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Introduction 

Pilot tests of a commercial soil vitrification process for entombing AnimaVChemical and 
Glass Hole area wastes were evaluated by incorporating perfluorocarbon tracers (PFTs) into 
aqueous and organic "wastes" within bottles of the type buried in typical Brookhaven-type holes. 
The objective was to add sufficient known PFT quantities of two or more types in the aqueous 
and organic phases while, at the same time, surrounding the test pit with known emission rate 
PFT sources, one type in the soil and another type in the air, such that monitoring of the air 
above ground and below ground would allow computation of the fugitive emission rates from the 
process as it occurred. Hood off-gas PFT concentrations were also to be monitored in order to 
verify the fraction present; claims have been made that greater than 99% of pit organics are 
destroyed during the melt The output was to be the percentage escape (i.e., not captured by the 
hood) of pit aqueous and organic phases as the vitrification process proceeded. 

The actual melt commenced at 1350 on Monday 24 June 1996 and continued for just 
short of 48 hours. By the next day it was clear from the real-time PFT analyzer that above- 
ground fugitive emissions were not assessable because substantial PFT vapors were fumigating 
the area from the exhaust stack of the ISV hood's soil vapor extraction (SVE) processing system. 
That sampling component was then switched to the stack to compare hood off-gas concentrations 
before and after the charcoal filtering. 

It will be shown by these data that: 

1. Greater than 60 to 80% of pit PFTs were collected by the hood, i.e., destruction 
efficiencies (DEs) were substantially less than 20 to 40%. 

2. Greater than 85% of pit acetone was collected by the hood (DE<15%). 

3. From 3 to 26% of PFTs are expelled horizontally into the soil 2 to 3-1/2 feet beyond 
the hood at an 18-in depth: 

- it is likely that most of that vapor is collected by the hood. 

4. Soil air vapor concentrations below the pit at 52-in. and 72-in. from the surface 
reach maximum concentrations at 30 to 40 h into the melt: 

-- 10 hours after Region IV PFT is exhausted and 20 hours after Region in is 
consumed 

5. The lower the location of the released organic liquid, the higher is its concentration 
in the soil air below the melt: 

-- implication is that vapors generated at greater depths may not be recoverable 
by the surface hood. 

6. The off-gas cleanup system used had no apparent capacity for removing PFT 
vapors. 

7. Off-gas monitoring should be continuous integrated sampling: 

-- continuous PFT monitoring clearly showed maxima in hood-extracted air PFT 
concentrations of short duration (1 h or less) -- runtime maxima were consistent with melt depth as a function of runtime 
(Geosafe Fig. 9). 



Description of Test Pit with PFT Monitoring 

Based on a previous excavation and sizing of contents of a "typical" BNL glass hole, 
Table 1 was constructed to emulate the glass bottle sizes, void spaces, and aqueous and organic 
(acetone as surrogate) liquid content. The volume of whole, glass and metal containers (3% of 
total volume, VT) contained just less than 10% as liquid; debris accounted for 15% and plastic 
bottles another 3% of VT. 

The proposed pit dimensions with zone- and region-identifications are shown schematically 
in Fig. 1. The four regions of Melt Zone 1 (the inner zone) had 3 PFTs-PDCB in acetone in glass 
bottles, oPDCH in H20lacetone solution in glass bottles, and PMCP in H20 and HzOIacetone 
solution in 4 metal cans in Region HI of Zone 1. The 4 regions of the outer zone, Zone 2*, had 
mPDCH in Hz0 and H2OIacetone solution in glass bottles. 

Table 1 provides details of what was found in the typical BNL glass pit and, then, scaling 
by 1/16, of what was used in the 1-ton demo, that is, number of bottles or cans of each size by 
region and zone; a total of 236 PFT-containing bottles and 4 cans were used. Table 2 gives the 
estimated volume of the pit by zone and region and provides total acetone, acetonelwater, and 
PFT quantities used. 

Table 3 provides the final allocation of acetone-only (acet) and H20lacetone solution 
m 0 )  by bottle number count. Table 4 gives the amount of acetone (total of 786 mL liquid or 
621 g), water (total of 426 mL liquid or 425 g), and PFTs (just 3.3 to 6.1 g of each of 4 types). 

