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A FIELD TEST OF A 

GROUNDWATER 
SERVICES, INC. 

MULCH BlOW ALL AND SURFACE AMENDMENT FOR THE IN-SITU 
BIOREMEDIATION OF CHLORINATED HYDROCARBON IMPACTED 

GROUNDWATER 

Building 301 
Offutt Air Force Base, Nebraska 

1.0 OVERVIEW 

This document describes the results of a field test, which assessed the 
applicability and feasibility of promoting the in-situ bioremediation of 
chlorinated solvent compounds (PCE, TCE, etc.) by using a mulch biowall and 
surface amendment near Building 301 (B301), Offutt Air Force Base, Nebraska. 
The biowall was installed in the vicinity of MW-9 where the water table is high 
(Le., 6 ft bgs) and was filled with mulch produced at the Base. The conceptual 
model for tIus teclmology is that the native organic matter fermented, producing 
hydrogen to stimulate reductive dechlorination. Similarly, a natural organic 
matter amendment was applied to the ground above the plume in the vicinity of 
MW-9. This treatment method relies on infiltration to transport soluble organic 
matter into the subsurface, where the organic matter can then ferment, 
producing hydrogen to stimulate reductive dechlorination. 

This approach effectively simulates a Type 2 plume environment, as described in 
the "Technical Protocol for Evaluating Natural Attenuation of Chlorinated 
Solvents In Ground Water" (Wiedemeier et al., 1998). A Type 2 plume is one 
where reductive dechlorination is supported by the utilization of a naturally 
occurring organic carbon source. Type 2 plume behavior has been documented 
in coastal regions and wetland environments where chlorinated solvents migrate 
into organic carbon-rich zones. Natural organic biowalls have been used 
successfully to promote nitrate attenuation by heterotrophic denitrification using 
15-100% cellulose solids (Robertson et a!., 2000; Schipper and Vojvodic-Vukovic, 
1998). 

In this work, natural organic matter in the form of mulch is used in a permeable 
reactive biowall to promote the in situ reductive dechlorination of chlorinated 
solvents in groundwater. The mulch lowers the dissolved oxygen concentration 
and oxidation-reduction potential (ORP) in the aquifer by acting as a source of 
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available carbon to aerobic bacteria . Once anaerobic conditions are created, 
fermentation of the organic matter generates hydrogen, which can be used to 
promote biological reductive dechlorination. Because mulch is inexpensive and 
permeable walls are passive, this technology has the potential to be a cost­
effective solution for chlorinated solvent-impacted groundwater. 

2.0 SITE DESCRIPTION AND HYDROGEOLOGIC SETTING 

Offutt AFB is located approximately five miles south of Omaha, Nebraska. 
Building 301 is located in the eastern part of the Base, approximately 1500 ft from 
the railway tracks and 4300 ft from Papillion Creek (Figure 1). 

B301 is situated on a dissected Pleistocene alluvial terrace remnant of the 
Missouri River with moderately sloping rolling hills. The area immediately 
surrounding B301 was leveled prior to its construction. To the west of B301, the 
ground surface slopes steeply downward into the Papillion Creek alluvial valley. 
More gradual downward slopes are present to the south and east of the building. 
Much of the area surrounding B301 is paved for the numerous roadways and 
parking lots that serve B301 . 

The pilot test was conducted near MW-9. In this area, the subsurface soil 
material consists of approximately 1-3 feet of fill, overlying either a stiff, black, 
low plastic, silty clay (topsoil) or a stiff to very stiff, light to reddish brown, low 
plastic, silty clay (Peoria and Loveland Loess). Near and west of the Base 
boundary, depth to groundwater is only 3 to 10 bgs. Depth to groundwater is 6 
ft bgs near MW-9S. 

The groundwater flow is predOminantly westward, toward Papillion Creek and 
the Missouri River. The hydraulic conductivity in the alluvial silt and clay near 
MW-9 is 1.8E-3 cm/ sec and averaged 3.5 ft/ day (mean of 5 slug tests in alluvial 
silt and clay). The hydraulic gradient is 0.01 ft/ ft. Using an assumed effective 
porosity of 0.15, the computed groundwater seepage velocity is 0.23 ft/day or 85 
ft/yr. The Darcy velocity within the alluvial silts and clays of the Papillion Creek 
alluvial valley is estimated to range from 0.15 to 0.34 ft/ day (Parsons 
Engineering Science, 1997). A summary of key aquifer parameters is provided in 
Table 1. 
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During a site investigation performed by WCC (1993), three soil samples were 
collected from each of six soil boreholes and analyzed for Appendix IX volatile 
organic compounds (VOC)s, semi-volatile organic compounds (SVOCs), 
organochlorine pesticides, PCBs, total petroleum hydrocarbons (TPH), total 
metals, and cyanide. All chlorinated compounds were below reporting limits. 
During a subsequent remedial investigation (WCC, 1996), nine additional soil 
samples were collected and analyzed for Appendix IX VOCs. TCE was detected 
in three of five soil samples collected at MW7I (depths ranging from 25 to 58 
bgs) at concentrations ranging from 1.9 ~g/kg to 18 ~Lg/kg. TOC concentrations 
found in soils in the alluvial valley ranged from 0.030 to 0.355 percent. 

3.2 Affected Groundwater 

Groundwater quality data obtained during the RI and IS (Parsons Engineering 
Science, 1996) indicated that chlorinated aliphatic hydrocarbon (CAH) 
compounds were the primary contaminants of concern in the groundwater. TCE 
was the most prevalent CAH in both extent and concentration in the 
groundwater at B301. The distribution of TCE measured in June-July 1996 is 
presented in Figure 2. The source of TCE contamination appeared to be located 
beneath the northwestern corner of B301, as evidenced by the relatively elevated 
TCE concentration (17,500 ~Lg/L) in the groundwater from MW7I (Figure 2). The 
plume extended westward approximately 2800 ft from the suspected source area. 
PCE was not a contaminant of concern, being detected only immediately 
downgradient of the source area at concentrations close to the quantitation limit 
(i.e., 1.5, 1.5, and 1.9 ~g/L at MW7S, MW14, and MW18). 

All three DCE isomers were detected in June-July 1996 groundwater samples, 
with cis-l,2-DCE being detected most frequently and at the highest 
concentrations (ranging up to 1,230 ~Lg/L). Relatively low levels of trans-l,2-DCE 
and 1,I-DCE (ranging up to 9.4 and 28.6 fig/L, respectively) were detected, 
suggesting that cis-l,2-DCE is an intermediate of reductive dechlorination of 
TCE. The areal extent of the cis-l,2-DCE plume in June-July 1996 was 
significantly different than that of the TCE plume. The highest concentration of 
cis-l,2-DCE was detected at MW71 near the source area. DCE concentrations 
appeared to decrease west of the source area, but increased substantially near 
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and west of the Base property boundary. Only two samples contained detectable 
concentrations of vinyl chloride, a reductive dechlorination product of DCE, and 
no ethene was detected at quantifiable concentrations. These data suggested that 
reductive dechlorination was generally not proceeding past the transformation 
ofTCE to DCE. 

4.0 MULCH BIOWALL AND SURFACE AMENDMENT PILOT TESTS 

4.1 Characteristics of the Test Location 

At Site B301, the area near MW-9 was utilized for the mulch biowall pilot test 
and the surface amendment test (see Figure 2) . This area was selected on the 
basis of: i) the presence of TCE and degradation products ' (e.g., cis-1,2-DCE) and 
ii) shallow depth to groundwater (6 ft bgs) to facilitate the installation of the 
biowall. 

4.2 Fill Preparation and Biowall Installation 

The fill consisted of a 1:1 by volume mixture of mulch and coarse sand 
(approximately 850 ft3 mulch and 850 ft3sand). The mulch was generated as part 
of a severe storm cleanup effort. Fallen tree limb and trunk material was passed 
through a tub grinder and stockpiled. The mulch contained mostly partially 
composted leave and twig material as well as some fine wood chips. The mulch 
was mixed with the sand using a backhoe, as shown in Figure 3a. 

A 100 ft x 1 ft biowall was installed to 23 ft near MW-9, using a one-pass 
trencher, to intercept the groundwater plume. The biowall was simultaneously 
installed and filled to 2 ft below the surface with the mulch-sand mixture. Based 
on TCLP characterization of soil cuttings from wells drilled adjacent to the 
biowall, the soil removed from the biowall was deemed non-hazardous and was 
used to cap the biowall. A photograph of the continuous trencher is shown in 
Figure 3b and a cross-section of the mulch biowall is presented in Figure 4. The 
biowall was installed in January 1999. 

4.3 Surface Amendment 

The surface amendment test involved the application of mulch to the ground 
surface. This treatment method relied on infiltration to transport soluble organic 
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compounds in the mulch to the subsurface. Once in the subsurface, these 
compounds ferment, producing hydrogen needed for reductive dechlorination. 

The surface amendment plot was constructed to be 30-ft long by 15-ft wide and 
approximately 2 ft deep. The plot was filled with mulch and bermed to prevent 
run-off. The surface amendment was located south of the biowall as shown in 
Figure 5. 

4.4 Monitoring Well Installation 

Four 2" PVC monitoring wells were installed via hollow stem auger to a depth of 
20 ft downgradient of the mulch biowall. The downgradient wells were 
positioned at 10 and 20 ft intervals as shown in Figure 4. Existing wells (located 
15 ft upgradient of the biowall) were used as the upgradient wells to monitor 
untreated ground water. A representative well construction diagram is shown in 
Figure 6. 

Two 2" monitoring wells were installed to a depth of 20 ft downgradient of the 
surface amendment plot at 10 ft and 20 ft interval. An existing well (B301-
MW22S) was located approximately 8 ft upgradient of the plot. 

