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ABSTRACT 

Laboratory bench-scale testing activities indicate that in situ treatment of 
chromate-contaminated soils through the injection of diluted hydrogen sulfide 
gas mixtures may be a feasible and effective remediation approach. 
document defines the objectives and requirements associated with undertaking a 
field demonstration of this technology. The proposed tests will be performed 
at a waste site located at the DOD White Sands Missle Range. 

The major tasks presented in this plan include the design and development of 
the surface gas treatment system, performance of permitting activities, and 
completion of site preparation and field testing and demonstration activities. 
These activities will be conducted in conformance with procedures and 
requirements defined by the environmental restoration program manager at the 
White Sands Missle Range, and other applicable federal and state requirements. 
The Westinghouse Hanford Company will have responsibility for conducting 
laboratory treatability studies, developing the gas treatment system, and 
operating the system during the demonstration. Project staff associated with 
Sandia National Laboratories have responsibility for demonstration 
coordination and permitting activities, site characterization activities, 
installation of the injection/extraction wellfield network, and completion of 
post-test site restoration activities. Post-demonstration characterization 
activities in support of cost and performance analyses of this technology will 
also be performed. 

This 

A schedule and major milestones for the demonstration are presented for 
planning purposes. 

.i i i 
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METRIC CONVERSION CHART 

The f o l l o w i n g  conversion c h a r t  i s  prov ided t o  a i d  i n  convers ion.  

I n t o  m e t r i c  u n i t s  Out o f  m e t r i c  u n i t s  

Source: Engineer ing U n i t  Conversions, M. R .  Lindeburg, PE. ,  Second Ed., 
1990, Pro fess iona l  Pub l i ca t i ons ,  I n c . ,  Belmont, C a l i f o r n i a .  

v i i i  
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F i g u r e  2 .  Approximate L o c a t i o n s  o f  R F I  Phase-I and Phase- I1  S o i l  Boreholes 
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. 2.0 TECHNOLOGY DESCRIPTION 

Various inorganic contaminant constituents can be immobilized through the 
precipitation of solid compounds produced by interaction with gaseous 
treatment agents. Chemical reduction of Cr(VI), or hexavalent chromium, to 
Cr(III), or trivalent chromium, serves to detoxify as well as immobilize 
chromium. The application o f  gaseous reduction to unsaturated soils has been 
discussed by Thornton and Trader (1993), Thornton and Jackson (1994), and 
Thornton et al. (1994). Laboratory testing activities have demonstrated that 
>90% immobilization o f  hexavalent chromium can be achieved by treatment of 
contaminated soils with highly diluted hydrogen sulfide gas mixtures. 

The chemical reaction associated with the treatment of hexavalent chromium may 
be summarized as follows: 

8Cr0;- t 3H,S t 10H' t 4H,O 8Cr(OH), t 3SO; 

Note that hydrogen sulfide is converted to sulfate in this reaction and that 
3 moles of hydrogen sulfide are required to reduce 8 moles of Cr(V1) to 
Cr(II1). 
and chromium (111) hydroxide is an insoluble and essentially nontoxic solid, 
it i s  unlikely that a significant quantity of hazardous byproducts will be 
generated by the gas treatment approach. Excess hydrogen sulfide can be 
removed from the soil by purging with air after treatment has been completed. 

In the demonstration, gas remediation will be undertaken by injecting a 
diluted mixture of hydrogen sulfide into a field soil site contaminated with 
hexavalent chromium. The major systems associated with the demonstration are 
the surface system for makeup of the treatment gas and the associated pumps 
for injection and withdrawal, and the wellfield network consisting of the 
injection and extraction wells. The technical activities associated with the 
design and development of these two systems are described below. 

Since sulfate is not generally regarded as a contaminant o f  concern 

2 . 1  SURFACE GAS TREATMENT AND CONTROL SYSTEM 

A prototype gas treatment system has been designed and fabricated by WHC. 
The system is equipped with an injection pump, extraction pump, water knock- 
out tank, and a scrubber (Figures 3 and 4 ) .  The injection pump is a Model DR 
823, EG&G Rotron Regenerative Blower that will inject3an air stream containing 
100-500 ppm hydrogen sulfide at maximum rate of 5.2 m /min (184 ft3/min) into 
the soil. The extraction pump is a Model DR 808, EG&G Rotron Regenerative 
Blower, and will extrpct air and un-reacted hydrogen sulfide at a maximum rate 
of 9.8 m3/min (345 ft /min) from the soil through a water knock-out tank, and 
then pass it through a scrubber. A granular activated carbon (GAC) canister 
can be added to the system if VOCs are present in the extracted gas stream. 

