 

to entrainment of Ca and Mg particulates from the soil and limestone. No 

demonstrative change in slope of the Sr accumulation curve occurred whcn the melt 

zone reached the depth of tracer burial [- 4 ft (1.3 m])] at about 30 h into the run. 
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This behavior of Sr contrasts with that of Gs (Fig. 30), where the slope of the Cs 

accumulation significantly increase61 at 30 h, when the melt mbpe entered the burial 

depth of thc Cs,CO, and SrCO,. The behavior of (3 was also different from that of the 

othcr alkali metal elements, reflecting its different source. S 

awumulatd early in the mn  due to the addition sf Na,CD, to reinitiate soil melting 

within 8 h of the start. It would be incorrect to assume that Na additions would not 

carry or affect the volatilization of Cs bt-xause of the different responses of Na or Li to 

that of Cs" Addition of NaQH to a seepage trench is being eo idered as a method ko 

lower the viscosi 

vslatilimtim by lowering operating temperatures) and as a means to iniliakc trench 

melting in the subsurface. However, the effects of any potential Na additions OD (3 

volatilization must be determined through laboratory tests before attempting amy field 

tests. Again, the observation that (3 volatilization did not become significant until after 

the pulse 01 total SQMS had entered the off-gas scrub system points to the potential to 

minimize g.S accumulation in the processing trailer. Removal of Cs by a HEPA filter 

ium and lithium 

and melt temperature of the ISV material (hence:, lowering Cs 

during the later stages of the ISV run may be a method to control Cs 

contamination. 

The accumulation of AI, Fe9 and Si in the off-ges scrub solution (Fig. 31) appears 

to be steadier than that of the alkaline earths or alkali metals. These apparent trends 

may he somewhat artifactual. These elements would all be largely constitutive or bound 

to particulates in the off-gas. Particulate elements would be undcrcstimated in the 

analytical procedure employed h a u s e  only acid digestion was employed ra thcr than 

complete sample dissolution. The increasing acidity of the scrub solution may also have 

affect& an increase in the solubility of Al, Fe, and Si contained in entrained water 

droplets carried into the Hydro-Sonic scrubber. 

The behavior of the gross beta activity (Fig. 32) shows the expected accumulation 

of an element, given no input from the h o d  or ducting. "he 5 r  contamination within 

the off-gas processing system was residual from previous tmt of the pilot-scale unit on 

the I-Banford reservation. Because there were no inputs of beta activity to the process 

system, the accumulation represents self-scrubbing of residual cantamination from the 

various inaczss ponents of the system (e.g., the heat exchangers and piping). 

Thus, its slope, expressed as a percent increase per unit time, would be expected 
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for any element or conservative characteristic of the scrub solution. Thus, any elemental 

accumulation showing a similar gentle slope probably does not represent a net 

accumulation but rather a washing out of that element from other parts of the scrub 

solution system into the tank (e.g., the alkaline earth elements). 

The final inventories of each element can be compared with the inventories 

calculated from the barrels (Table 5). The average inventory of all properties in the 

system inventory was 14% greater than that calculated from the analyses of the 

11 barrels. As discussed previously, these system inventories were calculated by using 

the Tank 1 (venturi-ejector scrubber tank) volume measurements for all tank transfers. 

The larger amount of Fe in the barrels over that in the system inventory was a result of 

the corrosion of Fe from the mild-steel barrels by the acidic scrub solution accumulated 

during the later stages of the run. Nonetheless, the relatively good agreement between 

the two independent methods of inventory calculation lends considerable confidence in 

the inventories. 

43.4 Off-GasHEPAl3ters 

Samples of the primary and secondary HEPA filters were prepared by PNL and 

received by ORNL in August 1987. Each HEPA filter was sampled twice in the front, 

center, and rear by cutting out approximately 30- cm by 30-cm squares of the 

borosilicate glass fiber material. Each sample was measured for its length and width and 

weighed into a tared beaker. The filter segments were ashed at 550°C overnight and 

reweighed after cooling. The filter segments were subjected to a HNO, digestion as 

described in the section on barrel solution analyses. The hydrolyzed filter was extracted 

with 12% HNO,, the extract made to 50 mL, and the extracted filter returned to its 

original container. When Carter e t  al. (1988) reported considerably greater amounts of 

Cs in the acid extracts of unheated filter samples than was found in the ORNL acid 

extracts, complete dissolution of the archived filter segments was attempted. The filter 

segments readily dissolved on treatment with HF, and HNO, plus HF digestions were 

carried out as described in the section on barrel solution analyses. The dried digests 

were dissolved into 50 mL of 12% HNO, and submitted for Cs and Sr analyses with 

atomic adsorption spectroscopy. 



Table 5. Camparison of scrub solution inventories 
(all reported inventories are in gram, exapt where othe 

Element or Barrel system Rath' Pmprtcd 
Property inventory inventory (System/Barreli") inventory 

AJ 
Ff: 
Si 
Si" 

Ca 
Li 
Na 
cs 
%lids 

Mg 

Total 
Dissolved 

Alkalinity 
Acidity 
Gross beta 
Average (excluding Fc) 

17.32 
487.08 
160.82 

0.67 
22.13 
35.43 
78.97 

86.02 
1,6223 

17,138 
10,158 

292 
1,663 

824 kBq 

21.14 
117.92 
149.75 
0.85 

24.10 
37.94 

101.02 

91.07 
1,944 

20,915 
12,113 

2 
2,126 

8% 

1.22 
0.24 
0.93 
1.27 
1.09 
1.07 
1-23 
1.19 
1-06 

1.22 
1.19 
1.02 
1-23 
1.09 
1.14 

5,526 
1,327 

335 
0 
0 

'Ratio of the inventory calculated from the cumulative scrub solution samples and 
liquid transfer records to the inventory in the 11 barrels of waste scrub solution, 

Initially it was hypothesized that the lower Ck in [he BRNL samples may have 

k e n  due to volatilization of Cs from the filters during the 550°C ashing treatment. To 

test this hypothesis, l-niL aliquots of a stock K374=5; solution (nominally 9.11 kBq/mk) 

were placed into each of ten 20-rnL-capaeity borosilicate glass scintillation vials. The 

carrier for the I n C s  was a O.1M HC% solution so that the Cs was present as the 

chloride. The vials were capped and counted in a NaI scintillation detector for 10 min 

each after being d r i d  at 110°C. Groups of three vials were then heated at 450*, S50", 

and 650°C for 16 h. All vials were recounted as before, and, because all vials retained 

all their 13'Cs (Fig. 3 9 ,  an extraction sequence was initiated to determine if the thermal 

treatments exerted any eff& on the extractability o€ the 1370m Each vial, including the 

unashed vial, was cxtracted with four sequential. 5-mL V Q ~ U ~ C S  of tapwater. After 
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removal of the last tapwater volume, the vials were dried at room temperature, capped, 

and recounted for activity as above. The vials were then extracted with three 5-mL 

volumes of 12% HNO,, heated to near boiling for the first two volumes by placing the 

vial on a hot plate, followed by one 5-mL volume of tapwater. After drying and 

recounting as above, the vials were extracted with two 5-mL volumes of 10% HF also 

heated to near boiling by placing the vials on a hot plate. The vials were dried for a 

final time and counted again. The net counts in the 137Cs photopeak of the gamma ray 

spectrum, corrected for baseline background, were used to compute relative amounts of 

137Cs at the differenl counting times because standards of 13'Ck yielded identical counting 

efficiencies for each counting period. 

Results of the thermal treatments are depicted in Fig. 33. After drying at llO°C, 
tapwater extraction was able to remove all but 17% of the 137Cs, and all af the 

remainder was extracted with hot HNO,. Contrary to the hypothesis of volatilization of 

137Cs at the temperatures used for ashing the HEPA filters, all oE the '37Cs was retained 

in the vial after heating up to 650°C. The apparent increase (about 15%) in the activity 

of 13'Cs hollowing the three thermal treatments is probably due to diffusion of the "Cs 
into the borosilicate glass at the elevated temperatures, thereby decreasing the shielding 

afforded by the unheated vial. Whcn the extraction of 137Ck from these heat-treated 

vials was attempted, essentially none of it was removed from any of the vials. Even hot 

HNO, extraction could extract little of the '"(3. Only the 450°C heat treatment yielded 

a glass from which a significant amount (22%) of the *7Cs could be exlracted; the 550 

and 650°C thermal treatments resulted in essentially complete resistance of the 13'Cs to 

acid extraction. However, the hot HF was able to remove most of the 137Cs from all of 

the different thermally treated glass vials. Thus, it appears the 13'Cs had diffused into the 

borosilicate glass, and only dissolution or etching of the glass with HF was capable of 

removing it. After HF extraction the vials were noticeably etched but were far from 

completely dissolved. These findings confirm that the extractability of Cs from the ISV 
off-gas HEPA filters was probably greatly decreased by the ashing temperature, 550°C, 

experienced before their acid extraction. Quite aside from the analytical inconvenience 

presented by this fiiation of Cs on borosilicate glass filter material in the measurement 

. 
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of the amount of Cs on the HEPA filters, the effect may present some advantage to the 

ISV off-gas prwxx4ng during an actual application to an ORNL seepage trench. As 
mentioned previously, the placement of a HEPA filter within the off-gas hood, after the 

initial puke of particulate release during ran ISV run, could well function to prevent 

volatilized 

hmd is often a 

HEPA filter material in this thermal environment. Such thermal fixation may aid in the 

removal of u7G3 fro 

from entering the off-gas scrubbing system. Because the: off-gas in the 

C, a s ~ ~ n ~ ~ c a n t  portion of the '37Cs may become fixed on the 

9 analyses of the HEPA filter samples are presented in 

Tablc ai, First, the extractability of Cs from the NEPA filter segments was apparently 

quite reduced by the ashing treatmcnt at 550°C. Only about 4% of the total Cs on the 

primary NEPA filter was extractable via HNO, and complete dissolution with HF was 

required to rcmove it. The difference in Cs composition between the primary and 

secondary filters demonstrates that the 0 on the primary filter was deposited by the 

ISV off-gas and was not a mnstituexat of the borosilicate glass fabric. Carter et al. 

(1388) reported a similar amount of a, 2.32 g, on the primary PIEPA filter following 

sample preparation via water extraction. Their samples were not ashed or thermally 

treated before the extraction and, therefore, the Gs was water soluble, similar to the 

findings for 13'Cs in glass vials described above. The agreement between the PNL and 

ORNL Cs inventories on the HEPA filtcrs is reassuring. The confirmation that 

complete filter dissolution did not release significantly more Cs than was found in the 

aqueous extracts confirms that residual Cs did not remain on the filters following 

aqueous extraction and that the c=S inventory is correct. 

Strontium, an thc other hand, exhibited little difference in total inventory between 

primary and secondaq HEPA filters although, like Cs, HF dissolution was required to 

remove it from the NEPA filters. The lack of difference between primary and 

secondary filters probably results from Sr being a constituent element in the borosilicate 

glass of the filter fabric. Most Ca-containing minerals, like the lime used in the 

manufacture of the borosilicate glass, contain Sr at a mass ratio of approximately k200 

to Ca. Thus;, for the purposes of computing the invcntory of Sr on the HEPA filters, 

the acid-extractable amounts were used rather than total amounts, as were used 
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Table 6. Elemental inventories deposited on the off-gas HEPA filters 

Element or Amount 
Species Primary HEPA Secondarv HEPA Difference 

(mi?) (ms) (mg) 

Al 
ca 
cs 

Acid' 
Total 

Fe 
Li 

Mn 
Mo 
Na 
Si 
Sr 

Mg 

Acid Ext' 
Total 

Anions 
F 
Cl- 
NO; 
PO? 
so: 

122 
534 

89 
2,146 

73 
286 
61 

4 
606 

19,620 
953 

13 
1,020 

839 
8,242 

523 
336 

43,080 

56 
250 

16 
57 
6 
40 
48 

1 
8 

4,640 
836 

6 
1,140 

123 
1,135 
286 

0 
12,210 

66 
284 

73 
2,089 

67 
246 

13 
3 

598 
14,980 

117 

7 
-120 

716 
7,107 

236 
336 

30,870 

'All elements reported are for HNO, extracts of the filter samples except for the 
Cs and Sr totals, which include the HNO, extracts plus that removed by HF dissolution. 
Anions were analyzed for water extracts of filter samples by Battelle Pacific Northwest 
Laboratory. 

for Cs inventory calculation. Inventories of all other elements were also computed by 

using the HNO, extractable analyses. Significant differences for all elements were noted 

between the primary and secondary filters. Total solids on the HEPA filters were 

estimated by converting the elemental amounts to their oxide equivalent amounts and 

summing all the major elements listed in Table 6. It should be emphasized that the 

calculation will grossly underestimate total solids because the acidic extraction of the 
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filters will not dissolve much of the siliceous particulates on the filters. Thus, elements 

like Si and Al will be underestimated in the ducting, scrub solutions, and HEPA filters. 

The major difference in anions extractable in water from the HEPA filters was the 

large amount of sulfate present. As discussed previously, some acid stronger than 

carbonic acid was required to lower the pH of the scrub solution below 4.0. The large 

amount of sulfate, particularly on the primary filter, points to SO, volatilizing from the 

melt zone as the likely source of this acidity. The sulfur content and chemical form in 

the soil and limestone of the trench is not known. However, previous experiments 

reported by Buelt et al. (1987) indicate that sulfates have a decontamination factor of 70 

through the off-gas scrubbing system. Thus, deposition of sulfate from the scrub 

solution onto the HEPA filters would be expected. Sulfate is the major anion associated 

with the titratable acidity in the scrub solution samples discussed previously. 

4 3 5  Overall Off-Gas System 

The actual amounts and distribution of elements within the ISV off-gas handling 

system have been discussed in the preceding sections describing the various components. 

The overall off-gas retention factors are listed in Table 7. The retcntion factors (RFs) 

for Cs, Na, and Li were low compared to those for the other elements. The low Na 

and Li RFs were strongly influenced by the soda ash addition early in the run; however, 

the Cs RF was not influenced by this addition. Increasing the RF for 13’Cs during ISV 

represents one of the major challenges in the application of ISV to ORNL seepage pits 

and trenches. The low RF for Mo is strictly an artifact of its use in the electrode 

coating and annular packing. The RFs for Si, Al, and Fe are slightly high because the 

total amounts of these elements in suspended solids were not analyzed in the ISV off- 

gas scrub solutions; more accurate RFs for these elements would be better reflected in 

thc RF calculated for solids in the system. Carter et al. (1988) performed total 

elemental analyses on selected samples from the ISV scrub solutions; their analytical 

results were significantly higher for Si, Al, and Fe but quite similar for Ca, Mg, Sr, Na, 

Li, and Cs. 
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Table 7. ISV off-Gas retention factors for elements 

Amount in Amount in Rctention 
Element off-gas system ISV mass factor 

(g> (kg) 

Al 
ca 
cs 
Fe 
Li 

Mo 
Na 
Si 
Sr 

Mg 

Solids 

27 
39 
92 

135 
91 
25 
14 

1,792 
78 1 

0.8 

18,600 

1472 
2,415 

76 
655 
52 

329 

236 
5,377 

250 

0.14 

20,000 

54,5Qo 
61,!%Q 

826 
4,850 

571 
13,200 

10 
132 

6,890 
312,000 

1,075 

The distribution of elements within the components of the off-gas system offers a 

good overall perspective on the potential radiological hazards, were an actual seepage 

trench at ORNL to be vitrified with the present hardware and techniques. The 

distribution of the alkali metal elements is depicted in Fig. 34. The similar partitioning 

of all of these elements among the ISV components leads to the conclusion that ~ 9 5 %  

of any 137cjs in the off-gas would reside in the scrub solutions. Increasing amounts of 

Na, which might be present in the melt zone as an additive to lower melt temperatures, 

would not result in additional transport of t”cs from ducting to scrub solution to HEPA 

filters. The added Na, however, might affect the amount of l3’CS volatilized from the 

melt zone; such effects must be determined in bench-scale tests before a radioactive field 

demonstration. The major sink for Cs in the off-gas system will be the scrub solutions. 

The potential exists to recycle this scrub solution below the melt zone to be 

incorporated into the final vitrified mass. This procedure could be done by pumping the 

scrub solution into well casings driven at an angle into the trench bottom. Such a 

technique would minimize the radiation field around the scrub tank or waste storage 
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tanks and also minimize the volume and activity of waste generated by the ISV process. 

A significant amount of i3’(3s would be expected to deposit on the inside walls of the 

ducting. The only method to prevent this deposition from building a significant radiation 

field during an actual application would be to insert HEPA filters into the off-gas line as 

it exits the hood as discussed previously. The HEPA filter material would need to be 

dropped into the melt zone in either a continuous or batch fashion as its I3’Ck inventory 

increased. Such techniques need to be investigated as modifications to the present ISV 

process to avoid the necessity of handling a large inventory of 13’Cs in the off-gas system. 

The distribution of the alkaline earth dements in the components of the off-gas 

system were all similar to each other (Fig. 35) and similar to that of the alkali metals. It 

should be emphasized that, although the distribution within the off-gas system wa5 

similar to the alkali metals, the amounts in the off-gas system relative to the amounts in 

the vitrified mass were approximately two orders of magnitude lower than the alkali 

metals (Table 4). The total amount of Sr detected in the entire off-gas system was 

barely above background amounts contained in the system components (HEPA filters) or 

imported into the system in the makeup water for the scrub solutions (Table 5). The 

distribution of elements such as AI, Si, and Fe (Fig. 36) provides some assessment of 

how transuranic elements will behave in the ISV off-gas system. These elements, like 

the transuranic elements, will be strongly associated with the particulates in the off-gas. 

The bulk of the solids in the system ends up in the scrub solutions, and extremely few 

escape to the HEPA filters. Filtration control of the input of solids to the off-gas, 

particularly during the middle to later stages of a run when the melt zone enters the 

contaminated depths of a seepage trench, could minimize the inventory of transuranic 

isotopes in the processing trailer. The apparent distribution. of Al and Si between the 

hood and ducting and the scrub solution is quite biased by the analytical procedures. 

The solids from the hood and ducting were subjected to complete dissolution whereas 

the scrub solutions were subjected to acid hydrolysis and extraction. Thus, camplete 

dissolution of the suspended solids in the scrub solutions would have raised the 

inventory OF Si and Al and resulted in a distribution similar to that of the total solids, 

. 
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5. ISV PRODUC" CHARACliERIZATION 

5.1 l3EX.D SAMPLIIUG AND CHARACX'EREA~ON 

The off-gas hoods were removed on October 6, 1987, to expose the subsidence 

zone (Fig. 37). Six cores were taken at the positions illustrated in Fig. 38. Detailed 

descriptions of the cores are given in Table 8. Because of the unexpected discovery of a 

multiphase product (see Sect. 5.2), it was decided to excavate a portion af the ISV mass 

to determine additional detailed information. A longitudinal cross section of the mass 

was exposed by using a backhoe and pneumatic jack hammer on November 6, 1987. 

Figure 39 illustrates the final excavated site. Grab samples were taken from several 

locations (Fig. 40 and Table 9) to complement the samples from the cores. 

Some general observations from the excavation of the ISV mass include the 

following (see Figs. 37 and 39): 

1. Subsidence from the ground surface to the top of the vitrified mass was 

approximately 0.91 m at the center of the trench. 

2. Two cold caps were observed. The upper cold cap occurred at a depth of 0.41 m 

from the surface of the soil. The lower cold cap was at the surface of the melt at a 

depth of 0.91 m. The upper cold cap was up to 5.0 cm thick and had little 

structural strength (predominantly a frothy, porous green material) and would 

collapse upon backfilling of the trench so that future subsidence would be 

eliminated. 

3. The side walls of the subsided surfaces were vertical and were 1.3 cm thick. The 

uppcr surface of the ISV mass along the length of the trench was quite level, 

suggesting that the melting process created a void space between the upper soil and 

the crushed limestone of the trench. This configuration is consistent with the 

behavior of the thermocouples (see Sect. 4.2) in which the 0.6-m deep 

thermocouples indicated lower temperatures than the thermocouples at depths of 

1.2 rn and 1.5 m. This sloughing of the limestone probably contributed to the 

longitudinal melting. 
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Fig. 38. Relative positions of cores into the ISV mass following the ORNL 
ISV demonstration. 
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Table 8. Description of ISV cores' 

Core H1: Located approximately 33 cm from NW electrode diagonally toward the 
center of the trench. Frothy cold cap material was broken into pieces 
and removed. Hole was started at a depth of 94 cm from the surface. 
Total depth of the hole was 107 cm (201 cm from surface). 

0-41 cm: Approximately 5 cm of porous green glass; remainder of section 
was a mixture of pieces of dark green glass and gray spherulites; no 
estimate on core recovery. 

41-107 cm: Virtually no recovery of intact core; a mixture of chips of 
dark green glass and gray spherulites. 

Core H 2  Located toward center of trench, 83 cm from NW electrode and 74 cm 
from SW electrode. Subsidence was 76 cm to the top of the melt. Total 
depth of core hole was 169 cm (245 cm from surface). 

0-58 cm: 23 cm of porous green glass; one piece of dense glass; one 
piece of a mixture of glass and spherulites; one 8-cm-long section of gray 
spherulites at bottom of section. 

58-91 cm: 29 cm of core recovered; predominantly dense gray rock 
(spherulites). 

91-119 cm: 18 cm of core recovered in three pieces: 7.6-cm piece of 
spherulites with some blebs of glass; 7.6-cm piece of spherulites with less 
glass than previous piece; 2.5-cm piece consisting of spherulites only. 

119-169 cm: Only 18 cm of core recovered from this section; bottom of 
melt zone is reached; sample consists of glass and oxidized saprolite; 
intermediate zone of porous, dark gray-to-black altered saprolite (partially 
melted and degassed). 

Core H3: Located within square array of electrodes 66 cm from SE electrode and 
65 cm from SW electrode. Top of melt was at a depth of 76 cm. Total 
depth of hole was 152 cm (total depth from ground surface of 228 cm). 

0-94 cm: Only w56 cm of core recovered; upper section consists of 
porous green glass; next section consists of dark green glass; some small 
(<OS-cm-diam) spherulites present in this section; lower part of section 
has higher concentration of spherulites, and they increase in size (some 
>2 cm diameter). 

. 
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Table & (continued) 

94-132 cm: 30 cm of core recovered; mixture of glass and Spherulites; 
bottom of this zone is close to basal contact with altered soil. 

132-152 cm: Limited recovery of core; mixture of broken piem; 
dark gray-to-black altered saprolite; pieces from bottom of section are 
oxidized, reddish-brown saprolite. 

Core H 4  Located just outside a line between the SW and SE deet. 
from SE electrode and 81 cm from SW electrode; 13 cm from line 
between SE and SW electrodes. Top of melt was at 91-cm depth. Total 
depth of hole was 104 cm (195-cm total depth from ground surface). 

0-33 cm: Recovered ~ 2 6  cm of core; 5 cm of porous green glass; 2 cm 
of spherulite zone; ~ 1 1  em of pieces of dark green glass; and 8 cm of 
intact green glass. 

33-79 em: Recovered 25 cm of core; virtually all green glass with only a 
few small spherulites. 

79-104 cmr Recovered most of core; 10 cm of glass; transition zone with 
altered saprolite and some spherulites; metallic iron blebs found at base 
of section. 

Located within square array of electrodes; 32 cm from NE electrode, 
112 cm from NW electrode; and 23 cm from centerline betwcen NE-NW 
electrodes. Subsidence to top of cold cap was 74 CM. Total depth OS 
hole was 150 cm (total depth from ground surface was 224 cm). 

Core H5: 

0-53 cm: Recovered only porous crust material (x20 cm), 

53-89 cm: No intact core; all broken pieces; mixture of spherulites and 
glass. 

89-150 cm: Recovered only e15 cm of altered saprolite (both dark gray- 
to-black and reddish-brown oxidized material) below the melt zone. 

Core H 6  Located just north of center between the NW and NE electrodes, 94 crn 
from NW electrode, 61 cm from NE electrode, and 30 cm north of line 
between N W  and NE electrodes. Subsidence to top of melt was 79 cm; 
total depth of hole was 145 cm (224 cm from ground surface). 

0-99 cm: Poor core recovery, mostly broken pieces; x15 cm of porous 
crust; pieces of glass grading into pieces of glass with more spherulites. 
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Table 8. (continued) 

99-145 cm: Poor recovery again; mostly broken pieces of glass and 
spherulites grading into apparently nearly unaltered saprolite (recovered 
little of altered saprolite zone). 

Core H7: Located near line between SE and N E  electrodes, 155 cm from NW 
electrode, 66 cm from NE electrode, 132 cm from SW electrode, and 
51 cm from SE electrode. Subsidence to top of melt was 99 em. Total 
depth of hole was 114 cm (total depth from surface of 213 cm). 

0-114 cm: Only one segment of core was pulled; poor rmvergr of core. 
Approxjmately 4 cm of porous crust; pieces of glass and spherulites; and 
approximately 12 cm of the transition zone from the melt to the altered 
saprolite. 

'See Fig. 38 for location map. 

. 
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Fig. 39. View of the vitrified mass (looking east) after excavation following the ORNL ISV demonstration. 
Total length of the mass is approximately 5.3 m. Note concentration of crystalline material (light colored) in the 
central portion of the mass. 
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Fig. 40. Position of the grab samples taken after excavation of vitrified mass. 



Table 9. Description of grab samples from ISV mass" 

G9: Located 5 cm toward center of trench from line between NW and NE electrodes; 
20 cm fkom base of melt zone. Massive gray rock consisting of coalesced 
spherulites. 

GI: White substance taken from thin (=lo-cm-thick) layer at southern end of ISV 
mass. 

G10: Sample taken from just inside the SW electrode. Mixture of green glass and 
spherulites. 

G1 1: Located 5 cm toward center of trench from line between SE and SW electrodes. 
Sample consists of mostly glass from within a larger zone that i s  mostly coalesced 
spherulites. 

(312: Sample pulled from central portion of melt zone approximately 30 cm from basal 
contact. 

G13: Dense glass taken from the central portion of the melt mne  near the contact with 
the porous green crust. 

(314: Homogeneous glass sample taken approximately 30 cm south of the SW electrode; 
30 cm below upper surface of the ISV mass. 

(315: Homogeneous glass sample taken from the southern end of the ISV mass. 

(316: Homogeneous glass sample taken from the northern end of the ISV mass. 

CC1: Upper cold cap material from within suhsidence zone. 

CC2: Material from near-surface zone, Part of upper cold cap with a smooth, greenish 
coating. 

CC3: Material from the upper cold cap near the surface. Dull, pale green smooth 
textured substance. 

QGI: Quenched glass removed on steel bar used to manually probe the depth of the 
melt at the end of the run. 

"See Fig. 40 for locations. 
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4. The upper zone of the ISV m a s  was a green, porous layer approximately 7 cm in 

thickness. 

5. The soil around the vitrified mass altered to a reddish-brown color, indicating 

oxidation of the iron in the soil. The thickness of this layer was approximately 

40 cm. The temperatures associated with this type of color alteration in 

laboratory-heated specimens are typically 200-300°C. 

6. The mass was approximately 5.3 m in length and asymmetrically longer to the south. 

The depth of melting in the center of the trench was approximately 2.1 In; thus the 

target depth was reached, and all of the chemical addition should have been 

incorporated into the melt. The approximate width of the melt at the center of the 

trench position is 2.1 m. This value is an estimate as the entire block was not 

excavated. The length of the mass is consistent with the temperature data obtained 

with the thermocouples located north and south of the center of the trench. 

7. The southern thermocouples 2.2 m from the center and at depths of 1.2 and 1.5 m 

burned out, indicating the melt reached this distance. The northern thermocouples 

2.2 m from the center of the trench reached several hundred degrees (Celsius), 

indicating the melt approached this distance to the north. At 3.1 m from the center 

of the trench, several thermocouples in the southern portion of the trench reached 

temperatures >100"C. This behavior indicated that the melt may have almost 

reached this distance to the south. The length of the melt would be predicted to be 

approximately 5.3 m long (assuming the southern thermocouples 3.1 m from the 

center of the trench were almost reached by the melt and that the melt approached 

the 2.2 m distance to the north). Thus, the physical measurements and temperature 

data are consistent and illustrate that temperature monitors can be used to reliably 

estimate the extent and shape of melting (important when performing radioactive 

applications). 
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5.2 PHYSICAL, DESCRTPTION OF ISV PRODUCT 

Core recovery varied from core to core (see Table 8), and the characteristics 

varied from sample to sample. In general, however, the characteristics oE the ISV mass 

in the central portion of the oblong mass can be described as follows. The upper 

5-20 cm consists of a frothy, porous, green layer (Figs. 39 and 41). The porosity is from 

the rapid quenching of gases in this layer after power to the electrodes was discontinued. 

A layer of dark green glass occurs below the porous zone (Figs. 39 and 41). This layer 

was generally ~ 2 5  cm thick. A mixture of glass and gray crystalline material is 

encountered below this layer (Fig. 39). This zone is approximately 75 cm thick and 

extends to the bottom of the mass. The amount of glass versus gray crystalline material 

varies considerably according to position relative to the center of the melt. The gray 

crystalline material varies from distinct single spherulites (Fig. 42) to more massive 

growths of coalesced spherulites. The spherulites range in size from <O.l cm up to 

253 cm in diameter. 

A thin layer (=lo cm thick) of portlandite (Ca(OH),), confirmed by X-ray 

diffraction analysis, was found at the ends of the mass (Fig. 43). This material is 

rehydrated lime (CaO) formed through the calcination of the crushed limestone placed 

in the trench. The basal contact of the vitrified mass with the saprolite was quite 

distinct (Fig. 44). The transition from glass to altered saprolitc (with original structure 

partially retained, but much darker in color and with degassing bubbles present) was only 

a few centimeters thick. A number of small ( COS-cm-diameter) spherulites were found 

along this contact. Near the basal contact several blebs of metal were found. These 

blebs consist of either metallic iron (magnetic) or coalesced pools of thermocouple metal 

(nonmagnetic). Previous ISV experience (Buelt et al. 1987) suggests that the degassing 

of the system during processing results in an oxygen-poor melt that promotes the 

separation and formation of small immiscible melts of metallic nature. These metallic 

samples were found only in the central portion of the melt zone and generally near the 

contact with the saprolite. A zone of bright reddish-brown alteration is found around 

the entire mass and is generally a40 ern in thickness. The ends of the ma&< consist 

almost entirely of glassy material (Figs. 39 and 43) with few spherulites. However, along 

the contact with the saprolite and at the contact between the frothy porous layer and 

the glass are numerous small { COS-cm-diam) spherulites (Fig. 44). 
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OWL-PHOTO %21-87 

Fig. 44. Contact zone between the saprolite and the vitrified material 
near the SW electrode in the ORNL ISV demonstration trench. 
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The spherulites are concentrated in the central portion of the ISV mass but also 

occur along the entire basal contact and near the contact with the porous zone at the 

top. This relationship suggests that both relatively slow cooling and a source of 

nucleation sites are important to their formation. Spherulites are a crystallization 

feature (Nackolds et al. 1978; Jackson 1970) commonly found in siliceous lavas and 

siliceous furnace slags. The texture usually results from the crystallization of acicular 

crystals in a radial pattern and generally indicates a moderate degree of undercooling 

and a large growth rate. Additional details on the micromorphology and chemistry of 

the glass and spherulites can be found in Sect. 5.4. 

53 BULK CHEMICAL COMPO!3JTION 

Samples of ISV material from the cores and grab samples were obtained for 

whole-rock chemical analysis (Table 10). In addition, samples of the original 

soilhaprolite and crushed limestone were analyzed. The samples were analyzed with 

several techniques: (1) digestion and/or fusion with subsequent analysis of solutions with 

inductively coupled plasma spectroscopy (ICP) for most elements and atomic absorption 

spectrophotometry (AA) for K, Cs, and Sr (EPA method 200.7); (2) X-ray fluorescence 

(XRF) analyses of powdered samples; and (3) electron microprobe (EMP) analyses of 

selected thin sections for bulk chemistry. Some systematic errors occurred in the results 

of the silica analyses from the original ICP analyses. Analyses of reference U.S. 

Geological Survey (USGS) rock specimens, submitted with the ISV product samples, 

yielded SiO, compositions that were a minimum of 12 wt % too high. All other 

elements exhibited better agreement between analyzed and reference compositions. 

Therefore, additional samples were fused with NaOH and the silica analyses rerun using 

the molybdate-blue spectrophotometric technique ( M A  1982). Tables 11-22 list the 

results of the various analyses. 

As a control on the accuracy of the Cs and Sr analyses of rock, glass and soil 

digests, simulated digests were prepared and incremental additions of Cs and Sr were 

made to cover the range of concentrations encountered in the rock and glass samples. 