Two additional mOnitoring wells were installed within the contaminated plume 
area, south of the biowall and surface amendment plots, to act as control wells. 
Samples taken from these wells were used to compare the rate and extent of 
chlorinated solvent degradation due to natural attenuation versus mulch 
addition. 

4.5 Sampling 

4.5.1 Analytes 

The wells upgradient and downgradient of the mulch biowall and surface 
amendment plot were sampled for volatile organic compounds (VOCS) (PCE, 
TCE, cis-1,2-dichloroethylene (c-DCE), 1,1-DCE, and trans-1,2-dichloroethene (t­
DCE) and vinyl chloride), alternate electron acceptors/by-products (NO)-, 5042-, 

Fe3+, CHa, ethene, and ethane), total organic carbon, alkalinity, chloride, 
dissolved hydrogen, dissolved oxygen, pH, temperature, redox potential, and 
specific conductance. Sampling occurred at start-up in January 1999, in June 
1999, February 2000 and August 2000. The two wells in the control plot were 
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sampled for the same analytes as the biowall and surface amendment plot, but 
only at the beginning and end of the test. 

4.5.2 Samplin& Protocols 

Monitoring wells were sampled under low flow using a peristaltic pump. The 
pump was operated at approximately 300 mL/ min. The well was purged until 
field parameters (i.e., pH, temperature, specific conductivity, ORP, and D.O.) 
stabilized. A flow-through cell was used to obtain field measurements of 
dissolved oxygen, redox potential, temperature, pH, and specific conductance. 
Sulfate, iron, and alkalinity measurements were made using field analytical kits 
manufactured by HACH Company, Loveland, CO. Headspace gases (hydrogen, 
methane, ethene, and ethane) were collected using the bubble-strip method. Gas 
samples were submitted to Microseeps, Inc., Pittsburgh, P A for gas 
chromatographic analysis. All other analyses were completed by SPL, Houston, 
TX using standard EPA methods. 

4.5.3 Static Water Level Measurements 

Static water level measurements were taken in all wells at each sampling event. 
Potentiometric surfaces were drawn for the test areas for each sampling event as 
shown in Figure 7. These surfaces indicate the direction of groundwater flow did 
not change appreciably over the life of the test and suggested that groundwater 
was flowing through the biowall. Furthermore, the potentiometric surfaces 
indicated that there was no appreciable biofouling or plugging sufficient for 
wa ter to circumvent the biowall. 

5.0 BASELINE RESULTS 

5.1 Chlorinated Solvents and Daughter Products 

Baseline data are presented in Table 2. No PCE was detected in the test area. 
TCE at concentrations ranging from 0.11 to 1.9 mg/L was measured. All three 
dichloroethene isomers (l,l,-DCE, trans-1,2-dichloroethene, and cis-1,2-
dichloroethene) were detected. 1,1-DCE was present at concentrations ranging 
from <0.001 to 0.006 mg/L; trans-l,2-dichloroethene was present at 
concentrations ranging from <0.001 to 0.008 mg/L, and cis-1,2-dichloroethene 
was found at concentrations ranging from <0.001 to 0.27 mg/L. Vinyl chloride 
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concentrations ranged from <0.001 mg/L to 0.0025 mg/L. No ethene or ethane 
was detected in any samples. These data suggest that there was some reductive 
dechlorination of TCE to cis-1,2-dichloroethene, but generally minimal 
degradation beyond cis-1,2-dichloroethene. 

5.2 Geochemical Parameters and Water Quality Indicators 

The aquifer in the test area was aerobic, as indicated by the dissolved oxygen (1.0 
to 3.0 mg/L), and the redox potential (133.2 to 197.5 mY). The total organic 
carbon in the test area was variable, ranging from <1.0 to 24 mg/L. The chloride 
concentration ranged from 8 to 19 mg/L. Sulfate was present at 29 mg/L to 74.6 
mg/L and nitrate was present at 1.1 to 6.4 mg/L. Low levels of iron were 
detected «0.02 to 0.27 mg/L). Methane was measured at <0.0012 to 0.099 mg/L. 

6.0 MULCH BlOW ALL TEST RESULTS 

The following section describes the mulch biowall effects on the aquifer 
geochemistry and its effectiveness for the degradation of chlorinated solvents in 
groundwater. Compiled data from the three sampling events following the 
biowall installation can be found in Appendix A. 

6.1 Water Quality Parameters 

Table 3 presents mean water quality parameter values, both upgradient and 
downgradient of the mulch biowall, along with baseline water quality data and 
water quality data from the control plot in August 2000. No trends with respect 
to specific conductance, total organic carbon or chloride concentrations were 
observed. Chloride concentrations were not observed to increase downgradient 
because the amount of TCE degraded was not sufficient to generate a measurable 
amount of chloride. TOC was not observed to increase downgradient. It may 
have been consumed prior to being measured at the mOnitoring well 10 ft 
downgradient. 

The groundwater temperature changed seasonally. During the June 1999 and 
February 2000 sampling events, the groundwater temperature was 
approximately 2 of higher downgradient than upgradient. Small increases in 
temperature may be attributed to microbial heat generation. 
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The mean natural attenuation parameter values upgradient and downgradient of 
the mulch biowall are presented in Table 4. Prior to the installation of the 
biowall, the aquifer was aerobic. After installation of the biowall, the aquifer 
became anaerobic due to the consumption of oxygen and natural organic matter 
by aerobic bacteria. The decline in the dissolved oxygen is shown in Figure 8. 
Concomitant with a reduction in the dissolved oxygen was a decline in the 
reduction-oxidation potential. Baseline and control area measurements showed 
no or less than 10 mV difference in redox potential, while differences of 37-45 mV 
were noted between upgradient and downgradient biowall wells (Table 4). As 
oxygen and other alternate electron acceptors are consumed, the redox potential 
is expected to fall. The optimum redox potential for reductive dechlorination is 
-100 mV (Weidemeier et ai., 1998). Negative redox potentials were not measured 
in this test, although reductive dechlorination was observed. These higher redox 
potentials may be the result of mixing of groundwater from different redox 
zones during sampling or it may be due to measurement inaccuracies in the 
redox probe. 

Alternate electron acceptors, such as nitrate, ferrous iron, and sulfate, have the 
potential to compete with chlorinated solvents for electron donor. Ferrous iron 
was not detected throughout the test. Nitrate levels were found to decrease 
significantly downgradient of the mulch wall, indicating that nitrate reduction 
was being stimulated by the addition of electron donor to the aquifer. Sulfate 
reduction did not appear to occur until the February 2000 and August 2000 
sampling events. 

Another competing electron acceptor is carbon dioxide. Methanogenic bacteria 
can utilize carbon dioxide as an electron acceptor and hydrogen as an electron 
donor. In this study, the production of significant quantities of methane (over 
background conditions) was observed during the February 2000 and August 
2000 sampling periods (Figure 8), the same periods where sulfate reduction was 
first observed. Generally, the methane concentrations were less than 2 mg/L. 

Two other natural attenuation parameters that were measured were the 
hydrogen and alkalinity concentrations. Hydrogen is produced through the 
fermentation of the mulch and acts as one of the prirnary electron donors for the 
reductive dechlorination process. The concentration of hydrogen can indicate 
the redox potential of the aquifer. In this study, the hydrogen concentrations 
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were generally on the 1-2 nM level and did not necessarily increase 
downgradient of the wall. These concentrations are indicative of sulfate­
reducing conditions (Wiedemeier et aI., 1998). 

Alkalinity was also measured as calcium carbonate. Alkalinity reflects the 
amount of carbon dioxide in the aquifer. When carbon dioxide is formed in the 
aquifer due to microbial activity, carbonic acid is formed that dissolves carbonate 
minerals, increaSing the alkalinity of the groundwater. Higher alkalinity values 
are indicative of the production of carbon dioxide associated with microbial 
activity. Alkalinity was variable over time in the aquifer, but increased 
downgradient of the wall, as shown in Figure 8. No difference in alkalinity was 
noted in the control plot. This trend is further evidence of increased microbial 
activity as the result of the installation of the mulch biowall. 

Key Findings 
The mulch biowall decreased the dissolved oxygen and redox potential of the aquifer, 
creating conditions conducive to reductive dechlorination. Nitrate and sulfate 
reduction and methanogenesis were evident after 1 year, but did not prevent the 
reductive dechlorination of the chlorinated solvents. Hydrogen and TOC did not 
increase downgradient of the wall, which suggested that they were produced at low 
levels and/or were being rapidly consumed. Alkalinity increased downgradient of 
the biowall, indicating increased microbial activity as a result of the introduction of 
electron donor. 

6.3 Chlorinated Solvents 

Table 4 presents the chlorinated constituent concentration data upgradient and 
downgradient of the biowall as well as data from the baseline sampling event 
and the control plot. The following sections discuss TCE removal, and 
production of daughter and final reduction products as a result of passing 
through the mulch biowall. 

6.3.1 TCE Degradation 

Comparison of TCE concentrations upgradient and downgradient of the biowall 
demonstrate that the mulch biowall is effecting a Significant removal of TCE, as 
shown in Figure 9. Mean upgradient TCE concentrations ranged from 0.3 to 2.1 
mg/L, while mean downgradient TCE concentrations ranged from 0.1 to 0.5 
mg/L 10 ft downgradient and 0.2 to 0.6 mg/L 20 ft downgradient of the biowall. 

, The residence time of the groundwater in the wall is estimated to be 4 days, but 
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may be longer for chlorinated constituents, which may sorb to the organic matter 
in the mulch wall. In addition, organic carbon liberated by the mulch wall may 
travel downgradient with the groundwater allowing additional biolOgical 
reaction time. 