The water knock-out tank is located on the vacuum side of the extraction pump 
and serves to remove debris and moisture from the air. The scrubber is 
positioned on the positive pressure side of the extraction pump; its function 
is to remove the un-reacted hydrogen sulfide gas from the air stream prior to 
discharge. The scrubbing fluid consists of 57 L (15 gal) of a caustic 

6 
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F igu re  5. Con f igu ra t i on  o f  t he  Gas I n j e c t i o n  and E x t r a c t i o n  Wel ls 
and S o i l  Sampling Locat ions.  
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remaining wells. 
all extraction wells. 
equals or exceeds 0.6, where C is the treatment gas concentration during a 
particular time during the demonstration and C, is the initial treatment gas 
concentration (e.g., if 300 ppm hydrogen sulfide is injected, breakthrough is 
achieved at an extraction well when 180 ppm hydrogen sulfide is present in the 
extracted gas stream). This value of C/C, is based on a 20% dilution factor 
predicted by modeling results, and data from laboratory tests that indicate 
70% breakthrough is sufficient to achieve 90% treatment. 
additional treatment may also be undertaken to allow diffusion into tighter 
zones to occur, if deemed necessary. 

Treatment will be completed when breakthrough is achieved at 
Breakthrough will be specified as complete when C/C, 

Several days of 

After satisfactory breakthrough is achieved at all extraction wells, excess 
hydrogen sulfide will be purged from the system by pumping in air. Purging 
will be completed when <I0  ppm hydrogen sulfide is detected in the extracted 
gas streams from all network wells. 

Soil samples will also be obtained by GeoprobeTM or auger drilling after 
completion of the demonstration and characterized to determine treatment 
effectiveness (Figure 5). These samples will be analyzed for total chromium 
and hexavalent chromium as described in Section 3.2. 

2.4  SAFETY AND PERFORMANCE MONITORING OF FIELD DEMONSTRATION 

An Operating Log will be maintained at the demonstration site that will 
include process monitoring information, data collection notes, and general 
observation notes. Performance of the gaseous reduction demonstration system 
will be monitored at least three times a week by site personnel. 
monitoring will be performed during the first week of the gaseous reduction 
demonstration. Process monitoring information will be also be acquired and 
stored by data logger on a continuous basis. This information will be 
downloaded to a computer for long-term electronic storage. 

The gaseous reduction system will also be continuously monitored by an 
automatic security system. System shutdown will take place in the event that 
any one of the following situations occur: 1) someone enters the exclusion 
zone while gas is being injected, 2) vacuum or injection pressure is lost, or 
3) site monitoring equipment indicates elevated levels of hydrogen sulfide. 
Other interlocks may be added as deemed necessary. 
notify, by cellular phone, the Field Team Lead in the event that power is 
automatically shutdown. Appropriate corrective action measures will be taken 
prior to restarting the system. 

Selenoid valves associated with the treatment gas cylinders will automatically 
shutdown in the event of a power failure, ensuring that gas injection is 
suspended. 
system. 

The goal of this field test is to demonstrate the transformation of mobile 
chromate contamination to a nontoxic immobile chromic solid product in 
unsaturated soils. 
determine the role of process variables on system performance, whereas pre- 
and post-test soil sampling will define the effectiveness of remediation. 

Daily 

The security system will 

A generator will be utilized as a power backup source for the 

Collection of system monitoring data will be used to 

13 
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Monitoring the influent and effluent gas streams for hydrogen sulfide 
concentrations will be used to determine the effectiveness of the gaseous 
reduction demonstration. 
chromium reduction in the site soils for some period of time followed by 
exponential decline in the rate of reaction as the zone is remediated. This 
will be manifested by breakthrough of hydrogen sulfide at the extraction 
wells. A monitoring system will be used that can provide real time data 
regarding the composition of the gas treatment system and flow rates. It is 
anticipated that the bulk of gas stream concentration data will be collected 
using electrochemical sensors. The primary system components will be 
connected into a computer or data logger which will maintain a record of 
systems operational and monitoring information. 