To monitor for the emission of PFT vapors that might be evolving into the soil air, eight 
(8) sampling probes (boreholes) at an 18-in depth were deployed uniformly in a circle of 6-foot 
radius around the pit centerline. One foot further in, a ring of 16 stakes each with a buried PTCH 
source at a 2-foot depth as well as a PMCH source at a 1-foot elevation were deployed. The 
concentration of pit PFT vapors measured in the borehole relative to the buried PFT 
concentration times the known PTCH source strength gives the effective pit PFT emanation rate 
into the soil air as measured at that location. Averaging over all eight would give an estimate of 
the integral pit PFT emanation rate. One can argue that if soil air samples were collected 
concentrically closer and closer to the pit melt that both pit PFTs and buried reference PFT 
concentrations would have increased proportionally, so a measure at any one distance away 
should provide a reliable PFT emanation rate. 

The amount of pit PFT as vapor is given in Table 4. If one assumes that all this PFT and 
acetone as well is uniformly emitted over a 48-hour period, the average maximum pit acetone 
and PFT emanation rates, S*, are, correcting for composition: 

PDCB in ocPDCH in PMCP in mPDCH 
k%aQBG H~OIAceto~e &a!& i!laxld A~xKne 

S *,@&in 124 58 83 102 (90 
mUmin) 

C*,ppb 55 26 37 45 (40 P P ~ )  
V T , ~ L  liq. * 2.64 1.49 1.71 2.63 786 
V T , ~ L  liq. 2.13 2.57 2.06 2.58 -- 
aThe total volume of liquid PFT or acetone corrected for composition. 
"Total liquid PFT volume normalized to an S* of 100 uL/min for each. 
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Table 2 

Pit and Contents Volume (L) by Region and Zone 

a Four 8-oz paint cans in Zone 1, Region In, with 20% volume as liquid 

Sums 

Z 1 +Z2: 515.6 L total pit volume (excludes top 2-in) 
10% (3% Z 1 + 3% Z 2*): 1.21 L total liquid in glass and metal containers 
15%Z1+15%Z2: 77.5 L Debris 
3%Z1+3%Z2:  15.5 L Plastic bottles 

Liflmd Zone- Zone 1 (4 cans) Zone 2* 
Total: 0.72 L 0.19 L 0.30 L 

40% Acetone: 288 mL 96 mL 120 mL 
(wI4.4 g PDCB) (~11.65 g PMCP) (wn.1 g mPDCH) 

"60% Aqueous": 432 mL Acetone 48 mL Acetone 90 mL Acetone 
288 mL H S  48 mL H20 90 mL H S  
(wI6.1 g oPDCH) (~11.65 g PMCP) (wD.2 g mPDCH) 



Table 3 

Final Allocation of PFT-Tageed Bottles and Cans 

a All glass bottles: liquid content per bottle at 10% of bottle volume. 
  our (4) metal cans: liquid content per can at 20% of can volume. 



Table 4 

Total of All Liquids and PFTs in Pit 

Zone 1 (Glass) L- --,.. --- - -- 
-- I 

-- g 
-- v (mL) 

-wv. - 
mPDCH 

- g 
-- v-meta (mL) - 

Totals 
-- liq (mL) 

Zone 1 (Region 3) --- .-- 

------ 
Zone 2* ---- 

210 
166 
7--- 

90 
90 

-- 

-- 
Totals ---. ---- 

786 
621 ----- 

426 

- 425 

4.41 
357 

6.14 
168 -- 
3.30 
238 -- 

5.26 
294 

1,212 



Dividing the calculated emanation rates from the borehole measurements by these maximum 
uniform rates, S*, gives the normalized emanation rates. If destruction efficiency was 0% and 
PFTs were emitted uniformly, this normalized value would be 1.0; if DE were 99%, this value 
would be 0.01; etc. Average uniform concentration, C*, is that expected in the hood off- as 
assuming that no vapors are destroyed and that the off-gas flow rate was 80 scfm (2.27 m Inin). 
Also shown is the liquid volume of acetone and each PFT used, corrected for composition (VT) 
and then the amount of PFT that would have been present if each would have had S* rates of 100 
p4min; for example, only 2.06 mL of PMCP liquid would have given 100 pL vapor per rnin for 
48 hours. 

Fugitive emissions escaping into the air from the ground during the melt process were to 
have been collected by a sampling ring surrounding the pit at a 10-foot radius and staked 1 foot 
above the ground. The details of the fabrication of the ring are given in Table 5; regardless of 
direction and magnitude of the prevailing winds, pit PFT vapors escaping from the ground as 
well as those from the known-rate elevated PMCH sources would have allowed the calculation of 
the unknown emanation rate of pit PFTs as a function of time. Unfortunately, as indicated 
earlier, the poor destruction efficiency (DE) of the melt and the lack of any effective off-gas 
treatment did not allow this measurement to be made; on the second day of the melt, the 
sampling equipment was switched to the Exhaust Air coming from the air processing treatment 
stack. 