The mean upgradient concentration was 1.3 mg/L and the mean TCE 
concentration 10 ft downgradient was 0.35 mg/L. Therefore, the biowall was 
removing an average of 0.95 mg/L. Using a seepage velocity of 85 ft/yr, a 
porosity of 0.15, a width of 100 ft and a depth of 17 ft (amount of the biowall in 
the saturated zone), approximately 15.7 kg/yr of TCE was removed by the 
biowall. 

6.3.2 Production of Daughter Products 

The mulch biowall was clearly enhancing reductive dechlorination because of the 
production of daughter products (i.e., cis-1,2-dichloroethylene, vinyl chloride, 
ethane, and ethane) downgradient of the biowall as shown in Figure 9. 

c-DCE is a indicator of reductive dechlorination, because it is found in very small 
quantities in commercially produced dichloroethene. The concentration of c­
DCE increased 40 fold as a result of passing through the biowall during the first 
sampling event. The presence of c-DCE downgradient of the biowall was further 
indication that the c-DCE was being produced as a result of the reductive 
dechlorination of TCE. The presence of c-DCE downgradient of the biowall was 
further evidence that water was passing through the wall. After the June 1999 
sampling event, the amount of c-DCE declined, although TCE continued to be 
removed (Figure 9). Some of the c-DCE was being converted to vinyl chloride, 
ethene, and ethane, but much of the decline cannot be accounted for by reductive 
dechlorination end-products (see Section 6.3.4 for further discussion). Some of 
the c-DCE may have been mineralized in aerobic microenvironrnents or c-DCE 
may have sorbed to the aquifer matrix. 

Because the TCE concentration in the incoming groundwater changed 
significantly over the course of the 19 month test, the use of the ratio of c­
DCE:TCE is informative. This ratio gives an indication of the extent of reductive 
dechlorination. Upgradient wells showed mean c-DCE:TCE ratios of 0.01-0.03, 
while downgradient wells had c-DCE:TCE ratios as high as 28, as shown in 
Figure 9. An increased c-DCE:TCE ratio is further evidence of reductive 
dechlorination. 

Milich Biowall Pilot Test Report 10 Of/uU MB, Nebmska, 
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Vinyl chloride can be produced as the result of the reductive dechlorination of c­
DCE. Vinyl chloride is a carcinogen and generally degrades more slowly than 
the other chlorinated constituents under reduced conditions (Vogel et aI., 1987). 
In this study, small amounts of vinyl chloride were produced but the 
concentrations were less than 3 Ilg/L. This concentration compares to non-detect 
or 1 Ilg/L levels found in the upgradient and control areas. Low concentrations 
of vinyl chloride may be attributed to rapid degradation of vinyl chloride by a 
variety of mechanisms including anaerobic oxidation (Bradley and ChapeIle, 
1996), aerobic mineralization (Hartmans et al., 1985) or cometabolism (Vogel, 
1994) in aerobic microenvironments, and reductive dechlorination (Vogel and 
McCarty,1985). 

The final reduction products of TCE are chloride, ethene, and ethane. Because 
the concentrations of TCE are low on a molar basis, no increase in chloride was 
observed. The production of ethene and ethane increased with time, suggesting 
the growth or adaptation of bacteria capable of reductive dechlorinating vinyl 
chloride (Figure 9). Production of ethene and ethane also corresponds to when 
sulfate-reducing and methanogenic conditions were observed in the aquifer. 
Dechlorination of TCE to DCE can proceed under nitrate or iron (III) reducing 
conditions (Vogel et a!., 1987), while the transformation of DCE to VC and VC to 
ethene requires more strongly reducing conditions (Freedman and Gossett, 1989; 
DeStefano et aI., 1991; DeBruin et al., 1992). 

6.3.3 Comparison of the Biowall to the Control 

The mean % removals of TCE and of the total chlorinated solvents are shown in 
Table 5 for both the biowall and the control plot. By averaging the upgradeint 
concentrations and concentrations 10 ft downgradient, a mean % TCE removal of 
73% was calculated. This compares favorably with the natural attenuation 
control plot that showed an average increase of 20% in TCE concentrations over 
the course of the test, indicating slight increases in the constituent concentrations. 
By subtracting the mean total molar concentrations of chlorinated constituents 
downgradient from the mean total molar concentrations of chlorinated 
constituents upgradient of the biowalI, the % removal of total chlorinated 
solvents was calculated over the course of the test. The mean % removal of 
chlorinated constituents was 60%, while the control plot had a mean % increase 
of 12%. Overall, the mulch biowall achieved Significantly greater reductive 
dechlorination than natural attenuation alone. 
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To shed some light on the mechanisms of removal, the amount of TCE and total 
chlorinated solvent removal that could be accounted for in daughter and end­
products was calculated as shown in Table 5. Only approximately 25% of the 
TCE removed could be accounted for by c-DCE, VC, ethene, and ethane. 
Furthermore, the amount of complete dechlorination (that is the amount of 
dechlorination that can be accounted for by ethene and ethane) is only 10%. 
Because of the production of daughter products such as c-DCE and VC, it is clear 
that reductive dechlorination is occurring. The low molar balances indicate that 
several other mechanisms are at work. First, the low amount of ethene and 
ethane recovered could be due to losses to the vadose zone, thus 
.underestimating the amount of complete reductive dechlorination. Also, aerobic 
microenvironrnents may have stimulated the aerobic biodegradation of the 
daughter products. Lastly, it is possible that sorption of TCE and the daughter 
products occurred in the mulch biowall or to the aquifer matrix. The benefit of 
sorption of chlorinated constituents to the mulch is increased residence time in 
close proximity to the carbon and hydrogen source. Future mOnitoring of the 
biowall will involve sampling of the mulch to assess the degree of sorption. 

Ket/ Filldill 5 

Significant TCE removal was effected by the mulch biowall (mean of 73%). Reductive 
dechlorination was stimulated as evidenced by the production of c-DCE, vinyl 
chloride, ethene, and ethane, well in excess of the concentrations produced in the 
control plot. Vinyl chloride did not accumulate and was less than 3 Dg/L. Ethene 
and ethane were detected and increased in concentration after sulfate and 
methanogenic conditions were established in the aquifer. The production of daughter 
products only accounts for approximately 25% of the removal of TCE. Other removal 
mechanisms at work may be sorption of the TCE and daughter products to the mulch 
and/or mineralization of c-DCE, Vc, ethene and ethane to carbon dioxide via other 
biolo ical athwa s. 

7.0 SURFACE AMENDMENT TEST RESULTS 

7.1 Water Quality Parameters 

Table 6 presents mean water quality parameter values, both upgradient and 
downgradient of the mulch surface amendment, along with baseline water 
quality data and water quality data from the control plot. No trends with respect 

Mlllclt Biowall Pilot Test Report 12 O/IItH AFB, Nebraska, 
Site 8301 



( 

l 

lillie 18, 2001 

GROUNDWATER 
SERVICES. INC. 

to specific conductance, total organic carbon, temperature, and pH were 
observed. Chloride concentrations were observed to decrease slightly 
down gradient of the surface amendment. 

7.2 Natural Attenuation Parameters 

Mean natural attenuation parameter values upgradient and downgradient of the 
mulch surface amendment are also presented in Table 6. Prior to the installation 
of the surface amendment, the aquifer was aerobic. After addition of the surface 
amendment and infiltration of carbon, the aquifer became anaerobic due to the 
consumption of oxygen and natural organic matter by aerobic bacteria. The 
decline in the dissolved oxygen is shown in Figure 10. Interestingly, the aquifer 
remained anaerobic even during the winter when infiltration of carbon rich 
water would be impeded by surface freezing and snow. Although the dissolved 
oxygen was seen to decrease during the test, the redox potential remained 
unaffected. 

Alternate electron acceptors, such as nitrate, ferrous iron, and sulfate have the 
potential to compete with chlorinated solvents for electron donor. Ferrous iron 
was not detected throughout the test. Nitrate levels were found to decrease 
downgradient of the mulch surface amendment, indicating that nitrate reduction 
was being stimulated by the addition of electron donor to the aquifer. Sulfate 
reduction did not appear to occur until February 2000, but the amount of sulfate 
degraded was low (on the order of 3-5 mg/L). No sulfate or nitrate reduction 
was observed in the control plot, indicating that the infiltration of carbon 
substrate was having an effect on the subsurface environment. 

Another competing electron acceptor is carbon dioxide. Methanogenic bacteria 
can utilize carbon dioxide as an electron acceptor and hydrogen as an electron 
acceptor. In this study, only low levels of methane were produced (i.e., <72 
/lg/L). Generally methane concentrations in the surface amendment test area 
were similar to those measured in the control area. 

The concentration of hydrogen is important because it can indicate the redox 
condition of the aquifer. In this study, the hydrogen concentrations were on the 
1-2 nM level, indicating sulfate-reducing conditions. Hydrogen concentrations 
did not increase downgradient of the surface amendment suggesting that either 
hydrogen was being consumed as quickly as it was being produced, or limited 
fermentation was occurring. 

Milich Biowall Pilot Test Report 13 Offutt AFB, Nebraska, 
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Alkalinity as calcium carbonate was also measured. Higher alkalinity values are 
indicative of the production of carbon dioxide associated with microbial activity. 
Alkalinity was variable over time in the aquifer, but increased significantly 
downgradient of the surface amendment in June 1999 only, as shown in Table 6 
and Figure 10. No difference in alkalinity concentrations was noted in the 
control plot. This result indicated a period of increased microbial activity as the 
result of the application of the surface amendment. 