Initially, there should be a fairly constant rate o f  

Monitoring of the scrubber stack will also be performed with an 
electrochemical sensor to verify that regulatory release limits of hydrogen 
sulfide are not exceeded. An operation manual will be prepared for the gas 
treatment system that will include procedures for monitoring of the level of 
hydrogen sulfide in scrubber stack emissions. An alarm will be sounded if 
hydrogen sulfide is emitted from the scrubber stack in excess of the 
prescribed limit. 

Several additional hydrogen sulfide sensors will be located on site and down 
wind to ensure compliance with site safety and air monitoring requirements. 
Site monitors will function independently of the system and will have backup 
battery power. 

3.0 DATA QUALITY OBJECTIVES AND PERFORMANCE EVALUATION 

The overall objective of this technology demonstration is to evaluate the 
performance, safety, environmental acceptability, and cost effectiveness of 
the in situ gas treatment approach to the remediation of chromate-contaminated 
soil. This evaluation should serve as a basis for comparing the technology 
with conventional remediation approaches such as excavation. 

The formulation of data quality objectives is used as a planning tool to 
identify specific data parameters to be measured or collected during the field 
demonstration and to develop a data collection strategy that will provide the 
quantity and quality of data needed to support this overall objective. 
The following sections describe the data quality objectives and operating 
parameters associated with acquisition of demonstration information required 
to achieve this goal. 

3 . 1  S P E C I F I C  DEMONSTRATION OBJECTIVES 

The following specific objectives for the field demonstration have been 
formulated from the Demonstration Objectives Work Sheet (Attachment 2 of 
Thornton and Miller 1995 with modifications): 

14 
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The degree of treatment o f  contamination achieved during the field 
demonstration will be determined by sampling and characterization 
of site soils following completion of the test. This will include 
performance of leach tests on pre- and post-treatment site soil 
samples to assess the degree of immobilization of chromium 
achieved. Performance goals will be established that will include 
consideration of applicable cleanup standards. 

gas emissions can be maintained at an acceptable level. 
monitoring activities will be conducted during the demonstration 
to evaluate how effectively the treatment gas is controlled. 
scrubber will be utilized during the field demonstration to remove 
excess hydrogen sulfide present in the extraction stream. 

An important objective of the field test is to demonstrate that 
Site 

A 

It is also important to demonstrate that gas movement can be 
directed through the site under controlled conditions and excess 
treatment gas can be effectively recovered. Flow cell modeling 
and laboratory testing activities are being conducted to develop a 
well network design that will minimize fugitive emissions. A 
tracer test will be conducted with sulfur hexafluoride prior to 
initiating the demonstration in order to verify the system design, 
optimize operational parameters, and ensure control of gas 
movement within the site. A barrier will also be placed over the 
site during the demonstration to minimize escape of the treatment 
gas mixture. 

Site monitoring data will be collected during the demonstration to 
assess worker exposure to treatment gas and to establish 
requirements associated with using the technology. 

Site monitoring data will also be used to assess potential risk to 
public health and safety associated with use of the technology. 
This includes the risk associated with accidents and routine 
releases of the treatment gas. 
transportation of equipment and materials should also be assessed 
in conjunction with the demonstration. 

P 

Risk associated with 

Ecological and aesthetic impacts of using the technology will be 
assessed during the demonstration. This includes any effects on 
the biota associated with the waste site and any occurrences of 
detectable hydrogen sulfide odor during the demonstration. 
demands (fuel or electrical power consumption) will also be 
assessed. 

Site characterization activities will be conducted following the 
demonstration to assess the capacity for unrestricted use of the 
contaminated area and any need for ongoing control and monitoring 
activities. 

Energy 

15 
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e Experience will be gained from the demonstration regarding the 
primary regulatory requirements that must be addressed. Chemical- 
specific requlatory requirements, such as emission limits, will be 
determined. Data collected from the demonstration will be used to 
assess the degree to which these requirements were met. 