As shown in Fig. 1, soil air was also sampled directly below the melt at 52- and 72-in. 
depths. Because there was no reference PFT source of known source strength at that depth, only 
PFT concentrations are reported. 

mMQMJBWi- Borehole sampling consisted of purging the sampling probes or lines, filling a 
plastic bag (ISV Bags) with about 300 mL of air, transferrin about a 60-mL aliquot to an 5 adsorbent tube with analysis by an automated GC system 1. 

Programmable adsorbent tube samplers (1) were used to collect hourly integrated air 
samples from the fugitive emissions Ring, the off-gas Hood Air, and the Exhaust Air. About 50 
mumin of ring air was directly sampled. For hood air and exhaust air, sampling air from those 
systems at about 6 to 8 mL/min was dynamically diluted with particle-filtered ambient air at 6 to 
8 Urnin; the 1000-fold diluted sampled air was then collected at about 50 mumin onto the 
programmable adsorbent tubes. 

A real-time PFT analyzer (3) was deployed initially on the ring along with the adsorbent 
sampler, immediately, the first integrated 3-min sample completely overloaded the instrument. 
Not realizing that the ISV system was not destroying PFTs as proposed, all samplers and the 
real-time analyzer were shut down to determine the problem. After adjusting for the 
observations, sampling commenced about 2-1/2 hours into the melting. Real-time data was only 
used as a qualitative indicator, results are not reported here. 

Results and Discussions 

In this section, results are briefly presented and discussed with full, detailed results in 
appendices for Borehole and Below-Pit Soil Air (Appendix A), Ring Air (Appendix B), Hood 
Air (Appendix C), and Exhaust Air (Appendix D). 

Ie A k  Of the eight (8) boreholes, only 6 were sampled for the last 4 of 6 
sampling periods; boreholes 3 and 4 had very poor permeability. Appendix A gives the sampling 
dates and times and the 6 figures give the normalized emission rates for each of the 4 pit PFTs 
versus elapsed time. Boreholes 1 and 2 clearly have the largest normalized emissions, 
approaching unity for PMCP, the PlT in Region III. Because the initial maxima occurred at 
runtimes of 2 and 5 hours, long before Region III was effected by the melt, these early 



Table 5 

ISV Above-Ground Fugitive Emissions 
Air Sampling Cable Design 

(Polyethylene: 318-in. OD by 11-. ID) 
Specifications: 10-ft radius, 60 holes 

0.155 Umin/hole, Total flow = 9.3 Lfrnin @AP=3mmHg 



concentrations were probably due to PMCP-tagged liquid leaking from the 4 cans over the 
weekend prior to the melt. 

Fig. 2 shows the melt depth versus runtime (from the Geosafe report, their Fig. 9). Based 
on their depths, the runtime period which was effecting each of the four regions is indicated. The 
second PMCP maxima in many of the borehole plots seems to be occurring abut 5 to 10 hours 
after Region ffl was melted. 

The integral under each of the PFT curves was used to provide an estimate of the average 
over the melt duration of the PFT soil air emission rate versus borehole number as shown in 
Table 6. Using a linear interpolation for the missing data for boreholes 3 and 4, an average 
emission rate into the soil is computed. For 3 of the 4 pit PFTs, the rate is just 3 to 4% of that in 
the pit; for PMCP in Region III, about 26% is emitted into the soil air. The next most-prevalent 
PFT soil emission rate is that of mPDCH, the PFT in the perimeter zone, Zone 2. All the 
borehole plots show the same trend for the 25- to 41-h sampling results, i.e., PMCP is highest 
followed by rnPDCH. Clearly, the deeper the liquid source is located (PMCP in Region 111) or 
the closer it is to the periphery of the melt (rnPDCH in Zone 2), the higher is the emission rate 
into the soil. However, of the amount emitted into the soil, most is probably recovered by the 
hood at the depth of this melt. 

JBfilŵ EltJSQUJIi. There was no PFT source of known emission rate near the below-pit 
sampling locations, so a calculation of emanation rate is not possible. However, Table 7 gives 
the PFT concentrations measured in the soil air as a function of runtime for each of the two 
depths. At the 52-in location each of the four PFTs decrease in concentration over the first 19 
hours--the start of the melt of Region HI at about the 21-in depth. At 26 hours into the run, the 
PFT concentrations start to increase with a major jump in PMCP - the Region HI PFT. The 
concentrations still climb at the 3 1st hour but start to decrease by the 41st hour. 