Key Findings 
The mulch surface amendment caused a depression in the dissolved oxygen due to 
the infiltration of soluble organic matter. Increased nitrate reduction and some 
transitory sulfate reduction were observed. Very little methanogenesis occurred. In 
June 1999, increased alkalini was measured, indicatin increased microbial activi . 

7.3 Chlorinated Solvents 

The chlorinated constituent concentration data up gradient and downgradient of 
the surface amendment are found in Table 7. The following sections discuss TCE 
removal, and production of daughter and final reduction products as a result of 
passing under the mulch surface amendment. 

7.3.1 TCE Degradation 

Comparison of mean upgradient TCE and mean downgradient TCE 
concentrations indicate that very little TCE is being degraded. Mean upgradient 
TCE concentrations range from 0.6 to 1.6 mg/L, while downgradient TCE 
concentrations range from 0.4 to 0.6 as shown in Figure 11. Although there 
appears to be a reduction in TCE concentration during the August 2000 sampling 
event, the lag time between the upgradient and downgradient wells must be 
considered. That is, the upgradient water will take several months to travel from 
the upgradient well to the downgradient well and therefore samples taken from 
the same sampling event should not be directly compared. 

7.3.2 Production of Daughter Products 

The production of c-DCE was observed during the first sampling event and then 
tapered off for the remainder of the test as shown in Figure 11. The ratio of c­
DCE to TCE concentrations shows a similar pattern, with a large increase in the 
ratio observed during the June 1999 sampling event. Vinyl chloride 
Milich Biowall Pilot Test Reporl 14 Offutt M8, Nebraska, 
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concentrations were generally low between non-detect and 2 f.lg/L. A slight 
increase in vinyl chloride was observed during the June 1999 sampling event, 
after which vinyl chloride declined to background conditions. Slightly elevated 
ethene concentrations (i.e., mean concentration of 140 ng/L) during the June 1999 
sampling event. No ethane was detected until February 2000. 

Limited reductive dechlorination was expected during the February 2000 time 
frame due to freezing conditions preventing infiltration of organic constituents to 
the subsurface. However, reductive dechlorination did not commence again in 
August 2000, suggesting that the available carbon in the mulch had been 
consumed and/ or it was not infiltrating to the subsurface. 

7.3.3 Comparison of the Surface Amendment to the Control Plot 

The mean % removals of TCE and of the total chlorinated solvents are shown in 
Table 8 for both the surface amendment and the control plot. The mean %TCE 
removal over the course of the test was 21 % and the mean % total chlorinated 
solvent removal was 5%. Seventy-five percent of the TCE removed could be 
accounted for by production of daughter products, indicating that reductive 
dechlorination was the predominant removal mechanism. However, negligible 
amounts of ethene and ethane were produced. The TCE and Total Chlorinated 
Solvent concentrations increased slightly within the control plot, indicating no 
significant removal by natural attenuation. Overall, the reductive dechlorination 
achieved with the mulch surface amendment was only slightly greater than that 
from natural attenuation. This technology may be more suited for sandy 
aquifers with higher rates of infiltration. 

Key Fil/dil/gs 
Some TCE was degraded during the first part of the test, as evidenced by the 
production of c-DCE measured in the June 1999 sampling event. Very little vinyl 
chloride, ethene, and ethane were generated. The effect of the surface amendment 
appeared short-lived and was not observed after the first sampling event. The June 
1999 time frame was the only time when methanogenesis was observed, albeit at low 
levels. Generally the aquifer was under nitrate reducing conditions, which may have 

rec1uded the further dechlorination of TCE and c-DCE to VC and end- roducts. 
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The attractiveness of this technology is the cheap cost of the mulch (electron 
donor). In this particular case, mulch was obtained free of charge. Mulch can 
also be purchased for less than $20/yd3 or 1 cent/lb. Mulch is cheaper than 
other organic electron donors such as hydrogen releasing compound ($6/lb) and 
molasses and vegetable oil, which cost on the order of $0.20-0.50/lb (Harkness, 
2000). Although mulch appears less effective in treating chlorinated constituents 
than zero valent iron, it is much cheaper than iron, which costs approximately 
$350/ ton or $700/yd3(Peerless, Inc., personal communication). Therefore, 
potential cost-effective applications of the mulch biowall are as pre- or post­
treatment steps, in conjunction with zero valent iron walls, to significantly 
decrease the amount of iron that is required to achieve clean-up objectives. 

A shallow mulch biowall installed using a continuous trencher will cost 
approximately $140-360/ linear foot, depending on the length and contractor. 
Shorter trenches are more expensive on a linear-foot basis. Mobilization and 
demobilization will cost an additional $20-40K. Biowalls installed using a 
continuous trencher are generally limited to a depth of approximately 30 ft. 
Deeper biowalls can be constructed using conventional excavation, which will be 
more expensive and time-intensive. 

The benefit of a passive biowall is the low operating and maintenance costs. 
Once installed the biowall requires no energy and very little maintenance. Only 
monitoring of the groundwater is required. One unknown with respect to 
maintenance costs is the longevity or replacement frequency of the mulch. Other 
investigators have installed walls filled with a variety of waste cellulose solids 
for the treatment of nitrate-contaminated water and have found very little 
reduction in performance during 7 years of operation (Robertson et al., 2000). 
Therefore, the mulch biowall can be estimated to last somewhere between 7 and 
10 years. Further performance mOnitoring of tl1e mulch biowall at Offutt AFB 
will be conducted over the next several years to better estimate mulch longevity. 

Mlllcll Diol~all Pilot Test Report 16 O/flilt AFB, Nebraska, 
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A 19-month pilot test of a mulch biowall was performed at Site Building 301 at 
Offutt APB. The test was conducted to evaluate the effectiveness of mulch as all. 
electron donor to stimulate the reductive dechlorination of TCE in the 
groundwater. In January 1999, the mulch biowall was installed using a 
continuous trencher. The dimensions of the biowall were 100 ft x 1 ft x 23 ft 
deep. The trench was filled with a 1:1 mixture of sand and mulch. In addition to 
the mulch biowall, a mulch surface amendment was added to a plot to promote 
the infiJ tration of carbon-laden water. Monitoring weIIs were installed 
upgradient and gradient of the biowaII and surface amendment. In addition, 
two wells were installed away from the surface amendment and biowall but 
within the plume to act as controls. Results of the biowaII and surface 
amendment tests are summarized below. 

9.1 Results of the Mulch Biowall Test 

The mulch biowaII decreased the dissolved oxygen and redox potential of the 
aquifer, creating conditions conducive to reductive dechlorination. Nitrate and 
sulfate reduction and methanogenesis were evident after 1 year, but did not 
prevent the reductive dechlorination of the chlorinated solvents. Hydrogen and 
TOC did not increase downgradient of the wall, which suggested that they were 
produced at low levels and/ or were being rapidly consumed. Alkalinity 
increased downgradient of the biowall, indicating increased microbial activity as 
a result of the introduction of electron donor. 

Significant TCE removal was effected by the mulch biowall (mean of 73% over 
the test period). Reductive dechlorination was stimulated as evidenced by the 
production of c-DCE, vinyl chloride, ethene, and ethane, weII in excess of the 
concentrations produced in the control plot. Vinyl chloride did not accumulate 
and was less than 3 Ilg/L. Ethene and ethane were detected and increased in 
concentration after sulfate and methanogenic conditions were established in the 
aquifer. The production of daughter products only accounts for approximately 
25% of the removal of TCE. Other removal mechanisms at work may be sorption 
of the TCE and daughter products to the mulch and/ or mineralization of c-DCE, 
VC, ethene and ethane to carbon dioxide via other biological pathways. 
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The mulch surface amendment caused a depression in the dissolved oxygen due 
to the infiltration of soluble organic matter. Increased nitrate reduction and 
some transitory sulfate reduction were observed. Very little methanogenesis 
occurred. 

Some TCE was degraded during the first 5 months of the test, as evidenced by 
the production of c-DCE measured in the June 1999 sampling event. Very little 
vinyl chloride, ethene, and ethane were generated. The effect of the surface 
amendment appeared short-lived and was not observed after the first sampling 
event. The June 1999 time frame was the only time when methanogenesis was 
observed, albeit at low levels. Generally the aquifer was under nitrate reducing 
conditions, which may have precluded the further dechlorination of TCE to c­
DCE,VC and end-products. To facilitate the infiltration of carbon, this 
technology may be more effective in more temperate climates, with year-round 
precipitation and no freezing. 

10.0 FUTURE WORK 

A full-scale mulch biowall will be installed in July 2001 at Offutt AFB. The 
biowall will be 500 ft long to treat the entire width of the plume in the same 
general area as the pilot test biowaJJ. The full-scale biowall will be constructed in 
the same way as the pilot biowall, but it will be made 1.5 ft wide to increase the 
residence time and fermentable carbon available for reductive dechlorination. 
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NOTES 

TABLE 1 
HYDROGEOLOGICAL CHARACTERISTICS OF TEST SITE 

Building 301 
Offutt Air Force Base, Nebraska 

PARAMETER VALUE 

Representative Media Type Alluvial silt and clay 
Depth to Wa ter (ft, BGS) 6 
Saturated Thickness (ft) 30 
Hydraulic Conductivity, K (ft/d) 3.5 
Groundwater Gradient, i (ft/ft) 0,01 
GW Seepage Velocity (ft/d) 0.23 

J. Groundwater seepage velocity computed as K'i / n, Effective porosity, n, assumed 
to be 0.15 (Parsons Engineering Science, 1996) , 

GROUNDWATER. 
SERVICES. INC. 