The synthetic digest solution contained the following chemicals (per liter): AlC1;6H20 
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Table 10. Samples from ISV cores and grab samples selected 
for bulk chemical anaiysis. H# designates core 

Sample # Description 

€32-1 
A2-2 
H2-3 
H2-4 
H2-5 
H2-6 
H2-7 
w-a 
H3-1 
H3-2 
H3-3 
€33-4 

K3-5 
H4- 1 
W4-2 
H4-3 
H4-4 
H4-5 
H 4 6  
H5-1 
HS-2 
€35-3 
H5-4 
H5-5 

H5-6 
H6-1 
H6-2 
H6-3 
H7-1 
H7-2 
H7-3 
H7-4 
H7-5 
CC1 
cc2 
CC.3 
QG1 

Dense, gray rock (spherulites) from 0-58 cm (bottom section). 
Dense, gray rock (spherulites) from SS-91 cm (top scxtion). 
Dense, gray rock (spherutitesj from 58-96 cm (middle section). 
Dense, gray rock (spherulites) from 58-91 cm (bttiom section). 
Dense, gray rock (spherulites) from 91-1319 ern (top section). 
Dense, gray rock (spherulites) from 91-119 cm (bottom section). 
Dark, altered sail from 119-169 cm (top section). 
Oxidized soil from 119-169 cm (bottom section). 
Porous crust from top of core. 
Glass from 0-94 cm (upper middle seclion). 
Massive gray rock (spherulites) from 0-94 cm (bottom section). 
Glass from 94-132 cm (middle section) (lots of spherulites in this section 

also, but none were included in sample for analysis). 
Dark, gray, altered soil from 132-152 CM (top section). 
Porous crust from top of core. 
Gray rock (spherulites) layer near top of core in contact with some glass. 
Glass from 0-33 em. 
Glass from 79-104 cm (top section). 
Mixture of glass and spherulites near soil contact from 79-10.1. cm (middle). 
Dark, altered soil just below glass. 
Porous crust from top of core. 
Glass from 0-53 cm (top section). 
Glass and gray rock (spherulites) from 0-53 cm (bottom section), 
Glass from 53-89 cm. 
Dark, altered soil with some gray rock (spherulites) lrom 89-150 cm (middle 

Soil mne  from 89-150 cm (bottom section). 
Porous crust from top of core. 
Glass from 0-99 cm (middle section). 
Near-natural soil from 99-145 cm (bottom section). 
Glass fragments from middle of core. 
Gray rock (spherulites) from middle of core. 
Oxidized soil from bottom of core. 
Dark, altered rock from bottom of core. 
Apparent melt-soil contact zone. 
Sample of upper cold cap with many tiny gas vesicles. 
Near-surface cold cap material with dull, greenish coating. 
Dull, greenish-gray cold cap material. 
Quenched glass from melt (material stuck an thc cnd of the steel rod used to 

section). 

manually probe the depth of melting. 
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Oxide 236)" 231b 232" 233d Soil' 1,imestone' 

Total 

51.8 
12.8 
0.58 
4.30 
2.02 
0.11 

17.2 
1.38 
1.50 
2.36 
0.33 

94.313 

5 1 s  
13.1 
0.6Q 
4.41 
2.15 
0.1 1 

18.6 
1.40 
1.38 
2.65 
0.34 

96.25 

52.0 
13.2 
0.60 
4.46 
2.16 
0.11 

18.7 
1.40 
1.47 
2.34 
0.34 

96.78 

52.4 
13.2 
0.60 
4.52 
2.16 
0.12 

18.7 
1.39 
1.74 
2.85 
0.37 

98.06 

53.1 
18.3 
0.83 
6.32 
1.83 
0.10 
3.09 
0.13 
0.77 
2.7 

97.17 

2.95 
0.97 

1.37 
6.8 
0.32 

87.3 
0.05 
0.65 

-- 

-- 

100.41 

"Porous crust from core W3. 
bGlass from core M4, top section of 33- to 79-cm interval. 
'Glass with ~ 5 %  spherulites from core H3, upper-middle portion of 0- to 94-cm 

Spherulites from core M3, bottom section of 0- to 94-cm interval. 
'Soil/saprolite from trench construction. Samples heat treatcd (1OOO"C for 24 h) 

prior to analysis so that the composition does not include CO, or water content. 
'Lirncstone from trench construction. Samples were heat treated (IOOO~C for 

24 h) prior to analysis SQ that the composition does not include CO, or water content. 
Source: J. G, Carter, S. S. Koegler, and S. 0. Bates, Process Performance of the 

Pilot-Scale Ira Situ Vitrification of a Simulated Waste Disposal Site at the Oak Ridge 
National Laboratory, NL-6530, Pacific Northwest Laboratory, Richland, Washington, 

interval. 
d 
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Table 12. Bulk chemical composition of crushed limestone and soil from ISV trench" 

Oxide Limes tone soil 1 Soil 2 Soil 3 Soil 4 

Total 

5.41 
1.59 
0.06 
0.70 
3.65 
0.02 

50.37 
0.06 
0.04 
1.02 
0.07 
0.00 

40.06 

103.05 

54.45 
16.25 
0.80 
6.43 
1.54 
0.13 
4.20 
0.02 
0.92 
3.% 
0.21 
0.00 
-- 

5.55 

94.46 

54.45 
18.51 
0.82 
7.01 
1.82 
0.10 
2.10 
0.01 
0.89 
4.14 
0.18 
0.00 -- 
5.5s 

95.58 

54.45 
17.76 
0.75 
6.58 
1.66 
0.10 
2.10 
0.0 1 
1-10 
3.88 
0.2 1 
0.00 

5.55 
_- 

94.14 

54.45 
15.30 
0.70 
6.43 
1.49 
0.09 
3.22 
0.01 
1.13 
3.54 
0.20 
0.00 

5.55 
__ 

92.12 

"Data from ORNL Analytical Chemistry Division. Samples were dried at 100°C 
for several hours prior to analysis. All values from 1CP analyses of digested samples 
except for Na, Cs, Sr, and K, which are from AA analyses, and Si, which is from 
molybda le -blue method. 

bWeight loss at 1000°C for 24 h. 
"Weight loss at 1OOO"C for 24 h (average of two samples). 
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Table 13. Bulk chemical composition of soil (duplicate and replicate 
analyses) from ORNL ISV demonstration trencha 

&de lAb lBb 1A' 1B' SEC' Average 

Total 

58.79 
17.% 
0.81 
6.19 
1.79 
0.08 
2.37 
0.01 
1.02 
3.67 
0.24 

1.81 
5.5 1 

"- 

10025 

59.26 
18-04 
0.80 
6.20 
1.77 
0.08 
2.37 
0.01 
1.22 
3.67 
0.24 

2.40 
5.55 

_- 

181.61 

55.46 
18.62 
0.81 
6.24 
1.89 
0.09 
2.59 
0.01 
0.99 
3.85 
0.2 

1.81 
5.5 1 

"_ 

98.19 

55.85 
18.76 
0.80 
6.27 
1-88 
0.09 
2.70 
0.01 
0.89 
3.83 
0.24 

_- 
2.40 
5.55 

99.27 

0.92 
0.52 
0.06 
0.20 
0.40 
0.02 
0.14 
0.003 
0.46 
0.04 
0.04 

-- 
I- 

-_ 

57.34 
18.35 
0.86 
6.23 
1.83 
0.09 
2.53 
0.01 
1.03 
3.76 
0.24 

2.1 1 
5-53 

-- 

"X-ray fluorescence analyses from 0. C. Kopp, the University of Tennessee. 
Weight loss data from G. R Jacobs. 

bXRF analysis run May 19, 19 
'XRF analysis run May 20, 1988. 
'SEC = standard error of calibration (20). 
'Weight loss at 105°C for 1 h. 
'Weight loss at I0Cx)"C for 24 h. 
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Table 14. Bulk chemical composition of crushed limestone (duplicate and 
replicate analyses) from ORNL ISV demonstration trench" 

Oxide lAb lBb 1A' 1% SECd Average 

Total 

4.35 

0.08 
0.74 
3.11 
0.03 

4632 
0.04 
0.08 
1.07 
0.06 

40.06 

-- 

-- 

95.94 

4.24 

0.08 
0.7 1 
3.13 
0.03 

45.56 
0.04 
0.06 
1.02 
0.07 

-- 

-- 
40.33 

95.27 

4.21 

0.08 
0.70 
3.10 
0.03 

45.09 
0.04 
0.05 
1.01 
0.06 

-- 

-- 
40.72 

95.09 

4.30 

0.08 
0.72 
3.17 
0.03 

45.72 
0.04 
0.05 
1.04 
0.05 

-- 

-- 
40.77 

95.97 

0.44 
0.32 
0.07 
0.10 
0.32 
0.03 
0.60 
0.003 
0.06 
0.08 
0.04 

-- 
-- 

4.28 

0.08 
0.72 
3.13 
0.03 

45.67 
0.04 
0.06 
1.04 
0.06 

40.47 

-- 

_ _  

95.58 

"X-ray fluorescence analyses from 0. C. Kopp, the University of Tennessee. 

bXRF analysis run May 19, 1988. 
"XRF analysis run May 20, 1988. 
dSEC = standard error of calibration (20). 
"Weight loss at 1200°C for 24 h. 

Weight loss data from G. K Jacobs. 
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Table 15. Bulk chemical composition of ISV core samples from OKNL ISV demonstration trench' 

oxide cc1 CC2 @a H2-1 H2-2 H2-3 M2-4 

sio, 50.90 53.90 50.35 52.47 50.38 50.74 52.15 
AZO3 13.22 13.79 12.66 13.22 13.60 13.41 13.41 
Tio, 0.45 0.47 0.43 0.53 0.55 0.55 0.55 
Fe,03 4.29 4.58 4.15 4.58 4.86 4.72 4.86 
MgO 2.15 2.32 2.49 2.16 2.16 2.14 2.16 
MnO 0.14 0.14 0.14 0.12 0.13 0.12 0.13 
CaO 19.59 20.99 25.19 18.19 18.19 19.59 19.59 
SrO 1.49 0.14 0.90 1.53 1.47 1.51 1.47 
Na,O 1.12 1.23 1.06 1.32 1.35 1.35 1.48 

258 2.81 2.64 2.73 2.67 2.75 2.66 
0.18 0.2 1 0.19 0.16 0.16 0.17 0.17 

K2.0 
p20, 
&O 0.41 0.01 0.23 0.37 0.38 0.39 0.39 

Total 95.53 100.57 100.43 97.38 95.90 97.46 99.0 1 

Oxide H2-5 H2-4 H2-7 H2-8 H3-1 H3-2 H3-3 

SiO, 56.18 52.90 57.14 64.33 52.84 52.83 50.02 
A203 13.41 13.98 15.49 10.01 13.41 13.41 13.41 
TiO, 0.55 0.57 0.68 0.23 0.55 0.55 0.55 
Fe203 4.86 5.15 4.72 2.72 4.58 4.58 4.86 
MgO 2.16 2.32 1.48 0.55 2.16 2.16 2.16 
MnO 0.12 0.13 0.12 0.15 0.12 0.13 0.13 
CaQ 19.59 20.99 3.50 9.79 18.19 19.59 18.19 
S r 8  1.47 1.55 0.02 0.02 1.43 1.48 1.45 
Na,O 1.48 1.48 1.62 3.24 1.35 1 .a 1.35 

2.69 2.82 3.04 1 .a 2.71 2.67 2.72 
0.17 0.18 0.30 0.30 0.18 0.18 0.17 

Ck@ 0.37 0.41 0.00 0.06 0.48 0.39 0.37 

Total 103.05 102.47 90.09 92.46 97.99 99.44 95.39 

%O 
'2'5 

oxide H3-4 H3-5 H4-1 H4-2 H4-3 H4-4 H4-5 

SiO, 54.20 48.94 52.36 53.42 48.86 46.10 52.22 

TiO, 0.55 0.55 0.55 0.55 0.57 0.57 0.62 
Fe,O, 4.58 4.86 4.58 4.58 4.58 4.58 4.86 
MgO 2.32 1.51 2.16 2.16 2.16 2.32 2.16 
MnO 0.13 0.17 0.13 0.13 0.13 0.13 0.12 
CaO 19.59 13.9 18.19 18.19 18.19 18.19 16.79 
SrO 1.45 0.02 1.40 1.47 1.50 1.51 0.04 
Na,O 1.48 2.54 1.48 1.48 1.48 1-48 1.35 
K20 2.57 2.16 2.82 2.77 2.69 2.67 2.57 
' 2 0 5  0.18 0.25 0.17 0.17 0.18 0.18 0.17 

Total 101.02 89.38 97.83 98.90 94.50 92.09 95.65 

A,O, 13.60 14.17 13.60 13.60 13.79 13.98 14.73 

Cti@ 0.37 0.20 0.40 0.39 0.39 0.38 0.01 
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Table 15. (continued) 

Oxide H4-6 H5-1 H5-2 H5-3 H5-4 IU-5 Hs-6 

SiO, 

TiO, 
A2°3 

MgO 
MnO 
CaO 
SrO 
Na20 
KZO 

a 2 0  

p2°5 

Total 

84.49 
14.55 
0.60 
6.29 
1.66 
0.13 
6.72 
0.01 
1.89 
3.01 
0.23 
0.00 

119.57 

48.15 
14.17 
0.57 
4.86 
216 
0.13 

18.19 
1.40 
1.62 
2.75 
.0.18 
0.39 

94.55 

51.08 
13.60 
0.52 
4.43 
2.16 
0.14 

18.19 
1.49 
1.24 
271 
0.18 
0.39 

N.13 

52.27 
13.60 
0.52 
4.43 
2.16 
0.14 

19.59 
1.47 
1.24 
2.65 
0.18 
0.40 

98.64 

45.59 
13.98 
0.53 
4.43 
2.16 
0.14 

19.59 
1.50 
1.25 
271 
0.18 
0.43 

9250 

58.38 
18.5 1 
0.65 
6.43 
1.82 
0.06 
5.w 
0.0 1 
1.25 
3.85 
0.19 
0.02 

96.22 

64.11 
16.25 
0.48 
5.43 
1.38 
0.15 
4.90 
0.0 1 
1.75 
3.01 
0.21 
0.00 

W.69 

Oxide M6-1 K6-2 H6-3 1-17-1 1-17-2 1-17-3 N7-4 

SiO, 

TiOz 
Fe203 

MgO 
MnO 
G O  
SrO 
NazO 
K20 

CSZO 
p2°5 

Total 

51.32 
13.60 
0.52 
4.43 
2.16 
0.13 

19.59 
1.49 
1.31 
2 7  1 
0.16 
0.55 

97.96 

39.41 
13.60 
0.53 
4.43 
2.16 
0.14 

19.59 
1.45 
1.29 
254 
0.18 
0.42 

85.74 

53.12 
11.33 
0.32 
4.43 
1.16 
0.19 

1259 
0.10 
1.89 
1.58 
0.32 
0.02 

87.06 

50.42 
13.41 
0.52 
4.29 
2.16 
0.13 

18.19 
1.49 
1.21 
2.43 
0.17 
0.38 

94.80 

48.96 
13.41 
0.47 
4.72 
2 16 
0.15 

19.59 
1.48 
1.20 
2.65 
0.19 
0.38 

95.36 

61.62 
11.52 
0.30 
6.72 
1.49 
0.17 
5.32 
0.01 
1.62 
1.20 
0.17 
0-00 

90.15 

54.78 
14.92 
0.47 
5.15 
1.46 
0.18 

11.19 
0.03 
2.02 
2.45 
0.34 
0.18 

93.17 

Oxide H7-5 QGl 

SiO, 
4 0 3  
T i 0 2  

MgO 
MnO 
CaO 
SrO 
Na20 
rc;lo 

( 3 2 0  

p2°5 

Total 

52.70 
15.49 
053 
5.00 
216 
0.08 

13.85 
1.01 
1.04 
3.17 
0.19 
0.29 

95.51 

52.97 
13.03 
0.43 
4.29 
1.99 
0.14 

16.79 
1.29 
1.25 
2.79 
0.19 
0.42 

95.61 

'Data from the ORNL Analytical Chemistry Division. NI values from ICP analyses of digested 
samples except for Cs, Sr, and K, which are from A4 analyses and Si, which is from the molykdate-blue 
method. Law totals on altered saprolite samples may be partially attributable to lack of data on COz and 
H,O weight loss. 



Table 16. Bulk chemical composition of ISV glass (note duplicate analyses)a 

Chide I134 1x34 114-3 H4-3 H4-4 H44 Averageb SEC 

55.87 
13.68 
0.77 
4.58 
2.74 
0.09 

17.15 
0.46 
1.63 
1.99 
0.3 1 
"_ 

100.77 

57.10 
13.70 
0.78 
4.62 
2.72 
0.09 
172.0 
0.98 
1.32 
2.00 
0.33 
-_ 

100.84 

57.60 
13.80 
0.80 
4.54 
2.79 
0.09 
16.83 
0.98 
1.50 
2.04 
0.3 1 __ 

101.28 

57.50 
13.75 
0.77 
4.56 
2.78 
0.09 
16.84 
0.99 
1.43 
2.03 
0.32 
_- 

101.06 

57.71 
13.56 
0.76 
4.53 
275 
0.09 
16.66 
0.97 
1.37 
2.02 
0.31 
-- 

100.73 

57.98 
13.71 
0.78 
4.56 
2.73 
0.09 
16.72 
0.97 
1.44 
2.02 
0.30 
.".. 

101.30 

57.45(0.43) 0.74 
13.7q0.08) 0.40 
0.78(0.01) 0.07 
4.57(0.03) 0.46 
2.75(0.03) 0.40 

16.90(0.22) 0.20 

1.45(0.11) 0.54 

0.31(0.01) 0.06 

0.09(0.00) 0.02 

0.97(0.01) 0.01 

2.02(0.02) 0.12 

-- _" 

100.99 __  
'X-ray Fluorescenee analyses from 8. C. Kopp, the University of Tennessee. 
va lues  in parentheses are standard deviations from mean. 
'SEC = standard error of calibration (%). 
dNo cesium standard was available for the XRF analyses, but a small peak was identified as 

present at the appropriate energy for cesium. 



TaMe 17. Bulk chemical composition of ISV spherulites (note duplicate 

Oxide 112-1 1-12- 1 H2-6 H26 H3-3 1-13-3 Averageb S E C  

57.64 
14.35 
0.79 
4.76 
2.7s 
0.10 

16.84 
0.99 
1.92 
2.03 
0.33 -_ 

57.61 
14.25 
0.81 
4.75 
2.74 
0.m 

16.83 
1.00 
1.76 
203 
0.3 1 -_ 

57.55 
14.04 
0.7s 
4.81 
2.664 
0.m 

16.82 
0.99 
1.63 
2.03 
0.32 
I- 

57.47 
14.01, 
0.75 
4.79 
2.74 
8.09 
16.80 
0.5% 
2.75 
2.03 
0.38 

57.48 
14.25 
0.78 
4.80 
2.63 
0.09 

16.98 
8.9 
1.74 
2.02 
0.31 

57.60 
14.35 
0.76 
4.84 
2.57 
0.w 
16.99 
1 .m 
1.64 
2.03 
0.32 

57.56 (0.07) 
14.20 (0.12] 
0.77 (0.02) 

0.m (0.00) 

099 (0.01) 
1.74 (ra.10) 
2.03 (0.00) 
0.32 (0.01> 

4.79 (0.03) 
2.'70 (0.05) 

16.88 (0.09) 

-" 

0.74 
0.40 
0.07 
8.46 
0.40 
0.02 
0.20 
8.0 1 
0.54 
0.12 
0.06 

'Total 102.50 102.18 101.71 10l.W 102.07 102.20 102.07 -- 

"X-ray Ruorescencx analyses from 0. C. Kopp, 'l'he University of Tennessee. 
bValues in parentheses are standard deviations from mean. 
'SEC = standard emor of calibration (2.0). 
dNo cesium standard was available for the XRF analyses, but a small peak was identified as present 

at the appropriate energy for cesium. 

. 
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Table 18. Bulk chemical composition of ISV glass sample QG1 
(note duplicate analyses). 

Oxide QG1 QG1 SECb 

Total 

60.20 
13.39 
0.74 
4.5 1 
2.61 
0.09 

15.07 
0.93 
1.54 
2.19 
0.33 

101.60 

59.95 
13.32 
0.76 
4.53 
2.54 
0.09 

14.95 
0.91 
1.47 
2.19 
0.29 

101.08 

0.74 
0.40 
0.07 
0.46 
0.40 
0.02 
0.20 
0.01 
0.54 
0.12 
0.06 
-- 
"- 

"X-ray fluorescence analyses from 0. C. Kopp, the University 

bSEC = standard error of calibration (20). 
'No cesium standard was available for the XRF analyses, but a small 

of Tennessee. 

peak was identified as present at the appropriate energy for cesium. 
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Table 19. Bulk chemical composition of ISV spherulite in thin section sample H1-la 

Oxide Zone 1 Zone2 Zone3 Zone 4 Zone 5 Zone 6 Average 
[3ib P I  PI  P I  [71 [91 WI 

54.5 (8)' 
13.4 (6) 
0.56 (7) 
4.38 (16) 
1.91 (3) 
0.12 (3) 

1.20 (4) 
1.44 (2) 
2.73 (36) 
0.17 (5) 
0.52 (23) 

18.8 (9) 

99.73 

55.1 (4) 
14.0 (10) 
0.62 (4) 
4.13 (40) 
1.80 (23) 
0.10 (3) 

17.8 (10) 
1.13 (10) 
1.50 (9) 
297 (22) 
0.15 (3) 
0.49 (6) 

99.79 

55.4 (5 )  

4.07 (44) 

0.12 (3) 

14.2 (13) 
0.63 (5) 

1.81 (33) 

17.5 (12) 
1.23 (13) 
1.47 (13) 
3.07 (35) 
0.19 (2) 
0.27 (4) 

99.96 

55.0 (5) 55.0 (2) 
13.7 (1) 13.4 (3) 
0.62 (3) 0.64 (5) 
4.27 (9) 4.26 (16) 
2.11 (3) 2.09 (5) 
0.11 (4) 0.12 (2) 

1.40 (3) 139 (2) 

18.2 (3) 18.3 (6) 
1.12 (6) 1.15 (5) 

2.80 (7) 2.87 (14) 
0.17 (2) 0.18 (2) 
0.45 (11) 0.38 (11) 

99.95 99.78 

55.0 (3) 55.1 (3) 
13.2 (1) 13.7 (9) 
0.60 (2) 0.62 (4) 
4.49 (13) 4.22 (31) 
2.16 (2) 1.96 (24) 
0.13 (2) 0.12 (2) 

18.3 (1) 18.0 (8) 
1.19 (3) 1.17 (12) 
1.38 (2) 1.44 (9) 
2.80 (6) 291 (22) 
0.19 (1) 0.17 (2) 
0.38 (8) 0.40 (13) 

99.82 99.81 

aElectron microprobe analyses by L. k Taylor, H. Y. McSween, and Y. Jin of The University of 
Tennessee. The six zones were established from the center of the spherulite to the margin in approximately 
evenly spaced steps (2 mm wide) from one to six. The total distance from the center to margin is 
approximately 1.25 cm. Analyses were performed by using a &focused beam with a diameter of 50gm. 

values in [I denote number of ana- used in the average. 
'Values in () represent l u  standard deviation of replicate analyses in terms of the least units cited. 
dAll iron was determined as Fe and is reported as Fe,O,. 
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Table 20. Comparison of the average chemical compositions of ISV spherulites and glass” 

Spherulites Glass 
H1-lb H3-8’ H3-8d H7-7‘ 
P I g  151 P I  P I  PI 

55.1 (3)” 55.0 (1) 
13.7 (9) 13.5 (2) 
0.62 (4) 0.61 (3) 
4.22 (31) 4.36 (17) 
1.96 (24) 2.07 (10) 

18.0 (8) 18.0 (2) 

1.44 (9) 1.41 (6) 

0.12 (2) 0.11 (3) 

1.17 (12) 0.86 (3) 

2.91 (22) 2.86 (7) 
0.17 (2) 0.18 (5) 
0.40 (13) -- 

99.81 98.85 

54.9 
13.3 
0.6 1 
4.41 
2.17 
0.09 

0.82 
1.44 
2.80 
0.14 

18.2 

-- 

98.86 

54.9 (1) 54.9 (1) 
13.1 (4) 13.2 (1) 
0.61 (5) 0.61 (3) 
4.38 (2) 4.55 ( 5 )  
2.17 (1) 2.17 (2) 
0.11 (2) L I  

18.2 (5) 18.1 (1) 
0.86 (1) 1.17 (2) 
1.27 (2) 1.29 (2) 
2.77 (6) 2.85 (5 )  
0.17 (4) 0.20 (6) 
0.41 (15) 0.40 (12) 

98.93 89.10 

least 

Average from six zones analyzed in sample H1-1 (see Table 19). 
‘Analyses taken from center to margin of spherulite. 
dRepresentative analysis of glass at contact with spherulite. 
“Glass near contact of two spherulites. 

Walues in E] denote number of analyses used in the average. 
‘Values in () represent la standard deviation of replicate analyses in terms oE the 
inits cited. 
‘All iron was determined as Fe and is reported as Fe,O,. 

b 

f Typical glass in thin section. 

‘Electron microprobe analyses by E. k Taylor, H. Y. McSween, and Y. Jin of the 
IJniversity of Tennessee. Analyses performed using a defocused beam with a diameter 
of 50prn. 

1 
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Table 21. Average chemical composition of the ISV product 

%de EMP analysis" ICP/AA analysisb XRF analysis' 

Total 

55.1 (0.2)d 
13.6 (0.7) 
0.62 (0.04) 
4.27 (0.3) 
2.01 (0.2) 
0.12 (0.02) 

1.10 (0.09) 
18.04 (0.7) 

1.41 (0.07) 
2.88 (0.18) 
0.17 (0.03) 
0.38 (0.13) 

99.70 

50.6 (3.6) 
13.6 (0.2) 
0.54 (0.02) 

218 (0.06) 
0.13 (0.01) 

18.95 (0.83) 

1.38 (0.12) 
2.69 (0.09) 
0.17 (0.01) 

4.64 (0.2) 

1.48 (0.04) 

0.40 (0.04) 

96.76 

57.5 (0.3) 
13.9 (0.3) 
0.78 (0.02) 

2.73 (0.05) 

16.89 (0.16) 

1.59 (0.18) 

0.32 (0.01) 

4.68 (0.12) 

0.09 (0.00) 

0.98 (0.01) 

2.02 (0.01) 

-- 
101.48 

"Weighted average of analyses in Table 20. 
bAverage of glass and spherulite analyses of Table 15. SiO, via mdybdate-blue 

'Average of glass and spherulite analyses from Table 16 and 17. 
Values in () are standard deviations. 

method; K, Cs, and Sr via AA, others via ICP. 
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Table 22. Average ehefflical compositions of the two major phases identified in spherulite IX1-la 

--.- I_- 

51.0 (133" 

0.62 (50) 
6.69 (204) 
7.15 (341) 

2.60 (265) 

0.23 (10) 
30.7 (60) 
e0.03 (0) 

0.12 (8) 
0.32 (19) 
0.14 (13) 

< o m  (0) 

52.6 (10) 
1.58 ('154) 

7.33 (118) 
0.30 (21) 

4.48 (63) 
0.29 (4) 

0.12 (11) 

0.08 (7) 
0.04 (4) 

32.2 (27) 
40.03 (0) 

0.54 (49) 

51.7 (7) 
3,65 (301) 
0.65 (51) 
7.M (143) 
6.10 (233) 
0.24 (12) 

28.2 (533) 

0.35 (36) 

0.03 (4) 

~ 0 . 0 3  (0) 

0.49 (14) 
0.15 (13) 

53.7 (19) 
26.1 (17) 
0.22 (15) 

0.30 (9) 

9.76 (136) 
2.75 (42) 

2.94 (14) 
0.05 (5) 

0.76 (21) 

0.02 (1) 

2.60 (24) 

0.05 (5) 

53.5 (19) 
26.4 (35) 
0.21 (18) 

0.01 (1) 

0.67 (18) 
0.29 (5)  

3.72 (180) 
3.02 (56) 
2.55 (34) 

0.03 (3) 
0.08 (14) 

324 (361) 

58.4 (56) 
22.5 (42) 

0.78 (24) 
0.21 (14) 

0.m (27) 

0.02 (3) 
6.78 (24) 

2.@5 (64) 

0.05 (9) 
0.90 (62) 

2.13 (64) 

5.92 (37) 

Total 99.57 99.56 99.4 99.2s 99.72 99.95 
-_..._. .--- -- --_ 

aElectron m~croprok analyses by I,. A. Taylor, EX. Y .  MeSween, and Y. Jin of the IJniversity of 

bAverage of eight different crystals. Zone -3/+3 indicates that these two zones are the same but cpn 

'Average of seven analyses QRI a single crystal (50 by 70 pm in size). 
*Values in [J denote number of analyses used in the average. 
Values in () represent 1u standard deviation of replicate analyst% in terms of the least units cited. 
'All iron was determined as Fe and is reporled as Fe,O,. 

Tennessce. 

opposite sides of the center of the spherulite. 



(3.715 g)p GCl, (2.261 g), Fe(NH,)$O;SH,O (1.301 g), KC1 (0.239 g), MgSO47H,O 

(2.553 g), MnO, (0.015 g), Na$i0,9H2O (14.730 g), and TiO, (0.034 g) in 12% HNO, 

(Ultra). Standard solutions of Cs,CO, (>99.9% assay) and SrCO, (reagent grade) were 

prepared in 12% HNO,, and dilutions into the synthetic rock digest were prepared in 

the range 2 to 45 and 7 to 165 m g L  for eS and Sr, respectively. The solutions were 

then submitted for AA analyses of Cs and Sr. The regression of the analytical 

determination of @s (Y) on the standard concentration (X), in milligrams per liter was 

Y = 0.975X - 0.195 (r = Q,99!B1 n = 8). A similar regression was calculated for Sr: 

Y = 0.94313 .. 0. 

different from 1. 

quite accurate both in 12% HNO, and in the acid containing rock, soil, or  glass digests. 

(r = 0.995, n = 8). Neither regression slope was significantly 

, leading to the conclusion that the AA analyscs €or Cs and Sr are 

Analyses of the soil and limestone are listed in Tables 11-14. The low totals for 

the soil analyses in Table 12 indicate some problem (unidentified) with the analyses. 

The limestone analysis appears to be reliable. 'fie analyses of the limestone via XRF 

(Table 14) have low totals. (The reason is unknown.) The XRF analyses for the soil 

samples are in excellent agreement (when calculated on a H,Q-free basis) with the 

values from Carter e t  al. (1988) in Table 11. In all subsequent calculations, the 

composition of the limestone is assumed to be that of Table 12, and the composition of 

the soil is assumed to be that of the average in Table 13. These analyses were chosen 

because of the good totals and consistency with the anhydrous values of Carter e t  al. 

(1988). 

The concentrations of the major elements (especially CaO and SiO,) in the ISV 

malerial varies depending on the analysis method (see Table 21). For a given method, 

however, the concentrations of the various constituents are fairly consistent. The 

variation among methods is not likely to be a result of sample heterogeneity (note 

consistency among samples in Table 15), but rather may be attributed to actual 

differences in the methods. For Cs,O and SrO, important to the analysis of ISV 
performance, the results from the AA mcthods appear to be most reliable and consistent 

(and also compare favorably with analyses from Carter et al. 1988). The distribution of 

Cs and Sr was extremely uniform throughout all regions of the melt; a plot of Cs and Sr 

compositions in all samples of melted material from various cores and depths exhibited 

quite constant values (Fig. 45). Based on the better summation (99.70) of the EMP 
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results and the large standard deviation for the results of the molybdate-blue method, 

the SiO, values from the EMP method are considered best. The other elements 

generally are comparable between the EMP and ICP methods with the XRF results 

somewhat more inconsistent, although they are in good agreement when standard 

deviations are accounted for. 

The data in Tables 12 and 15 indicate that the samples of the saprolite from the 

cores (e.g., samples H2-8, H5-6, and H7-3) did not contain Cs or Sr above background 

levels; supporting a conclusion that significant migration of these contaminants during 

processing did not occur. Some of the samples of the melt-saprolite transition zone 

(e.g., H3-5, €37-4, and H7-5) did contain slightly elevated levels of (3 and/or Sr; 

suggesting that some of the chemical addition may have washed into lower zones prior 

to melting (especially because the more soluble Cs is found in greater abundance than 

thc Sr) or that a small amount of migration into this transition zone may have occurred 

during processing. Although the ISV trench was covered with plastic during the 

2-month period between the placement of the chemicals in the trench and the start of 

the ISV run, some infiltration of water into the trench may have occurred from areas at 

the edge of the plastic. 

Using the difference in major element composition between the soil and limestone, 

the ratio of limestone-to-soil consumed during the melting can be calculated (Table 23). 

The elements Ca, AI, Fe, and K are best suited for this analysis because of their 

consistent values and relative abundances in the phases. Silica was not used because of 

the uncertainty in the values for the soil and limestone. Using the average of the 

analyses in Table 21, an approximate ratio of 30 wt % limestone and 70 wt % soil is 

calculated. (Silica gives a value of approximately 6 wt % limestone.) 

As discussed in Sect. 5.4, the ISV product consists of two macroscopic phases, the 

glass and the spherulites. The bulk composition of these two phaqes is essentially 

identical within the uncertainties of the various analytical methods (Tables 15-20). The 

data in Table 15 suggest that the ISV mass is quite homogeneous in composition. Little 

difference is found between analyses from various cores and depths within cores. In 

support of these data, Carter e t  al. (1988) surveyed several of the grab samples (Fig. 40 

and Table 9) for Cs and Sr by using XRF and found that the concentrations appeared 

to be similar to those of the core samples, indicating that the mass was well 
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Table 23. Calculation of limestone-to-soil mixing ratio in the 
ORNL ISV demonstration product 

Oxide soil" Limestoneb ISV product' Limestoned 
(wt %) in ISV product 

(wt %) 

A1203 18.35 1.59 13.7 28 

K20 3.76 1.02 2.5 46 

CaO 2.53 50.37 18.0 32 
Fe203 6.23 0.7 4.5 31 

'Average value from Table 13. 
bValue from Table 12. 
'Average of values from Table 21. 
d[(ISV-soiI)/(limestone-soil)] x 100%. 
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homogenized by the convection currents known to occur during processing (Buelt et  al. 

1987). Although there are systematic differences in the concentrations of several 

elements (e.g., Si, Cs, Sr) between the various methods, the data from any one method 

support the conclusion that there is no significant partitioning of Cs or Sr on a 

macroscopic scale (i.e., a few centimeters) between the glass and crystalline phases. The 

average concentrations of Cs,O and SrO in the ISV products (only samples which had 

undergone complete melting) are taken to be 0.40 and 1.48 wt %, respectively 

(Table 21). These values, based on the AA analysis of digested samples, were used in 

all calculations because of the reliability and sensitivity of the method and the good 

agreement with previous analyses reported by Carter et al. (1988). 

5.4 M[NERAuxiIcAL PHASE CJWRACXERIZATION 
Samples of the glass and spherulite phases were prepared for petrographic, x-ray 

diffraction (XRD), and EMP analysis. The purpose of this characterization was to 

determine whether there was any microscopic partitioning of Cs or Sr even though there 

was no evidence of macroscopic fractionation between the two major phases. Figure 46 

is a photomicrograph of a single spherulite within the glass phase. The radial growth of 

acicular crystals is readily apparent, as well as the presence of a series of concentric 

growth zones. The crystals are larger in the center of the spherulite and become smaller 

toward the edges. XRD analysis of the ISV glass shows that it is completely amorphous. 

The spherulites are a mixture of a feldspar-like phase [(Na,K,Ca)Al(Al,Si)Si208] and a 

wollastonite-like phase (CaSiO,). A third, unidentified pyroxene-like phase may be 

present, but the XRD patterns were not conclusive. 

A few thin sections of the homogeneous green glass and the spherulites were 

selected for detailed microprobe analysis. One spherulite ( ~ 2 . 5  cm in diameter) was 

chosen for detailed analysis. Six concentric zones from the center of the spherulite to 

the edge (identified as -l/+l, -2/+2, etc.) were analyzed by using a wide, defocused 

beam (SO pm diameter). The width of the zones was approximately 2 mm. From the 

outside edge of the spherulite to its center, the crystal sizes decreased (10 pm maximum 

width, down to a glass-crystalline [(grain size < 0.5 pm] transition zone with no 

identifiable crystals)]. Table 19 lists the chemical composition of these zones. There is 

no apparent fractionation of any element at this scale (2 mm) as a result of the 
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Fig. 46. Photomicrograph of a single spherulite within the glass phase from the ORNL ISV demonstration trench 
(x10 polarized light). Field of view is approximately 12 mm. 
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crystallization process. Table 20 compares the bulk composition (using 50 pm beam 

diameter) of two spherulites and three glass samples. Again, no significant differences 

exist, indicating that the crystallization process did not fractionate any elements on the 

scale of a few centimeters. The Cs values may indicate some small degree of variation, 

but the data are not conclusive. The large beam diameter that averages the 

compositions may be partly the reason for the variation in the trace elements. In 

addition, with a multiphase specimen such as this, the beam will hit some grains and not 

others with each analysis, so that variations in composition are common. 

The individual feldspar-like and wollastonite-like phases were also analyzed in one 

of the spherulites (Table 22). The textural relationship between these phases is 

illustrated in Fig. 47. The overall radial nature of the growth is typical of spherulitic 

textures. The composition of the ISV material bounds the wollastonite-feldspar-silica 

eutectic in the ternary system CaO-Si0,-AZO,. Carter et al. (1988) suggest that the 

lamellar texture in the spherulites may be a function of near-eutectic crystallization. The 

composition of these phases varies significantly from one location to the next, and this 

behavior is reflected in the large standard deviations. The compositions of these phases 

are not known to occur naturally. In fact, many of the feldspar-like phases fall within 

the plagioclase-alkali feldspar immiscible compositional zone, a region of compositions 

where a single phase is unstable and the feldspar-like phase should have separated into 

two feldspars with distinct compositions. These unusual compositions of the 

wollastonite-like and feldspar-like phases indicate that the crystallization was a 

nonequilibrium process that occurred rapidly. It is interesting to note that the Sr, 

although macroscopically homogeneous, is heavily partitioned into the feldspar-like 

phase. Cesium is much lower in concentration in both phases when compared to the 

bulk composition of the spherulites, indicating that either a third crystalline phase that is 

not clearly observable via petrography or scanning electron microscopy (SEM) exists 

which contains the Cs, or that a residual interstitial glass phase is present in the 

spherulites into which the Cs is partitioned. This partitioning is not reflected in 

significant preferential leaching of Cs or Sr from the bulk samples of the spherulites 

compared to the glass and should not significantly compromise the performance of the 

ISV product for the long-term isolation of contaminants. (See Sect. 5.5 for additional 

details on leach characteristics.) 
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OWL-DWG 89-7598 

Fig. 47. Backscattered electron image of a spherulite, showing the textural 
relationship between the feldspar-like (dark zones) and wollastonite-like (light zones) 
phases in the ORNL ISV demonstration trench. Scale bar (50 pm) is located in lower 
left of each photograph. 
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5 5  CHEMICAL DURABILITY OF ISV PRODUCX 

The durability of the ISV products (the glass and the spherulite phases) has been 

evaluated by several methods. Carter et al. (1988) reported results employing four 

standardized test p r d u r e s  for evaluation of durability of the resulting phases. First, 

Material Characterization Center (MCC) Static Leach Test Method 1P (Battelle Pacific 

Northwest Laboratory 1986), MCC-lP, was performed on small cubic specimens 

immersed in deionized water at 90°C for 28 d. Second, an MCC-3 Agitated Powder 

Leach Test was performed on pulverized (-100/+200 mesh) samples of glass and 

crystalline phases at 90°C in deionized water for 28 d. Third, a modified MCC-3 

agitated powder leach test was performed on the same materials at surface area to 

volume of leachant ratios of 50, 2000, and loo00 m-' in 90°C deionized water for various 

time intervals between 30 min and 28 d Fourth, the extraction procedure toxicity test 

(USEPA 19%) was performed on both phases, verifying that the ISV products were not 

hazardous wastes. All of these tests indicated that both the glass and crystalline phases 

in the ISV product were quite resistant to leaching of all elements, including the Cs and 

Sr which are of primary interest in the evaluation of waste form performance for ORNL 
applications. 