Data shall be collected during the demonstration to support an 
analysis of capital costs and operating and maintenance costs 
associated with the technology. 

An assessment of the readiness of the technology for fullscale 
deployment will be provided following completion o f  the 
demonstration. The demonstration will also provide information 
regarding the length of time required to achieve required 
performance goals. 

e 

e 

3.2 

Site soil sampling will be performed by GeoprobeTM 
field screening and laboratory analysis, geotechnical characterization, 
lithologic description, and laboratory treatability studies. 
treatment soil sampling locations are presented in Figure 6. 
collected at five foot intervals at each location. 
Demonstration Coordinator will prepare a sampling and analysis plan in 
consultation with the Principal Investigator before undertaking site soil 
sampling activities. 

SOIL SAHPLING AND CHARACTERIZATION REQUIREMENTS 

or auger drilling for 

Pre- and post- 
Samples will be 

The Technology 

Prepared labels will be affixed to sample containers. 
the label will include: 

Information included on 

e Project name 
e Collecting date 
e Name of sampler 
e Sample tracking number 
e Nature of material 
e Depth 
e Requested analyses or test. 

Glass or plastic/polyethylene containers are preferred for storage of soil 
samples. If the container is not inert (e.g., metal), a plastic liner will be 
placed in the container before transferring the soil into it. 
containers to be transported must be closed and sealed with evidence tape. 
Radiation from the exterior of the sample container shall meet U.S. Department 
of Transportation (DOT) regulatory requirements. (The waste site is 
nonradioactive.) 
shipped in accordance with E11 5.1,  Chain of Custody/Sample Analysis Request, 
and E11 5.11, Sample Packaging and Shipping, of WHC (1991). 

Analysis of soil samples will be performed by qualified laboratories under 
contract to SNL. In addition, WHC will perform soil analyses to support an 
assessment of demonstration treatment goals (e.g., water leachable hexavalent 
chromium). Commonly used EPA SW846 procedures (EPA 1992) provide chemical 
data with sufficient accuracy and precision to satisfy the performance goals 

Sample 

Samples shipped to WHC for testing or analysis shall be 

16 
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(data quality objectives) as defined above. 
will be used in support of the demonstration: 

The following SW846 procedures 

Method 6010 - Inductively coupled plasma emission spectrometry (ICP) 
for cations/metals 

Method 300.0 - Ion chromatograph (IC) for anions 
Method 7196 - Chromium ( V I ) .  

Immobilization of hexavalent chromium will be determined by leaching with 
deionized water (Thornton et al. 1994) and analysis using Method 7196 or 
equivalent. 
SW846 Method 1311) will be employed as appropriate. Table 1 provides the 
analytical methods, quantitation limits, and precision and accuracy guidelines 
associated with determination of hexavalent and total chromium present in the 
soils. 

In addition, the Toxic Characteristic Leaching Procedure (TCLP; 

A minimum of one equipment blank shall be collected at the completion of 
sampling each day and analyzed to assess and document the levels of 
contamination, if any, contributed from sampling equipment. A minimum of one 
duplicate soil sample shall also be collected for analysis each day samples 
are collected. 
document overall analytical precision. 

Field screening of soil samples for hexavalent chromium shall also be 
conducted. This will involve placing 5 grams of soil in a bottle and adding 
100 ml of deionized water. The bottle will then be agitated for one hour and 
the fluid decanted and filtered before analysis. The water leachate will be 
analyzed with a spectophotometer in accordance with EPA Method 7196. 

Geotechnical measurements to be performed on pretreatment soil samples will. 
include soil moisture determination, bulk density, and permeability 
(WHC 1990). In addition, soil moisture determination will be performed on 
post-treatment samples. 

The purpose of collecting duplicate samples is to assess and 

3 . 3  GAS ANALYSIS REQUIREMENTS 

Electrochemical sensors will be utilized will be utilized to measure hydrogen 
sulfide concentrations associated with the injection and extraction gas 
streams and the scrubber stack off-gas. These sensors will also be used as 
site and personal protection monitors. The detection limit of hydrogen 
sulfide monitors to be used for measuring gas concentrations associated with 
the treatment system is 1 ppm and the range is 0 to 200 ppm. Precision is 
these sensors is commonly ?1 ppm and accuracy shall be maintained at f5 ppm or 
better, as verified by gas calibration standards. 