2, Hydraulic conductivity estimated based on pumping tests completed in nearby wells, 
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TABLE 2 
JANUARY 1999 BASELINE SAMPLING 

BlOW ALL AND SURFACE AMENDMENT TESTS AT SITE B301, OFFUTT AFB, NEBRASKA 

Test Program for In-Situ Dechlorination by NOM Addition 
Air Force Center for Environmental Excellence, Brooks AFB, Texas 

. Plume Area Monitoring Wells 
Units Blank I B301-22S I B301-23S I B301-24S I B301-27S 

Chlorinated Organics and Reduction B ~Products 

PCE mg/L <0.001 <0.001 <0.001 <0.001 <0.001 
TCE mg/ L <0.001 0.63 0.67 1.9 0.11 
l,l-DCE mg/L <0.001 0.0062 0.0064 0.003 <0.001 
cis-l,2-DCE mg/L <0.001 0.0078 0.0082 0.02 0.0081 
trans-l,2-DCE mg/ L <0.001 <0.001 0.0016 0.0041 0.0075 
Vinyl chloride mg/L <0.001 <0.001 <0.001 <0.001 0.0012 
Ethene mg/ L <0.0032 <0.0032 <0.0032 <0.0032 <0.0032 
Ethane mg / L <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 

Water Quality Parameters 

Temperature of - 37.6 40.7 45.1 38.9 
pH pH units - 6.94 6.90 6.88 7.18 
Specific conductance 11 mhos/em - 1,026 877 1,027 453 
Total organic carbon mg/L <1.0 <1.0 <1.0 <1.0 <1.0 
Chloride mg/ L <1.0 12 13 19 9 

Natural Attenuation Parameters 

Dissolved oxygen mg/L - 1.1 1.5 1.0 1.8 
Redox potential mV - 142.1 166.5 174.8 152.7 
Sulfate mg/L <0.2 31.9 35.0 45.2 29.0 
Nitrate mg/ L <0.1 5.2 4.9 5.7 1.1 
Ferrous Iron mg/L <0.02 0.04 0.04 <0.02 <0.02 
Methane mg/L 0.0038 <0.0012 0.0028 <0.0012 0.027 
Hydrogen nM 1.24 1.29 2.14 2.23 -
Notes: 

CR,OUNDWATER. 
SERVlCES. INC. 

B301-28S 

<0.001 
0.13 

<0.001 
0.0029 
0.0012 
<0.001 
<0.0032 
<0.0025 

41.7 
7.23 
947 
2 
8 

3.0 
190.3 
32.2 
1.6 

0.25 
0.034 
-

1. All analyses performed at Southern Pe troleum Laboratories, Inc., Houston, Texas. Chlorinated organics analyzed by EPA 
Method 8021; chloride, sulfate, and nitrate by Method 300; iron by Method 6010B; and TOC by Method 9060. 

Ethene, ethane, and methane were analyzed by GC/FlD 
2. Additional detections: toluene in well 6301-1 at 0.0023 mg / L and chloroe thane in well 8301-8 at 0.0011 mg/L. 
3. -- = Not measured. < = Compound analyzed for but not detected at detection limit indicated. 
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TABLE 2 
JANUARY 1999 BASELINE SAMPLING 
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BlOW ALL AND SURFACE AMENDMENT TESTS AT SITE B301, OFFUTT AFB, NEBRASKA 

Test Program for In-Si tu Dechlorination by NOM Addition 
Air Force Center for Environmental Excellence, Brooks AFB, Texas 

Plume Area MonitorinJit Wells 
B301-29S I B301-30S B301-31S B301-32S B301-33S 

Chlorinated Organics and Reduction fly-Products 

PCE <0.001 <0.001 <0.001 <0.001 <0.001 
TCE 0.41 0.3 0.28 0.67 1.3 
l,I-DCE 0.0026 0.0018 0.0032 0.0024 0.0023 
cis-1,2-DCE 0.030 0.Q18 0.27 0.07 0.Q45 
trans-1,2-DCE 0.0033 0.002 0.0083 0.0068 0.0041 
Vinyl chloride 0.0025 0.0011 0.0023 0.0013 <0.001 
Ethene <0.0032 <0.0032 <0.0032 <0.0032 <0.0032 
Ethane <0.0025 <0.0025 <0.0025 <0.0025 <0.0025 

Water Quality Parameters 

Temperature 47.3 44.7 40.5 43.1 34.1 

pH 7.09 7.10 6.89 7.64 7.91 
Specific conductance 925 874 1,110 973 1,075 
Total organic carbon 4 2 24 13 15 
Chloride 11 10 9 10 13 

Natural Attenuation Parameters 

Dissolved oxygen 2.7 2.8 2.4 2.5 2.3 
Redox potential 190.2 197.5 133.2 159.6 177.1 
Sulfate 38.5 34.8 57.3 53.2 74.6 
Nitrate 1.7 1.8 <0.5 4.9 4.7 
Ferrous Iron 0.03 0.27 0.03 0.05 <0.02 
Methane 0.0067 0.0094 0.017 0.099 0.016 

Notes: 

B301-345 

<0.001 
1.3 

0.0023 
0.020 
0.0027 
<0.001 
<0.0032 
<0.0025 

44.5 
6.97 
1,078 

5 
10 

2.4 
182.6 
59.0 
6.4 

0.06 
0.003 

1. All analyses performed at Southern Petroleum Laboratories, Inc., Houston, TX. Chlorinated organics analyzed by 
Method 8021; chloride, sulfate, and ni trate by Method 300; iron by Method 6010B; and TOC by Method 9060. 
Ethene, ethane, and methane were analyzed by GC/FID 

2. Additional detections: toluene in well B301-1 at 0.0023 mg/L and chloroethane in well B301-8 at 0.0011 mg/L. 
3, -- = Not measured. 
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TABLE3 
EFHCTOF MULCH BIOWA.LLON WATER QUALITY AND NATURAL ATTENUATION PARAMETERS 

MULCH BIOWALL TEST AT SITE 8301, OFFUlT AFB, NEBRASKA 

BASEUNE 

JOlIn. '99 ).I.n. '99 

Me .. " Mun 

Upgndicn l Downgndicnt 

Units MWUS, MWUS MW.31,lLU,l4 

Willer Quali ty Paramdtrs 
Temperature OF '~9 40.' 
pH pH units ... 735 
Specific conductance m""'/~ 952 1059 
Total org,lnic carbon mg/L <1.0 143 
Chloride mg/L 16 II 

~nl AttenU.lUOR Panmelers 

Dissolved oxygen mg/L I.l 2.' 
Redox potential mV 110.7 I~I 

SuUate mg/ L 40.1 'I~ 

Nitrate mg/L 53 ' .1 

Ferrous Iron mg/L 0J1f' O.MS. 

Methane ug/L 1.7' >lIt 
Hydrogen nM U -
" 1 "'~ llni ... M" / I. - -

Tnl Prognm for In-Situ ~thlorin .. tlon by NOM Addition 
Air Force Center for Environmental Exullenc;e, Brooks AFB, TeDS 

BIOWA.Ll 

JUft. '" Jun. '" ~b.·OO Feb. '00 

Man Mun Me .. " Man 

Upgndlmt Downgndltnt Upgr.1dimt Oowns;ndienl 

MWnS. MW'llS MW.l1. lLU.14 MWuS.MW14S UW.lt.lLl3.lt 

65.1 669 512 533 
7.10 7.05 621 5.73 ... 840 SOl 796 

~O 3~ <1.0 12 
17 18 20 16 

\.I 0.50 22 021 

128~ 88.' 1995 1625 

11 .0 la 40D 155 

2.1 13 •. , OJ> 

<02 <02 <02 <0.2 

0.1 432 02 17966 

1.1 \.I 13 19 

320 ." 93 121 

AuSo'OO 
Me"R 

Upgnditnl 

MW2lS,MWUS 

62.' 
.. I 
667 
<1.0 

16 

0.02 
llU 
40.00 
2.70 

<02 

OBI 
OB 
360 

Notes: 
L The following analyses were performed at Southern Petroleum Labol<ltories, lnc.(SPL), Houston, TekolS: chloride,.lnd nitr.lte by Method 3OO, .. nd TOe by Method 9060. 

Methane was .lnalyzed by GC/RD and hydrogen was analyzed by GC/ RGD by Microseeps, Inc., Pittsburgh. PA 
1.. SuJfate, Ferrous Imn and Alkalinity were measu~ in the field using Hach kits.. llle respectiw detection limits are 1 mg/L.O.2 mg/Land S mg/L 

1. - .. Not measu~. 

4. Hall the detection limit was used in. the- calcuLltion of mean values. 
5. lnJMI. 99, ferrous iron Wi\$ me.asu~ using Method 60108 bySPL 1hedetedion limit is 0.02 mg/ L 
6.. lnJan. 99, meth.lne was meilSured using GC/RD by SPL. 1be method detection limit WilS 0.0011 mg/L 

Aug. '00 
Man 

Downgndltnt 

MW.ll.l:r,.l.1,.M 

59~ ... 
711 
U 
16 

0.Q3 

1695 
16.75 
0.95 

<02 

656.915 ... 
393 

....... 

CONTR.OL 

JOin. '99 J.lIn. '99 Aug. '00 

Upgnditnl !oowngndien Upgndienl 

MWm MWm MWUS 

38.9 41J 613 
7.18 7.23 6.71 
453 947 645 
<1.0 2.0 <La 

9 8 7 

1.80 3.00 0.01 

I52J 1903 220.4 
29 32.2 22 
1.1 I.' 0. 15 

<0.02 025 <0.2 

0.027 0.034 '.335 
- - OB 
- 400 

---~.~ 

UlVICU.11'fIt. 