The present investigation involved additional testing to evaluate the two phases in 

the I§V product. First, the MCC-1P tests were repeated using a typical groundwater for 

leaching at the more realistic temperatures that would be experienced by the ISV 

product in the field environment. A bulk sample of streamwater was characterized and 

employed for these tests because it represents a chemical composition similar to what a 

shallow subsurface waste would encounter. It has higher concentrations of dissolved 

constituents than rainwater yet lower concentrations than a deep groundwater which, in 

the Oak Ridge geologic setting, generally means considerable hardness as a result of the 

weathering of limestone. Second, this same bulk streamwater sample was used to carry 

out the modified MCC-3 tests also at ambient, -22"C, temperature. Third, an agitated 

acidic dissolution test, described subsequently, was employed on the pulverized glass and 

crystalline phases. This more aggressive test was employed in order to compare the ISV 
field products with unmelted soils that were contaminated with radioisotopes and with 

melted and pulverized soils also containing radioisotopes that had been tested by the 

acidic extraction procedure. The use of radioisotopically labeled soils and glasses in 
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leach testing is important so that the durability of an actual ORNL waste trench product 

can be predicted. The elemental tracers used in the ISV field demonstration make a 

significant contribution to its composition; the product averaged 0.4 and 1.48 wt % Cs,O 

and SrO, respectively. The product of a vitrified waste seepage trench, however, would 

contain these elements at only trace levels but would contain quite high activities of ”% 
and 5 r .  It is important to verify that the Cs and Sr in the ISV field product behave 

similarly to the radioisotopes in an actual application. 

55.1 MCGl Static Leach Test 

On June 10, 1988, a 25-L sample of streamwater was collected from the weir of 

Melton Branch Monitoring Station 2B (Building 7867) by pouring through glass wool. 

The entire sample was taken to the laboratory, where it was filtered through Whatman 

no. 1 paper in batches of 2 L. On June 13-14, 1988, the streamwater was filtered 

through borosilicate glass microfiber filters (GC50 Micro Filtration Systems) in l-L 

batches. The bulk sample exhibited an electrical conductivity = 358 dS/m, pH = 8.2, 

hardness = 158 mg CaCOJL, and an alkalinity = 132 mg CaCOJL (APHA 1980). The 

chemical composition of this water is listed in Table 24. This water was modeled using 

the geochemical model EQ3NR (Wolery 1983) and found to be undersaturated with 

respect to calcite and silica phases. It is, however, apparently supersaturated with 

respect to several clay minerals and aluminum hydroxides/oxides. A 125-mL volume of 

streamwater was placed into a 4-0~. Teflon bottle (Nalgene 2100-0004) along with a 

cubic specimen of ISV vitreous or crystalline phase. Material for the specimens was 

prepared from bulk samples collected during excavation of the ISV trench; cubes 

approximately 1.6 cm on a side were trimmed from larger fragments using a diamond-tip 

rock saw. Surface areas of each specimen were calculated from measured dimensions, 

and each specimen was weighed before suspension in the leachant via nylon threads. 

The leach test was initiated on June 29, 1988, and completed on July 25, 1988. Three 

specimens of both the crystalline and glass phases were included in the test along with 

three blank leachants without solid specimens. Sample containers were kept undisturbed 

on the laboratory bench during the immersion period, and temperature within the 

laboratory varied only slightly around 22°C. After removal, the specimens were allowed 

to dry in air before reweighing. Leachant was filtered through 0.45 pm nitrocellulose 
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Table 24. Chemical composition (milligrams per liter) of the 
initial leach solution use for Material Characterization 
Center testing of ORNE ISV demonstration products 

(three analyses via ICP; Cs, K, and Sr via AA) 

Element 1 1 m  11BB 11CB 

Al 
Ba 
ca 
Fe 

Na 
K 
Si 
Cs 
Sr 

Mg 

0.35 
0.45 

0.02 
53. 

13. 
13. 
2.55 
2.5 
0.05 
0.11 

0.28 
0.45 

0.02 
53. 

12. 
13. 
2.5 1 
2.4 
0.05 
0.11 

0.27 
0.44 

0.02 
9.8 

2.56 
2.4 
0.05 
0.11 

51. 

12. 
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Table 25. Analytical data (milligrams per liter except where noted) from MCC-1 28d leach tests 

Surface 
Sample AI Ca Mg Na Si Cs Sr K pH Duration Mass Volume Area 

(h) (g) (mL) (cm2> 

MCClA' 
MCClB" 
MCClC 
MCCID~ 
MCCIE~ 
MCCII? 
MCClG" 
MCClH' 
MCClP 

0.36 49 10 9.8 2.0 0.05 0.12 2.75 7.9 
0.36 51 10 9.7 2.2 0.05 0.13 277 8.1 
0.38 49 10 10 2.2 0.05 0.14 2.88 8.0 
0.55 50 10 9.8 2.1 0.05 0.13 2.64 8.1 
0.36 49 10 9.4 1.9 0.05 0.13 263 8.0 
0.36 49 10 9.4 2.5 0.05 0.13 265 8.1 
0.36 49 10 9.5 20 0.05 0.12 2-57 8.1 
0.36 49 10 9.5 1.9 0.05 0.12 252 8.2 
0.36 49 10 9.6 1.9 0.05 0.11 2.53 8.2 

668.5 
668.5 
668.4 
668.4 
668.4 
668.4 
668.2 
668.2 
668.2 

11.337 
11.473 
11.541 
10.06 
10.778 
10.797 
0 
0 
0 

125 15.68 
125 15.33 
125 16 
12.5 15.17 
125 15.39 
125 15.46 
125 0 
125 0 
125 0 

"Spherulite samples. 
bGlass samples. 
CBlanks; initial solution (same as in MCC3-modified tests) in vessel with no solid sample present. 

. 
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membranes in disposable polystyrene filter units. The leachant pH was also measured. 

The analytical data from this test are presented in Table 25. 

MCC-1 results are usually reported as n o r m a l i d  release (NR) values (grams per 

square meter). By normalizing the quantity leached to the amount of the element in the 

solid, one can evaluate whether the release of elements is congruent or incongruent. 

For congruent releases, the NR values are the same €or different elements. Thcse 

values are calculated as followsr 

NR, = mJ(Fi x SA) 

where 

NR = normalized release of element i (grams per square meter), 

mi = mass of element i in leachate (grams), 

Fi = (wt % oxide/lOQ) (mol. wt element/mol. wt oxide), 

SA = surface area of sample (square meter). 

For the MCC-1 tests using the streamwater, m, was calculated by using the net change in 

the mass of each element (i.e-, between the samplc and the initial solution). For some 

elements, this approach yielded negative values, as precipitation must have occurred 

during these tests. Calculated NR values are presented in Table 26. The blanks 

indicate changes due to precipitation and provide an estimate of thc detection limits for 

changes in each element. The maximum NR values for Cs were calculated by assuming 

a concentration of 0.06 mg/L (just above the estimated detection limit of 0.05 m&). 

The NR values for Sr and Cs from these tests are approximately 10-20 times lower than 

those reported in Carter et al. (1988). This difference may be attributed to either the 

distilled water or higher temperatures (40°C), or both, used by Carter et al. (19 

Within the limits of the data in our tests, there is no difference between the NR values 

€or Sr or Cs from the glass vcrsus the spherulite samples. Carter et  al. (1988) found 

slightly lower (factor of ~ 4 )  NR values for Sr in the one spherulite samplc they tested 

than in their glass samples. In summary, the NR values from the MCC-1 tests indicate: 

the ISV waste form is  at least equal to or better than othcr wastc forms used €or 
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Table 26. Normalized release (grams per square meter) values for 
ISV samples in MCC-1 28-d leach tests" 

A l c a  Mg Na Si Sr cs K 

samples 

MCCIAb 0.01 -2.5 -21.0 -23.0 -0.16 0.08 eO.20" 0.66 
MCCIBb 0.01 -1.3 -20.0 -24.0 -0.10 0.16 C0.20 0.75 
MCClCb 0.03 -2.4 -20.0 -21.0 -0.09 0.23 c0.20 1.10 
MCCIDd 0.23 -1.9 -21.0 -24.0 -0.13 0.16 c0.20 0.3 1 
MCCIEd 0.01 -2.5 -20.0 -27.0 -0.19 0.16 e020 0.27 
MCClFd 0.01 -2.5 -20.0 -26.0 0.00 0.16 e020 0.34 

Blanks 

MCClG 0.01 -2.6 -21.0 -27.0 -0.16 0.08 0.00 0.07 
MCClH 0.01 -2.6 -21.0 -27.0 -0.19 0,08 0.00 - 0.10 
MCClI 0.01 -2.6 -21.0 -26.0 -0.19 0.00 0.0 - 0.07 

'Conditions: MCC-1, natural stream water (see Table 24); 28 d; specimen surhce 
area to leachant volume = 10 m-'; 22°C; normalized release calculated using change in 
mass of element in leachate from starting solution to final solution. 

b Spherulite samples. 
'Maximum values calculated using concentration of 0.06 mg&; detection limit is 

dGlass samples. 
0.05 m o d .  
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nuclear wastes and should be more than adequate for the isolation of the radionuclides 

found in the pits and trenches at ORNL 

5 5 2  MCG3 Agitated Powder L,each Tests 
The bulk sample of streamwater, described previously, was also used for the 

MCC-3 tests. Samples of crystalline and glass phases were prepared in bulk by first 

passing a specimen through a rock crusher and then through a rotating disc grinder with 

carborundum plates. Samples were then dry sieved through 100 mesh, and the material 

that was retained on a 200-mesh sieve was saved for the powder tests. For the 

10,OOO m-' specimen surface area to leachant volume ( S A / V )  treatment, 1O.OOO g of the 

-100/+200 mesh powder was placed into a 30-mL capacity polycarbonate "Oak Ridge" 

centrifuge tube with 20 mL of streamwater. For the 2000 rn-' treatment, 7.000 g of 

powder was placed in a 4-oz. Teflon bottle with 70 mL of streamwater; for the 50 m-' 

treatment, 1.0oO g of powder was placed in a 500-mL polyethylene bottle with 400 mL 

of streamwater. Samples were shaken lengthwise at 100 oscillations per minute for 28 d 

at ambient laboratory temperature (22°C). The leachant was then filtered through 

0.45 pm nitrocellulose membranes and submitted for metals analysis via ICP emission 

spectroscopy and for Cs, K, and Sr analysis via atomic absorption spectroscopy. 

Analytical results from these tests are presented in Table 27. 

Results from MCC-3 agitated tests are reported as normalized concentrations (NC; 

milligrams per liter) and are typically plotted versus t*SA/V (Bunnell et  al, 1987). This 
parameter, obtained by multiplying the time of reaction by the SA/V ratio, can be 

thought of as "accelerated" reaction time. Increasing SA/V in an experiment tends to 

accelerate the reaction, and results can be obtained in shorter times that approach 

results from longer tests at lower S A N  ratios. These parameters are calculated as 

follows: 

NC, = cjFi 

where 

NC, = normalized concentration of element i (milligrams per liter), 
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Table 27. Analytical data (milligrams per liter acept where noted) from MCC-3 modified agitated powder leach tests 

Surface 
Sample AI Ca Mg Na Si Cs Sr K pH Duration Mass Volume Area 

(h) (g) ( m u  (4 
lARa 0.37 34 9.2 19 20 0.49 1.18 13 9.4 15 10 20 
lBGa 
1CR 
1DG 
1 ER 
1FG 
2AR 
2BG 
2CR 
2DG 
2ER 
2FG 
3AR 
3BG 
3CR 
3DG 
3ER 
3FG 
4A.R 
4BG 
4CR 
4DG 
4ER 
4FG 
5AR 
SBG 
5CR 
5DG 
5ER 
SFG 
6AR 
6BG 
6CR 
6DG 
6ER 
6FG 
7 m  
7BG 
7CR 
7DG 
7ER 
7FG 
EAR 
8BG 
8CR 
8DG 
8ER 
8FG 
9AR 
9BG 
9CR 
9DG 
9ER 
9FG 

0.39 
0.33 
0.38 
0.29 
0.29 
0.34 
0.43 
0.32 
0.34 
0.29 
0.29 
0.36 
0.45 
0.32 
0.34 
0.29 
0.28 
0.36 
0.43 
0.34 
0.37 
0.29 
0.23 
0.47 
0.36 
0.26 
0.40 
0.35 
0.31 
0.47 
0.41 
0.30 
0.38 
0.33 
0.32 
0.50 
0.37 
0.31 
0.36 
0.35 
0.36 
0.43 
0.35 
0.29 
0.36 
0.33 
0.34 
0.59 
0.36 
0.36 
0.53 
0.64 
0.36 

BLANKAb 0.36 
BLANKBb 036 

56 
60 
58 
54 
55 
56 
65 
60 
59 
54 
55 
47 
64 
59 
58 
56 
53 
39 
64 
60 
58 
55 
53 
31 
36 
30 
51 
57 
53 
32 
44 
39 
53 
57 
53 
31 
29 
28 
47 
58 
53 
30 
23 
26 
48 
59 
53 
n 
22 
22 
49 
53 
51 
49 
49 

14 
14 
13 
13 
13 
15 
14 
13 
13 
13 
13 
14 
14 
14 
13 
13 

13 
15 
14 
13 
13 
10 

13 
13 
13 
13 

9.9 

6.4 

9.9 
7.1 

14 
14 
13 
13 
10 

13 
12 
13 
13 
12 

10 

13 
13 

3.7 

3.3 

9.6 

9.9 
3.1 
9.7 
8.2 

11 
10 
10 
9.7 
9.8 

18 
15 
13 
12 
13 
17 
14 
12 
14 
12 
11 
16 
15 
13 
14 
12 
11 
20 
18 
14 
21 
14 
11 
21 
18 
15 
13 
13 
11 
18 
17 
15 
13 
13 
12 
21 
18 
15 
13 
12 
13 
22 
18 
15 
14 
13 
11 
22 
17 
11 
11 
9.5 
9.7 
9.3 
9.3 

6.4 0.21 
9.3 0.22 
3.8 0.08 
28 Q.05 
2.6 0.05 

11 0.36 
4.6 0.18 
4.4 0.17 
3.0 0.06 
25 0.05 
2.5 0.05 

13 0.42 
5.0 0.18 
5.2 0.18 
3.1 0.07 
27  0.05 
2 4  0.05 

16 0.47 
6.1 0.21 
7.1 0.20 
3.4 0.09 
27 0.05 
2.5 0.05 
29 0.53 
6.5 0.23 

18 0.22 
4.0 0.1 
4.0 0.05 
26 0.05 

27 0.53 
6.2 0.22 

15 0.22 
3.8 0.07 
3.4 0.05 
2.6 0.05 

28 0.61 
6.2 0.24 
24 0.26 
4.2 0.11 
4.6 0.05 
2.8 0.05 
27 0.63 
5.8 0.26 

20 0.27 
4.8 0.13 
5.0 0.05 
2.7 0.05 

25 050 
5.4 0.25 

19 0.27 
5.3 0.13 
4.6 0.05 
2.3 0.05 
1.7 0.05 
1.8 0.05 

0.48 6.7 
0.69 5.4 
0.62 3.49 
0.14 2.68 
0.13 262 
1.28 10.5 
1.48 5.6 
0.58 4.55 
0.51 3.39 
0.14 265 
0.13 261 
1.43 11.3 
1.51 5.9 
0.61 4.88 
0.55 3.49 
0.14 2.7 
0.13 2.65 
1.29 12.1 
053 6.35 
0.69 4.95 
0.58 3.81 
0.14 2.71 
0.14 2 6  
1.05 14.7 
1.26 7.65 
0.6 6.15 
0.6 4.04 
0.19 2.76 
0.14 2.59 
1.14 14.4 
1.37 7.15 
0.67 5.8 
0.66 3.9 
0.16 269 
0.14 2.65 
1.26 15.8 
1.13 8.05 
0.12 6.65 
0.74 4.15 
0.21 2.8 
0.15 2.61 
1.27 16.5 
1.1 8.75 
0.7 6.8 
0.81 4.34 
0.22 2.81 
0.15 261 
1.04 158 
1.04 8.45 
0.72 7.05 
0.91 4.05 
0.25 2 5  
0.16 2.6 
0.12 2.55 
0.11 2.57 

8.9 
9.0 
8.5 

8.1 
9.0 

8.6 
8.4 
8.0 
8.1 
9.1 
8.9 
8.7 

8.1 
8.1 
9.2 
8.9 
8.9 
8.5 
8.1 
8.1 
9.5 
8.5 
9 3  
8.4 
8.3 
7.9 
9.5 
8.7 
9.2 
8.3 
8.2 
8.1 
9.6 
8.5 
9.4 
8.1 
8.2 
7.9 
9.7 
8.6 
9.4 
8.3 
8.0 
7.7 
9.4 
8.5 
9.3 
8.3 
7.6 
7.4 
8.3 
8.2 

8.2 

8.9 

8.5 

15 
15 
15 
15 
15 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
1.5 
1.5 
1.5 
1 .s 
1.5 
1.5 
5 
5 
5 
5 
5 
5 

%.2 
96.2 
96.2 
96.2 
96.2 
%.2 
48 
48 
48 
48 
48 
48 

191.5 
191.4 
191.2 
191. 
190.5 
190.5 
333 
333 
333 
3325 
332.1 
332.1 
669.4 
669.3 
669.2 
669 
668.6 
668.6 
669.5 
669.4 

10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 
10 
10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 

10 
10 
7 
7 
1 
1 
0 
0 

20 
70 
70 
400 
400 
20 
20 
70 
70 
400 
400 
20 
20 
70 
70 

400 
400 
20 
20 
70 
70 
400 
400 
20 
20 
70 
70 
400 
400 
20 
20 
70 
70 
400 
400 
20 
20 
70 
70 

400 
400 
20 
20 
70 
70 
400 
400 
20 
20 
70 
70 
400 
400 
70 
70 

m 
1400 
1400 
200 
200 

u)oo 

u)oo 

1400 
1400 
200 
uw) 

m 
m 
1400 
1400 
m 
200 
u)oo 
uw)o 

1400 
1400 
200 
m 
m 
2000 
1400 
1400 
200 
200 

2000 
uK)o 

1400 
1400 
200 
200 
m 
ux)o 

1400 
1400 
200 
200 

uww) 

uwx) 

1400 
1400 
200 
200 
uw)o 
uxw) 

1400 
1400 
200 
200 

0 
0 

'R designates spherulite samples; G designates glass samples. 
bBlanks: initial solution (sec Table 24) in vessel with 110 solid 
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ci = concentration of i in leachate (milligrams per liter), 

Fi = (wt % oxide/100) x (mol. wt elementlmol. wt oxide). 

The NC values of elements in these tests using streamwater were calculated by using the 

difference in concentration between the sample and initial solutions. Thus, the NC 

values calculated here are really the normalized change in concentration. As with the 

NR values from the MCC-1 tests, negative values of NC result when precipitation or 

sorption effects outweigh the leaching of elements from the solids. 

Figure 48 presents the data for Al, Ca, and Mg. The values for the blanks (Le", 

no solids present) are plotted on the right axis of the figure and indicate the behavior of 

the streamwater alone. Aluminum concentrations change little in the experiments and 

the concentrations are relatively constant in aU samples and blanks. Calcium appears to 

initially increase and then decrease to values below the blanks in both the glass and 

spherulite tests. Magnesium behaves similarly to Ca in the spherulite tests but has quite 

a bit of scatter in the glass samples, especially at low t*SA/V values. Figure 49 

illustrates the leach results for Sr, Cs, and Si from the glass and spherulite samples. The 

scatter in the data is significant, and the well-behaved trends found by Carter et al. 

(1988) using distilled water at 90°C are not present. The data suggest that for the glass 

samples the release of these elements is incongruent (Sr > Cs > Si). The NC values at 

larger t*SA/V for all three elements are generally higher in the spherulite samples than 

the glass samples. Although the scatter is significant, it appears that releases may be 

more congruent from the spherulite samples than from the glass samples. Steady-state 

concentrations (i.e., no change in concentration with time) at large values of t*SA/V, 

typically found in tests such as these (Carter et al. 1988), are not really apparent, 

indicating that dynamic adjustments to the chemistry of the system are still occurring. 

The solution compositions from two tests with a duration of 669 11 (9CR and 

9DG, Table 27) were modeled with EQ3NR (Wolery 1983). These solutions are 

calculated to be saturated with respect to quartz, and supersaturated with respect to 

several zeolite phases. The solution from the spherulite test is also supersaturated with 

respect to strontianite (SrCO,), while the solution from the glass test is undersaturated 

with respect to this phase. The pH of the solutions for both the glass and spherulite 

samples increases over the time of the tests from an initial value of ~ 8 . 0  to values 
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Fig. 48. Results for Al, Ca, and Mg from MCC-3 agitated powder leach tests. 
Change in normalized concentration (between NC of sample and NC of initial solution) 
versus (time x surface areahohme). Filled symbols on right axis are values for blanks. 
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Fig. 49. Results for Sr, Cs, and Si from MCC-3 agitated powder leach tests. 
Change in normalized concentration (between NC of sample and NC of initial solution) 
versus (time x surface area/valume). Filled symbols on right axis are values for blank. 
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of 9-95. The high silica concentrations, 

the possible formation of zeolite phases. 

high pH, and source oE Ca are consistent with 

The ISV material itself is unstable and will 

continue to dissolve even though the solution becomes saturated with silica, although the 

rate of matrix dissolution decreases significantly. Several samples of both glass and 

spherulite material that had been reacted with distilled water at 25°C for several weeks 

were examined with a scanning electron microscope, No positive identification oE 

secondary products could be made. However, it is possible that such small quantities 

formed would not be detectable. Longer-term tests will be necessary to grow enough 

secondary mineral products to identify with XRD or SEM techniques. 

As discussed in Carter et al. (19$$), the leaching of the ISV mass in the field, 

where flow rates will be high and contact time with groundwater will be short, will be 

best represcnted by the results of the MCC-3 agitated powder tcst before saturation 

effects begin to dominate (Le., at small values of t*SA/V). In this period thc major 

mechanism of release is assumed to be matrix dissolution with congruent release of all 

elements. To calculate a dissolution rate, the change in silica concentration as a 

function of t * S A N  is plotted on a log scale (Fig. SO). Many of the samples at low 

t*SA/V values had silica concentrations near or even below those of the initial solutions, 

creating significant scatter. Therefore, only positive NC values were included in this 

analysis. A line is fit to the linear portion of the resulting curve and extrapolated back 

to log(t*SA/V) = 0. This y-intercept value is the forward dissolution rate. Forward 

dissolution rates of 0.07 and 0.32 g.m-'.d'' are obtained for the glass and spherulite 

samples, respectively. Values of r for these fits werc 0.6 and 0.85 for the glass and 

spherulites, respectively. The scatter in the data and low r value for the glass prevents 

making a firm conclusion about the apparent difference in dissolution rates. Carter et 

al. (1988) derived a value of 8.4 g.m'2d1 €or both the glass and spherulite samples in 

distilled water at 90°C. In theory, the values from our tests should have been lower by 

a factor of at least ten, but the scatter in the data may mask any real differences. As 

with the MCC-1 test results, the results from these tests indicate the ISV product will 

have cxccllent performance characteristics for isolating radionuclides that dominate the 

activity in the pits and trenches at ORNL. 
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Fig. 50. Change in normalized concentration of Si (between NC of sample and 
NC of initial solution) versus log (time x S W )  for MCC-3 agitated powder leach tests. 
Negative values (generally within limits of detection based on blank values) not included. 
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553 Pulverized Product Leaching with 0.1 ,N HCI 

A 1.OOO-g sample of -100/+200 mesh powder of either the crystalline or glass 

phase material was placed into a 30-mL "Oak Ridge" centrifuge tube to which 20.0 mL 

of 0.1 PJ. HCl was added. The tubes were then shaken lengthwise for 16 h at 

100 oscillations per minute at ambient laboratory temperature. The tubes were then 

centrifuged at 5080 rpm (3550 relative centrifugal force) and the clear supernatant 

filtered through 0.45-pm nitrwllulose membranes in a disposable filter holder unit. The 

filtered supernatants were placed in polyethylene scintillation vials with 

polyethylene-lined caps for storage. An additional 20 mk of 0.1 8 HCl was added to 

the centrifugal pellet and the resulting suspension shaken as above for 30 min. A 
s a n d  extract of each sample was then prepared as above. Sequential extractions were 

repeated three more times on each sample for a total of five 20-mL sequential extracts 

from each sample. All samples were analyzed for ICP detectable elements and for Cs, 

K, and Sr via A A  

The results for the leaching of alkaline earths, alkali metals, and silicon for the 

glass and crystalline phases are presented in Figs. 51 and 52, respectively. The scale of 

the vertical axis in each of these graphs is identical to facilitate comparisons between the 

two phases. Every element except Cs, was more extractable into 0.1 N HCI from the 

crystalline than from the glass phase. Although the absolute magnitude of the fractions 

of Cs and Sr released by acidic extraction is not necessarily interpretable as a leachable 

quantity in the field environment, it does support the conclusion that most elements will 

be more susceptible to acidic leaching from the crystalline phase than from the glass 

phase. The aggressiveness of this acidic extraction can bc seen when thc fraction of Ca 

and Sr extracted is compared with the fractions extracted by the MCC-1 or MCC-3 tests 

(Table 28). In general, the acidic extraction removed between 20 and 100 times more 

Cs or Sr than the MCC-3 tests, however, the latter tests are more useful for waste form 

assessment in the field environment particularly when expressed in the normalized 

release format. However, the tests using soil glasses containing radioisotopes, described 

subsequently, required a more substantial fraction of the 137Cs and %r to be extracted in 

order to detect the amount released. Thus, this acidic extraction test was performed 

mainly to compare the leachability of Cs and Sr from the field-produced products with 

that oE laboratory-produced products containing radioisotopes. 
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with 0.1 HCl. 
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Table 28. Extraction sf cesium and strontium from ISV crystalline and glass phases 
by alternate leaching procedures 

Phase Test 

Fraction released 

Cesium Strontium 

Glass 0 . 1 3  HCl 
Crystalline 0 . 1 3  HCI 

0.01 16 
0.0076 

Glass MCC3/S treamwa ter 0.000162 
Crystalline MCC3/Strearnwater 0.000418 

Glass MCC- l/S treamwa ter < 10-5 
Crystalline MCC- 1Etreamwater < 1 0 5  

0.011s 
0.0343 

0.00102 
0.00161 
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of mCs-, ?§E--, and 'gco-Labeled Soil Glasses 

Soil samples were collected from ORNL areas known to be contaminated with 

particular radioisotopes. (Cerling and Spalding 1981): the floodplain of White Oak 

Creek east of solid waste storage area (SWSA) 4 ("'Cs), the seep area east of ORNL 

liquid seepage pit 7 ("Co), and the sump near the foot of low-level solid wdste trench 

117, SWSA 5 ( 5 r ,  Spalding 1%). All samples were dried at 80°C to constant weight 

and sieved to -10 mesh (2 mm). Activities of 137cS and 6"co were determined by NaI- 

gamma ray spectroscopy (30-min counting intervals) using 10.0-g samples in 25-mL 

plastic scintillation vials (Cerling and Spalding 1981). The activity of %r was determined 

via bremsstrahlung emission in the NaI gamma ray spectrum by summing the counts in 

the energy region below the O'Cs photopeak. Compton counts in this bremsstrahlung 

window from 13'Cs or 

factors detcrmined from 137Cs and "Co standards in soil. Background in the 

bremsstrahlung window was subtracted using soil blanks not containing radioisotopes. 

Standards of 9 r  in soil were prepared to determine bremsstrahlung counting efficiency, 

which gcnerdy averaged around 4.4%. T h i s  bremsstrahlung method, although quite 

dependent on the type of sample container, weight of soil, and counting geometry, 

p r o d e d  a nondestructive method to determine 5 r  activity in soil on the same sample 

before and after heating and again after extraction. More reliable methods of ?Sr 

activity determination involve destructive sampling (i.e., soil dissolution or extraction, 

radiochemical fractionation, and beta activity counting). Samples of each soil were 

digested for total elemental analyses by the same techniques described under the ISV 
product characterization (ICP for metals and colorimetric determination of silica) 

following Na0I-I fusion and dissolution (ASA 1982). Particle size analysis of these soil 

samples was also carried out to determine sand, silt, and clay contents via the 

hydrometer meth 

in the sample were subtracted using compton correction 

(ASA 1986). Results oE these analyses are presented in Table 29. 

To prepare the radioisotopically labeled glasses, 30.0 g of each soil was mixed with 

13.0 g of ground limestone from the ISV trench starting material (see chemical analysis 

in the product characterization section) in a Pt crucible. This ratio of soi1:limestone 

would produce a glass of a b u t  7228, the 13.0 g of CaCO, is equivalent to 7.3 g of 

Ca8. Hence, each glass would be approximately equivalent to the ISV field product in 

soil:lirnestone ratio and elemental composition except for the signiticant Cs and Sr 

. 



131 

Table 29. Characteristics of radionuclide-contaminated soils 
used for preparing radionuclide-labeled soil glasses 

Soil 
90Sr @Co 1 3 7 ~  Characteristic 

Sand (%) 

Clay (%) 
Silt (%) 

16280 1370 
384 135500 
32 ND 

141 
25 
57 
13 

1 
4 

558 
800 

2.3 
43.9 
53.7 

147 
21 
68 
64 
2 
4 

566 
873 

39.9 
28.3 
31.7 

ND” 
ND 

5530 

139 
11 
55 
14 
2 
8 

61 1 
838 

38.5 
38.2 
23.3 

‘NND = not detected. 
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elemental contents. The crucibles were placed in a furnace and the temperature held at 

1100°C for 2 h to calcine the CaCO,. The furnace temperature was then raised to 

1500°C for 16 h, after which the crucibles were removed with tongs and the molten glass 

poured out on a stainless steel tray. After cooling, the glass was broken up with a 

hammer and initially pulverized in a mild-steel manual hammer mill. Grinding was 

continued with an agate mortar and pestle until all material passed a 100-mesh sieve. 

Quite a substantial fraction of each glass adhered to the Pt crucible as it flash cooled 

while pouring; final decontamination of the crucibles required several HF dissolutions. 

Yields of the final -100-mesh glass were 16.09 g ('"'CS soil), 21.891 g (%r soil), and 

16.66 g ("Co soil). Ten-gram samples of these glasses were analyzed for radioisotopes 

and found to contain 10,200 ( I n C s  soil), 117,300 (%r soil), and 4,870 dpm/g ("Co soil), 

which were 63, 87, and 88%, respectively, of the soils starting activities of radioisotope. 

The potential volatilization of 137Cs, indicated by the below 82% of starting activity per 

gram, represents a significant concern for the ISV process. 

Samples of each pulverized soil glass were subjected to the same leach test with 

0.1 N €IC1 as the ground ISV crystalline and glass phases (Sect. 5.5.3). Results are 

depicted in Fig. 53, where the cumulative amounts of each isotope leached were 11.8, 

7.1, and 4.4% for the 137c15-, "Co-, and 90Sr-labeled soil glasses, respectively. This result 

contrasts with the cumulative amounts of elemental Cs and Sr, 1.2 and 1.2%, 

respectively, leached by the same test from the pulverized ISV glass. The 

radioisotopically labeled materials were glass and not crystalline because of the flash 

cooling used in their preparation. However, a major difference between them was that 

the radioisotopically labeled glasses were not retained on a 200-mesh sieve and, hence, 

may contain finer material and greater surface area than the ISV glass, which was 

-100/+200 mesh sized. Nonetheless, the relative leachability of the three isotopes from 

essentially identical glasses is represented by the data in Fig. 53 where, 137Cs continued 

to be released even after a total of 10 meq of HCl/g of glass had been added. 

To assess the improvement in waste form durability when a soil is converted to a 

glass, specimens of the starting soil were subjected to an identical leaching procedure as 

the ground soil glasses. In order to elucidate the differing form of the radioisotope in 

soils and soil glasses, samples were first leached with dilute CaC1, to remove cation- 

exchangeable radioisotopes prior to the acidic extraction. For this procedure, 5.00 g of 
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soil or ground soil glass was placed in a 25-mL capacity "Oak Ridge" centrifuge tube 

with 20 mL of 0.1 

described in Sect. 5.5.3 for a total of five 20-mL volumes of extract. The centrifugal 

pellet was then extracted as above with five 20-mL volumes of 0.1 N MC1. Each 20-mL 

extract volume was analyzed for 137Cs, %r, and "Co as described above. The cumulative 

leaching cumes are depicted in Fig. 54. First, the majority of %r in the starting soil was 

in a cation-exchangeable form, with some additional in a coprecipitate with CaGO, which 

was removed by the HCI. After melting the soil to a glass, essentially no "SI- remained 

in a cation-exchangeable form. This transformation is the major benefit in considering 

applying ISV to seepage pits and trenches at ORNL. The ?3r in the pits and trenches 

exists largely in either a cation-exchangeable form or as a coprecipitate with CaCO, in 

the alkaline sludge. Either of these forms is susceptible to significant leaching of %r by 

infiltrating precipitation. Thus, the 5 r ,  in its present form in the pits and trenchcs, is 

potentially quite mobile and, therefore, represents a significant long-term risk of 

environmental release. By converting the %r to a glass or crystalline waste form, it can 

be essentially immobilized with little risk of significant environmental release at any time 

in the future. 

CaCl, The samples were shaken, centrifuged, and filtercd as 

The behavior of 9 r  contrasts with that of I3'Cs, which is essentially unleachable in 

its present form in the pits and trenches, a result of its specific adsorption by illitic clay 

minerals in the soils and saprolite in the waste disposal areas at ORNL (Tamura and 

Jacobs 1960). Virtually none of the soil 137Cs was extractable with either the CaCI, or 

HCl. A. a matter of fact, the extractability of 337Cs was actually greater in the soil glass 

than in the starting soil on an equivalent surface area basis. However, this conclusion is 

somewhat misleading for assessing the ISV waste form in the field. The ISV waste form 

is not ground to <lo0 mesh, and the surface area of the field-produced waste form will 

probably have a specific surface area that is orders of magnitude lower than this ground 

glass. The starting soils have minimum surface areas of. 0.6, 0.4, and 0.6 m2/g for 13'Cs, 

5 r ,  and 

calculated from the measured textures, assuming no particles are smaller than the 

sedimentation diameters €or the sand, silt, and clay fractions. The surface area of an 

ISV block in the field would probably have a surface area of approximately lod m2/g. 

Thus, even with an order of magnitude increase in equivalent surface area extractability 

soils, respectively. These are minimum surfacc arcas because they are 

9 
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of 137Ck, because the surface of t e contaminated soil decreases by six orders of 

magnitude u p n  vitrification, resulting in a net iinproneranmt of five orden of magnitude 

in waste durability in the field. 

The effect of surface area can k seen in the behavior oE 13% in 

which has not been pullverid (Table 30). The large increase in extractability of both 

137(1$ and %r due to pulverization k quite apparent. 'I%e unpulverizd specimens of 

r a d ~ ~ ~ s o t o p i ~ a l ~ y  labeled soil glasses 

sur €ace areas of these unpulverized sampks ere estimated from the open area of their 

alumina crucible containers. Tlme a~eas of thc pulverized samples were calculated based 

on the particle dianieter of particles passing the BOO-mesh sieve. The leachabilities of 

both 137Cs and %r from these soil glasses were generally greater than that observed for 

the TSV glass or crystalline phases but within the sanae order of magnitude. 'Iliese soil 

glasses were only sieved to <1Qo mesh and hence may contain finer particles than thc 

ISV glass, which was sieved to <1IBQ mesh but rctaincd on 200 mesh. The acidic 

extraction removed a considerably larger fraction of the 13'Cs and 9 r  from these soil 

glasses than the MCC-3 procedure removed from the ISV products, a result of the 

aggressiveness of the HCI versus a neutral streamwater extractant. &cause virtually 

none of the 137cjs and 5 r  in the pulverized soil glasses was extractable with 0.1 

MCC-3 tcsts on thcsc pulverized soil glasses would likely show a similar result. Such 

MCC-3 tests will bc carried out QIY the pulverized soil glasses in the future. The 

leachability of from soil decreased s i g ~ i ~ ~ a ~ ~ ~ ~  following vitrification. Although a 

significant fraction of the soil T o  was not present in a cation-exchangeable form, it was 

readily leached by the dilute acid (Fig. 54). Its leachability from thc vitrified soil was 

considerably lower and approximately equivalent to that of 137c$ and %r. Thus, the 

effect of vitrification of contaminated soil is to greatly reduce the leachability of all three 

radioisotopes. 

re prepared as dacr 

CaCI,, 

The improvement in the leach resistance of 9 r  in particular was found to bc 

gradual following increasing thermal treatments (Fig 55). In these tests (see 

Sect. 5.5.5), 5.00-g specimens of soil were placed in niekcl crucibles and heated for 4 In 

at the indicated temperatures, The treated soil was then transferred to a 50-mh, 
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Table 30. Leachability of w7Cs and %r from soil and soil glass 

Treatment 
Leachable fraction 

90Sr 1 3 7 ~  Surface area 
(estd. mz/g) 

1W@, not pulverized, 
HGL leach <.ooOl 0.W07 0.00032 

HCl leach > 0.02 0.1176 0.0444 

CaClz f HCI Leach >0.02 0.067 1 0.0278 

HCl leach >0.40 0.00457 0.7469 

CaCl, + HCI leach >0.40 0.0015 0.8418 

lW"C, pulverized, 

l W C ,  pulverized, 

Unheated soil, 

Unheated soil, 
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"'Oak Ridge" centrifuge tube and subjected to the sequential CaCl, plus HC1 extraction 

procedure described previously. 