At 5 hours into the run, there are significantly larger PFT concentrations at 72 in. than at 
52 in, implying a source from below which is being effected through soil vapor extraction by the 
hood. This, too, decreases at 19-1/2 hours and then climbs again, albeit, more slowly and to a 
smaller magnitude than at the 52-in depth. Because soil air concentrations are increasing more 
slowly with time at greater depths, the question arises as to the magnitude of these emissions and 
to the effectiveness of the hood as a function of depth. 

Figures 3 and 4 show the PFT concentrations (ppt) in the soil air normalized to an 
identical volume emission rate of 100 w m i n  for each. As discussed earlier, the amount of 
PMCP giving 450 ppt at the 52-in depth and 4-fold lower (1 10 ppt) at the 72-in. depth is only 
2.06 mL of liquid; clearly, 2-L of liquid would give rise to 450 ppb of vapor in soil air and, quite 
likely, higher amounts with depth if the larger volume of escaping liquid is not immediately 
volatilized. Below the pit melt as well as peripherally more organic vapor is emitted the deeper 
the source or the more it is on the perimeter. Also, consistently, the ocPDCH from aqueous 
solutions is always higher than the PDCB from acetone-only solutions; it appears there is a 
steam-distillation enhancement 

&ineAHL Although the ring air concentrations measured were determined to be due to 
fumigation from the exhaust air, Fig. 5 is informative as it shows the impact of the melting 
reaching each of the first three regions as defined from the melt curve of Fig 2. The melting is 
occurring under the word "Region; the PFT emanation is occurring in advance of the melting. 
The first two regions are dominated by the PFT in acetone only, PDCB, and then the PFT in 
acetone/water, ocPDCH. The outer zone PFT, mPDCH in Zone 2, is not of the same magnitude, 
and the Region HI PFT is not yet prevalent, consistent with the melting occurring from the center 
outward and the small volume for Zone 2 at Regions I and 11. 

By the time the melt hits Region III, the dominance of PMCP is clearly shown. The lack 
of a Region IV-signal was due to the wind shift carrying the stack emissions away from the ring. 
In the forefront of Region 111, PMCP is rising just ahead of the Zone 2 tracer, in PDCH, as it does 





Table 6 

Average Normalized Soil Air Emissions 

mPDCH 
in Zone 2 - 

- 0.10 
P 

0.06 --- 
0.04 

- 0.01 
0.02 

Depth from Run 
& r ~ f  .in. Time. 

PDCB in 
Lk!ma 

PMCP 
i!L!ha 

a Barhole Nos. 3 and 4 were too wet (no soil air extractable). 
b 2 to 3-112 feet from edge of hood; uncertainty of +lo% and - 100% 

Table 7 

PFT Soil Air Vapor Concentrations ( p a  or pptv) Below Melt 

mPDCH 
in Zone 2 
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FIGURE 4. Copper, 72-inch Depth 
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FIGURE 5. Ring Air 
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in the soil air results. Similarly, the aqueous tracer, ocPDCH, is rising before the acetone- 
dissolved tracer, PDCB. 

Fig. 6 gives the hood-air normalized emission rates versus runtime. The high 
levels before the start of the melt confirm the presence of PFT vapors in the soil air from bottle 
leakage over the weekend. That PMCP dropped to negligible levels (about 0.01 * a factor of 2 as 
shown in Appendix C) implies that the other PFTs showing at the beginning of the Region I melt 
are, indeed, from that region, dominated again early by the Zone 1 PFTs and not until later by the 
outer Zone 2 PFT (mPDCH). 

Again the dominance of PMCP in the Region in melting is evident. The PPT data at the 
26th hour and beyond was lost because of a GC valve leak that occurred after the first tube was 
analyzed. This lid of samples was analyzed 12 days after the earlier results which were run prior 
to the occurrence of the leak as confirmed by standards. 

Also shown are the normalized acetone concentrations, i.e., concentrations received from 
Geosafe divided by the nominal maximum uniform concentration of 40 ppm (assuming no 
destruction). The sum of the acetone normalized hourly average concentrations divided by the 
sum of the sampling hours gives 85.0% presence in the hood. Because the three measurements 
do not coincide with the PFT maxima, it can be assumed that much more than 85% is emitted 
into the hood air. 