Aug. '00 

Downgndltnt 

"""" 
615 .... 
63S 
<1.0 

7 

OJlJ 
220~ 

22 
0.50 

<02 

2 .... 
05 
400 
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NOTES 

TA BLE 5 
MULCH BIOWALL PERfORMANCE DATA 

Bui lding 30 1 
Offutt Air Force Base, Nebraska 

DIOWALL 

Change in Mean TeE Concentrat ions' ~73% 

Change in Mean Total Chlorinated Solvent Conc.2 -60% 

TeE Loss Observed as Daughter Productgl +25% 

TeE Loss Observed as Elhenc and Ethune4 + 10% 

MNA 
CONTROL 

+20% 

+ 12% 

N/A 

N/A 

I. Change in Mean TeE Concen trations was c.\lculmed by subtracting the mean Te E concentrat iOn 10 f\ downgradi cilt 
from the mean upgradicnt TeE concentration over the course or tlte lest, dividing by the mean 
upgradicnl TeE concentration, [lnd multiplying by 100%. Negative values ind icate removal. 

2. Change in Mean Total Chlorinotcd Solvent Cone. is calcu]OIed in the sume milnner as Change in 
Mean TeE Concentrations, but incl udes Te E. c~I)CE, and Ye. Molar concentrat ions [Ire used. 

3. This value is calcu lated by determini ng the net mean I)roduction of daughter products lOft 
downgradicnt of the mulch biowall , dividing by the mean alllount ofTCE removed and multipl ying by 100%. 
This value reprcScnl~ the amOun t OfTCE lOSS that can be accounted for by c-DeE, Ye, ethene, and ethonc . 
This number is a Conservative estimate as daughcr productmincral izat ion to carbon dioxide [lnd gos losses 
to the vadose ZOne cim Occur. 

4. This value is calculated by determining the nel mean ])roduction ofe thene and ethane, 
dividi ng by the mean amount ofTCE removed, and multiplying by 100%. This value is 11 conservative 

estimate as ethene ond elhone IllOY be minerolized to carbon dioxide in aerobic microcnvironlllcnls or be lost to 
the vadose 7.one . 

5, N/A co not I1 pplicoble 

CROUNDWATRR 
SBRVICES, INC. 



GSIJob No.G-2050-..... 
lssurd: 6(la/Ot 

P.!I~loft 

r--. 

TABLE 6 
EFFECT 0 F SURfACE AMENDMENT ON WATER. QUALITY AND NATURAL A TTENUATTON PA.RAMETERS 

SURFACE AMENDMENT TEST AT SITE 8301, OFRTTT MB, NEBRASKA 

Buelin" 

Jan.'" Jan. '99 
Mun 

Upgndient DoWllgndicnt 

Unils ""'" MW 2.95, MWlOS 

Water Quality Panme lcrs 
Tempt'rature OF :fl.6 46~ 

pH pH units. ~94 7.1 
Specific conducta~ " mhoo/rn 1,1)26 8995 
Tolal ofgilnic carbon mg/L < 1.0 3.0 

Chloride mg/ l 12 '05 

Natural Altmu.ation Paramders 

Dissolvrd oxygen mg/l 1.1 2.8 

Redox potmlial mV 142.1 193.9 

Sulfate mg/l 31.9 36.7 

Nitrate mg/l 51 lB 
Fenous Iron mg/L O~ 01 

M""'~ ug/L <0..0012 0.01 

Hydrogen fu" 129 -
Alkalinitv mall - -
Notes: 

Tnt Prosnm (O~ In-Situ Drc:hlorin3tion by NOM Addition 
Air Foret Cmln for Environmcnb.1 Ex~lImce; Brook! A.FB, Tau 

SURFACE AMENDMENT 

Jun. ." Jun.'" Feb. '00 Feb. '00 

Mun Meol" 
Upgndicnl DoWflgndiC'nl Upgndien t Downg.r.adicnt 

... """ MW 19$, MWlOS """" MW 19S. MWlOS 

fR.9 715 53.' S2A 
6.'18 7.1 6.22 U6 

79. 9OS.0 751 7'" 
2 3D <1 <1 

17~ 16.7 IS 12 

1.6 O~ 2.' 037 

'29' 135~ 202.5 206.1 

!8 18' 24~ 21 

MI 0.9 37 1.75 

<112 <112 <112 <11.2 
0.22 11.6 0.3 5211 

,.os 1.05 1.28 1.18 

300 410.0 90 95 

Aug. '00 

Upgndlcnt 

MWUS 

60.1 
~ .. 
635 
<1.0 

10 

~05 

207.1 
29 
2~7 

<112 
0.075 
033 
360 

1. The following analyses were performed al So\llht'm Petroleum laboratories, Inc., Houston,. Texas: 
chloride, ;J;nd nitrate by Method 300. "nd TOC by Method 9060. Methane was analyzed. by GC/FlD and hydrogen was analyzed by GC/RGD by Microseeps, Inc .. Pittsburgh. PA 

2. Sulfate, Ferrous Iron and Alkalinity we~ melosured in Inr field using Hach kits. The respect ivt detectiOfl limits are I mg/L. 0.2 mg/L and 5 mg/L 

3. - = Not measured. 
4. Half tnr detection limit was used in the calculation of mean values. 
5. In Jan. 99, ferrow iron was measured using Method 6OIOB by SPL The detection limit ~ 0.02 mg/L 
6. Ferrous iron WM ~asured using Method 6OIOBby SPL The detection limit is 0.02 mg/ L 
1. In Jan.. 99, methane was measured using GCtRD by SPL TIle method detection limit was 0..0012 mg/L 

Aug. '00 
MC;ln 

DowngndiC'nl 

MW H'S. MW30S 

I 
58B 
6.66 ... 
<1.0 

I ~, 

om 
2133 
235 

0.9475 
<112 
0543 
M 
360 

..... 

CONTROL 

Jan.. '99 Jan. '" Aug. '00 

Upgndicnt \oowngndlcn Upgradicnt 

Mwm ....... s 
... "''' 

33.9 41.7 613 
7.18 723 ~71 

4S3 947 64S 
<1.0 2~ <1 .0 

9 8 7 

lBO 3"" 0»> 
152.7 190.3 220.4 

29 n2 22 

' .1 I~ 0.15 

<11.02 0.25 <112 
0= 0.034 • .335 

- - OB 

- 400 

..-~ 
n~~ 

Aug. '00 

Downgndicnl: 

........ 
615 
~ .. 
635 
<1.0 

7 

0.03 
220.6 

22 
050 
<112 
2.403 
05 
400 
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PaJ:;e I o f l 

TeE 
(m_/Ll 

UPCRADIENT MONITORING WELLS 

1i1n.99 8JOI-MW22S 0.630 
Jun. 99 B30J-MW225 0.420 
Feb. 00 BJOI-MW22S 0.600 
Aug. 00 8301-MW225 1.600 

DQWNGRADIENT MON ITORING WELLS 

Jan. 99 B301-MWZ95 0.4 10 

'an. 99 B30I-MW30S 0.300 

Mean Jan. 9'J .... ,. 
Jun-99 B301-MW295 0.6..'10 
Jun-99 8301-.'-tW305 0.480 

Ml:iIInJun-99 0.555 

reb. 00 B301-MW29S 0"0 
Ftob.OO B301-MW3ffi 0.340 

MunFl:b. OO 0355 
Aug.OD B301-MW295 0.410 

Aug.OD B3DI-MW3QS 0.380 
Mu nAu2..00 0.395 

~ 

TABLE 7 
EFFECT OF SURFACE AMENDMENT ON CHLORINATED CONSTITUENTS AND ENIJ..PRODUcrs 

SURFAC E AMEND MENT TEST AT SITE B3ot,OFFUTT AFB, NEBRASKA 

Tnt Prognm for In-SiN Dechlorination by NOM Addillon 
Air Force Center for Envirunml!'nb.1 Exc;elltnce, Brooks AFB, Te:us 

, -OCE VC Ethene Ethane TCE e-OCE c-DCElTCE ntl1 
(m_/ l ' (m, ILI (n. /Ll (n·/Ll (~Gl/L) (J.unol/L) f-l 

01lO78 <1)'(KH <3200' <1500' 4.191 0.080 0.017 
0..0 100 <0.001 lin <5 3.194 0.103 0.(132 

0.0074 dlOOl 24.0 ,n 4563 0D76 0.017 
0.0160 <0.001 7.0 <5 12.167 0.165 0.014 

0.0000 01J03 <3200' <1500' 3.118 0.J09 0.099 

0.0180 O.DOI <3200' <1500' US! 0.186 0.081 

0.024 0.002 <3200' <1500' ~700 0.2"7 0_ 

02600 O.llO3 208.0 <5 4.191 2-680 0.559 

0.1400 O.llll2 71~ <5 3.650 1.«3 03']5 

0.100 MOl 142.5 <5 4221 2.ll62 0.477 

0.0069 dlOOl 65n 37.0 2.814 0.0'71 '.025 

0.0043 <0.001 37n 65.0 2.586 0.044 0.017 

0.006 d).001 51.0 51 .0 2-700 ' .058 0.021 

0.0082 <0.001 21 <5 3. 118 0.085 0.027 

0.0062 dl.OOl 19 5 2.890 0.064 0.022 

0.001 <0.001 20.0 3J5 3.004 0.074 0.025 

VC Eth.ene 
(Junol/l) (tlInol / L) 

dl0l6 <1l. 1 1~ 
<0.016 0.0004 
-d).016 0.0009 
dl.0l6 0.0003 

01>10 <1. 141 

Oll18 <1.141. 

0.029 <1.14'-

0.042 0.0074 
0.037 0.002lI 
O.ll3. 0.0051 

<0.016 0.0023 
dl.016 0.0013 

<0.016 0.0018 
<0.016 0.0008 
<1).016 0.0007 
<{U1l6 0.0007 

Notes: 
1. Chlorinated organics. were analyzed by EPA Method 8021 at Soutnem Petroleum Laboratories (5PL). Houston, DC; Ethene and ethane were analyzed byGC/RGD byMicroset'PS.lnc ... Pittsburgh. PA. 