At the highest temperature feasible with Ni crucibles, 12WC, the soil had not 

vitrified but had fused (Le., the soil particles were no longer suspendable in the 

extractant without being manually broken up during transfer from the Ni crucibles. 

Thus, there appears to be a sintering or partial melting during these fusing temperatures 

that results in a reduction of surface area and a change in 5 r  from an exchangeable 

cationic form. Thus, complete soil melting is not necessary to achieve considerable 

improvement in the fiiation of %r. Because of the nature of the ISV process, soil 

melting must be completed to allow the process to engulf additional contaminated 

regions, and there is no method to regulate the thermal environment of the target zone 

below the melting point. 

However, contaminated soil, once removed from the ground could be thermally 

treated below its melting point by a variety of techniques to achieve improvement in WSr 

leachability before disposal. Aiternately, soils may be heated in situ via a variety of 

techniques to attain the desired degree of thermally induced improvement in 90Sr 

leachability. 

55.5 Retention and Leachability of y%, 9"sr, and Loco from Thermally Treated Soils 

Thc soils described in the previous section also were used to study the effect of 

thermal treatments on the retention and extractability oE the radioisotopcs. Prior to 

thermal trcatment, a 1-g soil sample was place in a cruciblc which was contained within 

a 25-mL polyethylene scintillation vial and counted for 10 min to measure the activities 

of 137Cs, @CO, and %r as described previously. Each crucible was weighed with its soil 

before and after each thermal treatment; blank crucibles were exposed to the 1600°C 

thermal treatment, and no detectable weight loss was observed. All thermal treatments 

were carried out in 12-mm-diam by 25-mm-high cylindrical crucibles (2-mL capacity) 

made of 99.8% recrystallized alumina (Coors Porcelain Co.). Duplicate samples were 

run for cach soil at each temperature (every 100°C between 200 and 1700°C). For 

temperatures below llOO°C, the crucibles were placed directly into the high temperature 

furnace for 16 h. For temperatures above 11WC, the crucible was placed inside either 

a Pt or larger alumina crucible fitted with a lid for thermal treatment; the secondary 
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containment was necessitated by the tendency of the small crucibles to crack or shatter 

during cooling. The melted soils did not appear to react significantly with the alumina 

crucible, but they did adhere strongly to the crucible walls. Presumably, the differential 

contraction of the crucible and the adhering soil glass caused the stresses which resulted 

in the occasional shattering of crucibles. After cooling, the crucibles were placed in 

30-mL "Oak Ridge" centrifuge tubes and counted for 10 min to measure activities of 

13'Cs, @Co, and 90Sr as described previously. Each soil crucible was thcn subjected to five 

successive extractions with 20 mL of 0.1 HCl as described previously. Following thesc 

extractions, the residue of crucible and soil was counted again for residual activity as 

above. Each 20-mL volume of extract also was counted for each radioisotope, and the 

cumulative amount of radioisotope in the five extract volumes was determined. 

Retention of each isotope following a thermal treatment was calculated as the 

ratio of the activity after trcatrnent to that before treatment (Fig. 56). First, the 

apparent increase in activity of %r, following thermal treatments above 1300"G, resulted 

from the shattering of the crucibles. As discussed previously, the determination of %r 

activity via Bremsstrahlung emission is sensitive to the geometry and materials of sample 

containment. For example, when the activity of %r in 1-g soil samples was attempted 

without containment in the crucibles, there was a 57% increase in apparent activity over 

that measured with containment in crucibles. If the activity of 9 r  in the soil was 

determined by using 5 g instead of 1 g of soil, the apparent activity was 11% less (i.e., 

135,500 versus 151,600 dpm/g, respectively). Thus, the unshielding of the 5 r  soil, 

following crucible shattering at these higher temperatures, explains the apparent increase 

in activity after thermal treatment. However, there is no quantitative or unbiased 

method to correct these apparent activities for the differing degrees of shattering so 

correction was not attempted. The two samples of 9 r  soil raised to 1700°C did not 

shatter and the apparent activity was only slightly greater than that observed before 

heating; the densification of the soil after melting could account for the approximate 5% 

increase in activity after heating due to sensitivity of bremsstrahlung crnission to sample 

geometry. When the activities of 137Cs and "co were determined on samples with and 

without crucible containment, results were not significantly different @e., within 2%, 

which is the approximate uncertainty in the counting rate for the experimental 

technique). Thus, although the cruciblcs containing 137Cs and also shattered to 
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varying degrees at thcse higher temperatures, little effect on the apparent post-treatment 

activities would be expected. 

The activities of '37Cs remained relatively constant before and after thc 

treatment up to about I W C ,  where the apparent activity of 137eS declined (Fig. 56). 

There was a significant loss of 137Cs activity above this temperature with only 91% 

retention at 17OO"C, the upper temperature limit of the furnace. Thus, the potential for 

volatilization of 137Cs during ISV is quite significant if melt temperatures approach 

14UQ"G. The viscosity of the molten material is a function of temperature, and the 

characteristic temperature at which the viscosity is 100 poise (TIBOP) is useful in 

assessing ISV operating temperatures. When a melt reaches this temperature, 

convective flow of the melt is rapid enough to maintain a relatively canstant temperatune 

because thc energy additions from the power system will bc used to melt additional 

material via convcctively transferred heat. Below the T100P, viscosity i s  high enough to 

retard convective heat flow, and melt temperatures rise in response to energy input from 

the elcctrical power system. Evidence for good convective flow in the field ISV product 

is the extremely uniform compositions of both Cs and Sr in samples taken from various 

locations and depths in the final melted block. Measured values of the TI 

mixtiire of ORWL soil and limestone are 1265°C while that for the unamended soil is 

1720°C (Carter et al. 1987). Thus, operating temperatures during the ISV field 

demonstration, where a 73 ratio of soil to limestone was estimated, werc probably low 

enough to yield the small volatilization of CF observed (0.12%). Because good thermal. 

convection, as evidenced by the uniform distribution of Cs and Sr in the ISV mass, is 

caused by thermal gradients, areas of the melt were probably quite hotter than the 

T100P. Such areas probably center around the electrodes, and such hot spots may be 

the primary sites of l3'C,s volatilization. 

However, the volatilization of 137Cs would not be expected to be solely a function 

of temperature. Obviously, the duration of the melt at an elevated temperature must be 

somewhat important in determining the extent of 137eS volatilization. The time 

degcndcnce of 13'Cs retention at 1600°C was investigated by maintaining alumina 

crucibles containing soil in the furnaces for periods up to 13 d (Fig. 57). Although the 

?3r data are quite useless due to the inability to correct for changing bremsstrahlung 

counting efficicncy when sample crucibles shatter, the 137Cs and "Co data did show a 
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significant time trend. Linear regression for Ij7Cs cantent versus time was -c).S%/d 

(r = 0.7); for To ,  the slope of the linear regression was -1.26%/d (r = 0.7). Thus, 

volatilization does show a time dependency when the melt is maintained at temperature 

of 1GOO"C. However, in addition to the duration of the thermal treatment, the rate of 

heating also appeared to be important. There is only qualitative information on this 

effect at present. All of the samples in Fig. 57 were heated in one of two 

high-temperature furnaces; at maximum heating rates, the smaller furnace usually heated 

to its setpoint within 2 h while the larger furnace usually required > 8 h to reach its 

setpoint. It was this more massive furnace which showed the greater 137Cs volatilization 

at 8 h (1/3 d). If the volatilization of I3'Cs depends on the surface area of the specimen, 

then significantly more volatilization could occur if a specimen were maintained in the 

porous sintered state between 1200°C and 1508°C. Thus, a more slowly heated 

specimen would be expected to volatilize more 137<5 even though it attained the same 

final temperature. In future work, such heating rate effects on 137Cs volatilization will be 

investigated more quantitatively. Hopefully some of the variation among time intervals 

in Fig. 57 can be eliminated by rcproducible heating intervals. 

'fhe weight loss of soil samples, when heated to various temperatures, is depicted 

in Fig. 58. After heating these soils to about 70O0C, further weight loss was not 

detectable. 

CaCO, which would contributc to the weight loss in addition to the dehydration of 

hydrous mineral phases. Overall, these data affirm the expected weight loss of soil 

during ISV to be about 10%. 

These soil samples did contain organic matter and possibly secondary 

After treatment of the soils to the various temperatures, they were extracted with 

HCI as described previously (Fig. 59). The cumulative fraction of both "Sr and 6"co 
which could be extracted decreased with increasing temperature above - 300°C. 

Virtually no difference in the extractability of these isotopes was detected above 1200"C, 

the temperature at which fusion of the soil particles started. In contrast, the 

extractability of 137Cs increased, reaching a maximum of about 3% in the 

range. These temperatures are in the range in which clay minerals, such as illite, 

dehydrate, and apparently lose their specific adsorption capacity for 137Ck (Tarnura and 

Jacobs 1960). As temperatures are further increased, the 13'Cs begins to fuse into the 

incipient glass and behave like Cs in the ISV product. It should be noted that all the 
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extractions indicated in Fig. 59 were performed on specimens which had not been 

pulverized, so the effects of decreasing or differing surface area have not been taken 

into account. 
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ti. RADIOLOGICAL AND OPERATIONAL SAFEI"y ASSESSMENT OF XSV FOR 
APPLEATION To ORNL SEEPAGE PITS AND TRENCHES 

Although it appears that the ISV field-produced material is an extremely durable 

waste form and potentially presents an excellent technique to stabilize and close the 

seepage pits and trenches at ORNL, several concerns remain in the field operation of 

the 1SV process. Perhaps the greatest concern for an actual ISV application to a 

seepage trench derives from the retention of only 99.88% of the Cs within the melted 

mass. Such Cs retention within the melt is an excellent starting point, but Cs retention 

needs to be improved for an application of ISV to seepage trenches. Were ISV to be 

applied to liquid waste seepage trench 7 with process performance similar to that 

achieved for this "cold" pilot-scale demonstration, a significant radiological hazard due to 

the volatilization of 137Cs would be encountered. Application of ISV to trench '7 would 

probably require about ten settings of electrodes to complete the entire trench volume, 

which contains a total inventory of about 100,OOO Ci of 137Cs. Thus, each electrode array 

setting would be producing a vitrified mass with about 10,OOO Ci. If 99.88% of this were 

retained in the melt, then approximately 12 Ci of 137Cs would enter the off-gas system 

and process trailer, and most of this would be contained in the off-gas scrub solutions 

(Table 31). 

Without performing any dose calculations, it would appear that these quantities of 

137Cs represent a hazard for the process operators and would also produce a significant 

amount of waste €or disposal by other means. Although the scrub solutions could 

probably be disposed of through the radioactive liquid waste disposal system at ORNL, 

and the HEPA filters through the solid waste disposal system, the hood and ducting, 

heavily contaminated with fine particulates, would present several problems. 

Decontamination would be desirable but is not presently possible at ORNL. Reuse of 

ducting and hood would cause even further accumulation of deposited 137Cs and result in 

increasing cxposure rates. Thus, it is desirable to achieve a net melt retention of 

99.999% of the 137Cs. Such a net retention would result in only 0.1 Ci in the process 

trailer and off-gas system which could be accommodated without extrcrne shielding or 

waste handling precautions. There are several possible methods by which such a larger 

melt retention of 13'Cs might be achieved. 
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Table 31. Hypothetical Distribution of '"Cs activity in 
ISV off-gas system after vitriwng 10,OOO Ci 

Off-gas System 
component 

Amount of Amount p e r  
unit area 1 3 7 a  

(Ci) 

Hood 0.079 

Ducting 0.401 

Scrub solutions 11.74 

Primary HEPA filter 0.293 

Secondary HEPA filter 0.008 

0.24 pCi/cm2 

5.5 pCi/cm2 

0.5 pCi/mL, 

1.46 pCi/cm2 

0.04 pCi/cm2 
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Firstly, unlike the "cold" test where elemental (3 analyses in the proccss off-gas 

scrub samples were detei;n;ned afscs tbe demonstration, real-time maanitsring of '37Cs 

within the process trailer- is available and necessary during a "hot" tesi. The process 

trailer is equipped with severdl radiation monitors witbin the off-gas train. If significant 

volatilization of 137Ck were ubsx=ved, tbcn power to the melt muld be leweaed. The. 

volatilization of '')'C's i s  temperattare dcpadent and p w e r  regulatiain, in theory, could be 

employed to regulate the temperature of the melt. It sliould bc mied that the methad 

used in the cold demonstration did not attempt to minimi~e Cjs volatilization becalise 

powa delivery to the melt was maximixd at all times,, Thus, this mld %est can 

interpreted as measuring the maximum Cs volatili~ation potcntial, or  worst-case scenario, 

were the ISV process applicd to a trench containing actual radioactive wastc. Most Cs 

volatilization probably occurs in hot spots near thc electrodes where: power density and, 

hence, temperatures are greatest. As discussed previously, the extremely uniform 

distribution of (3s and Sr in the ISV product is indicative of the thorough mixing of 

materials during vitrification as a result of convective heat transfers, Such convective 

mass movements within the mclt would require significant thermal gradients to drive tlie 

process. Direct measurenmit of temperatures at various positions within the vitrification 

zone would be higlnly desirable in  finturc tests. Measurement oE the response of 137Cs 

volatilization to electiical power adjustments and correlatiori with cneasurcd thermal 

gradients in the melt would provide the assurancl; needed faor safc application of ISV to 

a seepage trench at OKNL. Production of a given mass of ISV product would require 

greater time at lowcr powe~,  eompared to the maximum power available, but such an 

increase in productioii timc n a y  be justifid if it results in a significant reduction in thc 

fraction of 'j7Cs volatilized. 'Thus, a demmstratim of ISV with radioactive 137(s will 

provide an excellent test of the feasibility of such a feedback control procedure to 

minimize 137G volatilimtion by reducing powcr yet maintaining enough power to 

continue to enlarge the mclted mass. 

Several possibic techniques may also help to minimize Cs volatilization during ISV 

and will be evaluated prior to their ilrcorporaticrn inita a hot denronstraticn. Becaiisc the 

seepage trenches were mnstructed with crushed limestone gravel to maintain their liquid 

waste holding capacity, they have significant voids, probably about 40% of the 'rcnch 

volume, into which glass-forming or  riaodifying materials might be introduced. Of 



151 

particular interest would be materials which could produce a glass of significantly lower 

melting temperature. Sodium hydroxide would be an interesting choice as an additive 

because it could be introduced as a liquid solution (e-g., 40% solids) and provide enough 

Na to yield a glass of significantly lower melting temperature. In addition, the 

introduction of NaOH could provide an electrically conductive subsurface path between 

the electrodcs within the trench so that surface melt initiation could be obviated. A 

subsurface melt initiation has the additional potential benefit of starting ISV with a cold 

cap already between the melt and the ground surface to aid in both particulate and 137Cs 

filtering of the off-gas. A risk associated with addition of NaOH to a trench may result 

from increased 137Cs volatilization caused by Na volatilization carrying the 137Cs. Potential 

benefits and risks from a subsurface melt initiation and glass melt temperature lowering 

will be tested in the laboratory before being incorporated into a hot field demonstration. 

A net reduction in the ambient aboveground inventory of u7Cs during an ISV test 

could also be attained by recycling scrub solution to the bottom of the trench via a well 

driven at an angle into the test trench. Thus, only the u7Cs volatilized during the last 

stages of an ISV run would be retained within the process trailer. The remainder would 

be incorporated into the melted mass as it engulfed the well discharge point(s) at the 

trench bottom. Alternately, placement of a HEPA filter within the off-gas hood at the 

ducting intake could prevent '37Cs from depositing on the ducting and entering the scrub 

solutions. As discussed previously (Sect. 4.3) most of the solids in the off-gas originate 

in the early part of the run before the melt has progressed to a depth where it 

encounters contamination. The HEPA filter could be bypassed during the early portion 

of the run to prevent its clogging and then switched into the off-gas line when 137Cs 

volatilization begins. The operation of the HEPA filter at the elevated temperatures of 

the hood environment could also result in significant fixation of 137Cs in its borosilicate 

glass fabric. Such filtration of 137Cs would, of course, not affect the amount of 137Cs 
volatilized, but it could reduce the volume of radioactive waste from an application. 

Thus, several techniques may be developed and applied in combination to increase the 

net retention of '37Cs with the melted mass during ISV. 
Two additional concerns, not related to the volatilization of 137Cs, need to be 

addressed before considering application of ISV to seepage trenches at OWNL. First, 



the uniform distribution of 13'Cs and 9 r  in the ISV product will produce a considerable 

beta-gamma field, particularly if ISV is initiated from the ground surface, resulting in no 

shielding betwecn the vitrified material and the ground surface. Considering only the 

gamma emissions, 10,OOO Ci of u7Cs in a 2-m-diam spherical mass would have a surface 

reading of about 12 R/h. After removal of the off-gas hood, soil or concrete could be 

placed into the subsidence crater to reduce this exposure rate. But there would also be 

coatings of vitrified material on the walls of the subsidence cavity, presumably 

contaminated with 13'Cs, which would need to be collapsed into the crater. However, if 

a subsurface vitrification could be attained, a "cold" soil cap could be maintained to 

minimize exposure rate at the ground surface. A subsurface initiation of ISV would 

probably result in subsurface cavities which would need to be collapsed for final site 

stabilization. Thus, stabilization and closure of the resulting trench after its vitrification 

do pose some operational concerns. 

Second, ISV requires placement of electrodes into the ground to supply power to 

the melt. For application to trenches 5, 6, and 7 at ORNL, which are long and narrow 

[<4 ft (1.2 m) wide], electrodes would be placed outside the actual trench into the host 

soil formation. Presently, ISV electrode placement involves lowering them into a 

previously constructed borehole. For this pilot-scale ISV demonstration, an 

8411.- (20-cm-) diam auger was used to construct boreholes to accommodate the 

ti-in- (15-cm-) diam graphite sleeves of the electrodes. However, augering near the 

edges of seepage trenches would encounter considerable activity; Olsen et  a!. (1983) 

observed many discrete contaminated strata in boreholes 30-50 ft (9-16 m) from 

trench 7. Contamination levels would be expected to be quite high in boreholes close to 

the trench. Thus, augering in close proximity to these trenches would probably prove to 

be unsafe. Characterization of the potential electrode environment would be required 

before initiating ISV on any trench and would probably be accomplished by driving 

narrow [<2-in.- (5-cm-) diam] pipe into the ground around the trench and logging the 

cascd holes for beta-gamma activity. Should radioactivity levels prove to be low enough, 

then augering of ISV electrode boreholes could be carried out as previously described. 

Alternately, driving the electrodes into the ground or driving electrically conductivc 

casing to house the electrodes needs to be considered. The placement of grout injection 

lances around trench 7 in 1985 was accomplished by hammering a 1-in. (2Scm) pipe, 
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fitted with 60" solid drive points, with an air-powered vibratory hammer; depths greater 

than 35 ft (11 m) were often achieved. For ISV electrodes, a similar operation can be 

envisioned where 8-in.- (20-cm-) diam steel pipe is driven to the desired depth using 

piledriving heavy equipment. The graphite molybdenum electrode could then be 

lowered into the steel pipe. The steel pipe would melt during the ISV process. Thus, a 

potential method exists to install ISV electrodes into highly contaminated subsurface 

regions without exposing personnel or the environment to auger cuttings. This electrode 

placement method would be extremely important for pits 1-4, which are much wider 

[50 - 100 Et (15-31 m)] than trenches 5-7, because electrodes would need to be 

positioned within the pit itself. 

Many of the potential hazards of performing a complete vitrification of a trench 

are a result of the need to move the off-gas collection hood after completing each 

segment of a trench. For example, the vitrification of trench 7 would require a 

maximum of ten settings. However, if a single hood were constructed over the entire 

trench and all electrodes emplaced before initiating ISV, then no movement of the hood 

would be required. Reconnection of the electrical cables would be all that was required 

between settings. Final site cleanup, stabilization, and any required decontamination of 

hood and off-gas ducting would be required only once. 

Based on the encouraging results from the cold demonstration and probable 

improvements in ISV operational effectiveness, it is recommended that a hot 

demonstration of ISV be performed on a model seepage trench containing a sample of 

seepage pit waste. Such a hot demonstration will veri5 the potential ability for 

feedback control of '37Cs volatilization. The demonstration will also allow a field 

verification of the performance of a melt temperature depressant such as NaOH and the 

ability to initiate ISV within the trench rather than at the ground surface. Such a 

demonstration should provide the information needed to determine whetRer or not to 

pursue ISV as a technique for the final stabilization and closure of the pits and trenches 

at ORNL. 
Several operational problems were encountered during the ISV demonstration 

which need to be resolved through additional investigation and through the proposed hot 

test. During the July 1987 demonstration, the starter path for the melt was interrupted 

several times due to subsidence of the trench cap during melting, which resulted in 
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electrical discontinuities and, therefore, operational interruptions. Additional soil 

material had to be added through the hood to build up the surface for new starter path 

material to reinitiate the melt. Although this can be considered merely an 

inconvenience during the cold test, opening the hood and placing material over a 

partially exposed trench or in the middle of a sequence of electrode settings within a 

multisetting hood, may pose a significant risk for operator exposure to radioactivity. 

Either compaction of the cap prior to initiation of the starter path or a technique to 

initiate melting within the subsurface needs to be considered to overcome this problem 

for an actual hot test, where entry or access to the hood must be avoided. 

The electrical power delivery system malfunctioned twice during the operation of 

the demonstration. The first malfunction caused a 3-week delay while the transformer in 

the PNL process trailer was repaired by a factory representative. A specific cause for 

the malfunction of the failed components has not been determined. A second 

malfunction occurred during the second startup of the demonstration when the control 

circuitry for the amperage regulation of the power delivery to the melt failed. Manual 

wntrol and data recording of the power were required for the remainder of the 

demonstration. Although the components which failed have been identified and 

repaired, no specific cause has been determined. 

Spurious alarms by the area-radiation monitors in the process trailer occurred 

sporadically during the test, particularly during voltage tap changes on the power delivery 

transformer. Although such spurious alarms posed no safety problem for this cold 

demonstration, a repeat Occurrence during a hot test or actual application would 

necessitate a decision to shut down. In addition, spurious alarms by area-radiation 

monitors downline at the new hydrofracture facility were. noted during the ISV 

operation. No cause for these disturbances in the electrical service lines to the site have 

been identified. These problems need to be solved before a hot test or actual 

application can be attempted. 

During the cold demonstration the depth of melting was monitored by thc burn- 

out of thermocouples specifically buried at selected depths and locations within the 

trench. Although a similar placement for a hot test may be possible, such placement 

would be extremely difficult for an actual application to an ORNL seepage trench, PNL 

has developed a depth-monitoring system based on a radio transmitter attached to one 
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A-3 

Chemical and Radiochemical Characteristics of ISV Off-Gas Scrub Solution Samples [In the sample 
number, the first number, 1-x, indicates that the sample came from tank 1 (the venturi scrubber), 
or 2-x indicates that the sample came from tank 2 (the Hydrosonic scrubber)]. Run Time is the 
hours from 9:48 AM on July 14, 1987. Negative run times indicate samples collected during the 
initial abortive start of the ISV test. 

Total Dissolved Total Total Run 
Sample PH El. a n d .  Solids Solids Alpha Beta Time 
Number (dS/m) (m@) O-WL) (BsW FW-4 (hours) 

ORNL 1-1 
ORNL 1-2 
QRNL 1-3 
ORNL 1-4 
OKNL 1-5 
ORNL 1-6 
ORNL 1-7 
ORNL 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
ORNL 1-12 
ORNL 1-13 
ORNL 1-14 
ORNL 1-15 
O W L  1-16 
ORNL 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNL 2-5 
ORNL 2-6 
ORNL 2-7 
ORNL 2-8 
ORNL 2-9 
ORNL 2-10 
ORNL 2-11 
ORNL 2-12 
ORNL 2-13 
ORNL 2-14 
ORNL 2-15 
ORNL 2-16 
O W L  2-17 
ORNL 2-18 

7.07 
7.08 
7.53 
6.51 
5.04 
5.08 
6.18 
6.19 
6.33 
6.25 
6.28 
6.37 
6.39 
6.45 
6.61 
6.27 
6.45 
6.89 
6.97 
6.97 
7.27 
7.3 1 
7.53 
7.56 
7.79 
7.83 
8.04 
8.07 
7.99 
6.34 
6.69 
6.64 
6.65 
6.49 
7.02 
7.36 

1750 
1950 
2050 
2300 
2950 
3 150 
3050 
3450 
2550 
3500 
3600 
lo00 
1170 
1 loo 
1200 
950 

1480 
1450 
1550 
1800 
2300 
2400 
2550 
2650 
3200 
2900 
3150 
3100 
3300 
1250 
1300 
1500 
1550 
1550 
2100 
2350 

6080 
6560 
7760 
9940 

13820 
14560 
13500 
15080 
14740 
15120 
14620 
3580 
4480 
5280 
6140 
4080 
8760 

11580 
3860 
4680 
6240 
7760 

10880 
13220 
13100 
15800 
12700 
11220 
12560 
4100 
5780 
t92Q 
'1980 
8300 

16520 
22360 

1460 
1740 
1880 
2320 
3520 
5500 
3440 
3920 
3920 
3620 
3960 
1280 
1560 
1740 
1700 
1240 
1820 
2140 
1300 
1560 
1980 
2100 
2580 
2700 
3460 
5440 
3540 
3440 
3360 
1500 
2060 
1860 
2080 
2540 
3380 
2980 

186 
172 
186 
184 
197 
229 
213 
222 
209 
190 
175 
102 
75 
77 
68 
65 
54 
43 

136 
150 
111 
127 
145 
152 
a 34 
190 
129 
13 1 
136 
79 
56 
$4 
54 
$6 
68 
52 

2348 
2247 
2104 
2438 
2850 
2947 
2583 
2869 
2639 
23 12 
2673 
748 
778 
829 
860 
624 
639 
605 
1180 
1230 
1062 
95 1 

1346 
1401 
1342 
1377 
1092 
1023 
1655 
775 
638 
695 
589 
606 
657 
549 

-45 1.8 
-450.5 
-448.5 
-446.5 

-444 
-442.5 
-441.5 
-438.5 
-436.6 
-434.6 
-424.5 

-19 
-17.7 
-16.5 
-14.1 

1.5 
3.5 
5.5 

-45 1.8 
-450.5 
-448.5 
-446.5 

-444 
-442.5 
-441.5 
-438.5 
-436.6 
-434.6 
-424.5 

-19 
-17.7 
-16.5 
-14.1 

1.5 
3.5 
5.5 



A-4 

Total Dissolved Total Total Run 
Sample PH El. a n d .  Solids Solids Alpha Beta Time 
Number (CnWm) (mg/L) (Bqm (BsIm (hours) 

ORNL 2-19 
ORNL 2-20 
ORNL. 2-21 
ORNL 2-2 
ORNL 2-23 
BWNL 2-24 
OWNE 1-28 
ORNL 6-21 
BRNL 1-22 
QRNE 1-23 
ORNL 1-24 
ORNk 2-25 
ORNL 2-26 
OWN& 2-27 
ORNL 2-28 
ORNIL 2-29 
ORNL 2-30 
ORNL 2-31 
OWNL 2-32 
ORNk 2-33 
OWNL 2-34 
BRNL 2-35 
ORNL 2-36 
ORNL 2-37 
ORNL 2-38 
ORNL 2-39 
ORNL 2-44) 
ORNL 2-41 
ORNk 2-42 
OWNk 2-43 
ORNL 2-44 
ORNL 2-45 
ORNL 2-46 
ORNL 2-47 
ORNL 2-48 
ORNL 2-49 
ORNL 2-50 
ORNL 2-51 

9.32 
10.15 
10.05 
9.92 
9.37 
8.92 
8.42 
8.04 
7.94 
7.36 
4.58 
3.63 
3.28 
3.04 
2.61 
2. 
2.11 
2-06 
1.35 
1.9 
1.94 
1.92 
1.91 
1.89 
1.34 
1.98 
2.02 
2.06 
2.12 
2-05 
2.05 
2.08 
2.14 
2.17 
2.19 
2.27 
2.3 1 
2.43 

24500 

13500 
9550 

12000 
14MM 
14ooo 

14500 

1 1 w  
10500 

m 
7100 
7QoQ 
6 
5 
6204% 
5m 
58 

38520 
55200 
79940 

119220 
50240 
47900 
43941) 
43 160 
42260 
40920 
41880 
39940 
39340 
36720 
34500 
30200 
295640 
22280 
12980 
16820 
13888 
12300 
11280 
10940 
9 
9540 
a m  
8020 
7560 
7040 

5220 
5148 
5040 

6780 
15440 
23640 
31240 
20140 
18380 
1- 
18940 
18260 
16500 
21068 
20460 
19100 
1 8200 
18ooo 
16960 
15580 
13100 
12380 
11080 
9ow 
7980 
7620 
8240 
7340 
7120 
6820 
6288 
6940 
5920 
5580 
5148 
5m 

18 
72 
68 
68 
36 
43 
65 
61 
59 
43 
70 
36 
63 
47 
34 
40 
34 
34 
31 
45 
25 
25 
38 
29 
54 
38 
65 
63 
63 
36 
84 
36 
77 
65 
29 
52 
50 
63 

425 
63 

804 
1146 
477 
430 
427 
402 
380 
345 
414 
427 
481 
493 
5w 
453 
473 
443 
438 
374 
351 
354 
317 
3 18 
302 
327 
309 
281 
279 
235 
218 
203 
157 
170 
171 
156 
174 
145 

7.5 
9.5 

11.5 
13.5 
15.8 
17.6 
19.5 
21.5 
23.5 
25.5 
28 
30.2 
31.6 
33.4 
35.5 
37.7 
39.5 
41.5 
43.5 
45.5 
47.8 
49.5 
51.5 
53.5 
55.6 
57.5 
59.5 
61.5 
63.5 
65.5 
67.5 
69.5 
71.8 
73.5 
755 
77.5 
79.5 
81.5 



A-5 

Continued 

To tal Dissolved Total Total Run 
Sample PH El. a n d .  Solids Solids Alpha Beta T i e  
Number (dS/m) (mg/L) (mg/L) (Bsm (BSW (hours) 

ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 
QRNL 2-57 
ORNL 2-58 
ORNL 2-59 
ORNL 2-60 
ORNL 2-61 
ORNL 2-62 
ORNL 2-63 
ORNL 2-64 

ORNL 2-66 
ORNL 2-65 

ORNL 2-67 
ORNL 2-68 
ORNL 2-69 
ORNL 2-70 
DRUM-1 
DRUM-'! 
DRUM3 
DRUM4 
DRUM-5 
DRUM4 
DRUM-7 
DRUM4 
DRUM-9 
DRUM-10 
DRUM- 1 1 
WEEL-NE 
WELL-SE 
WELL-sw 
WELLNW 

2.46 
2.42 
2.33 
2.21 
2.09 
2.07 
2.15 
3.04 
2.98 
2.77 
2.38 
2.2 
2.11 
2.01 
2.01 
2.03 
7.18 
6.85 
7.08 
6.65 
6.28 
6.13 
2.76 
2.86 
4.57 
3.1 
3.29 
4.73 
6.85 
6.91 
6.9 
6.8 
7 
6.9 

5500 
5500 
5600 
6500 
7600 
7500 
6300 
4950 
4800 
5100 
6500 
8Ooo 
8500 
7600 
8400 
7300 
1950 
1750 
1500 
3050 
1600 

12000 
y900 

6900 
5700 
5 100 
6200 
5900 
2500 
2400 
570 
710 
580 
520 

4700 
4680 
438Q 
4260 
4460 
4240 
3720 
2900 
3740 
3680 
4180 
6220 
5940 
6340 
6320 
6340 
2540 
6720 
4980 
9940 
8480 

19520 
122QO 
10460 
5960 
4760 
7760 
6180 
3940 
2720 
1540 
280 
220 
640 

4440 
4ooo 
4120 
3360 
3500 
3260 
3440 
2940 
3240 
3300 
3660 
5OOo 
5180 
5240 
5140 
6040 
18W 
1460 
1140 
3820 
2320 

12740 
9200 
5680 
4580 
3840 
4580 
3780 
1480 
1940 
240 
160 
280 
240 

45 
63 
45 
47 
22 
43 
38 
81 
63 
54 
65 
72 
72 
59 
63 
68 
97 

311 
188 
197 
43 
45 
38 
18 
45 
29 
79 
31 
61 
9 

-2 
0 

-2 
-2 

148 
154 
142 
125 
99 

110 
108 
129 
138 
97 

134 
158 
190 
224 
213 
220 
92 

3557 
1794 
2055 
493 
3 16 
355 
253 
1% 
130 
238 
181 
89 
50 
2 

-1 
0 

-2 

83.5 
85.5 
87.5 
89.5 
91.5 
93.5 
95.5 
97.5 
99.5 

101.5 
103.5 
105.5 
107.5 
109.5 
110.5 
111.5 
112.6 
112.8 
112.9 

Drum Numbers indicate the sequential drum number from which samples were taken after 
transfer of the scrubber solutions from the ISV process trailer. Well numbers indicate the four 
groundwater monitoring wells surrounding the ISV site. 
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Soluble Soluble Total Total Soluble Soluble Run 
Sample Alkalinity Acidity Alpha Beta Alpha Beta Time 

(mgn) (mg/L) (cplomin) (cplOmin) (cplOmin) (cplOmin) (hours) 

ORNL 1-1 
ORNL 1-2 
ORNL 1-3 
ORNL 1-4 
ORNL 1-5 
ORNL 1-6 
ORNL 1-7 
ORNL 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
ORNL 1-12 
ORNL 1-13 
ORNL 1-14 
ORNL 1-15 
ORNL 1-16 
ORNL 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNL 2-5 
ORNL 2-6 
ORNL 2-7 
ORNL 2-8 
ORNL 2-9 
ORNL 2-10 
ORNL 2-11 
ORNL 2-12 
ORNL 2-13 
ORNL 2-14 
ORNL 2-15 
ORNL 2-16 
ORNL 2-17 
ORNL 2-18 
ORNL 2-19 
ORNL 2-20 
ORNL 2-21 

369 
45 1 
467 
% 
10 
10 
11 
33 

24 
28 

136 
213 
212 
205 
181 
272 
338 
580 
720 
860 

1650 
720 
670 
850 
900 
880 
810 
820 
190 
310 
330 
330 
340 
540 
650 

2630 
9070 

15170 

22 
9 

174 
449 
m 
327 
478 

360 
398 
60 
49 
97 
81 
68 
141 
132 

5 
0 
0 
0 

75 
34 
0 
0 

43 
81 
69 
58 

160 
169 
108 
64 

157 
130 

0 
0 
0 

85 
79 
85 
84 
90 

104 
97 

101 
95 
87 
80 
48 
36 
37 
33 
32 
27 
22 
63 
69 
52 
59 
67 
70 
62 
87 
60 
61 
63 
38 
28 
40 
27 
41 
33 
26 
11 
35 
33 

4046 
3869 
3615 
4162 
4816 
4970 
4371 
4834 
4452 
3903 
4510 
1321 
1371 
1456 
1505 
1107 
1122 
1058 
2062 
2144 
1849 
1654 
2310 
2390 
2292 
2336 
1873 
1764 
2820 
1367 
1127 
1219 
1039 
1067 
1132 
940 
709 
993 

1178 

9 
19 
3 

11 
17 
11 
8 
6 
7 
8 

11 
9 
8 
5 

13 
8 
5 
7 
6 
6 

13 
6 
3 
6 
3 

10 
4 
7 
8 
4 
9 
7 
6 

14 
6 
7 
6 
3 
5 

540 
586 
385 
779 
620 
540 
590 
559 
520 
493 
625 
358 
448 
403 
455 
418 
416 
362 
297 
303 
302 
318 
318 
312 
279 
283 
271 
277 
274 
327 
320 
309 
329 
353 
306 
279 
105 
128 
110 

-451.8 
-450.5 
-448.5 
-446.5 
-444 
-442.5 
-441.5 
-438.5 
-436.6 
-434.6 
-424.5 
-19 
-17.7 
-16.5 
-14.1 

1.5 
3.5 
5.5 

-451.8 
-450.5 
-448.5 
-446.5 
-444 
-442.5 
-441.5 
-438.5 
-436.6 
-434.6 
-424.5 
-19 
-17.7 
-16.5 
-14.1 