Date 6/24/96 6/25/96 6/25/96 
Clock 2345-0045 1346-1436 2254-2354 
Runtime, h -10-1 1 -24-25 -33-34 
Duration, h 1 0.83 1 
Cone., ppm. 33 18 45 
l&mL-CQnc. a 0.825 0.45 1.13 

Norm. C = C/40 PPm 

When the ring air sampling was recognized as being ineffective, the 
sampler was diverted to the Exhaust Air but now with 1000-fold dilution as well. The detailed 
data are in Appendix D and Fig. 7 shows the normalized emission rates versus runtime. Here it 
can be seen that, indeed, there was a Region IV emanation which was not seen in the hood air 
analyses after the 25th hour because of the sampler problem. 

The results show that the PMCP from Region ffl is now gone during the presence of the 
Region IV PFTs. Again, the aqueous PFT (ocPDCH) rises before the acetone-only PFT (PDCB), 
both in Zone 1, but the Zone 2 PFT, in PDCH is more widely distributed probably because the 
Region in-Zone 2 liquids are still being evolved. 

- m i c  E- Summing the normalized emission numbers for the hood 
air (Appendix C) up through the 25th-hour integrated sample together with that for the exhaust 
air from 1600 on 6/25/96 (the 26th hour) and on, the integrated PFT vapor emanation rates into 
the hood air as a percentage of that initially present are: 

PDCB in ocPDCH in PMCP in mPDCH All 
A5amIE Ĥ Aestons 4sa.s illams mane 

The greater-than sign is being used for the PFTs because during the field monitoring of 
the hood and the exhaust air, the dilution air flow was constant but the actual hood and exhaust 
air sampling rates (nominally 7 and 6 Wmin ,  respectively) would occasionally drift down to 
213 or 1/2 those values before we would adjust them up again (an automated flow control is 
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FIGURE 7. Exhaust Air 

- , -- ----- 
Region ]V 

Region III 

Elapsed Time, hr 

2f 3i 

- 

4 oc PDCH 
-A- 2 mt PDCH 



needed). The acetone emissions are greater than 85% because of the lack of measurements 
during periods of peak PFT emanation. 

The agreement between the acetone results (>85%) and the PDCB in acetone-only 
(>80%) emanation rates into the hood air is remarkably good. It would appear that when water is 
present, the amount of organic vapor (ocPDCH) recovered in the hood air (61%) is significantly 
lower, whether water vapor assists the destruction of this PFT-organic surrogate as a potential 
oxygen donor (possible, since ocPDCH is the least-stabile PFT, followed by PMCP, and then 
mPDCH--the order shown above) or water assists in the escape of organic vapors into the soil 
with delayed recovery is not discernible. Considering the large recovery of acetone, much of 
which was present with water, and its chemical instability compared to PFTs, the numbers may 
also reflect the uncertainty of the results. On the other hand, the borehole analyses did account 
for 26% of the PMCP entering the soil air up to &feet from the pit centeriine! 

Recommendations 

1. Provide acetone data from soil samples taken after the melt as a function of location. 

1. Tests can be designed to examine hood-effectiveness as a function of depth before a melt 
(before commitment to power availability) 
-time constant versus depth 
--steady-state effectiveness versus depth 
--addresses concern for liquid organic release at depth. 

2. PFTs can be added during a full-scale melt at the time flux is added. 

3. The on-line, continuous monitoring of PFTs in the real pits and buried PFT sources at 
different depths external to the pits can provide documentation of performance. 

1. Perfluorocarbon tracer technology. Dietz, R. N. In -- 
fifAiLEollurî  Sandroni, S., Ed., pp. 215-247, Elsevier Science Publishers B.V., 
Amsterdam, the Netherlands, 1987. 

2. Across North America Tracer Experiment (ANATEX): Sampling and analysis. Draxler, 
R. R., Dietz, R. N., Lagomarsino, R. J., and Start, G. Atmos. Environ. m, 2815-2836 
(1991). 

3. Perfluorocarbon measumient using an automated dual trap analyzer. D'Ottavio, T. W., 
Goodrich, R. W., and Dietz, R.N. Environ. Sci. Technol. 2Qm, 100-104 (1986). 



Appendix A 

Borehole and Below-Pit Soil Air 
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Appendix B 

Ring Air 
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Hood Air 







Hood Air 

Page 3 



Appendix D 

Exhaust Air 
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