2. < = Compound analyzed for but not detected at detection limit indicated. 
3. These sampl45 were analyzed by SPL instead of Micraseeps and thus have higher detection limits. 

.. -~~ 

SUYlt;U. IMC. 

Ethane 
(pmol/L) 

"'.0833'-
<0,00017 

0.00030 
<0.00017 

d).0833'-
<0.0833'-
<0.0833'-
<0.00017 
<0.00017 
dl.00017 
0.00123 
0.00217 
0.00170 

<0.00017 
0.00017 
0.00013 

--.. 
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TABLE 8 
MULCH SUIU'ACE AMENOIIU; NT PEIU'ORMANCE OATA 

Ilul lding 301 

Offutt Air FOJ'ce Bllse, Nebraska 

1lI0WALL 

Change in Mean TeE Concentration' -2 1% 

Change in Mean Total Chlorinated Solvent Cone? -5% 

TeE Loss Observed as Daughter Product1 +75% 

TeE Loss ObsclVcd as Ethene and Ethane4 +0.3% 

MNA 
CONTROL 

+20% 

+ 12% 

N/A 

N/A 

I, hnnge ill Mean TCE Concentrntion was calculated by subtracting the mean TeE concentration lOft downgrnd ient 
from the mean upgrad icnt TeE conccl1lrmion over the course or lhc ICSt, di viding by Ihe mean 
upgrad ient TeE concentration, and multiplying by 100%. Negati ve values indicate removal. August 2000 
upgrndicm TeE data was not included in the calculation because its inclusion increased the amount of removal, 
although none was occurring in that time frame . 

2. Change in Mean Total Chlorinated Solvell1 Cone. is calculmed in the same manner as Cililllge in 
Mcan TeE Concentration , but includes TCE, c-OCE, and v e . Molar concenlrntiolls are used. 

3. This value is calcul ated by determin ing the net mean production of daughter products IOn. 
downgradient of tile mulch amendment. div iding by the mean amount oCrCE removed and multiplying by 100%. 
This value represents the amount ofTCE loss tJmt can be accounted for by c-DeE, v e, ethcne, and ethane. 
This number Is li COnservative cstimmc as daugher produet mineralizat ion to carbon dioxide and gas losses 
to the vadose ZOne can oCcur. 

4. This value is cal culatcd by determin ing the net mean production of cthenc find elhilllc, 
divid ing by the mean amoun t ofTCE removed, and mu lt ipl ying by 100%. This value is II conservative 

estimate as ethene and ethane may be minernlized to carbon dioxide in ncrobic microenvironments or be lost to 
the vadose 'lone. 

5, N/A :::o not appl icabl e 

CROVNDWATffiI. 
SIIRVlCIIS. TNC, 
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FIGURES 

Figure 1 

Figure 2 

Figure 3a 

Figure 3b 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Mulch Biowall and Surface Amendment Pilot Test 

Site Location Map 

Site B301 
Offutt AFB, Nebraska 

Distribution of TCE In Groundwater And Surface Water 
June-July 1996 

Mixing of Mulch with Concrete Sand 

Installation of the Biowall Using a Continuous Trencher 

Mulch Biowall Cross-Section 

Monitoring Well Network 

Log for D301-MW22S & Representative As-Built Diagram 

Groundwater Elevations in Upper Silt Stratum 

Effect of Mulch Biowall on Electron Acceptors, Methane, and 
Alkalinity 

Effect of Mulch Biowall on TCE and Daughter Products 

Effect of Surface Amendment on Electron Acceptors. Methane, and 
Alkalinity 

Effect of Surface Amendment on TCE and Daughter Products 
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u.s. Geological Survey Map 
Omaha, Nebr.-Iowa (1994) 
Plattsmouth , Nebr.- Iowa (1994) 
Quadrangle, 7.5 minute 
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SCALE (ft.) 

o 1000 2000 

SITE LOCATION MAP 
Site B301 

Offutt AFB, Nebraska 

G-2050 As Shown 
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LEGEND 
MW9(S)+ PRE -EXISTING MONITORING MIL OR MIl C 

MWl 3 ~ NEW MONITORING MIl 

MPI. MONITORING POINT 

-10- UNE Of" EOUAL TCE CONCENTRA 1l0N "'gILl 
DASHED \\HERE INFERRED 

( SW2~ SURfACE WATER SAl.lPUNG LOCA1l0N 

Me TV.IPORARY MONITORING \\Ul 

9.0(S),ZOl (1),1.6(0) TCE CONCENTRA nON (JJg/l) (S=SHAUOW, I. 
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I 

FIGURE 2 

DISTRIBUTION OF TCE IN GROUNDWATER 
AND SURFACE WATER JUNE-JULY 1996 

Site B301 
Offutt AFB, Nebraska 
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'.lIle 18, 2001 

Figure 3a) Mixing of Mulch with Concrete Sand 

GROUNDWATER 
SERVICES, INC. 

Figure 3b) Installation of the Biowall Using a Continuous Trencher 

21 0ff",t ArB, NclmlSkij, 
I;) it e LUm 
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Biowall 

A 

100 It length 

(plan view) 

6 It = Approximate Y. 
depth to groundwater 

A 
I 
I 
I 

i 
I 
I 
A' 

Mulch 1 sand fill, evenly mixed 
at approximate 1: 1 ratio 

III : 

11 It 

23 ft = Total depth 

---
GSI Job No. G-2050 Drawn By: DLB/CCJ 
IssuGd: 6/18/01 . Chk'd By: CEA MULCH BIOWALL CROSS-SECTION 
Revlsed: Aprv'd By; Site B301 

GROUNDWATER Scale: Offutt AFB, Nebraska 
SERVICES, INC. Not to scale FIGURE 4 
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FIGURE 5 
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o 20 40 

MONITORING WELL NETWORK 
Site B301 

Offutt AFB, NB 
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GEOLOG IST: Mark Hampton 

DRILLER: Professional Service Industries 

DRILLING METHOD: Flight Auger 

HOLE DIAMETER: 6,0 in 

SOIL '''UN 

GROUND SURFACE 

Grayish-brown clayey SILT (ML) 

Totat Depth = 20,0 ft 

Notes: 
1. Groundwater seepage encountered at 

approximately 5 feet during drilling. 
2. Water level elevations arB approximate. 
3. Stratigraphy based on observation of drill cuttings. 

n 

f- -
- -
- -
- -
- 25 -
- -
- -
- -
- -
- 3 0 -
- -
- -
- -
- -
- 3 5 -

COMPLETION DATE: 11 /12/98 

SURFACE ELEVATION: NOT MEASURED 

WELL I nUv"UN 

Protective casing with locking cover - - --+-=-) 

, surtace pad 

CemenVBentonlte 
grout 

Bentonite pellet ------fC<l 
seal 

~ 
2·in. LO. schedule 40 PVC;--+--fi'=1 
screen, No. 10 slot 

Sand Backfill, U.S, 
mesh interval 16 • 30 

BcHom Plug 

6,0 ft 

8,0 ft 

20,0 ft 

LOG FOR B301-MW22S & GSI Job No, G-2050 

--- REPRESENTATIVE AS-BUILT Page 1 of t 
DIAGRAM Issued: 6/18/01 

GROUNDWATER Site B301 SERVICES, INC. FIGURE 6 
\, Offutt Air Force Base, Nebraska 
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o Monitoring well location 

90.61 Groundwater elevation in Upper Silt 

- 90 - Groundwater elevation contour 

~-
GSI Job No. 

G-2050 
Issued: 5/18/0 1 
Aevlsed: 

GROUNDWATER 
SE RVI CES, INC. Scale: 

As Shown 

2122100 

NM Not measured 

• Value not used in contouring 

__ Groundwater fl ow direction 

Drawn By: 

8/22100 

SCALE (ft.) 

o 40 80 

CCJ GROUNDWATER ELEVATIONS IN UPPER 
Cnk'd By: CEA SILT STRATUM 
Aprv'd By: Site B301 

FIGURE 7 Offutt AFB. Nebraska 
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Effect of Mulch Blowall on Oil 

3r-----------------------~ 

~ 25 t------------l 

E 
~ 2+--_ 
8, 
g 1.5 -1---

~ g ., 
is 0.5 

o 

6 

5 

~ 4 E 
~ 

.; 
t: 3 0 
U 
$ 2 
~ 
Z 

0 

70 

60 

~ 50 
E 
~ 

.; 40 
t: 
0 
U 30 
$ 
~ 20 :; 
CJ) 

10 

0 

Jan. 99 Jun. gg F, 

Sampling Date 
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Sampling Date 

Effect of Mulch Blowall on Sui 
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Sampling Date 

GSI Job No. 

Issued: 

Revised: 

$cale: 

NOTES; NM = not measured 
NA = not available 
Striped bars Indicate 
baseline conditions, 
prior to blowaliinstallation. 

GROUNDWATER 
SERV ICES, INC. 