Hydrogen sulfide concentration measurements associated with the treatment 
system and scrubber stack will be downloaded to a computer from a datalogger, 
and will recorded in field notebooks on a daily basis for the first week of 
treatment and at least several times a week thereafter. Breakthrough 
measurements at the extraction network wells will be recorded in a field 
notebook at least several times a week. 

17 
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Analyte 

Hexavalent 
Chromium 

Chromium 
Total 

Table 1. Chromium Analytical Methods, Analytes of Interest, Quantitation 
Limits, and Precision and Accuracy Guidelines. 

Analytical Practical Precisionb Accuracyb 
Method Quantitation 

Limit Soila 

7196' 0.5 mg/kg - t20 75-125 

6010' 2 w l k g  - t20 75-125 

"Values are to be considered requirements in the absence of known or 
suspected analytical interferences that may hinder achieving the limit by the 
analytical laboratory. 
bPrecision is expressed as relative percent difference; accuracy is 

expressed as percent recovery. 
than five times the target quantitation limit and are to be considered 
requirements in the absence of known or suspected analytical interferences 
that may hinder achieving the limit by the analytical laboratory. 
'Methods specified are EPA (1992) or equivalent. 

These limits apply to sample results greater 

18 
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Sulfur hexafluoride concentrations associated with the tracer test will be 
measured with a gas chromatograph equipped with an electron capture or flame 
photometric detector (accuracy: ?lo%, precision : ?5%; Rohay 1993). 
samples associated with this test will be collected using polyethylene 
syringes. 

Gas 

3.4 TREATABILITY TESTING REQUIREMENTS 

A laboratory treatability study will be conducted on several soil samples 
collected at the site. 
column and passing the treatment gas mixture through the column until 
treatment has been completed. 
analyzed. 
comparing the concentration of hexavalent chromium in the treated sample 
leachates versus untreated controls (Thornton et al. 1994, and WHC 1990 and 
1993). 

These tests involve packing a soil sample into a 

The column is then leached and the leachate 
Immobilization of the treatment procedure can be assessed by 

The laboratory gas treatment system utilizes electronic flow controllers to 
generate a specified gas mixture while maintaining a constant flow rate o f  2.5 
L/min. Electrochemical gas sensors allow measurement of hydrogen sulfide 
concentrations of the inlet and outlet sides of the packed soil column. This 
information will be utilized to determine the breakthrough characteristics of 
hydrogen sulfide during soil treatment. The amount of hydrogen sulfide 
consumed by the soil provides an indication of treatment time requirements and 
the mass of hydrogen sulfide required per unit mass of soil. 
associated with treatment gas breakthrough can be utilized to predict required 
treatment time to complete the demonstration. 

Each test requires approximately 250 grams of soil. 
tests will be conducted on each soil sample (100 ppm and 200 ppm hydrogen 
sulfide in air). A leach test will also be conducted on an untreated control 
for each soil sample tested. 
samples to obtain portions of about 1 kilogram each in order to obtain 
sufficient material to undertake these tests. Two soil composites will be 
tested in this manner (six tests). 

Breakthrough curve data will be utilized to estimate the mass of hydrogen 
sulfide required to achieve treatment per unit mass of soil at these gas 
concentrations. The treated soil columns will then be leached to assess 
treatment effectiveness. The untreated controls will also be leached for 
comparison to the treated samples. 
chromate-contaminated soils indicate that 90% or better immobilization of 
hexavalent chromium should be achieved. 

The gas sensors used to monitor the concentration of the treatment gas mixture 
must be able to measure concentrations in the range 1 to 200 ppm hydrogen 
sulfide. These sensors shall be calibrated with a 100 ppm hydrogen sulfide 
calibration standard mixture before each test. 

Analysis of leachate samples for hexavalent chromium shall be performed in 
accordance with SW846 Method 7196 by personnel in the testing laboratory. 
least one sample from each test will be analyzed in duplicate to assess 
precision. Certified standards will be utilized to calibrate the 

Thus, data 

At least two treatment 

It may thus be necessary to composite soil 

Treatability tests conducted with 

At 
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spectrophotometer and check standards w i  11 be analyzed t o  v e r i f y  t h a t  recovery 
i n  t h e  range 90 t o  110% i s  maintained. A d e t e c t i o n  l i m i t  o f  0.05 mg/L o r  l e s s  
f o r  hexavalent chromium i s  expected. 