1.5 
3.5 
5.5 
7.5 
9.5 

11.5 



A-7 

Continued 

Soluble Soluble Total Total Soluble Soluble Run 
Sample Alkalinity Acidity Alpha Beta Alpha Beta Time 

(mgn) (mglL) (cplOmin) (cplOmin) (cplbin)  (cplOmin) (hours) 

ORNL 2-22 
ORNL 2-23 
ORNL 2-24 
ORNL 1-20 
ORNL 1-21 
ORNL 1-22 
ORNL 1-23 
ORNL 1-24 
ORNL 2-25 
ORNL 2-26 
ORNL 2-27 
ORNL 2-28 
ORNL 2-29 
ORNL 2-30 
ORNL 2-31 
ORNL 2-32 
ORNL 2-33 
ORNL 2-34 
ORNL 2-35 
ORNL 2-36 
ORNL 2-37 
ORNL 2-38 
ORNL 2-39 
ORNL 2-40 
ORNL 2-41 
ORNL 2-42 
ORNL 2-43 
ORNL 2-44 
ORNL 2-45 
ORNL 2-46 
ORNL 2-47 
ORNL 2-48 
ORNL 2-49 
ORNL 2-50 
ORNL 2-51 
ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 

22600 
lo600 
10510 

948 
776 
592 
267 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

1209 
1550 
1526 
1540 
1 946 
2054 
2080 

0 
2240 
2140 
2040 
1840 
1880 
1950 
1760 
1660 
1520 
1310 
1450 
1480 
1560 
1340 
1190 
1080 
1210 
1030 
1C5G 
1020 
1OOO 
1080 
1080 
1280 
1540 

33 
19 
22 
32 
30 
29 
22 
34 
19 
31 
24 
18 
21 
18 
18 
17 
23 
14 
14 
20 
16 
27 
20 
32 
31 
31 
19 
40 
19 
37 
32 
16 
26 
25 
31 
23 
31 
23 
24 
13 

1488 8 
770 7 
702 3 
703 4 
666 5 
632 6 
579 5 
687 16 
710 21 
797 13 
821 17 
850 14 
769 26 
809 11 
766 12 
773 14 
661 14 
627 17 
632 17 
273 11 
575 12 
549 14 
592 16 
563 12 
516 12 
512 7 
438 15 
409 8 
384 8 
307 7 
329 9 
330 7 
305 7 
336 11 
286 8 
292 10 
301 7 
281 12 
252 8 
207 7 

164 
122 
179 
156 
233 
192 
138 
297 
473 
506 
673 
637 
725 
802 
678 
688 
638 
564 
545 
526 
499 
55 1 
442 
430 
43 1 
390 
309 
301 
298 
281 
252 
241 
253 
250 
243 
239 
228 
202 
191 
209 

13.5 
15.8 
17.6 
19.5 
21.5 
23.5 
25.5 
28 
30.2 
31.6 
33.4 
35.5 
37.7 
39.5 
41.5 
435 
45.5 
47.8 
49.5 
51.5 
53.5 
55.6 
57.5 
59.5 
61.5 
63.5 
65.5 
67.5 
69.5 
71.8 
73.5 
75.5 
77.5 
79.5 
81.5 
83.5 
85.5 
87.5 
89.5 
91.5 
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Continued 

Soluble Soluble Total Total Soluble Soluble Run 
Sample Alkalinity Acidity Alpha Beta Alpha Beta Time 

(mg/L) (mg/L) (cplOmin) (cplOmin) (cplOmin) (cplomin) (harm.;) 

ORNL 2-57 
ORNL 2-58 
ORNL 2-59 
ORNL 2-60 
ORNL 2-61 
ORNL 2-62 
ORNL 2-63 
ORNL 2-64 
ORNL 2-65 
ORNL 2-66 
ORNL 2-67 
ORNL 2-68 
ORNL 2-69 
ORNL 2-70 
DRUM-1 
DRUM-2 
DRUM-3 
DKUM-4 
DRUM-5 
DRIJM-6 
DRUM-7 
DRUM8 
DRUM-9 
DRUM-10 
DRUM-1 1 
WELL-NE 
WELL-SE 
WELL-sw 
WELL-NW 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

550 
370 
530 
425 
282 
198 

0 
0 
0 
0 
0 
0 

450 
519 
246 
273 
260 
219 

1430 22 227 14 159 
1370 20 223 12 200 
810 39 260 4 178 
740 31 275 13 181 
810 27 204 14 151 
1330 32 268 5 171 
1740 35 308 2 216 
2010 35 363 11 263 
2110 29 420 1 2% 
2217 31 402 4 2% 
2450 33 413 7 260 

15 46 197 3 79 
0 140 6100 5 475 
0 86 3107 8 228 

210 90 3514 5 595 
157 22 875 10 327 
697 23 561 8 224 
1661 20 636 18 594 
1350 11 466 9 412 
1020 23 373 4 326 
1OFu) 16 261 12 229 
1320 38 442 8 323 
980 17 346 6 143 
86 30 190 3 75 

137 7 123 2 74 
0 2 41 3 35 
0 3 35 1 25 
0 2 36 2 24 
0 2 32 2 27 

93.5 
95.5 
94.5 
99.5 
101.5 
103.5 
105.5 
107.5 
109,5 

110.5 
1115 
112.6 
112.8 
112.9 



A-9 

Tank 
Sample Total Dissolved Sample Sample Sample Sample Volume 

(Solids mg/SmL) Month Day Haur Minute (liters) 

ORNL 1-1 
ORNL 1-2 
ORNL 1-3 
ORNL 1-4 
ORNL 1-5 
ORNL 1-6 
ORNL 1-7 
ORNL 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
ORNL 1-12 
ORNL 1-13 
ORNL 1-14 
ORNL 1-15 
ORNL 1-16 
ORNL 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNL 2-5 
ORNL 2-6 
ORNL 2-7 
ORNL 2-8 
ORNL 2-9 
ORNL 2-10 
ORNL 2-11 
ORNL 2-12 
ORNL 2-13 
ORNL 2-14 
ORNL 2-15 
ORNL 2-16 
ORNL 2-17 
ORNL 2-18 
ORNL 2-19 
ORNL 2-20 
ORNL 2-21 
ORNL 2-22 

30.4 
32.8 
38.8 
49.7 
69.1 
72.8 
67.5 
75.4 
73.7 
75.6 
73.1 
17.9 
22.4 
26.4 
30.7 
20.4 
43.8 
57.9 
19.3 
23.4 
31.2 
38.8 
54.4 
66.1 
65.5 

79 
63.5 
56.1 
62.8 
20.5 
28.9 
39.6 
39.9 
41.5 
82.6 
111.8 
192.6 

276 
399.7 
596.1 

7.3 
8.7 
9.4 

11.6 
17.6 
27.5 
17.2 
19.6 
19.6 
18.1 
19.8 
6.4 
7.8 
8.7 
8.5 
6.2 
9.1 

10.7 
6.5 
7.8 
9.9 

10.5 
12.9 
13.5 
17.3 
27.2 
17.7 
17.2 
16.8 
7.5 

10.3 
9.3 

10.4 
12.7 
16.9 
14.9 
33.9 
77.2 

156.2 
118.2 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

25 
25 
25 
25 
25 
25 
26 
26 
26 . 
26 
26 
13 
13 
13 
13 
14 
14 
14 
25 
25 
25 
25 
25 
25 
26 
26 
26 
26 
26 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 

13 
1s 
17 
19 
21 
23 
0 
3 
4 
6 

17 
14 
15 
17 
19 
11 
13 
15 
13 
15 
17 
19 
21 
23 
0 
3 
4 
6 

17 
14 
15 
17 
19 
11 
13 
15 
17 
19 
21 
23 

40 
0 
0 
0 

30 
0 
0 
0 

50 
56) 
0 

38 
45 
0 

20 
0 
Q 
CI 
40 
0 
0 
0 

30 
0 
0 
0 

50 
50 
0 

30 
45 
0 

20 
0 
0 
0 
0 
0 
0 
0 

100 
103 
126 
139 
118 
166 
115 
106 
114 
125 

1 
135 
153 
130 
122 
133 
118 
133 
150 
116 
117 
122 
112 
106 
110 
105 
121 
125 
118 
136 
135 
139 
128 
159 
171 
180 
197 
274 
26 1 
2% 



A-10 

Continued 

Tank 
Sample Total Dissolved Sample Sample Sample Sample Volume 

(Solids mg/5mL) Month Day Hour Minute (liters) 

ORNL 2-23 
ORNL 2-24 
ORNL 1-20 
ORNL 1-21 
ORNL 1-22 
ORNL 1-23 
ORNL 1-24 
ORNL 2-25 
ORNL 2-26 
ORNL 2-27 
ORNL 2-28 
ORNL 2-29 
ORNL 2-30 
ORNL 2-31 
ORNL 2-32 
ORNL 2-33 
ORNL 2-34 
ORNL 2-35 
ORNL 2-36 
ORNL 2-37 
ORNL 2-38 
ORNL 2-39 
ORNL 2-40 
ORNE 2-41 
ORNL 2-42 
ORNL 2-43 
ORNL 2-44 
OMNL 2-45 
ORNL 2-46 
ORNE 2-47 
ORNL 2-48 
ORNL 2-49 
ORNL 2-50 
ORNL 2-51 
ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 
ORNL 2-57 

251.2 
239.5 
219.7 
215.8 
21 1.3 
204.6 
209.4 
199.7 
196.7 
183.6 
172.5 

151 
128.2 
111.4 
64.9 
$4.1 
69.4 

64 
56.4 
54.7 
49.2 
47.7 
42.8 
40.1 
37.8 
35.2 
33.9 
33.3 
26.1 
25.7 
25.2 
24.9 
24.6 
26.4 
23.5 
23.4 
21.9 
21.3 
22.3 
21.2 

100.7 
91.9 
98.2 
94.7 
91.3 
82.5 

105.3 
102.3 
95.5 

91 
90 

84.5 
77.9 
65.5 
61.9 
55.4 
45.4 
39.9 
38.1 
41.2 
36.7 
35.6 
34.1 
31.4 
34.7 
29.6 
27.9 
25.7 

25 
23 

27.3 
23.8 
20.8 
17.7 
22.2 

20 
20.6 
16.8 
17.5 
16.3 

7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 

15 
15 
15 
15 
1s 
15 
1s 
15 
15 
15 
15 
15 
16 
16 
15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
18 
18 
18 
18 

1 
3 
5 
7 
9 
11 
13 
15 
17 
18 
21 
23 
1 
3 
5 
7 
9 

11 
13 
15 
17 
19 
21 
22 
1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
1 
3 
5 
7 

15 
5 
0 
0 
0 
0 

30 
40 
5 

5s 
0 
8 
0 
0 
0 
0 

15 
0 
0 
0 
5 
0 
0 

55 
0 
0 
0 
0 

15 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

299 
301 
314 
319 
283 
316 
250 
307 
313 
319 
276 
3 18 
257 
310 
222 
304 
311 
27 1 
305 
320 
239 
305 
322 
252 
308 
319 
293 
236 
310 
265 
300 
305 
314 
250 
3 10 
280 
247 
307 
322 
258 



A-11 

Continued 

Tank 
Sample Total Dissolved Sample Sample Sample Sample Volume 

(Solids mg/SmL) Month Day Hour Minute (liters) 

QRNL 2-58 
ORNL 2-59 
ORNL 2-60 
ORNL 2-61 
ORNL 2-62 
ORNL 2-63 
ORNL 2-64 
QRNL 2-65 
QRNL 2-66 
ORNL 2-67 
ORNL 2-68 
ORNL 2-69 
QRNL 2-70 
DRUM-1 
DRUM-2 
DRUM-3 
DRUM4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM-8 
DRUM-9 
DRUM-10 
DRUM-11 
WELL-NE 
WELL-SE 
WELL-SW 
WELL-NW 

18.6 
14.5 
18.7 
18.4 
20.9 
31.1 
29.7 
31.7 
31.6 
31.7 
12.7 
33.6 
24.9 
49.7 
42.4 
97.6 

61 
52.3 
29.8 
23.8 
38.8 
30.9 
19.7 
13.6 
7.7 
1.4 
1.1 
3.2 

17.2 7 
14.7 7 
16.2 7 
16.5 7 
18.3 7 

25 7 
25.9 7 
26.2 7 
25.7 7 
30.2 7 
9.1 7 
7.3 7 
5.7 7 

19.1 8 
11.6 8 
63.7 8 
46 8 

28.4 8 
22.9 8 
19.2 8 
22.9 8 
18.9 8 
7.4 8 
9.7 8 
1.2 8 
0.8 8 
1.4 8 
1.2 8 

18 9 
18 11 
18 13 
18 15 
18 17 
18 19 
18 21 
18 23 
19 0 
19 1 
19 2 
19 2 
19 2 
5 10 
5 10 
5 10 
5 10 
5 10 
5 10 
5 10 
5 10 
5 10 
5 10 
5 10 
4 10 
4 10 
4 10 
4 10 

0 248 
0 305 
0 307 
0 323 
0 326 
0 309 
0 314 
0 313 
0 89 
0 332 
5 34 

15 49 
20 49 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 



A-12 

Transfer Volume is the volume of solution transferred from Tank 1 to Tank 2 or from Tank 2 to 
the waste drums. Total Solids in Tank is the recorded tank volume x total solids in the sample 
taken nearest to the tank volume measurement. Total Solids Transfer is the product of transfer 
volumc and concentration. Cum Total Solids Transfer is the cumulative solids transferred to that 
time. Cum Total Solids is the cumulative amount of solids resident in or transferred from a given 
tank. System Total Solids is the cumulative solids in the system (tank 1 + tank 2 + transfers to 
drums) at a given time. Similar inventory quantities are calculated for the other water quality 
characteristics. 

Total Total Cum Total Cum Total System Dissolved 

Sample Volume in Tank Transfer Transfer Solids in Tank 
Transfer Solids Solids Solids Solids Total Solids 

(liters) (mg) (mg) (mg) (mg) (mg> 0%) 

ORNL 1-1 
ORNL 1-2 
ORNL 1-3 
ORNL 1-4 
ORNE 1-5 
ORNL 1-6 
ORNL 1-7 
ORNL 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
ORNL 1-12 
ORNL 1-13 
ORNE 1-14 
ORNL 1-15 
ORNL 1-16 
ORNL 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNE 2-5 
ORNL 2-6 
ORNL 2-7 
ORNE 2-8 
ORNL 2-9 
ORNL 2-10 
ORNL 2-11 
ORNL 2-12 
ORNE 2-13 
ORNL 2-14 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

130 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

60800 
675680 
977760 

1381660 
1630760 
1688960 
1552500 
1598480 
1680360 
1890000 

14620 
483300 
685440 
686400 
749080 
542640 

1033680 
1540140 
579000 
542880 
730080 
946720 

1218560 
1401320 
1441000 
1659000 
1536700 
1402500 
1482080 
557600 
780300 
1 lo0880 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1900600 1900600 
0 1900600 
0 1- 
0 1900600 
0 1900600 
0 1900600 
0 1900600 
0 1900600 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 G 
0 0 
0 0 
0 0 
0 0 

6o8ooo 
675680 
977760 

1381660 
1630760 
1688960 
1552500 
1598480 
1680360 
1890000 
1915220 
2383900 
2586040 
2587000 
2649680 
2443240 
2934280 
3440740 
579000 
542880 
730080 
946720 
1218560 
1401320 
1441Ooo 
1659000 
1536700 
1402506 
1482980 
557600 
780300 
1100880 

1460630 
179220 
236880 
322480 
415360 
638000 
395600 
415520 
446880 
452500 

3960 
172800 
238680 
226200 
207400 
164920 
214760 
284620 
1187OOO 195000 
1218560 180%0 
1707840 231660 
2328380 256200 
2849320 288960 
3090280 286200 
2993500 380600 
3257480 571200 
3217060 428340 
3292500 43oooO 
3397300 396480 
2941500 204000 
3366340 278100 
3687880 258540 



A-13 

Continued 

Total Total Cum Total Cum Total System Dissolved 
Transfer Solids Solids Solids Solids Total Solids 

Sample Volume in Tank Transfer Transfer Solids in Tank 
(liters) (mg) (mg) (mg> (mi!> (mg) (mg) 

QRNL 2-15 
ORNL 2-16 
ORNL 2-17 
ORNL 2-18 
ORNL 2-19 
ORNL 2-20 
QRNL 2-21 
ORNL 2-22 
QRNL 2-23 
ORNL 2-24 
QRNL 1-20 
QRNL 1-21 
ORNL 1-22 
ORNL 1-23 
ORNL 1-24 
QRNL 2-25 
ORNL 2-26 
ORNL 2-27 
ORNL 2-28 
QRNL 2-29 
ORNL 2-30 
ORNL 2-31 
QRNL 2-32 
ORNL 2-33 
ORNE 2-34 
ORNL 2-35 
ORNL 2-36 
ORNL 2-37 
ORNL 2-38 
ORNL 2-39 
QRNL 2-40 
ORNE 2-41 
ORNL 2-42 
O W L  2-43 
ORNL 2-44 
ORNL 2-45 
ORNL 2-46 
ORNL 2-47 
ORNL 2-48 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

56 
0 

69 
0 
0 
0 

50 
0 

67 
0 

101 
0 
0 

53 
0 
0 

87 
0 
0 

60 
0 
0 

40 
9i 
0 

50 
0 

1021440 
1319700 
2824920 
4024800 
7swMo 

15124800 
20864340 
34@%920 
1502 1760 
14417900 
13797 160 
13768040 
11959580 
12930720 
1047oooO 
12261580 
12313420 
11713680 
9522000 
9603600 
6S89480 
6906800 
2881560 
5113280 
4316680 
3468800 
3440400 
3500800 
2351760 
2909700 
2756320 
2 10 1240 
2328480 
2245760 
1986540 
1571762 
1618200 
1362100 
1512000 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2366560 
0 

2889720 
0 
0 
0 

1 725000 
0 

1717880 
0 

1310980 
0 
0 

678400 
0 
0 

856080 
0 
0 

481200 
0 
0 

271200 
606068 

0 
257000 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2366560 
2366560 
5256280 
5256280 
5256280 
5256280 
6981280 
6981280 
8699160 
8699160 

10010140 
1010140 
10010140 
10688540 
10688540 
10688540 
11544620 
11544620 
1 1544620 
12025820 
12025820 
12025820 
12297020 
12903080 
12903080 
13 16o080 
13 16OO80 

1021440 
1319700 
2824920 
4Q24800 
7588440 

15124800 
20864340 
34096920 
15021 760 
14417900 
13797160 
13768040 
14326140 
152!27280 
15726280 
17517860 
17569700 
16969960 
16503280 
16584880 
15288640 
15605960 
12891700 
15123420 
1432682Q 
14157340 
14128940 
14189340 
13896380 
14454320 
14300940 
14127060 
14354300 
14271580 
14283560 
14474840 
14521280 
14522180 
14672080 

3671 120 
3762940 
5758200 
7465540 

11029180 
18565540 
24305080 
37537660 
18462500 
17858640 
17237900 
17208%O 
17766880 
18738020 
19167020 
20958600 
21010440 
20411)700 
1994.4020 
20025620 
18729380 
19046700 
16332440 
18564160 
17767560 
17598080 
17§6%80 
176XXBO 
17337120 
17895060 
17741680 
17567800 
17795040 
17712320 
17724300 
179 15580 
17962020 
17%2920 
1811rnO 

266240 
403860 
577980 
536400 

1335660 
4230560 
6170040 
8934640 
6021860 
5532380 
6166960 
6041860 
5167580 
5214Ooo 
5265000 
6281220 
5978300 
5805800 

5393280 
4004060 
4061OOO 
2748360 
3368320 
2823880 
2162580 
2324100 
2636800 
1754260 
2171cioo 
2196040 
1M5360 
2137520 

1634940 
1213040 
155oooO 
1219000 
1638000 

4- 

I 1- 
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Continued 

Total Total Cum Total Cum Total System Dissolved 
Transfer Solids Solids Solids Solids Total Solids 

Sample Volume in Tank TransEer Transfer Solids in Tank 
(liters) (mg) (mg> (mg> (mg> (mg) (mg) 

ORNL 2-49 
ORNL 2-50 
ORNL 2-51 
ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 
ORNL 2-57 
ORNL 2-58 
ORNL 2-59 
ORNL 2-60 
ORNL 2-61 
ORNL 2-62 
ORNL 2-63 
ORNL 2-64 
ORNL 2-65 
ORNL 2-66 
ORNL 2-67 
ORNL 2-68 
ORNL 2-69 
ORNL 2-70 
DRUM-1 
DRUM-2 
DRUM-3 
DRUM-4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM-8 
DRUM-9 
DRUM-10 
DRUM-1 1 

0 
0 

81 
0 

53 
76 
0 
0 

99 
74 
0 
0 
0 
0 
0 
0 
0 

235 
0 

347 
0 
0 

199 
140 
197 
193 
185 
1% 
194 
199 
1% 
199 
76 

1518900 
1544880 
132oooO 
1457000 
1310400 
1081860 
1307820 
1436 120 
1093920 
922560 
884500 

1148180 
1188640 
1362680 
1921980 
1865160 
1984420 
562480 

2104880 
86360 

329280 
244020 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

427680 
0 

248040 
332880 

0 
0 

419760 
275280 

0 
0 
0 
0 
0 
0 
0 

1485200 
0 

881380 
0 
0 

1978060 
1 187200 
3845440 
2354600 
1935100 
1168160 
923440 

1544240 
1211280 
784060 
206720 

13160080 
13160080 
13587760 
13587760 
13835800 
14158680 
14168680 
14168680 
14588440 
14863720 
14863720 
14863720 
14863720 
14863720 
14863720 
14863720 
14863720 
16348920 
16348920 
17230300 
17230300 
17230300 

14678980 
14704960 
14907760 
15044760 
15146200 
15250540 
15476500 
15604800 
15682360 
15786280 
15748220 
16011900 
16052360 
16226400 
16785700 
16728880 
16848140 
16911400 
18453800 
17316660 
17559580 
17474320 

18 1 19720 
18 145700 
18348500 
18485500 
18586940 
18691280 
189 17240 
19045540 
19123100 
19227020 
19188960 
19452640 
1 9493 100 
19667140 
20226440 
20169620 
20288880 
20352140 
21894540 
20757400 
21000320 
20915060 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1451800 
1306240 
885000 

1376400 
112oooo 
1017640 
1031520 
1127000 
841080 
853120 
8%700 
99m 

1065900 
1 193 160 
1545000 
1626520 
1640120 
457460 

2005280 
61880 
71540 
55860 

TG:al Drum Inventory: 17138300 
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Dissolved Cum Dis. Cum Dk. System System Gross Gross 
Solids Solids Solids Dissolved Suspended Beta Beta 

Sample Transfer Transfer Solids solids inTank Transfer 
(mg) (mi4 (mg) (mg) (mg> (Bq) (Bq) 

ORNL 1-1 
ORNL 1-2 
ORNL 1-3 
ORNL 1-4 
ORNL 1-5 
ORNL 1-6 
ORNL 1-7 
ORNL 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
ORNL 1-12 
ORNL 1-13 
ORNL 1-14 
ORNL 1-15 
ORNL 1-16 
ORNL 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNL 2-5 
ORNL 2-6 
ORNL 2-7 
ORNL 2-8 
ORNL 2-9 
ORNL 2-10 
ORNL 2-11 
ORNL 2-12 
ORNL 2-13 
ORNL 2-14 
ORNL 2-15 
ORNL 2-16 
ORNL 2-17 
ORNL 2-18 
ORNL 2-19 
ORNL 2-20 
ORNL 2-21 
ORNL 2-22 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

514800 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

514800 
5 14800 
514800 
5 14800 
5 14800 
5 14800 
5 14800 
5 14800 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1460oO 
179220 
236880 
322480 
415360 
638000 
395600 
41 5520 
446880 
452500 
5 18760 
687600 
753480 
741000 
722200 
679720 
729560 
799420 
195000 
180960 
231660 
256200 
288960 
286200 
380600 
571200 
428340 
43oooo 
396480 
204000 
278100 
258540 
266240 
403860 
577980 
536400 
1335660 
4230560 
6 170040 

0 8934640 

341000 
360180 
468540 
578680 
704320 
924200 
776200 
W720 
875220 
882500 
915240 
891600 
1031580 
999540 
988440 
1083580 
1307540 
1335820 
2135080 
5029980 
6%9460 
9734060 

234800 
231441 
265 104 
338882 
336300 
341852 
297045 
3041 14 
300846 
289OOo 
2673 
1o09&0 
119034 
107770 
104920 
82992 
75402 
80465 

846OOo 
858380 
1239300 
1749700 
2145000 
2166080 
221 7300 
2270760 
2341840 
241oooO 
2482060 
2049900 
2334760 
2688340 
2682680 
2679360 
445166Q 
6129720 
8894100 
13535560 
17335620 
27803600 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

347490 
0 
0 
0 
0 
0 
0 
0 

177000 
142680 
124254 
116022 
150752 
148506 
147620 
144585 
132132 
127875 
195290 
105400 
86130 
96605 
75392 
%354 
112347 
98820 
83725 
172620 
209844 
327756 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



14- 1 6 

Continued 

Dissolved Cum Dis. Cum Dis. System System Gross Gross 
Solids Solids Solids Diss~lved Suspended Beta Bcta 

Sample Transfer Transfer Solids Sollids in Tank Transfer 
(mg) (mg? (mg) (mg) (mg) (Bq) (Q) 

ORNL 2-23 
ORNL 2-24 
ORNL 1-20 
ORNL 1-21 
ORNL 1-22 
ORNL 1-23 
ORNL 1-24 
ORNL 2-25 
ORNL 2-26 
ORNL 2-27 
ORNL 2-28 
ORNL 2-29 
ORNL 2-30 
ORNL 2-31 
ORNL 2-32 
ORNL 2-33 
ORNL 2-34 
ORNE 2-35 
ORNE 2-36 
ORNL 2-37 
ORNL 2-38 
ORNL 2-39 
ORNL 2-40 
ORNL 2-41 
ORNL 2-42 
ORNL 2-43 
ORNL 2-44 
ORNL 2-45 
ORNL 2-46 
ORNL 2-47 
ORNL 2-48 
ORNL 2-49 
ORNL 2-50 
ORNL 2-51 
ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 

0 
0 
0 
0 

1022560 
0 

1453140 
0 
0 
0 

900000 
0 

1043860 
0 

1250380 
0 
0 

422940 
0 
0 

638580 
0 
0 

376800 
0 
0 

223200 
467740 

0 
23oooO 

0 
0 
0 

286740 
0 

212m 
313120 

0 
0 

0 
0 
0 
0 

1022560 
1022560 
2475700 
2475700 
2475700 
2475700 
3375700 
3375700 
4419560 
4419560 
5669940 
5669940 
5669940 
6092880 
6 0 9 3 2  
6O!xB30 
6731460 
673 1460 
6731460 
7108260 
7108260 
7108260 
7331450 
7799200 
7799200 
8029200 
8029200 
8029200 
8029200 
83 15940 
331594i) 
6527940 
8841060 
8841060 
8841060 

6021860 
5532380 
6166%0 
6041860 
6190140 
6236560 
7740700 
8756920 
8454800 
8281500 
8343700 
8768980 
8423620 
8480560 
8418300 
9038260 
8493820 
8255460 
84 16980 
8729680 
8485720 
8903860 
8927500 
8753620 
9245780 
8%740 
8966400 
9012240 
9349200 
9248200 
9667200 
9481000 
9335440 
9200940 
9692340 
"A7940 
9858700 
9872580 
9968060 

6821280 
6331800 
6966380 
6841280 
6989560 
7035980 
8540120 
9556340 
9253420 
9080920 
9 143 120 
9568400 
9223040 
9279980 
92 17720 
9837680 
9293240 
9 0 5 m  
9215400 
9529100 
9285 140 
9702480 
9726920 
9553040 

10045200 
97%160 
9765820 
981 1660 

10148620 
10047620 
10466620 
10280420 
10134860 
loo00360 
10491760 
10447360 
10658 120 
10672000 
10767480 

11641220 
11526840 
10271520 
10367500 
10777320 
1 17O2M 
106Ui'l)(w3 
11402260 
11757020 
11329780 
1 o m  
10457220 
9506340 
9766720 
71 14720 
8726480 
$474320 
8543200 
8353280 
8100980 
805 1980 
8 192580 
8014760 
8014760 
7749840 
7916160 
79584.80 
8103920 
78134 
7915300 
7646200 
7f439300 
8010840 
8348140 
7993740 
8139580 
8033 160 
8245240 
8278060 

142623 
129430 
134075 
128238 
107540 
109020 
1035QQ 
131089 
150553 
157267 
14Q484 
144054 
121561 
137330 
97236 

1136% 
109161 
95934 

5 
101760 
72 178 
99735 
99498 
73622 

74965 
63874 
47908 
48670 
45050 
5 1300 
47580 
54636 
36250 
45888 
43120 
35074 
38375 
3 1878 

85932 

0 
0 
0 
0 

2130  
0 

28565 
0 
0 
0 

25450 
0 

31691 
0 

44238 
0 
0 

18762 
0 
0 

26274 
0 
0 

16860 
0 
0 

8720 
18473 

0 
8500 

0 
0 
0 

11745 
0 

8162 
10792 

0 
0 



A-17 

Continued 

Dissolved Cum Dis. Cum Dis. System System Gross Gross 
Solids Solids Solids Dissolved Suspended Beta 

Sample Transfer Transfer Solids solids 

(mg) (mg) (ms) @g) (w) 

QRNL 2-57 322740 
ORNL 2-58 254560 
ORNL 2-59 0 
ORNL 2-60 0 
QRNL 2-61 0 
ORNL 2-62 0 
ORNL 2-63 0 
QRNL 2-64 0 
ORNL 2-65 0 
ORNL 2-66 1207900 
ORNL 2-67 0 
ORNL 2-68 631540 
ORNL 2-69 0 
QRNL 2-70 0 
DRUM-1 760180 
DRUM-2 324800 
DRUM-3 2509780 
DRUM4 1775600 
DRUM-5 10508oo 
DRUM-6 897680 
DRUM-7 744960 
DRUM-8 911420 
DRUM-9 740880 
DRUM-10 294520 
DRUM- 11 147440 
Drum Total = 10158060 

9163800 
9418360 
9418360 
9418360 
9418360 
9418360 
9418360 
9418360 
9418360 

10626260 
10626260 

11257800 
1 1257800 
11257800 

lo004880 
10271480 
10315060 
10413040 
10484260 
10611520 
10963360 
11044880 
11058480 
11083720 
12631540 
11319680 
11329340 
11313660 

10884301) 
1107 
1111 
1121 
11283688 
11410940 
1 1762780 
11844300 
11857900 
111#33140 
13430960 
12119100 
12128760 
121 13080 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

8325320 

69020 
62252 
68515 
46805 
38416 
25220 
47362 
35476 
1771 1 
3 

823522 

283 
267 
39345 

58055 
0 

36924 
0 
0 



A-18 

Cum Gross Cum System Alkalinty Alkalinity Cum Cum 
Beta Gross Gross in Tank Transfer Alkalinity Alkalinity 

Sample Transfer Beta Beta Transfer 
(Bq) (%I (Bq) (mJ3 QcoJ (mg) (mg) 

ORNL 1-1 
ORNL 1-2 
ORNL 1-3 
ORNE 1-4 
ORNL 1-5 
ORNL 1-6 
ORNL 1-4 
ORNE 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
OWN& 1-12 
OWNk 1-13 
ORNL 1-14 
ORNL 1-15 
ORNK 1-16 
ORML 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNL 2-5 
ORNL 2-6 
ORNL 2-7 
ORNL 2-8 
ORNL 2-9 
ORML 2-10 
ORNL 2-1 1 
ORNE 2-12 
ORNL 2-13 
ORNI, 2-14 
ORNL 2-15 
ORNL 2-16 
ORNk 2-17 
ORWL 2-18 
ORNE 2-19 
ORNL 2-20 
ORNL 2-21 
ORNk 2-22 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

347490 
347490 
347490 
347490 
347490 
347490 
347490 
347490 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2 3 m  
231441 
265104 
338882 
336380 
341852 
297045 
3041 14 
380846 
289OOo 
350163 
448470 
466524 
455260 
452410 
430482 
422892 
427955 
1777000 
142680 
124254 
116022 
150752 
148506 
147620 
144585 
132132 
12x375 
195290 
1054oO 
86130 
m 5  
75392 
%3S4 

112347 
98820 
83725 

172628 
209844 
327756 

36900 
46453 
58842 
13344 
1180 
1160 
1265 
3498 

0 
3000 

28 
18360 
32589 
27560 
25010 
24073 
32096 
44954 

411800 
374121 
389358 
454904 
487052 
49Q358 
444665 
448699 
432978 
416875 
545453 
553870 
552654 
551865 
527802 
526836 
535239 
526775 
511680 
600575 
637799 
75571 1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3641) 
0 
0 
0 
0 
0 
0 
0 

87000 
83520 

loo620 
2013OQ 
80640 
71020 
93500 
94500 

106480 
101250 
%760 
25848 
41850 
45870 
42240 
54w.I  
92340 

117000 
518110 

2485180 
3959370 
6463600 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3640 
3640 
3640 
3640 
3640 
3640 
3640 
3640 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

36900 
46453 
58842 
13344 
1180 
1160 
1265 
3498 

0 
3 0 0  
3 

22000 
36229 
31200 
28650 
27713 
35735 
48594 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

87m 
83520 
100620 
20 1300 
gOltiQ0 
71020 
93500 
94500 

1 
101250 
%760 
25MQ 
41850 
45870 
42240 
54060 
%340 

117m 
518110 

24.85180 
3959370 
64453640 



A-19 

Con tin ued 

Cum Gross Cum System Alkalinty Alkalinity Cum Cum 
Beta Gross Gross in Tank Transfer Alkalinity Alkalinity 

Sample Transfer Beta k t a  Transfer 
(Bq) (W (Bq) 0% GCOJ (w> (mg> (mg> 

ORNL 2-23 
ORPX 2-24 
ORNL 1-20 
ORNL 1-21 
ORNL 1-22 
ORNL 1-23 
ORNE 1-24 
ORNE 2-25 
ORNL 2-26 
ORNL 2-27 
ORNL 2-28 
ORNL 2-29 
ORNL 2-30 
ORNL 2-31 
O W L  2-32 
QRNL 2-33 
ORNL 2-34 
ORNL 2-35 

ORNL 2-37 
ORNL 2-38 
ORWL 2-39 
ORNL 2-40 
QRNL 2-41 
QRNL 2-42 

ORNL 2-36 

ORNL 2-43 
ORNL 2-44 
ORNL 2-45 
ORNL 2-46 
ORNL 2-47 
O W L  2-48 
ORNL 2-49 
QRNL 2-50 
QRNL 2-51 
ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 

0 
0 
0 
0 

21280 
21280 
49846 
49846 
49846 
49846 
752% 
75296 

106987 
106987 
151225 
151225 
151225 
16987 
169987 
16987 
19626 1 
1 9626 1 
196261 
213121 
213121 
213121 
221841 
240314 
240314 
248814 
248814 
248814 
248814 
260559 
260559 
268721 
279513 
279513 
279513 

142623 570578 
129430 557385 
134078 562033 
128238 556193 
128820 556775 
130300 558255 
153346 5813Q1 
180935 608890 
200399 628354 
207113 635068 
215780 643735 
219350 647305 
228548 656503 
244317 672272 
248461 676416 
264921 692876 
260386 688341 
265921 693876 
2m72 694627 
271747 699702 
268439 6%394 
2959% 723951 
295759 723714 
286743 714698 
299053 727008 
2880% 716041 
285715 713670 
288222 716177 
288984 716939 
293864 721819 
300'114 728069 
296394 724349 
303450 731405 
296809 724764 
306439 734394 
311841 7397% 
314587 742542 
317888 745843 
311391 739344 

3169400 
3163510 
297672 
247544 
167536 
84372 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
Q 
0 
0 

a 

0 
0 
0 
0 

33152 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Q 
0 
0 
0 

a 

0 
0 
0 
0 

33152 
33152 
33152 
33152 
33152 
33152 
33152 
33 152 
33152 
33 152 
331152 
33152 
33152 
33152 
33152 
33152 
33152 
33152 
33 152 
33152 
33152 
33 152 
33252 
33152 
33 152 
33 152 
33 152 
33152 
33952 
33152 
33'152 
3315% 
33152 
33152 
33252 

3169400 
3163510 

29ii6n 
2csK.14 
m 
I 1 m  
33152 
33m 
33152 
33m 
33152 
33152 
33152 
33152 
33152 
33152 
33m 
33152 
33152 
33152 
3152 
333152 
33152 
33ls2 
33152 
33152 
3333152 
3152 
33m 
33152 
33m 
33152 
33152 
33m 
33m 
33152 
33t52 
33l52 
33152 