3.5 OPERATING PARAMETERS AND PERFORMANCE EVALUATION 

3.5 .1  Expected Resul ts  

The f i e l d  demonstrat ion w i l l  p rov ide i n f o r m a t i o n  t o  assess t h e  f e a s i b i l i t y  of 
conduct ing gaseous reduc t i on  remediat ion i n  unsaturated s o i l s  under f i e l d  
c o n d i t i o n s .  Evaluat ion o f  t he  e f f e c t i v e n e s s  o f  t h i s  remediat ion technique 
w i l l  be performed by ana lys i s  o f  pre- and pos t - tes t  s o i l  samples. A cos t  
ana lys i s  w i l l  a l so  be made o f  t he  technology based on the  performance data 
c o l l e c t e d  d u r i n g  the  f i e l d  t e s t .  

3.5.2 Surface Treatment System Performance 

The sur face t reatment  system must be capable o f  producing a m i x t u r e  o f  
hydrogen s u l f i d e  d i l u t e d  i n  a i r  a t  a constant  concen t ra t i on  and f l o w  r a t e  f o r  
p e r i o d  o f  up t o  several  months. A v a r i a t i o n  o f  5% o r  l e s s  s h a l l  be deemed 
acceptable f o r  these parameters. 
temperatures w i l l  a lso be monitored d u r i n g  the  demonstrat ion. A da ta logg ing  
system w i l l  be u t i l i z e d  t o  ma in ta in  a reco rd  o f  t h i s  i n fo rma t ion .  I n  
a d d i t i o n ,  system performance data w i l l  be recorded i n  the  f i e l d  notebook a t  
l e a s t  t w i c e  a week as a backup record.  

A reco rd  o f  t h e  performance o f  t he  gas scrubber w i l l  a l so  be maintained d u r i n g  
t h e  demonstrat ion.  
scrubber s tack  w i l l  be documented. A reco rd  w i l l  a l so  be maintained o f  
scrubber pH and t h e  frequency o f  c a u s t i c  s o l u t i o n  changeout. 

I n j e c t i o n  and e x t r a c t i o n  pressures and 

I n  p a r t i c u l a r ,  any releases o f  hydrogen s u l f i d e  from t h e  

3.5.3 Gas Flow C h a r a c t e r i s t i c s  o f  t h e  W e l l f i e l d  Network 

An engineer ing study has been conducted t o  d e f i n e  a subsurface t reatment  gas 
i n j e c t i o n / e x t r a c t i o n  network t h a t  cou ld  be employed t o  remediate a s i t e  
(Foster  Wheeler 1995 and Thornton and M i l l e r  1995). 
data associated w i t h  a waste s i t e  l o c a t e d  a t  t he  Chemical Waste L a n d f i l l  near 
Sandia Nat ional  Laborator ies were used i n  t h i s  study f o r  modeling purposes. 

The USGS MODFLOW (McDonald and Harbaugh 1988) and MODPATH ( P o l l o c k  1989) 
groundwater modeling software programs, w i t h  m o d i f i c a t i o n s  f o r  gas f l ow ,  and 
t h e  AIR30 (Joss and Baehr, i n  press) gas f l o w  modeling code were employed i n  
the  study t o  evaluate t h e  gas f l o w - c e l l  c h a r a c t e r i s t i c s  associated w i t h  t h e  
demonstrat ion.  A t o t a l  o f  e i g h t  t e s t  cases were considered. The base case 
(Case 1) c o n f i g u r a t i o n ,  which i s  s i m i l a r  t o  t he  network t o  be employed i n  t h i s  
f i e l d  t e s t ,  cons i s ted  o f  a c e n t r a l  borehole t h a t  i s  screened f r o m  7.6 t o  
15.2 m (25 t o  50 ft) below ground surface. 
composed o f  s i x  w e l l s  w i t h  a r a d i u s  o f  4.6 m (15 f t ) ,  w i t h  an impermeable 
cover p laced on t h e  ground sur face w i t h i n  the  network. Treatment gas was 
i n j e c t e d  i n t o  t h i s  borehole a t  a pressure o f  36 inches water gauge (1.09 atm 
abso lu te ) .  
operated a t  a vacuum o f  -6.75 inches water gauge (0.98 atm abso lu te ) .  
model p r e d i c t e d  an i n j e c t i o n  f l o w  r a t e  o f  233 cfm f o r  t he  i n j e c t i o n  w e l l  and 