A-20 

CAntinued 

Cum Gross Cum System Alkalinty Alkalinity Cum CUm 

(Bq) (B¶) ( B 4  (fng CaCOJ (mg) (mg) (mg) 

Beta Gross Gross in Tank Transfer Alkalinity 
Sample Transfer Beta Beta Transfer 

ORNL 2-57 
ORNL 2-58 
ORNL 2-59 
ORNL 2-60 
ORNL 2-61 
ORNL 2-62 
ORNL 2-63 
ORNL 2-64 
ORNL 2-65 
ORNL 2-66 
ORNL 2-67 
ORNL 2-68 
ORNL 2-69 
ORNL 2-70 
DRUM-1 
DRUM-2 
DRUM3 
DRUM4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM8 
DRUM-9 
DRUM-10 
DRUM-1 1 

290403 
298395 
298395 
298395 
298395 
298395 
298395 
298395 
298395 
348450 
3416450 
380374 
380374 
3803’74 

318783 746738 
325179 753134 
337740 765695 
340761 768716 
329726 757681 
342079 770034 
347217 775172 
358055 786010 
368507 795462 
367407 795362 
421490 849445 
3835162 811457 
554667 982622 
4-682230 896235 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

18700 
18130 
25970 

0 
0 
0 
0 
0 
0 
0 
0 
0 

89550 
39444 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

190850 
0 
0 

84575 
39480 
39006 

33152 
33152 
33152 
33152 
33 152 
33152 
33152 
33152 
33 152 
33152 
33 152 

224002 
224002 
224002 

33152 
33152 
33152 
33 152 
33 152 
33 152 
33152 
33152 
33152 
33152 
33 152 

242702 
242132 
249972 

Total Drum Inventory=292055 



A-21 

System Acidity Acidity Cum Cum System 

(mg) 0% &COJ (mg) (mg) (mg) (mg) 

Alkalinity in Tank Transfer Acidity Acidity Acidity 
Sample Transfer 

ORNL 1-1 
ORNL 1-2 
ORNL 1-3 
ORNL 1-4 
ORNL 1-5 
ORNL 1-6 
ORNL 1-7 
ORNL 1-8 
ORNL 1-9 
ORNL 1-10 
ORNL 1-11 
ORNL 1-12 
ORNL 1-13 
ORNL 1-14 
O W L  1-15 
ORNL 1-16 
ORNL 1-17 
ORNL 1-18 
ORNL 2-1 
ORNL 2-2 
ORNL 2-3 
ORNL 2-4 
ORNL 2-5 
ORNL 2-6 
ORNL 2-7 
ORNL 2-8 
ORNL 2-9 
ORNL 2-10 
ORNL 2-11 
ORNL 2-12 
ORNL 2-13 
ORNL 2-14 
ORNL 2-15 
ORNL 2-16 
O W L  2-17 
ORNL 2-18 
QRNL 2-19 
ORNL 2-20 
ORNL 2-21 
ORNL 2-22 

123900 
129973 
159462 
214644 
81820 
72180 
94765 
97998 

106480 
104250 
100428 
47840 
78079 
77070 
70890 
81773 

128076 
165594 
566704 

2533774 
4007964 
65 12194 

0 
2266 
1134 

24186 
52982 
53360 
37605 
50668 

0 
45000 

398 
8100 
7497 

12610 
9882 
9044 

16638 
17556 

750 
0 
0 
0 

a400 
3604 

0 
0 

5203 
10125 
8142 
78s8 

21600 
23491 
13824 
10176 
26847 
23400 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

51740 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

51740 
51740 
51740 
51740 
51740 
51740 
5 1740 
5 1740 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
2266 
1134 

24186 
52982 
53360 
37605 
50668 

0 
45000 
52138 
59840 
59237 
64350 
6 1622 
60784 
68378 
692% 

750 
0 
0 
0 

8400 
3604 

0 
0 

5203 
10125 
8142 
7888 

21600 
2349 1 
13824 
10176 
26847 
23400 

0 
0 
0 
0 

750 
2266 
1134 

24136 
61382 
56964 
37605 
50668 
5203 

55125 
60280 
67728 
80837 
8784 1 
75446 
70960 
95225 
926% 
211% 
21 1% 
211% 
211% 



A-22 

Continued 

System Acidity Acidity Cum c u m  System 
Alkalinity in Tank Transfer Acidity Acidity Acidity 

Sample Transfer 

(ms) (mgCaCO3) (mg> (mg> (mg) (w) 

ORNL 2-23 
ORNL 2-24 
ORNL 1-20 
ORNL 1-21 
ORNL 1-22 
ORNL 1-23 
ORNL 1-24 
ORNL 2-25 
ORNL 2-26 
ORNL 2-27 
ORNL 2-28 
QRNL 2-29 
ORNL 2-30 
ORNL 2-31 
ORNL 2-32 
ORNL 2-33 
ORNL 2-34 
ORNE 2-35 
ORNE 2-36 
ORNL 2-37 
QRNL 2-38 
ORNL 2-39 
ORNL 2-40 
ORNL 2-41 
ORNL, 2-42 
ORNL 2-43 
ORWL 2-44 
ORNL 2-45 
ORNL 2-46 
ORNL 2-47 
ORWL 2-48 
ORNL 2-49 
ORNL 2-50 
ORNL 2-51 
ORNL 2-52 
ORNL 2-53 
ORNL 2-54 
ORNL 2-55 
ORNL 2-56 

32 17994 
3212104 
346266 
296138 
249282 
1661 18 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
8 1746 
81746 
81746 
81746 
8 1746 
81746 
81746 
81746 
8 1746 
8 1 746 
8 1746 

0 
0 
0 
0 
0 
0 

302250 
475850 
477638 
491260 
537096 
653 172 
534560 

0 
497280 
650560 
634440 
498640 
573400 
624000 
420640 
506300 
489440 
343220 
446600 
472120 
457080 
3 16240 
368900 
286200 
363000 
314150 
329700 
255000 
31oooO 
302400 
266760 
392960 
495880 

0 
0 
0 
0 
0 
0 

83421 
0 
0 
0 

97300 
0 

139360 
0 

226240 
0 
0 

97520 
0 
0 

153120 
0 
0 

78600 
0 
0 

62400 
121940 

0 
54000 

0 
0 
0 

82620 
0 

57240 
82080 

0 

0 
0 
0 
0 
0 
0 

83421 
8342 1 
83421 
83421 

180721 
180721 
320081 
320081 
54632 1 
546321 
546321 
64384 1 
64384 1 
643841 
796961 
796951 
796961 
87556 1 
875561 
875561 
937961 

1059901 
1059901 
11 13901 
11 13W1 
1113901 
1113901 
1196521 
1196921 
1253761 
1335841 
1335841 

0 1335841 

0 
0 
0 
0 
0 
0 

38567 1 
559271 
561059 
57481 
717817 
833893 
854641 
320081 

1043601 
1196tB1 
1180761 
1142481 
121’7241 
1267841 
1217501 
1303261 
1286401 
1218781 
13221 6 1 
1347681 
1395041 
1376 14 1 
142880 1 
1400101 
147690 1 
142805 1 
1443601 
1451521 
1506521 
1556161 
1602601 
11928801 
183 1721 

21196 
211% 
21196 
21 196 
21 196 
21 196 

406867 
580467 
582255 
595877 
739013 
855089 
8’75837 
341277 

1064797 
1218077 
120 1957 
1163477 
1238437 
1289037 
1238797 
1324457 
1307597 
1239977 
1343357 
1368877 
14 1623’7 
1397337 
1449997 
142 1297 
1498097 
1449247 
1464797 
1472717 
152771’7 
1577357 
1623797 
1749997 
18529 17 



A-23 

Continued 

System Acidity Acidity Cum Cum System 
Alkalinity in Tank Transfer Acidity Acidity Acidity 

Sample Transfer 
(mg) (mg CaCOJ (mg) (mg) (mg) (mg) 

ORNL 2-57 
ORNL 2-58 
ORNL 2-59 
ORNL 2-60 
ORNL 2-61 
O W L  2-62 
ORNL 2-63 
ORNL 2-64 
ORNL 2-65 
ORNL 2-66 
ORNL 2-67 
ORNL 2-68 
ORNL 2-69 
ORNL 2-70 
DRUM-1 
DRUM-2 
DRUM3 
DRUM-4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM-8 
DRUM-9 
DRUM- 10 
DRUM- 11 

81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
81746 
8 1746 

29 12% 
290726 
298566 

368940 
339760 
247050 
227180 
261630 
433580 
537660 
63 1140 
660430 
197313 
813400 

510 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

141570 
101380 

0 
0 
0 
0 
0 
0 
0 

520995 
0 

5205 
0 
0 

41790 
21980 

137309 
320573 
249750 
199920 
209520 
262680 
192080 
17114 
10412 

1477411 
1578791 
1578791 
1578791 
1578791 
1578791 
1578791 
1578791 
1578791 
2099786 
2099786 
2104991 
2104991 
2104991 

1846351 
191 855 1 
1825841 
1805971 
1840421 
2012371 
21 16451 
220993 1 
2239221 
2297099 
2913186 
2105501 
2104991 
2104991 

1867547 
1939747 
1847037 
1827167 
1861617 
2033567 
2137647 
223 1 127 
2260417 
23 18295 
2934382 
2126697 
2126187 
2126187 

Total Drum Inventory = 1663128 
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ORNL-1-1 
ORNL- 1-2 
ORNL-1-3 
ORNL- 1-4 
ORNL- 1-5 
ORNL- 1-6 
ORNL- 1-7 
OKNL-1-8 
ORNL-1-9 
ORNL- 1 - 10 
ORNL- 1- 1 1 
ORNL- 1 - 12 
ORNL-1-13 
ORNL-1-14 
ORNL- 1- 15 
ORNL- 1- 16 
ORNL- 1- 17 
OWNL- 1- 18 

0 R N L - 2 - 2 
ORNL-2-3 

OWNL-2-5 

ORNL-2-7 
ORNL-2-8 
ORNL-2-9 
OWNL-2-10 

ORNL-2- 1 

ORNL-2-4 

ORNL-2- 1 1 
ORNL-2-12 
ORNL-2-13 
ORNL-2-14 
ORNL-2-15 
OKNL-2- 16 
ORNL-2-17 
ORNL-2-18 
ORNL-2-19 
ORNL-2-20 
ORNL-2-21 
ORML-2-22 
ORNL-2-23 
ORML-2-24 

12 
4 8  
44 
44 
51 
55 
45 
49 
51 
52 
55 
13 
12 
11 
12 

9.8 
11 
13 

7.5 
7 

9.3 
9.9 
13 
14 
14 
14 
13 
13 
19 

7.8 
7.7 
7.8 
7.2 
7.9 
9.2 
11 
13 
15 
25 
38 
16 
14 

5.5 
25 
22 
20 
24 
25 
20 
22 
21 
19 
21 
24 
21 
19 
21 
25 
24 
26 
27 
24 
29 
25 
30 
30 
29 
29 
27 
25 
28 
30 
28 
30 
28 
30 
27 
27 
29 
29 
41 
67 
50 
49 

1.4 
4.4 
4.7 
4.5 

5 
5.9 
4.8 
5.2 
4.6 
5.7 
5.9 
1.7 
1.4 
1.3 
1.8 
1.4 
1.4 
1.4 

1 
1.2 
1.9 
1.6 
1.8 
1.7 
2.4 
2.1 

2 
1.9 
2.1 
0.9 
0.9 

1 
0.9 
1.2 
1.1 
1.3 
0.7 

2 
1.9 
2.9 
1.4 
1.3 

1.2 
5.2 
7.7 
17 
23 
25 
30 
36 
37 
37 
38 

6.3 
11 
12 
14 

9.5 
29 
40 

4.5 
4.7 
11 
15 
21 
2% 
34 
39 
40 
38 
40 

7.4 
19 
24 
23 
23 
59 
88 

200 
340 
320 
330 
370 
350 

6.6 
25 
22 
23 
26 
28 
24 
27 
28 
29 
30 
15 
14 
14 
15 
1s 
17 
18 
17 
17 
20 
19 
24 
25 
25 
26 
24 
24 
26 
14 
15 
16 
16 
16 
19 
20 
25 
32 
50 
75 
35 
33 

89 
430 
400 
420 
530 
570 
520 
600 
590 
580 
610 
270 
300 
300 
370 
260 
420 
210 
350 
320 
490 
450 
560 
630 
690 
750 
710 
680 
720 
290 

370 

1 
&rn 
7900 

13 
m 
5708 

21 
54 
40 
41 
52 
52 
46 
48 
53 
57 
61 
25 
58 
34 
49 
38 
4-6 
40 
66 
51 
60 
60 
62 
58 
54 
44 
48 
44 
48 
33 
36 
41 
41 
48 
49 
42 
36 
39 
44 
45 
47 
47 
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Continued 

ORNL-1-20 
ORNL- 1-21 
ORNL- 1-22 
ORNL-1-23 
OWL-1 -24 
ORNL-2-25 
OWL-2-26 
ORNL-2-27 
ORNL-2-28 
ORNL-2-29 
ORNL-2-30 
ORNL-2-3 1 
ORNL-2-32 
ORNL-2-33 
ORNL-2-34 
ORNL-2-35 
ORNL-2-36 
ORNL-2-37 
OWL-2-38 
ORNL-2-39 
ORNL-2-40 
ORNL-2-41 
QRNL-2-42 
ORNL-2-43 
ORNL-2-44 
ORNL-2-45 
QRNL-2-46 
ORNL-2-47 
QRNL-2-48 
ORNL-2-49 
ORNL-2-50 
ORNL-2-51 
ORNL-2-52 
ORNC2-53 
ORNL-2-54 
ORNL2-55 
OR3%-2-56 
O,%VL-2-5 7 
ORNL-2-58 
ORNL-2-59 
ORNL-2-60 

13 
13 
14 
14 
13 
11 
10 
11 
11 
10 

9.3 
9.1 

8 
7 

6.3 
6.1 
5.6 
5.9 
7.1 
5.6 
5.8 
4.2 
4.6 
4.2 
4.2 
4.2 
4.2 
7.2 
4.2 
4.6 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 

36 
31 
44 
32 
40 
36 
36 
37 
35 
30 
26 
23 
19 
17 
13 
13 
11 
14 
14 
11 
11 

9.7 
8.6 
6.8 
6.5 
5.9 
5.7 
7.1 
5.7 
6.7 
6.4 
5 3  

5 
4.3 

4 
3.4 
3.7 
3.6 

3 
4.1 
3 3  

1 
1.2 
1.2 
1.9 
3.1 
3.8 
4.4 
4.8 
6.4 
7.7 
7.3 
8.9 
7.7 
8.9 
7.7 

9 
13 
21 
20 
21 
26 
31 
46 
59 
62 
60 
60 
66 
60 
67 
73 
72 
74 
78 
83 
90 
112 
114 
103 
100 
92 

3 10 
270 
370 
330 
340 
240 
230 
230 
200 
160 
130 
100 
82 
67 
49 
46 
41 
45 
42 
33 
31 
26 
22 
17 
16 
14 
13 
15 
12 
13 
13 
11 
10 

8.3 
8 
7 

7.2 
6.6 
5.6 
5.9 
4.8 

30 
27 
31 
28 
30 
26 
26 
26 
24 
20 
18 
15 
13 
11 

9.5 
9.1 
8.5 
8.8 
8.4 
7.3 

7 
6.3 
5.7 
4.8 
4.4 
4.2 
3.8 
4.2 
3.5 
3.7 
3.7 
3.3 

3 
2.7 
2.5 
2.3 
2.2 

2 
1.8 
1.8 
1.6 

4900 
4300 
5800 
5400 
5400 
4300 
4200 
4100 
3800 
3 100 
2700 
2300 
2000 
1600 
1200 
1200 
1 100 
1100 
lo00 
790 
750 
650 
550 
390 
370 
3 10 
290 
3 10 
220 
280 
240 
390 
360 
320 
300 
260 
250 
220 
190 
180 
160 

51 
52 
72 
79 
77 
64 
61 
64 
60 
50 
65 
53 
60 
60 
59 
66 
73 
82 
97 
81 
90 
74 
77 
76 
51 
72 
64 
65 
71 
42 
75 
72 
47 

7.3 
74 
23 
44 
89 
84 
81 
75 
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Continued 

Sample AJ 
Number (mg/L) 

ORNL-2-61 
ORNL-2-62 
ORNL-2-63 
ORNL-2-64 
OWN L-2-65 
ORNL-2-66 
ORNL-2-67 
ORNL-2-68 
ORNL-2-69 
ORNk-2-70 
DRUM-1 
DRUM-2 
DRUM3 
DRUM-4 
DRUM-5 
DRUM4 

DRUMS 
DRUM-7 

DRUM-9 
DRUM-10 
DRUM-11 

4.2 
4.2 
4.6 
5.1 
5.8 
5.4 
6.4 
4.2 
57 
15 
42 

9.4 
7.3 
6.5 
4.6 
4.7 
2.9 
6.4 
4.3 
1.6 
0.59 

3.1 93 
3.6 116 
3.4 136 
3.8 141 
4.3 137 
3.9 141 
4.1 1 45 
32 15 
41 5.7 
37 1.1 
39 3.4 
34 1.6 
24 3.2 
20 12 

9.4 46 
a 7  56 
5.4 90 
6.2 108 
12 90 
23 20 
18 19 

5.5 
6.1 
5.7 
6.2 
7.1 
6.8 

7 
4.2 
5.4 
4.2 
29 
30 

170 
68 
24 
19 
18 
21 
15 
12 

7.9 

1.6 
1.9 
21 
2.4 
2.5 
2 5  
2.8 
10 
31 
20 
30 
17 
21 
13 

6.6 
5.4 
2.7 
3.6 
5.2 
8.9 
8.4 

169 
190 
200 
210 
220 
220 
250 
258 
380 
390 
470 
410 

33oQ 
1600 
560 
490 
300 
300 
320 
460 
440 

94 
120 
130 
130 
170 
150 
140 
51 
81 
43 
67 
61 
91 
85 
78 
78 
87 

100 
99 
63 
64 
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Sample Sr Fe Tank Vol Trans Vol Tank-Cs Trans-Cs TotranCs 
Number ( m a )  (m&) (liters) (liters) 0%) (mg) (mg) 

ORNL-1-1 
ORNL-1-2 
ORNL-13 
ORNL-14 
ORNL-1-5 
ORNL-1-6 
ORNL-1-7 
ORNL- 1-8 
ORNL- 1 -9 
ORNL- 1-10 
ORNL-1- 11 
ORNL-1- 12 
ORNL-1- 13 
ORNL-1-14 
ORNL- 1-15 
ORNL-1- 16 
ORWL- 1-1 7 
ORNL- 1-18 
ORNL-2-1 
ORNL-2-2 
ORNL-2-3 
ORNL-2-4 
ORNL-2-5 
ORNL-2-6 
QRNL-2-7 
ORNL-2-8 
ORNL-2-9 
ORNL-2- 10 
ORNL2-11 
ORNL-2-12 
ORWL-2-13 
ORNL-2-14 
ORNL-2-15 
ORNL-2-16 
ORNL-2- 17 
ORNL-2-18 
ORNL-2-19 
ORNL-2-20 
ORNL-2-22 
ORNL-2-22 
QRNL-2-23 
OWL-2-24 

0.75 
2.7 
2.4 
2.1 
O.% 
2.5 

2 
2.2 
2.3 
2.3 
2.5 
0.54 
0.53 
0.53 
0.61 
0.5 1 
0.55 
0.52 
0.49 
0.47 
0.57 
0.5 1 
0.66 
0.68 
0.69 
0.72 
0.67 
0.66 
0.81 
0.45 
0.44 
0.46 
0.44 
0.48 
0.45 
c.46 
0.53 
0.5 1 
0.68 
0.92 
0.52 
0.5 

44 
170 
150 
130 
140 
140 
110 
120 
120 
120 
130 
41 
36 
36 
38 
31 
30 
30 
60 
54 
64 
54 
70 
72 
73 
75 
68 
66 
86 
33 
29 
30 
27 
30 
27 
27 
31 
33 
55 
82 
35 
32 

100 
103 
126 
139 
118 
116 
115 
106 
114 
125 

1 
135 
153 
130 
122 
133 
118 
133 
150 
116 
117 
122 
112 
106 
110 
105 
121 
125 
43 
136 
135 
139 
128 
159 
171 
180 
197 
274 
261 
286 
299 
301 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

130 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

75 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

140 
453.2 
592.2 
625.5 

708 
684.4 

552 
55 1.2 
524.4 
712.5 

5.9 
229.5 
214.2 

169 
219.6 
186.2 
165.2 
186.2 

150 
139.2 
2223 
195.2 
201.6 
180.2 

264 
220.5 

242 
237.5 
90.3 

122.4 
121.5 

139 
115.2 
190.8 
188.1 

234 
137.9 

548 
495.9 
829.4 
418.6 
3913 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

767 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

157.5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

767 
767 
767 
767 
767 
767 
767 
767 

0 
Q 
0 
0 
0 
0 
0 
0 
0 
0 

157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
157.5 
1575 
157.5 
157.5 
157.5 
157.5 
157.5 
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Continued 

Sample Sr Fe Tank Vol Trans Vol Tank-Cs Trans-Cs TotranCs 

Number (mg/L) (mg/L) (liters) (liters) (mg) (w> (mg) 
-I- 

ORNL- 1-20 
ORNL-1-21 
ORNL-1-22 
ORNL- 1-23 
ORNL-1-24 
ORNL-2-25 
ORNL-2-26 
ORNL-2-27 
ORNL-2-28 
ORNL-2-29 
ORNL-2-30 
ORNL-2-31 
ORNL-2-32 
ORNL-2-33 
ORNL-2-34 
ORNL-2-35 
ORNL-2-36 
ORNL-2-37 
ORNL-2-38 
ORNL-2-39 
ORNL-2-40 
ORNL-2-41 
ORNL-2-42 
ORNL-2-43 
ORNL-2-44 
ORNL-2-45 
ORNL-2-46 
ORNL-2-47 
ORNL-2-48 
ORNL-2-49 
ORNL-2-50 
ORNL-2-5 1 
ORNL-2-52 
ORNL-2-53 
ORNL-2-54 
ORNL-2-55 
ORNL-2-56 
ORNL-2-57 
ORNL-2-58 
ORNL-2-59 
ORNL-2-60 

0.46 
0.44 
0.48 
0.44 
0.49 
0.48 
0.49 
0.51 
0.51 
0.47 
0.44 
0.42 
0.38 
0.35 
0.3 
0.29 
0.28 
0.25 
0.26 
0.22 
0.22 
0.2 
0.18 
0.15 
0.15 
0.14 
0.13 
0.16 
0.14 
0.15 
0.15 
0.13 
0.13 
0.12 
0.11 
0.1 
0.11 
0.1 
0.1 
0.11 
0.1 

30 
27 
27 
25 
24 
24 
26 
29 
29 
31 
33 
35 
36 
36 
34 
35 
35 
36 
39 
38 
40 
39 
38 
37 
41 
46 
so 

100 
69 
83 
95 
91 
92 
87 
86 
86 
8G 
78 
75 
72 
61 

314 
3 19 
283 
3 16 
250 
307 
313 
319 
276 
318 
257 
310 
222 
304 
311 
271 
305 
320 
239 
305 
322 
262 
308 
319 
293 
236 
310 
265 
300 
305 
314 
250 
3 10 
280 
247 
307 
322 
258 
248 
305 
307 

0 
0 

56 
0 

69 
0 
0 
0 

50 
0 

67 
0 

101 
0 
0 

53 
0 
0 

87 
0 
0 

60 
0 
0 
40 
91 
0 

50 
0 
0 
0 

81 
0 

53 
76 
0 
0 
99 
74 
0 
0 

314 
382.8 
339.6 
60.4 

775 
1166.6 
1377.2 
1531.2 
1766.4 
2448.6 
1876.1 

2759 
1709.4 
2705.6 
2394.7 

2439 
3965 
6720 
4780 
6405 
8372 
8122 

14168 
18821 
18166 
14160 
18600 
17490 
18Ooo 
20435 
22922 
18OOO 
22940 
21840 
20501 
27630 
36064 
29412 
25544 
30500 
28244 

0 
0 

67.2 
0 

213.9 
0 
0 
0 

320 
0 

489.1 
0 

777.7 
0 
0 

477 
0 
0 

1740 
0 
0 

1860 
0 
0 

2480 
5460 

0 
3300 

0 
0 
0 

5832 
0 

4134 
6308 

0 
0 

11286 
7622 

0 
0 

157.5 
157.5 
224.7 
224.7 
438.6 
438.6 
438.6 
438.6 
758.6 
758.6 
1247.7 
1247.7 
2025.4 
2025.4 
2025.4 
2502.4 
2502.4 
2502.4 
4242.4 
4242.4 
4242.4 
6102.4 
6102.4 
6102.4 
8582.4 

14042.4 
14042.4 
17342.4 
17342.4 
17342.4 
17342.4 
23 174.4 
23174.4 
27308.4 
33616.4 
33616.4 
33616.4 
44902.4 
52524.4 
52524.4 
52524.4 
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Ckmtinued 

Sample Sr Fe Tank Vol Trans Vol Tank-Cs Trans-Cs TotranCs 
Number (mgn) (mg/L) (liters) (liters) (mg) (mg) (mg) 

ORNL-2-61 
ORNL-2-62 
ORNL-2-63 
ORNL-2-64 
ORNL-2-65 
ORNL-2-66 
ORNL-2-67 
QRNL-2-68 
ORNL-2-69 
ORNL-2-70 
DRUM-1 
DRUM-2 
DRUM-3 
DRUM4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM8 
DRUM-9 
DRUM-10 
DRUM-1 1 

0.1 
0.12 
0.13 
0.14 
0.15 
0.15 
0.16 
0.17 
3.3 
0.59 
1.4 
0.54 
0.41 
0.32 
0.2 
0.18 
0.1 
0.14 
0.13 
0.11 
0.09 

60 
70 
74 
80 
82 
83 
90 
16 

2% 
99 

120 
120 
130 
210 
320 
570 
320 
330 
360 
21 
40 

323 
326 
309 
314 
3 13 
89 
97 
34 
49 
49 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

235 
0 

347 
0 
0 

199 
140 
197 
193 
1B 
1% 
194 
199 
1% 
199 
76 

30039 
37816 
42024 
44274 
42881 
12549 
14065 

510 
279.3 
53.9 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

33135 
0 

5205 
0 
0 

676.6 
224 

630.4 
23 16 
8510 

17460 
21492 
17640 
3980 
1444 

no976 

52524.4 
52524.4 
52524.4 
52524.4 
52524.4 
85659.4 
85659.4 
90864.4 
90864.4 
90864.4 

Total Drum Inventory= 85349 



A-30 

Sample Cum-Cs SysCumCs Run Time 
Number (mg> (mg> (hours) 

ORNL-1- 1 
ORNL-1-2 
ORNL-1-3 
ORNL-1-4 
ORNL-1-5 
ORNL- 1-6 
ORNL-1-7 
ORNL- 1-8 
ORNL-1-9 
ORNL-1-10 
ORNL-1-11 
ORNL-1-12 
ORNL-1-13 
ORNE-1-14 
ORNL-1-15 
ORNL-1-16 
ORNL-1-17 
OWNL- 1 - 18 
ORNL-2-1 
ORNL-2-2 
ORNL-2-3 
ORNL-2-4 
ORNL-2-5 
ORNL-2-6 
ORNL-2-7 
ORNL-2-8 
ORNL-2-9 
ORNL-2-10 
ORNL-2-11 
ORNL-2-12 
ORNL-2-13 
ORNL-2-14 
ORNL-2-15 
ORNL-2-16 
ORNL-2-17 
ORNL-2-18 
ORNL-2- 19 
ORNL-2-20 
ORNL-2-21 
ORNL-2-22 
ORNL-2-23 
ORNL-2-24 

140 
453,2 
592.2 
625.5 

708 
684.4 

552 
55 1.2 
524.4 
712.5 
772.9 
996.5 
981.2 

936 
986.6 
953.2 
932.2 
953.2 

150 
139.2 
222.3 
195.2 
201.6 
180.2 

264 
220.5 

242 
237.5 
247.8 
279.9 

279 
296.5 
272.7 
348.3 
345.6 
391.5 
295.4 
705.5 
653.4 
986.9 
576.1 
548.8 

290 
592.4 
814.5 
820.7 
909.6 
864.6 

81 6 
771.7 
766.4 

950 
1020.7 
1276.4 
1260.2 
1232.5 
1259.3 
1301.5 
1277.8 
1344.7 
445.4 
855.5 
803.4 

1136.9 
726.1 
698.8 

-451.8 
-450.5 
-448.5 
-446.5 

-444 
-442.5 
-441.5 
-438.5 
-436.6 
-434.6 
-424.5 

-19 
-17.7 
-16.5 
-14.1 

1.5 
3.5 
5.5 

-45 1.8 
-450.5 
-448.5 
-446.5 

-444 
-442.5 
-441.5 
-438.5 
-436.6 
-434.6 
-424.5 

-19 
-17.7 
-16.5 
-14.1 

1.5 
3.5 
5.5 
7.5 
9.5 

11.5 
13.5 
15.8 
17.6 



A-3 1 

Continued 

Sample Cum-Cs SysCumCs Run Time 
Number (mg) (mg) (hours) 

ORNL- 1-20 
ORNL- 1-21 
QRNL-1-22 
ORNL-1-23 
ORNL- 1-24 
ORNL-2-25 
ORNL-2-26 
ORNL-2-27 
ORNL-2-28 
ORNL-2-29 
ORNL-2-30 
ORNL-2-3 1 
ORNL-2-32 
ORNL-2-33 
ORNE-2-34 
ORNL-2-35 
QRNL-2-36 
ORNL-2-37 
ORNL-2-38 
QRNL-2-39 
ORNL-2-40 
ORNL-2-41 
ORNL-2-42 
ORNL-2-43 
ORNL-2-44 
ORNL-2-45 
ORNL-2-46 
ORNL-2-47 
ORNL-2-48 
ORNL-2-49 
ORNL-2-50 
ORNL-2-51 
ORNL-2-52 
ORNL-2-53 
ORNL-2-54 
ORNL-2-55 
QRNL-2-56 
ORNL-2-57 
ORNL-2-58 
ORNL-2-59 
ORNL-2-60 

471.5 
540.3 
564.3 
825.1 

1213.6 
1605.2 
1815.8 
1969.8 

2525 
3207.2 
3123.8 
4006.7 
3734.8 

473 1 
4420.1 
4941.4 
6467.4 
9222.4 
9022.4 

10647.4 
126 14.4 
14224.4 
20270.4 
24923.4 
26748.4 
28202.4 
32642.4 
34832.4 
35342.4 
37777.4 
40264.4 
41174.4 
461 14.4 
49148.4 
541 17.4 
61246.4 
69680.4 
74314.4 
78068.4 
83024.4 
80768.4 

621.5 
690.3 
714.3 
975.1 

1363.6 
1755.2 
1865.8 
21 19.8 

2675 
3357.2 
3273.8 
4156.7 
3884.8 

4881 
4570.1 
5091.4 
6617.4 
9372.4 
9172.4 

10797.4 
12764.4 
14374.4 
20420.4 
25073.4 
26898.4 
28352.4 
32792.4 
34982.4 
35492.4 
37927.4 
40414.4 
41324.4 
46264.4 
49298.4 
54267.4 
613%.4 
69830.4 
74464.4 
78218.4 
83 174.4 
80918.4 

19.5 
21.5 
23.5 
25.5 

28 
30.2 
31.6 
33.4 
35.5 
37.7 
39.5 
41.5 
43.5 
45.5 
47.8 
49.5 
51.5 
53.5 
55.6 
57.5 
59.5 
61.5 
63.5 
65.5 
67.5 
69.5 
71.8 
73.5 
75.5 
77.5 
79.5 
81.5 
83.5 
85.5 
87.5 
89.5 
91.5 
93.5 
95.5 
97.5 
99.5 



A-32 

Continued 

Sample Cum-Cs SysCumCs Run Time 
Number (mg) (mg) (hQUIS) 

OKNL-2-61 
ORNL-2-62 
ORNL-2-63 
ORNL-2-64 
ORNL-2-65 
ORNL-2-64 
ORNL-2-67 
ORNL-2-68 
ORNL-2-69 
ORNL-2-70 

82563.4 
90340.4 
94548.4 
%798.4 
95405.4 
98288.4 
99724.4 
91374.4 
91 143.7 
90918.3 

82713.4 
90490.4 
94698.4 
96948.4 
95555.4 
98358.4 
99874.4 
91524.4 
91293.7 
91068.3 

101.5 
103.5 
105.5 
107.5 
109.5 
110.5 
11 1.5 
112.6 
112.8 
112.9 



A-33 

Anions in Water Extracts of HEPA Filters. Sample labeling according to Battelle where 
PF=Primary Filter, FF= Final Filter, F=Forward, C=Center, R=Rear (N.B. LabelinP was actually 
reversed and the label PF was actuallv the final HEPA Filter and FF was actuallv the prirnarv 
HEPA filter.) pg=micrograms. 