S i t e  c h a r a c t e r i z a t i o n  

The e x t r a c t i o n  network was 

The s i x  e x t r a c t i o n  w e l l s  were a l so  screened from 25 t o  50 f e e t  and 
The 
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an extraction flow rate of 48 cfm per extraction well, for a total extraction 
flow rate of 288 cfm. 
from outside the well field. 

Modeling results also indicated that adequate capture/confinement of the 
injected hydrogen sulfide should be achievable for the base case. 
illustrated in Figure 7 ,  which displays the head contours and flow paths 
predicted for the injection zone (layer 4) of the base case gas flow model. 

This corresponds to 19% dilution by extraction of air 

This is 

While the characteristics of the White Sands demonstration site are somewhat 
different than that of the modeling cases ran to date, it is believed that the 
results discussed above are a realistic approximation of gas flow parameters 
expected for the site. Additional modeling runs will be performed as more 
site data becomes available. 
wellfield network tracer test will be performed at the site to verify and 
calibrate the gas flow model. 

In addition, a vacuum step test and a full 

Data to be collected during the treatment phase of the demonstration that will 
be utilized to evaluate wellfield performance shall consist of hydrogen 
sulfide concentrations and flow rates at each extraction well. 
parameters shall be obtained from monitoring of the treatment system 
(Section 3 .4 .2 ) .  
during the demonstration in a effort to achieve satisfactory treatment of the 
entire flowcell volume, as indicated by hydrogen sulfide breakthrough values 
of C/C, of at least 0.6. 

3.5.4 Gas Treatment Parameters for Chromate-Contaminated S o i l s  

Injection 

Flow rates will be adjusted at each extraction wellhead 

As discussed in Section 3.3, treatability tests will be conducted on soil 
samples waste site to verify the treatment process and obtain preliminary 
estimates of unit treatment parameters. Results of past treatability tests 
can also be utilized for an initial assessment, however. Thus, experiments 
using a bench scale version of the gas flow system have recently been 
conducted by the Westinghouse Hanford Company with soil collected from a 
chromate-contaminated disposal cell located in the Chemical Waste Landfill 
near Sandia National Laboratories. The results of these tests indicate that 
treatment of contaminated soil with a 100 ppm hydrogen sulfide gas mixture is 
effective in immobilizing hexavalent chromium. Thus, a treatment efficiency 
of 99.5% was observed for a contaminated soil sample containing 186 ppm Cr(V1) 
and 98.5% for a sample containing 530 ppm Cr(VI), obtained at a depth of 6.1 m 
and 9.2 m (20 and 30 ft), respectively. If the treatment parameters obtained 
from the bench scale tests are applicable at the field scale to the White 
Sands site, then similar treatment efficiencies may be anticipated for the 
field demonstration. Laboratory testing activities also indicate that 
reaction rates are favorable and treatment efficiencies are largely 
independent of gas concentrations and soil moisture content. 

The time required to achieve complete treatment during the demonstration can 
be estimated on the basis of the mass of soil associated with the waste site, 
the mass of hydrogen sulfide required per unit mass of soil, and the rate of 
application of hydrogen sulfide to the site. If the zone targeted for 
treatment is 10 feet thick and 30 feet in diameter, the volume of :oil 
involved is 7069 cubic feet. Assuming a bulk density of 110 lb/ft , 
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F i g u r e  8. 
a t  Va r ious  Gas F low Rates.  