PFF-1-1 0.9 
PFC- 1-2 0.5 
PFR-1-3 0.4 
PFF-2- 1 0.7 
PFC-2-2 0.6 
PFR-2-3 0.6 

Avg. 0.616666 

FEF-1-1 4.3 
FFC-1-2 3.9 
FFR-1-3 4.5 
FFF-2- 1 3.6 
FFC-2-2 4.6 
F'F'R-2-3 4.3 

Avg. 4.2 

8.7 
4.8 

4 
6.3 
5.7 
4.6 

5.683333 

44.8 
39.7 
40.6 
29.1 
49.3 
44.1 

41.26666 

2.5 
1 
1 

1.7 
1.4 

1 

1.433333 

2.2 
2.7 
3.1 
2.8 
2.3 
26 

2.616666 

87.4 
50.1 

41 
61.4 
63.8 

63 

61.11(>66 

1.8 
1.4 
1.6 
1.2 
1.9 
2.2 

1.683333 

222 
217 
227 
153 
240 
235 

215.6666 

Amount of Anion the amount per unlL area (pg/cm2) times the total area of the HEPA filter 
(199,738 cm2>. Net deposition (Dep) on the HEPA filter was calculated as the difference between 
the amount on the final and primary filters. The number of equivalents (Equival) of each anion 
was calculated by dividing Dep by the anion equivalent weight: 

h t ( P F )  0.123 17 1 1.135177 0.286291 0 12.20732 
Amt(FF) 0.838899 8.242521 0.522647 0.336225 43.07682 Total 
Dep (F-P) 0.715727 7.107343 0.236356 0.336225 30.86950 Equival. 
Equival 0.037669 0.200489 0.003810 0.010618 0.642579 20.895168 

Distribution of Anions on an charge equivalent basis: 

Fraction 4.208135 22.39682 0 0.425727 1.186232 73.78309 1oO.oQww3 



A-34 

Ekmental Inventories in the ISY Waste Drums: 

DRUM-1 
DRUM-2 
DRUM-3 
DRUM-4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUMS 
DRUM-9 
DRUM-10 
DRUM-1 1 

199 
148 
197 
1 93 
185 
1% 
1 94 
199 
1% 
199 
76 

42 
9.4 
7.3 
6.5 
4.6 
4.7 
2.9 
6.4 
4.3 
1.6 
0.6 

210 
130 
470 
2 
130 
99 
48 
55 
41 
19 
16 

0.064 
0.042 
0.04.2 
0.042 
0.042 
0.0152 
0.048 
0.093 
0.098 
0.059 
0.042 

39 
34 
24 
20 

9.4 
8.7 
5.4 
6.2 
12 
'2.3 
18 

0.9 
0.21 
0.21 
0.21 
0.21 
0.21 
0.15 
0.23 
0.15 
0.05 
0.01 

3.4 
1.6 
3.2 
12 
46 
56 
!XI 

108 
93 
20 
19 

DRUM-1 
DRUM-2 
DRUM-3 
DRUM4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM-8 
DRUM-9 
DRUM-10 
DRUM-1 1 

120 
120 
130 
210 
320 
570 
320 
330 
3 
21 
40 

29 
30 

170 
68 
24 
19 
18 
21 
15 
12 

7.9 

30 
17 
21 
13 

6.5 
5.4 
2.7 
3.6 
5.2 
8.9 
8.4 

3.4 
0.8 
0.8 
0.8 
0.8 
0 3  
03  
8.4 
4.2 
17 

7.1 

470 
410 

3 
1 
5648 
4 
3 
308 
320 

440 

36 
7.5 
26 
18 
11 

6.9 
4.2 
4.3 
2.6 
1.8 
0.8 

67 
61 
91 
85 
'78 
78 
87 

100 
99 
63 
64 

DRUM-1 1.4 57 11 $1121 42105 12.832 7813.5 
DRUM-2 0.54 14 2 3  133Q.1 18395 5.943 m'n 
D R U M 3  0.41 26 1 1449.05 93295 8.337 4x4 



A-35 

Continued 

DRUM-4 
DRUM-5 
DRUM4 
DRUM-7 
DRUMS 
DRUM.-9 
DRUM-10 
DRUM-1 1 

0.32 
0.2 
0.18 
0.1 
0.14 
0.13 
0.11 
0.09 

29 
19 
17 
14 
28 
28 

3.5 
1.4 

1.1 
0.73 
0.66 
0.24 
0.31 
0.26 
0.07 
0.03 

1264.25 
857.9 

92825 
566.95 
1283.2 
849.25 
320.8 
46.5 

Total( mg) 

1731 7.25 

50570 
24245 

195525 
9384 

11027.5 
8097.5 
3809.5 

1240 

Total(mg) 

281721 

8.169 
7.833 
8.295 
9.384 

18.6465 
19.355 

1 1.8295 
3.255 

Total(mg) 

113.879 

3890 
1753.1 

1718.25 
1055.7 
1243.1 
2370 

461 15 
1395 

Tot a1 ( rn g ) 

3543 1.15 



A-36 

DRUM-1 
DRUM-2 
DRUM3 
DRIJM-4 
DRUM-5 
DRUM-6 
DRIJM-7 
DRUM-$ 
DRUM-9 
DRUM-10 
DRUM-11 

180.45 
29.715 
41.685 
40.845 
39.165 
41.475 
29.325 
46.115 
29.625 
10.025 
0.775 

Total( rng) 

489.2 

681.7 
226.4 
635.2 
2334 
8573 

1 1 m  
17595 
21654 
1 7775 
4010 

1472.5 

24060 
16980 

40845 
5%%0 

112575 
62560 
66165 
71'180 

4218.5 
3100 

5814.5 
4245 

33745 
13226 
4476 

3752.5 
3519 

4210.5 
2962-5 

24M 
612.25 

a 1 5  
2405-5 
41683 
2528.5 
1230.9 
1066-5 
527.85 
722 "8 

1027 
1784.45 

65 1 

Total(mg) Total(mg) Total(mg) Total(mg) 

86022.8 487080.5 78 

581.7 
113-2 
158.8 
155.6 
149.2 

158 
156.4 

1684.2 
829.5 

3408.5 
550.25 

Total(rng) 

8045.35 

94235 
58015 

655050 
311200 
104440 
96775 
58650 
60150 
63208 
92230 
34100 

Total(mg) 

1628045 

P-Total Si-Total Sr-Total Zn-Total Zr-Total 
(mg) 0%) (*g) (w> 

DRUM-1 
DRUM-2 
DRUM-3 
DRUM4 
DRUM-5 
DRUM-6 
DRUM-7 
DRUM-$ 
DRUM-9 
DRUM-IO 
DRUM-1 1 

7218 
1061.25 

5661 
3501 

205 1.5 
136275 

821.1 
862.15 
513.5 
360.9 

62 

Tetal(mg) 

22975.15 

13433.5 
8631.5 

18063.5 
16532.5 

14547 
15405 

17008.5 
20850 

19552.5 
1263 1.5 

4960 

280.7 
76.41 

81.385 
62.24 
37.3 

35.55 
19.55 
28.07 

25.675 
22.055 
6.975 

1981 
5161 

5440.5 
3543s 
3357.5 

2737 
56114 
5530 

7 

Total(mg) Total(mg) Total(mg) 

160815.5 675.91 45803.25 

2205.5 
353.75 
198.5 

213% 
136.145 
130.35 
46.92 

62,155 
51.35 

14.035 
2-325 

Total(mg) 

3414.98 



A-37 

Ratio of elements in vitrified product to totals in off-gas. 

Al 
Product 
Compostn 

75000 
Fraction 
(OEEGas/ 
Product) 
0 . m 1 1  

@o 
Product 
Compostn 

17 
Fraction 
(OCfGas/ 
Product) 
0.001483 

@g/kg) 

P 
Product 
Compostn 

770 
Fraction 
(OffGas/ 
Product) 
0.001538 

(mgkg) 

B 
Product 
Cornpostn 
(mg/kg) 
280 

Fraction 
(O€€Gas/ 
Product) 
0.05 1863 

cs 
Product 
Compostn 

3710 
Fraction 
(OffGas/ 
Product) 
0.001 195 

(mgkg) 

Ba 
Product 
Compostn 

(j40 
Fraction 
(OEfGasI 

0.000009 

(m@g) 

Product) 

Fe 
Product 
Compostn 

34ooo 
Fraction 
(0 ffGas/ 
Product) 
0.000738 

(mgkg) 

ca 
Product 
Compostn 

13oooO 
Fraction 
(OffGas/ 
Product) 
O.oooO14 

(mgflcg) 

Li Mg MO 

(m@g) (mglkg) (mg/kg) 

Product Product Product 
Compostn Compostn Compostn 

2600 13000 6.9 
Fraction Fraction Fraction 
(OffGad (OffGad (OffGad 
Product) Product) Product) 
0.001565 0.000087 0.060102 

Si Sr Zn Zr 
Product Product Product Product 
Compostn Compostn Compostn Compostn 

280000 12400 71 200 
Fraction Fraction Fraction Fraction 
(OffGas/ (OffGas/ (OffGasI (OffGas/ 
Product) Product) Product) Product) 
O.ooOo29 0.000002 0.033253 O.OO0880 

(mg/kg) (mg/kg) (mg/kg) (mgflkg) 

Na 
Product 
Compostn 

12000 
Fraction 
(0 ffGas/ 
Product) 
0.006993 

(mgflcg) 



A-38 

Elemental analyses of ducting and hood ash smears and HEPA filters. 

Sample 

DUCTSMEAR ASH 1 5600 2600 3700 5600 8OOo 2400 180 
DUCTSMEAR ASH 2 loo00 5200 370 5oo00 5900 3200 250 
DUCTSMEAR ASH 3 7900 3900 3260 11OOO 8OOo 2600 370 
DUCTSMEAR ASH 4 8800 6100 2090 18Ooo 55oQ 3000 250 
DUCTSMEARBLANK 19OOO 58000 80 16OOO 70 23000 450 

DUCTSMEAR ASH1 5297.804 1350.625 3781.637 5365.460 8165.305 1935.431 173.9109 
DUCTSMEAR ASH2 9571.488 2686.067 383.8075 51618.82 6149.012 2257.275 240.4775 
DUCTSMEAR ASH3 75%.589 2421.214 3346.923 10863.32 8200.360 2042.380 367.8132 
DUCTSMEAR ASH4 8448.668 4312.345 2159.232 18068.88 5666.365 2311.115 243.1111 
Average 7728.637 2692.563 2417.900 21479.12 7045,260 2136.550 256.3282 

Component (grams) (grams) (grams) (grams) (grams) (grams) (grams) 

Upright 1.384084 0.352859 0.987976 1.401759 2.133236 0.505643 0.045435 
Elbow 0.385791 0.108265 0.015469 2.080564 0.247844 0.090982 0.009692 
22'Length 4.158934 1.325551 1.832352 5.947388 4.489483 1.118149 0.201363 
Adaptor 0.4214% 0.215139 0.107722 0.901440 0.282689 0.115299 0.012128 
Grand Total (g) 6.350306 2.001815 2.943521 10.33115 7.153253 1.830075 0.268624 
FAuiv. Oxide g 11.99572 2.800539 3.120132 14.77354 15.40095 3.034264 0.424964 



A-39 

Sample 

DUCTSMEAR ASH 1 3600 57000 4 3 m  35 31 1537.1 17380 
DUCTSMEAR ASH 2 5800 27000 43oooO 49 46 745.9 5661 
DUCTSMEAR ASH 3 3300 53000 41oooO 42 40 1274.1 44144 
DUCTSMEAR ASH 4 5300 36000 4 5 m  39 37 1018.1 5069 
DUCTSMEAR BLANK 130 7oooo 18Do 520 520 33.9 0 

Net (-Blank) 

DUCTSMEAR ASH 1 3678.255 56706.82 43%56.7 24.06233 19.97212 1503.2 Upright 
DUCTSMEAR ASH 2 6069.962 24952.66 405387.6 26.57457 23.43174 712 Elbow 
DUCTSMEAR ASH 3 3386.649 52.53531 421 157.8 28.93420 26.87953 1240.2 22’Length 
DUCTSMEAR ASH 4 5478.076 34828.89 465437.8 22.43233 20.36344 9M.2 Adaptor 
Average 4653.235 42255.92 444160.0 25.50086 22.66171 0 

Component 

Upright 0.960966 14.81500 114.8630 0.006286 0.005217 261.2561 
Elbow 0.244657 1.005750 18.15346 0.001071 O.OOO944 4030632 
22’ Length 1.854102 28.76171 230.5729 0.015840 0.014715 547.4738 
Adaptor 0.273296 1.737582 23.22027 0.0011 19 0.001015 49.88909 
Grand Total (9) 3.333023 46.32005 356.8097 0.024317 0.021894 898.9254 
Equiv. Oxide g 4.999534 62.43943 827.3859 0.028767 0.025900 946.4038 



A-40 

SAMPLE 

HOODSMEAR-1 107.8 1.14 
HOODSMAER-2 212281.9 0.64 
HOODSMEAR-3 172.5 0.58 
HOODSMEAR-4 210.6 0.4 
HOODSMEAR-5 235 1.12 
BLANK 34 0.05 
Aver age ( -BI ank) 167.56 

Hood Ash 
Inventory 

541.6594 
(grams) 

1.84 2.98 1 49 1.382 189 
4.64 5.28 264 0.936502 
2.74 3.32 166 0.%23 18 
2.09 2.49 124.5 0.591 168 
3.15 4.27 213.5 0.908510 
0.05 0.1 5 0.147058 

178.4 0.809078 

Cs Hood 
Inventory 

0.576701 
(grams) 

SAMPLE 

Sr-HN03 Sr-HF Sr-Total Sr 
Extract Extract Extract Sr-Total Fraction 
(mg/L) (mg/L) (mg/L) (microgm) (mg/g) 

HOODSMEAR-1 0.2 0.1 0.3 15 0.139146 
HOODSMAER-2 0.2 0.1 0.3 15 0.053210 
HOODSMEAR-3 0.1 0.1 0.2 10 0.05’79’9 1 
HOODSMEAR-4 0.2 0.1 0.3 15 0.071225 
HOODSMEAR-5 0.2 0.1 0.3 15 0.063829 
BLANK 0.01 0.01 0.82 1 0.02941 1 
Average( -Blank) 13 0.047664 



HLTER FFC-1-2 
FILTER FFC-2-2 
FILTER FFF-1-1 
FILTER FFF-2-1 
FILTER FFR-1-3 
FILTER FFR-2-3 
FILTER PFC-1-2 
FILTER PFC-2-2 
FILTER PFF-1-1 
FILTER PFF-2-1 
FILTER PFR-1-3 
FILTER PFR-2-3 

FFF-1-1PNL 
FFGl-2PNL 
Avg. F Filter 
Avg. P Filter 

95 
51 
81 
67 
46 
58 
22 
35 
29 
26 
36 
36 

410 16.8 
320 125 
310 13.3 
300 128 
210 13.5 
190 8.8 
84 2 

160 2 
160 2 
170 2 
100 2 
140 2 

0 
0 

66.33333 290 1295 
30.66666 135.6666 2 

35 
47 
26 
37 
39 
55 

3.3 
3 

4 3  
3 

2.9 
3 

39.83333 
3.25 

160 
210 
150 
130 
170 
110 
22 
20 
29 
20 
19 
20 

155 
21.66666 

38 
33 
31 
27 
34 
37 
13 
34 
34 
40 
14 
21 

33.33333 
26 

2.3 
2.4 
1.7 
1.5 
2.5 
2.7 
0.56 
0.5 
0.72 
0.49 
0.48 
0.5 

2.183333 
0.541666 

Avg. F Filter 122.3651 534.%3 73.48055 285.9285 64.49 4.027595 

Difference 65.7943 284.6987 67.48527 245.96 13.5278 3.028382 
Eq. Oxide(mg) 124.2854 398.2934 969.9 %SO394 529.5518 22.42909 4.790901 

Avg. P Filter 56.5708 250.2643 5.995275 39.9685 47.%22 0.999212 

r 



FILTER FFC-1-2 
F I L E R  FFC-2-2 
FILTER FFF-1-1 
FILTER FFF-2-1 
FILTER FFR-1-3 
FILTER FkX-2-3 
FILTER PFC-1-2 
FILTER PFC-2-2 
FILTER PFF-1-1 
FILTER PFF-2-1 
FILTER PFR-1-3 
FILTER PFR-2-3 

340 
370 
390 
360 
290 
220 
4.4 

4 
5.8 

4 
3.9 

4 

1 1000 
12000 
1 lo00 
loo00 
1 lo00 
88o(p 
2300 
2m 
2600 
2600 
2500 
2700 

610 
530 
510 
340 
580 
530 
$40 
590 
320 
510 
200 
260 

28 
19 
27 
25 
16 
16 

7.7 
9.1 
9.3 
8.4 
7.9 
8.3 

10 
5.3 
8.3 
8.5 
5.6 

6 
3 

3.3 
2.8 
3.3 
3.3 

3 

308 
214 
266 
280 
276 
267 
225 
25 1 
173 
253 
259 
24% 

30 
24 
30 
30 
30 
24 
25 
24 
20 
30 
30 
30 

FFF-1- 1 PNL NA 157 16. 
FFC-1-2PNL NA 190 20.57% 
Avg. F Filter 328.3333 10633.33 516.6666 21.83333 7.283333 
Avg. P Filter 4.35 2516.666 453.3333 8.45 3.1 16666 

.-._I_ 

(mg) (mg) (mg) (mg) (mg) 
_..I___ 

Avg. F Filter 605.6765 1%15.31 953.095 13.43556 
Avg. P Filter 8.024445 4642.495 836.264 5.749315 Filter 
Difference 597.6520 14972.81 116.831 7.68625 .kea/ 
Eq. Oxide(mg) 896.4780 20183.35 249.9015 9.092833 Weight 
Oxide Total (rng) 23484.58 (cm2/mg) 

0.108278 
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Sample 

cs-HF Sr-€E Total 
Cs-HN03 Extract Extract Cs-Total Sr-Tutal cs 
(mgkg) (microgm) (microgm) (microgm) (microgm) (mgflrg) 

J3LTER FFC-1-2 
FILTER FFC-2-2 
FILTER FFF-1-1 
FILTEiR FFF-2-1 
FILTER FFR-1-3 
FILTER FTR-2-3 
RLTER PFC-1-2 
FILTER PFC-2-2 
FILTER PFF-1-1 
FILTER PFF-2-1 
FILTER PFR-1-3 
FILTER PFR-2-3 

m-1-1PNL 
FFC-1-2PNL 
Avg. F Filter 
Avg. P Filter 

Avg. F Filter 
Avg. P Filter 
DiKerence 
Eq. Oxide(mg) 

54.54545 
58.41121 

50 
45.714223 
48.91304 
32.95880 
8.888888 
7.968127 
11.S6059 
7.905138 
7.722007 
8.064516 

159 
177 

48.42380 
8.484895 

(mg) 
89.32738 
16.02102 
73.30635 
77.70473 

344 
276 

3m.5 
3355 
304.5 
207.5 

5 
5 
5 

NA 
5 
5 

62.5 
86.5 

158 
109.5 
135.5 
146 
147 
152 
136 
148 
103 
NA 

156 
1585 

159 
177 

360.8 
288.5 
333.8 
348.3 

318 
2163 

7 
7 
7 
2 
7 
7 

la 
114.8 
143.8 
154.5 
1526 

158 
139 

151.3 
105.8 

3 3  
159.3 
161.5 

625 
86.5 

1171.428 
1348.130 
1254.887 
1243.928 
1152.173 
810.1123 
31.1 1111 
27.88844 
40.46242 

27.02702 
28.22580 

1012738 
93 1.5789 
1163.443 
30.94296 

2146.204 
57.08048 
972-1589 
1793.341 
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Sample 

F ILER FFC-1-2 
H L E R  WC-2-2 
H L E R  WF-1-1 
FILTER FFF-2-1 
FILTER FFR-1-3 
FILTER FFR-2-3 
FILTER PFC- 1-2 
F I L E R  PFC-2-2 
FILTER Pm-1-1 
FILTER PFF-2-1 
FILTER PFR-1-3 
FILTER PFR-2-3 

rn-1-1PWL 
FFC- 1 -2PNL 
Avg. F Filter 
Avg. P Filter 

Avg. F Filter 
Avg. P Filter 
Difference 

- &de(mg) 

545.4545 
536.4485 
540.6015 
551.7857 
552.8985 
591.7602 
617.7777 
602.7888 
61 1.5606 

NA 
61 5.0579 
651.2096 

398.0891 
455.263 1 
553.1582 
61 9.6789 

1020.4 10 
1143.121 
426.6761 
787.0895 

32.46753 
24.76635 
31.20300 
30.35714 
20.28985 
22.47 19 1 
13.33333 
13.14741 
16.18497 
-13.04347 
12.7413 1 
12.09677 

NA 
NA 

26.92596 
13.42454 

49.67033 
24.76426 
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Elemental inventories in ISV Process Trailer Components: 

Element 

Hood 
Ducting 
Scrub Sol 
HEPA-P 
HEPA-F 
Total 

3.829 
6.35 
17.317 
0.122 
0.057 
27.675 

1.207 
2002 
35.431 
0.535 
0.25 

39.425 

0.577 
2.944 
86.022 
2.146 
0.057 
91.746 

6229 
10.331 
117.917 
0.073 
0.006 
134.556 

4.313 1.103 201 
7.153 1.83 3.333 
78-969 22.127 8045 
0.286 0.061 0.605 
0.04 0.048 0.00 

90.761 Z.169 14.001 

Fraction 
of Total 

H d  0.138355 
Ducting 0.229448 
scrub sol 0.625727 
HEPA-P 0.004408 
HEPA-F 0.002059 

Element 

Fraction Fraction Fraction Fraction 
of Total of Total of Total of Total 

0.030615 0.006289 0.046292 0.047520 
0.050779 0.032088 0.076778 0.07881 1 
0.898693 0.937610 0.876341 0.870076 
0.013570 0.023390 0.000542 0.003151 
0.006341 0.000621 0.000044 0.000440 

Fraction Fraction 
of Total of Total 

0.043823 0.143561 
0.072708 0.238054 
0.879137 0.574601 
0.002423 0.04321 1 
cU.001907 0.000571 

Na Si Sr solids 

Hood 
Ducting 
Scrub Sol 
HEPA-P 
HEPA-F 
Total 

27.928 233.22 0.042 542 
46.32 386.81 0.022 899 

1693.418 159.506 0.67 17138 
19.615 0.953 0.05 23.484 
4.642 0.836 0.02s 0 

1791.923 781.325 0.809 18602.48 
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Continued 

Na Si Sr Solids 
Fraction Fraction Fraction Fraction 

of Total of Total of Total of Total 

Hood 
Ducting 
Scrub Sol 
HEPA-P 
HEPA-F 

0.015585 0,298492 0.051915 0.029135 
0.025849 0.495069 0.027194 0.048326 
0.945028 0.204148 0.828182 0.92 1274 
0.010946 0.001219 0.061804 0.001262 
0.002590 0.001069 0.030902 0 
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Concentrations of elements in sequential 0.1N HCI extracts of pulverized 
ISV products: G=glass and R=rock (crystalline phase). 

G11 
G12 
G13 
G14 
G15 
G21 
G22 
G23 
G24 
G25 
R11 
R12 
R13 
R14 
R15 
R21 
R22 
R23 
R24 
R25 

30 76 
3.5 11 

0.54 1.9 
0.67 1.6 
0.36 1.2 

31 81 
4.2 11 

0.61 1.9 
0.68 1.7 
0.36 1.2 

79 340 
13 48 

3.5 8.7 
6 9.9 

3.6 5.6 
78 350 
13 46 

3.4 8.2 
6.8 11 
3.9 5.7 

8.1 
1.3 

0.32 
0.29 
0.14 
8.9 
1.3 

0.27 
0.46 
0.1 
32 

4.8 
0.95 
0.95 
0.53 

33 
4.7 

0.88 
1 

0.54 

5.8 17 5.82 1.68 
1.2 2.1 0.74 0.21 
1.2 1.2 0.09 0.05 
3.7 1.2 0.08 0.05 
1.2 1.2 0.05 0.05 
6.9 18 5.99 1.8 
1.2 2.5 0.81 0.26 
1.2 1.2 0.11 0.05 
2.6 1.2 0.08 0.05 
1.2 1.2 0.05 0.05 
14 56 15.5 1.1 

2.4 8.9 2.62 0.17 
1.2 1.7 0.7 0.05 
1.2 2.9 1.17 0.05 
1.2 1.4 0.7 0.05 
15 58 15.2 1.06 
2 8.6 2.51 0.15 

1.2 1.6 0.67 0.05 
1.2 3.3 1.35 0.05 
1.2 1.5 0.72 0.05 

FRACTION OF TOTAL, ELEMENT RELEASED: 

Mg Na Si Sr cs Al ca 

G11 0.008 
G12 0.000933 
G13 0.000144 
G14 0.000178 
G15 O.Mxx)% 
G21 0.008266 
G22 0.00112 
G23 0.000162 
G24 0.000181 
G25 0.000096 
R11 0.021066 
R12 0.003466 
R13 0.000933 
R14 0.0016 

0.0 1 16% 
0.001692 
0.000292 
0.000246 
0.000184 
0.012461 
0.001692 
0.000292 
0.000261 
0.000184 
0.052307 
0.007384 
0.001338 
0.001523 

0.012461 
0.002 

O.OOO492 
O.OOO446 
0.000215 
0.013692 

0.002 
0.000415 
0.000707 
0.000153 
0.049230 
0.007384 
0.001461 
0.001461 

0.00%66 
0.002 
0.002 

0.006166 
0.002 

0,0115 
0.002 
0.002 

0.004333 
0.002 

0.023333 
0.004 
0.002 
0.002 

0.001214 
o.Ooo15 

0.000085 
0.000085 
0.000085 
0.001285 
0.000178 
0.000085 
0.000085 
0.000085 

0.004 
0.000635 
0.000121 
0.000207 

0.009708 
0.001234 
0.000150 
0.000133 
0.000083 
0.009991 
0.001351 
0.000183 
0.000133 
0.000083 
0.025854 
0.804370 
0.001 167 
0.001951 

0.009147 
0.001 143 
0.000272 
0.000272 
0.000272 
O.Oo9801 
0.001415 
0.000272 
0.000272 
0.000272 
0.005989 
O.OOO!Z5 
0.000272 
0.000272 
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Al ca Mg Na Si Sr (3 

R15 O.ooo96 O.O008(i1 o.ooo815 0.002 o.Ooo1 0.001167 0.000272 
R21 0.0208 0.053846 0.050769 0.025 0.004142 0.025354 0.005771 

0.007230 0.003333 0.000614 0.004186 0.000816 R22 0.003466 0.007076 
0.001353 0.002 0.000114 0.001117 0.000272 R23 0.000906 0.001261 

0.002251 0.000272 R24 0.001813 0.001692 0.001538 0.002 o.ooo235 
R25 0.00104 0.000876 o.oO083o 0.002 0.000107 0.001201 0.000272 

Elements released from ISV samples by extraction with 0.1s MCk 
Fraction: 

Al Ca Mg Na Si Sr cs 

GlTO'TAL 0.009352 0.014107 0.015615 0.021833 0.001621 0.011309 0.011108 
G2TOTAL 0.009826 0.014892 0.016%9 0.021833 0.001721 0.811743 0.012033 
GAVERAGE 0.009589 0.0145 0.016292 0.021833 0.001671 0.011526 0.01 1570 
RlTO'l-AT.. 0.028026 0.063415 0.060353 0.033333 0.005064 0.034512 0.007732 
R2TOTAL 0.028026 0.064753 0.061723 0.034333 0.005214 0.0341 11 0.007405 
RAVERAGE 0.023026 0.064084 0.061038 0.033833 0.005139 0.03431 1 0.007568 

SUMMATION TOTALS: 

G1 AVGSUM 
G2AVGSUM 
G3AVGSUM 
G4AVGSUM 
GSAVGSUM 
RlAVGSUM 
R2AVGSUM 
R3AVGSUM 
R4AVGSUM 
RS AVGSUM 

0.008133 
0.00916 
0,0093 13 
0.009493 
0.009589 
0.020933 
0.0244 

0.02532 
0.027026 
0.028026 

0.012076 
0.013769 
0.014061 
0.0143 15 
0.0145 
0.053076 
0.060307 
0.061607 
0.063215 
0.0640&1. 

0.013Q76 
0.015076 
0.015530 
0.016107 
0.016292 

0.05 
0.057307 
0.0587 15 
0.060215 
0.061038 

0.010583 
0.012583 
0.014583 
0.019833 
0.021833 
0.024166 
0.027833 
0.029833 
0.031833 
0.033833 

0.00125 
0.00141 
0.0015 

0.001585 
0.001671 
0.004071 
0.004696 
0.004814 
0.005035 
0.005139 

0.00!2849 
0.01 1142 
0.011309 
0.011442 
0.011526 
0.025604 
0.M9883 
0.03 1025 
0.033 127 
0.0343 1 1 

0.009474 
0.010754 
0.011026 
0.011298 
0.011570 
0.005880 
0.006751 
0.007024 
0.0072% 
0.007568 
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Sample K Fraction of 
(m@) Total K 

G1 a 
GI2 
GI3 
G14 
615 
G21 
G22 
G23 
G24 
G25 
Rl1 

12 
13 
14 

R15 
R21 
w22 
R23 
R24 
R25 

17.2 0.815087 
2.93 0.95%2570 
0.7 535 
1.83 903 
0.6 1 535 
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Radiokotope ActiGty in Starting Materials for Leaching: 

cp30min cp30min cp30min dpdg dpdg dPm/g 
Sample Weight SrInteg Cs-Area &Area Sr-act Cs-act Co-act 

SrlSoil 
Sr2Soil 
Cs3SOil 
Csllsail 
Co5S~il 
co6soil 
Sr7Glass 
Sr8Giass 
CssHcilaSS 
CsloGlas 
CollGlas 
Col2Glas 

10.01 1 
10.017 
10.004 
10.013 
10.01 1 
10.029 
10.006 
10.032 
10.029 
5.019 

10.035 
5.028 

1862453 
1846323 
925456 
93953 1 
281230 
231238 
1607358 
1600664 
622782 
297642 
258989 
126677 

17671 
19128 

649442 
658901 

-172 
886 

13882 
15086 

419660 
201 772 

537 
-687 

-14456 
-15192 

-55 
-5 1 

133730 
133350 
-10605 
-13002 

356 
357 

118887 
58437 

Leaching Results: Sequential (A-E) extractions with 0.1N HCI. 

136231.2 439.4504 
134799.0 475.7234 

16172.95 
16393.76 
5545.166 
5519.485 

117776.7 345.6321 
116848.1 374.6357 

10424.67 
10015.35 
4917.905 
4824.539 

Sample cplOmin cplOmin cpl0min Counting Extractable 
SrInteg Cs-Area &Area Date Srdmn& CsdDmk Co-dmdg 

Sr7GlassA 2775 
B 860 
C 701 
D 756 
E 756 

SrSGlassA 2858 
B 949 
C 761 
D 746 
E 726 

Cs9GlassA 345 
B 994 
C 904 
D 979 
E 888 

5 
38 
-3 
15 
2 

17 
62 
25 
30 
18 

991 
140 
181 
127 
119 

36 
-13 
-3 

-11 
34 

26 
60 
9 

-13 
16 

15 
7 
2 

-14 
6 

7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 

7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 

6-21-88 
6-21-88 
6-21 -88 
6-21-88 
6-21-88 

4558.758 
312.6385 

82.03991 
82.03991 

-39.91 13 

4742.793 
509-9778 
93.12638 
59.866% 
15.52106 

743.9939 
105.1051 
135.8858 
95.34534 
89.33933 



A-5 1 

@on tinued 

Sample c p l h i n  cplOmin cplOmin Counting Extractable 
SrInteg Cs-Area Co-Area Date Srdnmlg Cs-d~m/g Cn-dem& 

GlOGlasA 2115 972 -34 6-21 -88 . E3 9a1 ' 180 -28 6-21-88 
c 944 174 68 6-21-88 
n 950 187 29 6-21-88 
E 922 132 26 6-21-88 

CollGlasA 1269 49 205 6-21 -88 
B 758 -25 -5 6-21-88 
C 720 29 52 6-2 1-88 
D 757 16 -10 6-21-88 
E 759 16 19 6-2 t -88 

Col2GlasA 1306 -1 1 185 6-21-88 
B &IS -14 70 6-21423 
c 770 22 -21 6-21-88 
D 684 -5 11 6-22-88 
E 76 1 9 -1 6-21-88 

729.7297 
135.1351 
130.6306 
140.3903 
99.09909 

281.9807 
-6.87757 
71.52682 
-13.7551 
26.13480 

254.4704 
96.28610 
-28.8858 
15.13067 
-1.37551 

Leaching results with sequential extracts of 0.1N CaCI, (A-E) and HGI (F-J): 

Sample cpl0min cplOmin cp1Omin Counting Extractable 
SrInteg Cs-Area Co-Area Date Sr-dpm& C s d n d g  Ckdumle  

* 

SrlSoilA 
B 
C 
D 
E 
F 
G 
H 
I 
J 

92100 
54809 
20074 
25747 
9505 
34346 
16141 
7040 
3479 
2169 

-181 
-58 
1 24 

-181 
-56 
-83 
44 
84 
61 
95 

-502 
-454 
-232 
-50 

-155 
-131 
-70 
16 

-27 
40 

7-5-88 
7-5-88 
7-5-88 
7-9-88 
7-5-88 
7-5-88 
7-5-88 
7-548 
7-5-88 
7-5-88 

40523.72 
23986.69 
85S.148 
1 lrn.fE? 
3896.230 
14912.19 
6839.024 
2803.104 
1223.946 
643.0155 

Sr2SoilA 92626 -70 606 7-5-88 4@7S6.%3 
B 59283 -62 -352 7-5-88 25970.73 
C 20858 -137 -105 7-5-88 8930.820 
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Sample cplOmin cplOmin cplOmin Counting Extractable 
SrInteg Cs-Area &-Area Date SrdDm/g Cs-dDm/g &-d~m/g 

20543 
10268 
34334 
15013 
6114 
2734 
1686 

1132 
854 
792 
791 
788 
791 
800 
822 

779 

1092 
988 
slao 
782 
788 
795 
m 
825 
800 
775 

7% 
836 
717 
760 
441 

9433 
8287 
6226 
3624 
3398 

-50 
-28 

-158 
-68 
28 

-57 
6 

22 
-32 
22 
28 
0 

-8 
25 
59 
37 
58 

28 
17 
24 
-9 

-37 
58 
8 
3 

16 
5 

9 
12 
-6 
10 
18 
47 

-93 
106 
52 

-26 

-243 
-4 

-258 
-1 
15 

-28 
27 

17 
48 
8 

23 
-41 
10 
36 

-17 
5 
40 

-63 
-14 

6 
26 
26 
47 
30 
75 
15 
-6 

60 
35 
27 
26 
21 

3716 
3457 
2131 
1261 
1099 

7-5-88 8791.130 
7-5-88 4234.589 
7-5-88 14906.87 
7-5-88 6338.802 
7-5-88 2392.461 
7-5-88 893.5698 
7-5-88 428.8248 

6-28-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
620-88 
6-20-88 
6-28-88 
6-20-88 

6-20-88 
6-20-88 
6-20-88 
6-28-88 
6-28-88 
6-20-88 
6-20-88 
6-20-88 
6-20438 
6-20-88 

6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 

3.303303 
-4.- 
3.303303 
4.204204 

0 
-1.20120 
3.753753 
8.858858 
5.555555 
8.708708 

4.204204 
2.552552 
3.603603 
-1.35135 
-5.55555 
8.708708 
1.201201 
0.450450 
2.402402 
0.750750 

16.50618 
9.628410 
7.427785 
7.15 
5.77799166 
1022.283 
95 1.03 16 
586.2448 
346.8050 
302.3383 
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Continued 

Sample cplOmin cplOmin cplOmin Counting Ektractable 
Cs-dum/g Co-dmn/g SrInteg (2s-Area &-Area Date Srdpm/% 

CMSoiLA 816 
B 757 
c 724 
ID 724 
E 778 
F 9141 
G 8224 
H 56 19 
I 3905 
J 3258 

Sr7GLASSA 844 
B 748 
C 638 
D 719 
E 779 
F 3098 
G 2466 
H 2284 
I 1526 
J 1480 

SrSGLASSA 787 
3 774 
C 768 
D 774 
E 714 
F 3157 
G 2538 
H 2039 
I 1547 
J 1411 

Cs9CLASSA 744 
B 697 
C 724 
D 689 
E 699 
F 1990 
G 2131 
H 2127 

24 
11 
-5 
9 
2 

-78 
-165 
-71 
-29 
-34 

11 
-26 
-3 
19 
21 
-7 
52 
89 
24 
28 

11 
23 
-3 
34 
23 

-26 
72 
81 
-4 

-24 

5 
-17 
21 
0 

12 
937 
1006 
918 

52 
10 
21 
17 
63 

3467 
3118 
2000 
1248 
967 

-32 
-3 
-8 
0 

-16 
-21 
-20 
200 
12 

-26 

23 
6 

-19 
-10 
23 

-30 
4 

-13 
60 

-42 

15 
54 
0 

13 
58 
32 

17 
-29 

6-20-88 
6-20-88 
6-2048 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 

7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 

7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 
7-5-88 

6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-2Q-8% 
6-20-88 
6-20-88 
6-20-88 

55.43237 
12.86031 
-35.9201 

0 
26.60753 
1054.!%33 
774.7228 
694.0133 
357.8713 
337.4722 

30.15521 
24.39024 
21.72949 
24.39024 
-2.21729 
1081.152 
806.6518 
585.3658 
367.1840 
306.8736 

0.750750 

3.153153 

1.801801 
140.6906 
151.0510 
137.8378 

-2.55255 

0 

14.30536 
2751031 
5.777166 
4.676753 
17.33 149 
953.7826 
857.7716 
550.2063 
343.3287 
266.0247 



A-54 

Continued 

Sample cplOmin cplOmin cplOmin Counting Extractable 
SrInteg Cs-Area &-Area Date Sr-dum/g C&lgmJg Co-dDmk 

I 2012 
J 2140 

CslOGLASA 732 
B 718 
c 746 
D 759 
E 75 1 
F 1954 
G 2209 
€I 2059 
I 1893 
J 2042 

CmllGLASS 720 
B 714 
C 732 
D 714 
E 742 
F 1277 
G 1156 
H 97 1 
I 95 1 
J 940 

Col2GLASS 749 
I? 684 
C 718 
D 737 
E 729 
F 1309 
G 1170 
H 1015 
r 909 
J a 3  

875 
904 

17 
-2 
0 

14 
1 

862 
974 
935 
823 
850 

-27 
-18 

5 
21 
18 
37 

-10 
3 

-28 
-57 

15 
18 
-2 
-8 
24 

-19 
-13 
-10 
56 
36 

19 
28 

-8 
38 
4 
3 

13 
33 

-1 1 
34 
29 

-21 

-3 
34 

-16 
23 
-9 

217 
130 
89 
81 
98 

-11 
56 

-24 
37 
28 

249 
190 
169 
101 
113 

6-20-88 
6-20423 

6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
620-88 
6-20-88 
6-20-88 

6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 

6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 
6-20-88 

131.3813 
135.7357 

2.552552 
-0.30030 

2.102102 
0.150150 
129.4294 
146.2462 
140.3903 
123.5735 
127.6276 

0 

-0.82530 
9.353507 

6.327372 

59.69738 
35.76341 
24.48418 
22.28335 
26.9601 1 

-3.02613 

-4.40165 

-2.47592 

15.40577 

10.17881 
7.702888 
68.50068 
52.26960 
46.49243 
27.78541 
31.08665 

-6.60247 



I 

A-55 

Residual 134Cs Activity in Borosilicate Glass Vials After Heating and Sequential Fstractions. Sample 
replicates (a, b, and c) were heated to 450, 550, or 650°C after initial drying at 110°C. 

Before After After After 12% After 10% 

Extract Extract Extract 
Sample Heating Heating Tapwater HNO, HF 

(Net counts per 10 minutes) 

a550 
b550 
c550 
a650 
b650 
c650 
a450 
b450 
c450 
all0 

23525 1 
233981 
232745 
236037 
239609 
235248 
238726 
236643 
241451 
237157 

272448 
268205 
267153 
271854 
272222 
270093 
261606 
259684 
2656% 
236046 

268666 
267303 
267564 
275954 
272057 
271392 
261077 
251681 
252060 
39284 

264787 
256230 
258919 
271771 
274719 
272724 
160221 
199289 
198101 

190 

Temperature (Average fraction remaining in vial) 

42 
1273 
99 

10688 
10355 
6707 
106 
1 05 
71 
-8 

110 1 0.9953 15 0.165645 0.000801 -0.oooo3 
450 1 1.097885 1.066959 0.777895 0.000393 
550 1 1.150758 1.144671 1.1 1 1056 0.002014 
650 1 1.145274 1.152637 1.152371 0.038922 



A-56 

Activities of 13'Cs, "(3, and ?Sr in soil samples following thermal treatment and extraction with 8.1N HCI: 

Before Before Before After 
Treat. Sr-90 CS-137 cod0 Sr-90 

ISO~OF Sample Temp. Crucible Activity Activity Activity Activity 
Soil Number (deg C) Broken (dpdg) (dpdg) (dpdg) (dPm/g) 

co 
co 
co 
co 
CO 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
CO 
co 
co 
co 
co 
co 
co 
co 
co 
CO 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
CO 

co 
cs 

Ca 

33 
34 
36 
35 
32 
31 
1 
2 
3 
4 
6 
5 
7 
8 

10 
9 

11 
12 
13 
14 
15 
16 
17 
18 
20 
19 
22 
21 
24 
23 
25 
26 
27 
28 
30 
29 
38 
37 
35 

60 
60 
60 
60 
60 
60 

200 
200 
300 
300 
400 
400 
500 
500 
600 
600 
700 
700 
800 
800 
900 
900 
lo00 
lo00 
1100 
1100 
1200 
1200 
1300 
1300 
1400 
1400 
1500 
1500 
1600 
1600 
1700 
1700 
60 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
16.8 
61.5 
27.9 

0 
84.7 
16.1 

0 
76.3 

0 
0 

10.5 
82.6 

0 
30.1 
6.3 
0 
0 
0 

120.4 
0 

97.8 
103.6 

0 
0 
0 

16.8 
102.2 

0 
0 
0 
0 
0 
0 

153.3 
0 
0 
0 

14142.6 

5644.53 
5487.7 

5234.68 
5347.51 
5520.28 
4883.01 
5126.4 

5559.08 
5053.5 

5078.19 
5567.3 1 
5062.9 

5039.39 
5367.43 
5008.82 
5.409.76 
5062.9 

5429.75 
5845.97 
6075.25 
4848.52 
5%5.31 
5861.26 
5770.72 
5229.86 
5470.9 

5259.26 
5463.84 
6063.49 
5442.68 
5580.25 
5526.16 
5309.82 
5008.82 
5213.4 
6008.23 
5904.97 
5427.22 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



A-57 

Continued 

Before Before Before After 
Treat. Sr-90 (3-137 CEs-60 Sr-98 

Isotope Sample Temp. Crucible Activity Activity Activity Activity 
Soil Number (deg C )  Broken (dpdg) (dpdg) (dPm/g) (dpdg) 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
SR 
SR 

36 
32 
33 
34 
31 
2 
1 
3 
4 
6 
5 
7 
8 

10 
9 
11 
12 
14 
13 
15 
16 
18 
17 
20 
19 
21 
22 
24 
23 
25 
26 
28 
27 
29 
30 
37 
38 
31 
32 

60 
60 
60 
60 
60 

200 
200 
300 
300 
400 
400 
500 
500 
600 
600 
700 
700 
800 
800 
900 
900 

lo00 
lo00 
1100 
1 loo 
1200 
1200 
1300 
1300 
1400 
1400 
1500 
1500 
1600 
1600 
1 700 
1 700 
60 
60 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 
N 
N 

278 
1440 
793 
495 

3856 
5876 
6401 
5750 
4339 
5320 
3305 
4584 
3760 
5029 
3792 
4011 
4127 
4548 
376s 
4401 
5582 
6803 
3363 
4661 
4757 
5062 
5786 
3193 
3704 
5609 
4506 
4824 
3534 
3831 
4648 
5538 
4574 

153566 
154278 

13583.2 
14336.7 
14143.3 
15425.7 
14848.4 
14102.3 
14597.8 
1W9.7 

14016 
13927.6 
13093.9 
12853.9 

13849 
16060.5 
15180.9 
12927.6 
140821 
13031.3 
13711.2 
13338.2 

15286 
16057.1 
13828.8 
12123.9 

16263 
156625 

15524 
12475.3 
13979.1 
13911.6 
12259.6 

14437 
14565.1 
14478.8 
12315.9 
17185.6 
13325.1 

392 
260.4 

0 
10.58 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

74.81 
13.13 

0 
0 

4614 
5545 
5478 
4530 

0 
4807 
3655 
3921 
4634 
5240 
5042 
5095 
4669 
4897 
4174 
4489 
5609 
4339 
3697 
4304 
5341 
3609 
919 

1913 
6562 
4835 
7348 
2890 
3692 
3799 
8899 
8228 

153566 
154278 



A-58 

Continued 

Before Before Before After 
Tieat. Sr-90 (3-137 cod0 Sr-!XI 

Isotope Sample Temp. Crucible Activity Activity Activity Activity 
Soil Number (deg c> Broken (dpdg)  (dpdg) (dpmk) (dpdg) 

SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SW 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 

36 
34 
35 
33 
1 
2 
4 
3 
5 
6 
8 
7 
10 
9 
12 
11 
14 
13 
15 
16 
18 
17 
20 
19 
21 
22 
23 
24 
26 
25 
27 
28 
30 
29 
37 
38 

60 
60 
60 
60 
200 
200 
300 
300 
400 
400 
500 
500 
600 
600 
700 
700 
800 
800 
900 
900 
lo00 
loo0 
1 1 0  
1100 
1200 
1200 
1300 
1300 
1400 
1400 
1500 
1500 
1600 
1600 
1 700 
1700 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
N 
N 

148307 
152491 
146715 
154311 
101857 
99501 
94864 
92719 
93341 
99048 
97338 
91656 
%353 
94062 
99464 
97560 
96476 
94363 
98660 
92680 
%762 
103777 
103488 
95293 
92255 
93370 
94678 
95355 
97544 
95959 
95859 
100198 
95975 
97%9 
99465 
91631 

414.9 
515.5 
502.8 
115.2 
338.9 
480.2 
327.1 
303.4 
473.2 
345.9 
338.2 
293 

366.7 
286.7 
334 

289.5 
395.3 
415.4 
419.6 

405 
350 

391.8 
499 

409.2 
267.9 
299.2 
2%.5 
859.4 
3 18 

4Q4.3 
347.3 
299.9 
837.9 
463.5 
455.4 
271.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

64.31 
0 

148307 
152491 
146715 
154311 
99491 
97873 
94695 
93419 
94061 
99151 
98023 
93506 
98729 
94338 
98968 
94058 
991 16 
97863 
95546 
93590 
97885 
102751 
105764 
95641 
94769 
95708 
95974 
117507 
133086 
129388 
129220 
121264 
133775 
113553 
9%41 
102925 



A-59 

After After RePidWl Residual Residual Extract 
0-137 cod0 Sr-90 Cs-137 cod0 Sr-YO 

Isotope Sample Activity Activity Activity Activity Activity Activity 
Soil Number (dpdg) (dpdg) (dpdg) (dpdg) (dpdg) (dpm/g) 

eo 
CO 
co 
CO 
eo 
eo 
eo 
eo 
co 
co 
eo 
co 
co 
eo 
co 
CO 
co 
co 
co 
co 
eo 
eo 
co 
co 
co 
co 
co 
co 
eo 
eo 
co 
co 
co 
co 
co 
co 
co 
co 
cs 
a 

33 
34 
36 
35 
32 
31 
1 
2 
3 
4 
6 
5 
7 
8 
10 
9 
11 
12 
13 
14 
15 
16 
17 
18 
20 
19 
22 
21 
24 
23 
25 
26 
27 
28 
30 
29 
38 
37 
35 
36 

0 
0 
0 
0 
0 
0 

38.4 
39.8 
3.5 
0 

83.6 
41.7 
0 

18.8 
13.9 

0 
0 
0 
0 

66.7 
0 
0 
0 
7 

61.2 
0 

26.7 
0 

117.5 
0 

143.9 
0 

141426 
135f33.2 

5644.53 
5487.7 
5234.64 
5347.51 
5520.28 
4883.01 
5166.92 
5972.44 
5314.24 
5213.26 
5928.48 
5330.88 
5474.63 
5598.19 
5692.05 
5077.82 
5866.13 
5651.12 
5926.87 
5905 

5372.93 
5907.43 
6031.34 
5819.97 
5 1 74.93 
5662.05 
5299.81 
5296.09 
6299.19 
5390.44 
5872.13 
5556.8 
5767.85 
5543.14 
529733 
6310.37 
511266 
5184.81 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

I 46.5 
0 
64 

34.1 
0 
0 

108.4 
18.1 
37.5 
0 
0 

69.5 
27.8 
9.7 
35 
0 

264 
85.4 
0 
0 
0 

79.2 
0 

18.9 
99.5 
57.4 
71.4 
6.3 
76.3 
0 
0 
0 

1245.33 
1100.47 
887.14 
1167.4 
1028.91 
1128.52 
2356.66 
2074.83 
2943.39 
3188.78 
3398.93 
3316.33 
3914.72 
3582.94 
4226.64 
4103.97 
4682.24 
4956.78 
5387.85 
5269.86 
4794.39 
4789.72 
4857.96 
494235 
5657.91 
5159.87 
5252.59 
4976.82 
4704.62 
4974.44 
4903.13 
5350.05 

b 
0 

335 
0 

325 
171 
158 
0 
22 

486 
155 
393 
319 
0 
91 
506 
0 

119 
205 
266 
0 

605 
0 
0 
16 
480 
82 
10 
0 
0 
0 

417 
0 

161 



A-60 

After After Residual Residual Residual Extract 
CS-137 cod0 Sr-90 CS-137 cod0 Sr-90 

Isotope Sample Activity Activity Activity Activity Activity Activity 
Soil Number (dpdg) (dpdg) (dedg)  (dPm/g) (dpdg) (dedg) 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
SK 
SR 
SR 

32 
33 
34 
31 
2 
1 
3 
4 
6 
5 
7 
8 
10 
9 
11 
12 
14 
13 
15 
16 
18 
17 
20 
19 
21 
22 
24 
23 
25 
26 
28 
27 
29 
30 
37 
38 
31 
32 
36 

14336.7 
14143.3 
15425.7 
14848.4 
14674.3 
14825.1 
13166.7 
14032.5 

0 
12903.4 
12879.3 
14 129.3 
16422.6 
14887.2 
12581.4 
13798 

12827.8 
13481.3 
13471.5 
15416.1 
16246.2 
13514.8 
12164.1 
161%.6 
14341 

15904.4 
12861.8 
14657.4 
13061.8 
11564.3 
13439.8 
14771.7 
14553.8 
11734.8 
15701.7 
12168.2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

26.79 
8.52 
0 

62.1 
29.22 
20.25 
62.03 

2305 

1662 
7829 
8868 
8952 
8492 
8475 
8017 
10067 
7570 
10663 
8230 
7653 
8829 
11660 
10949 
10304 
12542 
12166 
10455 
7429 
1W56 
7674 
5927 
3882 
8877 
8972 
7672 
9829 
895 1 
7152 
5866 

6978 
7011 

14272.6 

14874.7 
13665.1 
14141.1 
12528.5 
13445.9 
13288.6 
12378.2 
11917.4 
13377.8 
15258.2 
14308.6 
11749.7 
12975.3 
10381.8 
10540.8 
11343 

12036.6 
14712.1 
11638.6 
11961.8 
15629.4 
15509.6 
15786 

12204.1 
13448.9 
12664 

11 1727 
13254.2 
13250.7 
13640.4 
11597.4 

356.5 
433.1 

0 

26.87 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

16.08 
55.67 

0 
70.52 
37.11 
22.27 
14.61 
58.44 
32.87 
1.22 
54.79 
2.44 
10.69 

0 
0 

14.26 
0 

7.13 

0 
0 

187 

740 
511 
657 
228 
106 
105 
19 
475 
0 

527 
0 

960 
230 
642 
0 
0 

432 
71 
60 
171 
107 
0 

339 
86 
204 
453 
353 
263 
209 
247 
316 
454 
413 

112289 
117640 



A-6 1 

Continued 

After After Residual Residual Residual €%tract 
(3-137 coao Sr-90 CS-137 C0-a  Sr-90 

Isotope Sample Activity Activity Activity ActiYity Activity Activity 
Soil Number (dpdg) (dPm/g) (dpdg) (dPmh3) (dPdd  (dpdg) 

SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 

34 
35 
33 
1 
2 
4 
3 
5 
6 
8 
7 

10 
9 

12 
11 
14 
13 
15 
16 
18 
17 
20 
19 
21 
22 
23 
24 
26 
25 
27 
28 
30 
29 
37 
38 

360.3 
4853 
321.9 
299.6 
487.4 
270.2 
382.2 
350.1 
341.7 
351.5 
441.6 
292.8 
436.7 

413 
3892 
474.5 

305 
326.3 

554 
349.7 
2627 
359.4 
m 8  
951.4 
407.3 
3613 

628 
382.9 

1036.8 
423.9 
543.3 
256.1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

186% 
17780 
17002 
16064 
24244 
26266 
36931 
33089 
30906 
34210 
38% 
35245 
72760 
71078 
73903 
72067 
69995 
70861 
91562 
83311 
86663 
85658 
si922 
116147 
110774 
107526 
113459 
99031 
105878 
IO2207 

363.4 
454.2 
330.5 
326.3 
434.6 
356.4 
344.2 
404.3 
381.2 

333 
446.3 
381.2 
395.1 
344 

222.1 
397.2 
2529 
297.7 
474.8 
442.1 
272.2 
343.2 
261.1 
803.4 
303.8 
325.5 
3527 
260.5 
764.8 
4868 

b 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

19.48 
0 

15.83 
0 
0 
0 
0 
0 
0 
0 

108106 
114226 
101393 
109100 
89002 
88913 
70968 
703 1 1 
8420s 
72647 
69585 
69610 
18843 
20604 
3495 1 
31836 
13290 
20582 
1666 
507 
157 
80 

327 
53 
30 
0 
0 

188 
20 
77 

495 
626 



A-62 

Extract Extract Soil Activity 
(3-137 co-60 Weight Ratio 

Isotope Sample Activity Activity Loss (Before/ Soluble 
Soil Number (dpm/g) (dPd!d (%I After) Fraction 

CO 
co 
co 
co 
co 
co 
co 
co 
CO 
CO 
CO 
co 
CO 
co 
CO 
co 
co 
co 
co 
CO 
co 
co 
co 
co 
CQP 
CO 
CO 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
co 
cs 
cs 

33 
34 
36 
35 
32 
31 
1 
2 
3 
4 
6 
5 
7 
8 

10 
9 

11 
12 
13 
14 
15 
16 
17 
18 
20 
19 
22 
21 
24 
23 
25 
26 
27 
28 
30 
29 
38 
37 
35 
36 

53.933 
51.131 
62.338 
70.743 
77.747 

107.866 
60.937 

126.077 
56.034 
23.815 
32.92 

40.625 
20.3 12 
70.743 
55.334 
70.743 
53.933 
9.806 

28.017 
65.14 

40.625 
51.131 
11.907 
56.735 
19.612 
32.22 

53.933 
81.95 

18.912 
30.118 
67.441 
2.81)2 

0 
2.158 

4585.76 
4191.13 
3902.29 
5086.18 
4386.07 
4 143.59 
3575.42 
3424.46 
2137.17 
2115.77 
1929.16 
2001.66 
1482.23 
1498.87 
829.67 

1060.26 
219.9 

263.88 
206.82 
183.05 
254.37 
159.28 

73.7 
7 1.32 
49.92 

106.98 
93.9 
115.3 

166.41 
112.92 
124.81 
57.05 

151 
138.18 

4 
3.1 
5.1 
4.3 
7.5 
6.6 
8.5 
7.7 
7.4 
9.2 

9.505 
8.9286 
9.4675 
9.5945 
9.3069 

10.1 
9.604 

9.5661 
9.7633 
9.b457 
9.7804 
9.739 

9.7633 
9.7345 
9.81 17 

10.1 101 
10.2 102 
10.2 102 

10.1 
10.331 
10.338 
10.338 

1 
1 
1 
1 
1 
1 

1.007904 
1.074357 
1.051595 
1.026598 
1.064873 
1.052930 
1.086367 
1.042992 
1.136405 
0.938640 
1.158650 
1 .O40769 
1.013838 
0.971976 
1.108158 
0.990297 
1.029017 
1.008534 
0.9894% 
1.034939 
1.007710 
0.%9298 
1.038872 
0.990401 
1.052305 
1.005544 
1.086260 
1.106675 
1.016098 
1.050287 
0.865823 
0.955334 

1 
1 

0 
0 
0 
0 

0.830711 
0.858308 
0.76 12 14 
0.91493 1 
0.867927 
0.815958 
0.642216 
0.676383 
0.424092 
0.394186 
0.385152 
0.370009 
0.292763 
0.276047 
0.141921 
0.17452 1 
0.045354 
0.044235 
0.035285 
0.031720 
0.048638 
0.0291 14 
0.014013 
0.013053 
0.008232 
0.019655 
0.016827 
0.020864 
0.031340 
0.022544 
0.023940 
0.009495 
0.025571 
0.025460 

0 
0 



A-63 

Continued 

Extract Extract soil Activity 
(3-137 c0-60 Weight Ratio 

Isotope Sample Activity Activity Loss (Before/ Soluble 
Soil Number (dprn/g) (dpdg) (%> Mter) Fraction 

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
SIP 
SR 
SR 

32 
33 
34 
31 
2 
1 
3 
4 
6 
5 
7 
8 
10 
9 
11 
12 
14 
13 
15 
16 
18 
17 
20 
19 
21 
22 
24 
23 
25 
26 
28 
27 
29 
30 
37 
38 
31 
32 
36 

130.98 

123.976 
120.973 
113.94 
118.16 
142.777 
157.547 
108.313 
221.55 
340.414 
260.937 
225.067 
424.814 
507.807 
372.064 
368.547 
481.08 
524.687 
99.17 

102.687 
46.42 
43.607 
82-29 
78.773 
13.363 
26.023 
49.937 
36.573 
40.793 
56.97 
32.353 
21.1 

84.173 
2.158 

165.301 
61.638 

192.56 

93.9 
36 

76.97 
12.41 
172.56 
115.46 
119.18 
39.73 
54.62 
59.59 
156.42 
40.97 
125.39 
16.14 
156.42 
115.46 
37.24 
70.76 
50.9 

151.46 
160.15 
70.76 
47.18 
139.04 
18.62 
64.56 
67.04 
1w.01 
9 1.87 
120.42 

76.92 
59.83 
128.37 
85.58 

CC 07 
d4.0, 

3.6779 
4.0755 
4.2829 
4.4821 
5.4726 
5.4726 
9.0728 
9.1542 
8.0677 
7.8685 
9.98 
9.98 

9.5713 
9.6614 
9.5808 
10.2692 
9.9701 
9.8802 
9.6806 
9.7902 
9.8901 
9.99 
11.3 
10 

7.7922 
9.7902 

11 
10.8782 
10.1898 
11.8 
10.3 

9.9305 

1 
1 
1 
1 

1.040560 
1.015570 
1.024669 
1.001177 

1 
0.985451 
1.001976 
1.020239 
1.022545 
0.980653 
0.973220 
0.979825 
0.984383 
0.983232 
1.009993 
1.008511 
1.01 1776 
0.977293 
1 BO33 15 
0.995917 
0.947549 
1.024503 
1.030981 
1.048522 
0.938914 
0.943285 
0.930927 
1.014184 
1.005179 
0.952817 
0.913654 
0.913 178 

1 
1 
1 

0 
0.009135 

0 
0 

0.008349 
0.008578 
0.007805 
0.009195 
0.01 0 186 
0.01 13 11 
0.008272 
0.0 17236 
0.024580 
0.0 16247 
0.014825 
0.032861 
0.036060 
0.028551 
0.026879 
0.036067 
0.034324 
0.006176 
0.007425 
0.003828 
0.002681 
0.005253 
0.005074 
0.001071 
0.001861 
0.003589 
0.002983 
0.002825 
0.0039 1 1 
0.002234 
0.001 7 13 
0.004897 
0.731210 
0.762519 

0 



A-64 

Continued 

mract Extract kil Activity 
CS-137 e(2-60 Weight Ratio 

Isotope Sample Activity Activity hs (Before/ Soluble 
Soil Number (dpdg) (dPLw (%I Alter) Fraction 

SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 

34 
35 
33 
1 
2 
4 
3 
5 
6 
8 
7 

10 
9 

12 
11 
14 
13 
15 
16 
18 
17 
20 
19 
21 
22 
23 
24 
26 
25 
27 
28 
30 
29 
37 
38 

22.507 
116.753 

59.08 
17.583 
57.673 
33.76 

137.15 
126.6 

28.837 
35.87 
80.18 

55.563 
24.617 
79.477 
26.023 
61.19 

74.553 
68.223 
48.53 

73.147 
28.837 
47.123 
40.09 

73.147 
58,903 
54.157 
79.849 
35.021 
67.941 
25.21 5 
18.625 
30.802 

62.07 
74.49 
1.24 

18.62 
12.41 
2.48 

78.76 
101.8 

115.46 
151.45 
60.83 
81.94 
45.93 

100.56 
54.62 

273.12 
131.6 

166.36 
139.04 
161.39 
120.42 
16.14 
68.28 
59.59 
69.13 

144.01 
135.5 
77.26 

137.88 
35.66 
5 1.72 
61.01 

4.4 
4.4 
5.3 
6.2 

6.0939 
6.893 1 
9.8098 
9.7804 
8.3166 
8.5085 
9.3186 
14.343 

10.3206 
9.8394 

10.3 
10.3103 

10.5 
10.0301 

10.4 
11.6 

10.62 12 
10.9109 
10.1101. 

11 
10.9 

10.9438 
10.7 

11.5768 
11.3886 
9.9198 
10.479 

14.5436 

1 
1 
1 

0.976771 
0.983638 
0.!?98218 
1.007549 
1.007713 
1.001039 
1.007037 
1.020184 
1.024659 
1.002934 
0.9950 13 
0.%4104 
1.027364 
1.037090 
0968437 
1.009818 
1.011605 
0.990113 
1.021992 
1 NO365 1 
1.027250 
1.025040 
1.013688 
1.232310 
1.364368 
1.348367 
1.348021 
1.210243 
1.393852 
1.159070 
1.001759 
1.123255 

0 
0 
0 

0.676019 
0.731202 
0.680780 
0.749473 
0.607334 
0.571768 
0.464387 
0.488610 
0.556638 
0.491930 
0.445505 
0.454464. 
0.124403 
0.139075 
0.225641 
0.218792 
0.087482 
0.126324 
0.010253 
0.003388 
0.001083 
0.000545 
0.002199 
0.000354 
0.000195 

0 
0 

0.001 195 
0.000132 
O.ooO500 
C.cd316S 



A-65 

Averages: 

Average Average Average Average Average 
Co Ratio Cs Ratio Sr Ratio Soluble Soluble 

Temp. (Before/ (BeEOI-el (Before/ Fraction Fraction 
(deg C )  After) AFter) After) co cf 

60 
200 
300 
400 
500 
600 
700 
800 
900 

lo00 
1100 
1200 
1300 
1400 
1500 
1600 
17 

1 
1.041130 
1.039096 
1.058901 
1.064680 
1.037522 
1.099710 

1.049228 
1.018776 
1.012218 
0.988504 
1.014636 
1.028925 
1.096468 
1.033193 
0.910578 

0.m907 

1 
1.028065 
1.012923 
0.992725 
1.01 1 107 
1.001599 
0.976522 
0.983808 
1.009252 
0.994535 
0.999616 
0.986026 
1.039751 
0.941099 
0.972556 
0.978998 
0.913416 

1 
0.980204 
1.002884 
1 .004376 
1.013610 
1.0137% 
0.979558 
1.032227 
0.989127 
1.000859 
1.012822 
1.0261 45 
1.122999 
1.356368 
1.279132 
1.276461 
1.062512 

0.844510 
0.838073 
0.841942 
0.6592299 
0.4G9139 
0.377580 
0.284405 
0.158221 
0,044794 
0.033503 
0.038876 
0.013533 
0.013944 
0.018845 
0.026942 
0.016717 
O.OLs516 

0.004567 
0. 
0. 
0.010749 
0.012754 
0.020413 
0.023843 
0.0323a 
0.031473 
0.020250 
0.005627 



Average Weight Weight 
Soluble %fi% I . A x 8  LRPS 

Temperature Fraction @Q cs Sr 
sr (%I (%I (W 

60 
200 
3 
400 
500 

1m 
1100 
1208 
13063 
144W 
1500 
1 
1700 

0.7462364 
0.30361 1 
0.715 126 
0,589551 
0.476498 
0.52 
0.45 
0.13 1’739 
0.2222 17 
0 . 1 ~ W 3  
0.006821 
O.OQ0814 
0.001276 
0. 7 
0.000597 

0.00370 

0 
3.55 
4.7 

7.85 
8.1 
8.3 

9.2168 
9.53 1 

9.70345 
9.58505 
9.7045 
9.9597 
9.7489 
9. 

10.2102 
10.2155 
10.338 

0 
3.8767 
4.3825 
5.47% 
9.1135 
4. 

9.41635 
9.925 

9.92515 
9.7354 

9.94805 
10.65 

8.9912 
10.9391 

10.1 1525 

0 
4.4 
5.75 

10-08 
10.30515 
10,26505 

11 

10.55505 
10.9219 
11.1384 
10.6542 
12.51 13 



A47 

Residual Activity of %r, and “OCo in so2 versus duration of treatment at 1,WC 

Before 
Sample SrcplOm CscplOm COcplOm 

After Heating 
SrcplOm CScplOm CocplOm days 

13 
14 
29 
30 
11 
12 
9 
10 
3 
4 
7 
8 

42864 
44686 
43424 
43401 
44458 
41864 
43427 
46885 
43008 
43682 
44082 
44647 

18207 
21013 
208M 
17698 
21536 
20741 
18145 
20351 
19754 
22216 
17247 
21240 

4176 
4638 
5110 
4434 
3901 
4097 
4271 
W 5  
4428 
4068 
4172 
4450 

60581 
67576 
50238 
60089 
63798 
48410 
47213 
51968 
48738 
49962 
62148 
61264 

17388 
194oQ 
20873 
16830 
19990 
19814 
16822 
18888 
18144 
20668 
14586 
19594 

3985 
3998 
5083 
4267 
4211 
3932 
3776 
4013 
4194 
3791 
3511 
3760 

0.3 
0.3 

1 
1 
2 
2 
4 
4 
8 
8 
13 
13 

13 
14 
29 
30 
11 
12 
9 
10 
3 
4 
7 
8 

97293.54 
101508.2 
99812.64 
99758.78 
100980.8 
94980.33 
98345.63 
106324.4 
97378.86 
98934.01 
99856.94 
101 160.5 

12803.79 
14777.07 
14478.77 
12315.93 
15144.86 
14585.79 
1266224 
14201.67 
13785.06 
15503.14 
12035.58 
1482205 

5248.868 
5829.562 
6008.230 
5213.403 
4903.217 
5149.572 
5532383 
4980.569 
5735.751 
5269.430 
5404.145 
5764.248 

136539.5 
152517.1 
115446.0 
138451.6 
143887.6 
108739.1 
106aB.O 
116866.1 
109468.3 
112284.1 
140118.7 
138OB.5 

11991.72 
13379.31 
14553.75 
11734.76 
13786.20 
13664.82 
1160137 
130245.20 
12513.10 
14253.79 
1005931 
13513.10 

5008798 
5025.138 
6310.366 
5297.330 
5292860 
4942 182 
4746.103 
5043.991 
5271.493 
4764.957 
4413.621 
4725.992 

1.403376 
1.502510 
1.156627 
1.387864 
1.424900 
1.144859 
1.037882 
1.099146 
1.124354 
1.134939 
1.403195 
1365152 



13 
14 
29 
30 
11 
12 
9 

10 
3 
4 
7 
8 

0.936575 
0.905409 
1.005178 
0.95281 1 
0.910289 
0.93685 
0.916218 
0.917230 
0.907728 
0.919413 
0.835797 
0.91 1689 

0.954262 1.452943 0.9081135 
0.86 1.272245 0.978935 1.033 192 
1.85 1 ~ ~ 0  0.923573 1.0195% 
1.01 0.9 16724 0.935305 
1.07 0.913571 0.911661 
0.959726 1.384673 0.873743 8.8 18239 
0.857876 

0.!204264 
0.816599 
0.81 



A-69 

Elemental Compositions oE radionuclideantarnhated so3 used in preparing specimens of labeled glasses: 

sm-1  
sm-2 
Sr90-3 
Sr9oAvg 
(2137-1 
'3137-2 
Ck137-3 
Cs137Avg 
co60-1 
m - 2  
co60-3 
Cb60Avg 
ISV-1 
ISV-2 
ISV-3 
ISV-4 
ISVAvg 
Limestone 

77080 
79000 
77000 

77666.66 
75000 
75000 
74000 

74666.66 
74000 
77000 
69000 

7333333 
860oO 
98000 
94000 
81000 
89750 
8400 

llrn 
23ooo 
1 lo00 
15OOO 
18OOO 
17000 
19000 
lso00 
6900 
8400 
7900 

7733.333 
3 0 0  
15OOO 
15OOo 
23OOo 
20750 

360000 

45000 
5oooo 
48ooo 

47666.66 
40000 
40000 
39000 

39666.66 
39000 
40000 
36000 

38333.33 
45000 
49000 
46OOo 
45000 
46250 
4900 

9500 
loo00 
97m 

38833.33 
8 r n  
8100 
8100 

8133.333 
8700 
9Ooo 
7700 

8466.666 
9300 
1 1 m  
10000 
9000 
9825 
2Ul00 

1500 
1700 
1500 

1566.666 
720 
710 
700 
710 

1000 
1100 
980 

1026.666 
1000 
810 
750 
700 
815 
140 

2600 
3500 
2700 

2933.333 
3500 
3200 
3200 

3233.333 
5500 
5600 
5800 

5566.666 
8200 
7cvoo 
9200 
9300 
8575 
50 

380000 
35m 
37oooo 

366666.6 
280000 
3 m  
340000 

323333.3 
3 7 m  
3 7 m  
360000 

366666.6 
360000 
400000 
37oooo 
360000 
372500 
3.4000 

sm- 1 
sr90-2 
Sr90-3 
Sr9OAvg 
0137-1 
cS137-2 
cS137-3 
Cs137Avg 
Cu60- 1 
c060-2 
co60-3 
CdiOAvg 
ISV-1 
ISV-2 

14.5453 
149231 
145453 

146712.3 
141675 
141675 
139786 

141045.3 
139786 
145453 
130341 

138526.6 
162454 
185122 

15389 
32177 
15389 
u)985 
25182 
23783 
26581 
25182 

W3.1 
11751.6 
110521 

1081893 
41970 
20985 

64350 
71500 
68640 

68163.33 
57200 
57200 
55770 

5672333 
55770 
57200 
51480 

54816.66 
64350 
70070 

15751 
16580 

160826 
64385.66 
13595.6 
13429.8 
13429.8 

13485.06 
14424.6 

14922 
12766.6 

14037.73 
15419.4 

18238 

2373 
2689.4 
2373 

2478.466 
1139.04 
1123.22 
1107.4 

1123.22 
1582 

1740.2 
1550.36 

1624.186 
1582 

1281.42 

3504.8 
4718 

3639.6 
3954.133 

4448.4 
4313.6 
4313.6 

4358.533 
7144.4 
7548.8 
78184 

7503.866 
11053.6 
10244.8 
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Continued 

ISV-3 177566 20985 65780 16580 1186.5 12401.6 
ISV-4 153009 32177 64350 14922 1107.4 12536.4 
ISVAvg 169537.7 29029.25 66137.5 16289.85 1289.33 11559.1 
Limestone 15867.6 503640 7007 36476 221.48 714.44 
as Am Caco, F@, MgCO, MnCO, Na,O SiO, 
carbonate 15867.6 898920 7007 762% 292.88 3504.8 
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. 
Sr90- 1 
Sr90-2 
sr90-3 
Sr9OAvg 
(3137-1 
(3137-2 
cS137-3 
Cs 137Avg 
co60- 1 
Gal -2  
co60-3 
cO6QAvg 
ISV-1 
ISV-2 
ISV-3 
ISV-4 
ISVAvg 
Limestone 
as 
carbonate 

264.6096 
252.9219 
269.0687 

260.9953 

285.6474 
245.4417 
244.0392 
248.2468 
257.1294 
248.71 43 
30.38803 

0 
0 
0 

5660oO 872678.9 
541000 

575538.1 

558269.0 800186.5 
0 

0 
0 
0 

61 1000 838328.0 
525000 
522000 
531000 
5 5 m  
532000 825842.7 
65000 628926.5 
SiO, K20 
65000 1066888 
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ISV Test Trench Construction Dimensions (length was measured from the south end of the trench). Width.. and 
Depths were measured after filling the trench to the indicated depth below ground surface: 

Length Depth-1 Width-1 Depth-2 Width-2 Depth-3 Width-3 Depth-4 
(ft) (in) (in) (in) (in) (in) (in) (in) 

2 29 20 29 20 29 18 24 
4 58 21 44 23 32 30 24 
6 62 21 44 24 33 35 23 
8 65 22 46 28 33 30 24 

10 67 22 48 24 35 30 23 
12 67 22 47 27 33 31 23 
14 57 24 47 27 34 32 23 
16 52 26 46 26 36 34 24 
18 55 22 45 28 35 35 24 
20 59 19 45 28 35 34 23 
22 65 24 47 29 36 32 25 
24 66 25 48 29 37 34 24 
26 65 26 48 32 37 38 25 
28 64 27 48 34 37 38 25 
30 59 26 47 30 38 28 25 
32 49 25 49 25 38 23 26 

Width-4 Width-5 Depth-5 VOl-1 Vol-2 Vol-3 vo1-4 
(in) (in) (in) ( i d )  ( i d )  (in3) (in31 

24 44 0 0 0 2520 19584 
34 46 0 7392 7632 6144 23040 
43 46 0 9720 7788 9350 24564 
37 44 0 11400 9048 7236 23328 
42 45 0 10488 8424 10368 24012 
36 45 0 11760 9744 8040 22354 
39 46 0 6120 9204 9372 23.160 
39 44 0 3744 7200 10512 2 3 w  
46 47 0 6OOo 7560 10692 26784 
40 46 0 78% 7440 10654 23736 
40 48 0 11448 8052 9504 26400 
42 51 0 11664 8316 11856 26784 
43 50 0 11832 9240 11664 27900 
41 54 0 11712 9504 11376 28500 
38 53 0 8064 6264 102% 27300 
24 44 0 0 6336 6768 21216 

Total Volume 129240 121752 146364 392868 
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Vol-1 Vol-2 Vol-3 VO1-4 Trench 
(U (L) (L) (L) Volume 

21 18.243 1995.515 2398.905 6439.106 12951.77L 
(kg) (kg) 

3454.424 9079.140 
(kg) (kg) 

Weight to fill 3050.270 2873.542 
Total Limestone 9378237kg Total Soil 9079.14kg 

@ 1.44 kg/L @ 1.41 kg/L 
bulk density bulk density 
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Anion Concentrations in ISV Waste: Scrub .Solutions: 

ISMRUM1 
ISVDRUM2 
ISVDRUM3 
ISVDRUM4 
ISVDRUMS 
ISVDRUMb 
ISVDRUM7 
ISVDRUM8 
ISVDRUM9 
ISVDRUMlO 
ISVDRUMll 

<so 
< 50 
< 50 
< 50 
< 50 
<so 
4 0  
<so 
<so 
< 50 
< 50 

84 
40 

560 
610 
550 
480 
370 
640 
580 
130 
130 

140 
70 

300 
230 
200 
160 
130 
m 
270 
61 
63 

< 10 
< 10 
< 10 
< 10 
< 10 
< 10 
< 10 
< 10 
< 10 
c 1 0  
< 10 

< 50 
< 50 
< 50 
<so 
<so 
<so 
< 50 
< 50 
<so 
<50 
< 50 

< 50 
<so 
a 50 
< 50 
< 50 
<so 
<so 
< 50 
c 50 
< 50 
c 50 

52Q 
360 

6500 
4108 
2700 
2200 
1700 
2700 
2004) 
460 
510 
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