Hydrogen S u l f i d e  Concen t ra t i on  versus  Treatment  Time 
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Table 2 .  Summary o f  Es t imated Technology Costs' 

Cost ELement cost 

1 Capi ta l  costs. 

Gas treatment system E11 $25,000 

U e l l  network t21 $37,500 

System i n s t a l l a t i o n  131 $5.000 

I n d i r e c t  c a p i t a l  costs 141 ~200,000 

Total i n s t a l l e d  cost $267,500 

~~~~ 

2 Operating 8. maintenance ( O H )  costs. 

Basic operating costs 151 $50,000 

Maintenance 161 $3,000 

E l e c t r i c i t y  [71 $5,500 

Chemical costs re1 $2,000 

Total OBn costs $60.500 

3 Uaste disposal costs. 

scrubber Haste I91 $14,000 

II I Total cost. $342,000 

are p r i m a r i l y  those costs associated u i t h  actual uaste s i t e  remediation and do 
a l l  of the pro ject  costs associated u i t h  development of the technology. It 
tha t  the t o t a l  remediation e f f o r t  u i l l  requi re  tu0 years. A l l  costs are i n  

services including design and t r e a t a b i l i t y  t e s t i n g  
preparation, pro ject  management support, and f i e l d  
t i v i t i e s .  Cost estimated on the basis o f  one FTE 
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A phased approach with decision points will be employed to ensure safe 
operations during the demonstration. The first phase will involve drilling 
the central injection borehole at the site and performing a vacuum step test 
to obtain gas flow characterization data (TDC). Site characterization 
information and modeling results will be utilized to support the design and 
installation of the wellfield network (TDC/PI). The WHC surface gas blending 
and control system will then be transported to the site after completion of 
system developmental tests (PI). 

During the second phase, full field tracer tests will be conducted using the 
surface gas treatment system and the subsurface wellfield network (TDC/PI). 
These tests will be utilized to evaluate the efficiency of the gas sweep over 
the network and allow adjustment of system parameters to achieve desired flow 
rates and uniform gas movement through the site. Surface monitoring will be 
also performed during the tracer tests to ensure that gas emissions do not 
escape to the surface from the subsurface flow cell. Safety control systems 
will be evaluated throughout phase 2 activities, including testing of system 
safety interlocks, and personnel and perimeter monitoring devices. 

A demonstration of soil treatment will be conducted in the third phase by 
injection of the treatment gas mixture (PI). Breakthrough monitoring of 
hydrogen sulfide will be utilized to assess treatment progress. Hydrogen 
sulfide residuals will be evacuated from the site after treatment is judged to 
be complete (110 ppm in extraction gas stream). 

After completion of soil treatment, phase 4 will be undertaken by the TDC. 
Well casings will be removed or sealed, additional post-test borings will be 
completed to assess treatment efficiency, and all equipment will be 
disassembled for storage or disposal . A1 1 results and recommendations will be 
incorporated into a final report (PI/TDC). 

7.0 ORGANIZATION AND PERSONNEL RESPONSIBILITIES 

WHC will be responsible for installation and operation of the gas treatment 
system during the demonstration. Staff will be provided by WHC for this 
purpose. SNL and WSMR staff will ensure that site requirements are met and 
will participate in demonstration planning, implementation, and evaluation 
activities. 
for key personnel associated with the field demonstration. 

The following sections contain a description of responsibilities 

7.1  S I T E  MANAGER 

The WSMR environmental restoration manager (Site Manager) is responsible for 
defining site and regulatory requirements associated with conducting the 
demonstration and for providing access to site services necessary for 
supporting field activities. 
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A tent will be placed over the gas treatment system to prevent rainfall from 
accumulating in the fluid collection pan. 

9.0 DEMONSTRATION SCHEDULE 

A schedule of the major tasks described in Section 6 is given below: 

Technology Demonstration Test Plan issued 

Site characterization samples collected 

Laboratory treatability testing completed 

Scrubber performance evaluation completed 

Two-borehole tracer test completed (clean site) 

Injection borehole completed at demo site and 
vacuum step test performed 

Well field network installed 

Surface system installed and wellfield 
tracer test completed 

Permitting documentation completed for H,S injection 

Gas treatment of site soil initiated 

Post-treatment characterization completed 

Site closure activities completed 

Performance Evaluation Report completed 

2/29/96 

2/29/96 

3/31/96 

4/15/96 

5/01/96 

5/15/96 

6130196 

8/31/96 

12/31 196 

5/01/97 

7/31/97 

9 / 3 0 / 9 7 

9/30/97 
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