EFFECT OF MULCH BIOWALL 
ON ELECTRON ACCEPTORS, 
METHANE, AND ALKALINITY 

Site B301 
Offutt AFB, Nebraska 

G-2050 Drawn By: CCJ 
6/18/01 Chk'dB)': CEA 

Apprv'd By: 

As Shown FIGURES 



Effect of Mulch Blowall on TCE 
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Effect of Surface Amendment on 
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CSI ". No>..~.a.oO 
lsaued: [1,/ 111 / 01 

---

TA8L£A-l 
MULCH Bl0WALlANO SURFACE AMENDMENT TEST AT SITE B301.0flVlT An,NEBRASKA 

Ground ... "ler S .... p liD& Retail$: JaM 1999 

Test f'rosf3m for 'n..situ D«hlorlnaUon by NOM Addition 
Air Foret' ~nler for Enrironmenb.1 Ex«l1tn~ Brooks ARI, TUB 

nmaA~MOMro~NGwnu 

Units BI~k !830I-MWllS III3a1-MW2.3S I 8JOl-MW2~ IB301-MW29S IBJOl-MWJQS h13 ... MW31S 1.,.,.MW315 1 B301·MW3JSI 8J01-MW3<S 1 ~ 
0 1orin.llrdO ;lnies . nd Redudion B -Products 
PCE m&/L <1>'<Xll <1>.1"" <0.001 <1UJ01 <1>.1"" <1UJ01 
CE ms/L <O.oot M20 0"'" Il.Z5O D.6JO n,,,, 

1,I-OCE ""/L <Orol <Orol <O.oot <Orol ruxm 00011 

F-".QCl; me/ L <1UJ01 00.0 OJXl67 \1JXl6S Il2I<) nuo 
luns-l,2·OCE me/ l <oro. .... , "'11 ruxn ...... 0001' 
Vinyt dllori~ "",/L <OJIl. <O.oot <oro. <1UJ01 0Jl026 ClOO23 

"""" "gIL • 11 15 11 "" 77 ....... ,..g/L <5 <5 <5 <5 <5 <5 
cDCElTCE ntlo no, ." ..., 0.41 019 

W.h~rC uallty hnmelers 
Tempenlutlt 'F "' .• "' .. 61.1 77.' 77.' 
pH pHwUts - .98 7.14 7l£> 7.0< 71Y1 

~nCconductMK.'e "mhos/em - ,.. m 643 ... 9JO 

CUll otpUc CArbon mz/L , , 3 3 3 3 

OUoride m£/L <02 17. 17.6 172 17.9 IS.' 
Nalunl Allenulion P,uOImdus 

0i$$0lv~ o.)'Ien mg/l - •• I. • L1 .. o.s 
Rt:do. pota'lliM mV - .295 1712 .,.. 131.4 139.7 

Sulbae melt - 18(17) 13 • " 19 

Nilnlte m,/ l nil ... 2JJ6 2.22 .... 1.18 ........ ~ "",/ L - <02 <02 <02 <0' <02 

.......... u,/ l 0= "" non Q.121 111..8 313' 

Hydrogen nM no, .... 1.15 un n93 1.16 

Alkalinity mll;/L 300 420 I 340 300 ... ' 20 

No's 
1. l'lw (olIowinz ~J'RS were perf~ ~I Soulhem Pelrnleum labonlom (SM.), Inc.. Houston. TeD$: ClUorinIIted 
oq:;mks lIJV.lyud by EPA Method 8021; chloride And nitnte by Method JOO. And TOe by Method CJ06CL 
Ethene, etha.rIt. M1Cl rnethanf wen!;uWyzrd by GC/FID aNi hydrogen was aNllyud by GC/RCDby Mic:ro:sftps.lne 
2.. Sulble, Ferrous Iron. ;vod Alblinity were meMurtd in the field usillg tuch kits. The respective 
detrclion limits are t mg/L..02 mg/l iV\d 5 mIlL Bl"lICbted V<'Ilues represent w,ontoq' mtuurements (or ('Dmparison 10 H.1ch lets, 

with sulfate analysis by Method JOOor iron Nlidysis by Method 60108. 
1. - ., Not me",~ . 
.. These sounples were atIAIyzrd bySPL inslud cl ~ M.d thus ha~ h.l&htr detection limits. 

s . SamplB f.".,.. RJ(l1.MW35 ""'" a .... lyud al T>4"C. compnxnising the rdMbililyoi vex: ~ts. 
6.. 8lO1·MWJ,5wua lemp«.lrywdl insWled in lhebio"",.]J. 

<O.oot <Orol <0.001 <orol <0.001 

00" n"o ..,. 
""" """ ruxn, ....,. <0.00. <orol <oro. 

o.sso on ..., 0 .... .... 
QJXl4S ..... o.ooJ3 ""'" OJlO23 
0JXl6. ... .. <O.oot <O.oot <oro. 

" .66 " 
,. 7J 

<S <5 , <S <5 

".31 ..., ... 0.., no? 

n.s .... "'3 56. 
7.07 7JJ6 7115 un -... ... "" S90 -

3 3 3 3 3 

- 17.4 .8.6 19.1 I" 

0.' Q3 o.s •• 
3M " .• 159.1 .. -

2 (lU) 16 (23.3) 30 ZJ(27.4) -
- <0.' 2J£, • .69 • .67 

<0..2 (<US) <O'(QJ11) <02 <fl.20 (<1l.O2) -
55.91 111.8 ,. 132. no" 

~:m 
1.1] 0.85 ... '!ffi IS' 

""362) ... 

Bi~IWtll" 

B301-MWlS 

<O.oot 

n" 
<Oro. ...., ..... 
<Oro. 

<!31M 
asoo' 

13.. 
7.oJ 
9lXl 
3 

-
M 
97.' 
17 
-

<020 <1_ 
-

380 

~-~ 
~,~ 

....... 
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QSI)I. No. (,.AOO 

I...t: "'18/ 01 

~ 

.. 

TABLEA-2 
MULCH BIOWALLANO SURfACE AMENDMENT TEST AT SITE BlO1, OFfl1Tr AFB, NEBRASKA 

Crvu"dw,t~1 Sa.mpllng RHalls: February 2000 

T~I P",!nm lor In-Si tu DKhlorin..t.ion by NOM Addition 
Air Force ~Iltu for Environ_nW Exaellt D(t. Brooks AFB, TtxJ15 

nUME AREA MONITORING WELLS 

Units Bl.aak I 8J<I1-MWllS I8JOI -MWlJS I llJOl-MWmI8J01-MWl7S 18JOI-MW1JS l~-MW29S IB.101-MW30S IB301-MW31S IB3Ol-MW315 I B301·MW3JS 
Chlorinated 0 ~ics ;llnd Kcdaction B.1-Prodartt: 
l'CE mg/L <0.001 00011 00011 00012 <0.001 .0011 0.0011 M011 <0.001 "'rot ~ 

CE mg/ l <0.001 .. 12 2.0 0.150 . 17 "'" OJ< 0.014 M 11 0.22 
l.l·OCE mg/l <0.001 ru"" MOO1 Orol' 0""1 "'''''1 0.0014 """15 ~ "'''''1 "'''''1 
ci:s-l,2·OCE ... IL "'.001 M01. ...,. 

" 14 M15 0JXn .0069 OlJOO ""'" M19 0.00 
tnns-l .2-OCE mg/L <0.001 0.0015 0JXJ27 0."" M12 00015 0001 <0.001 00033 0Jl0l4 rums 
YIn)'1 ddoride moll """" <0.001 ~ <0.001 11OO2J "'.001 "'rot <0.001 D.OO2 00015 dOll! ...... "gIL 15 ,. ,. 14 U1 19 ., ., 1212 " 816' ....... ng/L <S • 16 • 52 10 ., 

" 81" 56LJ 225IJ7 
cDCElTCE n lio .., .. 1 .. 1 ." .... .... .. 1 .. , 1.7J .. 1 
Watn QUI.llty rMllmtteZ$ 

emPffilhu~ OF - 53. S2.O 50.. 513 50.. 52.' S2J S2.l .. '" pH pH units - 6.22 .,1 "" . ., UJ ." <14 ,.96 5.42 536 

5p«irlt"cond~ p mhos/em - 751 '" 810 m 710 m ... IlJO '" .., 
ToWorg;vUc-c.ubon mg/l <I <1 <I <1 <1 <1 <I <I ,.67 1.08 <1 

o.ioride m£/L U 15 19 20 11 10 II 12 LJ 1J " Nlillral Altenultlon Plrameten; 
Ois.sol"ed o.,.,en mall - W 1.10 m D.29 OJ< D.2S ... d3 . 1 ~12 

Redox potentiAl mV - :ms 1993 1 .... 206.. 206.1 206.7 2Jl5.5 ,.",. 146' 1503 

Sull,,'e mall - ,. 31 " 20 " 21 21 LJ , 14 

Nilnlte mgil "'.1 17 .. .. ~'6 13 17 1A 4 1 4 1 d3 

_1~ "",/ l - "', "', "', "', "', <D.2 "', <D.2 "', "'., 
ur;/L 0.118 11.2J3 D.267 0.149 SU S 05,. J323 .... LJn 1154.0 44" ........ ~ 

1.28 154 1.02 07S ." 1.02 1.3< L2B 1.89 2.S4 
Hyd ...... nM 071 

OJ 95 " 110 '" 125 
AJblinil ml!:/L OJ OJ .. 95 

No_ 
1. The !oIkrwin& Analyses Win pe!"farmed .. tSouIhem Petroleum liJor..Itories.lnc ... Houston.. Te:us: <J\klriN,ted orgmia ,analyud by EPA MeIlo:l8021;dUoride.lnd nitnte by MetNxi.m.. NUl TOe 

by Method 9060. Ethme. dMne. iltId ~ _re .,..Iyud by GC/RD ~ hydrogat wa$ iVWyzed by GCJf{GD by ~ UOOfiltory. Pi~ PennsylvMllliL 
TlI!mpePlurt. pH. specifIC conductance. OInd d~,,1d oxycen mnsurtd in the fJeld with 01 HDI'TihI WOlter qUlli ty chtckel-. Redox potmrW 1nel5um1 in the rllrid with 01 CoIe-ParmH mwtimeW". 

2. Sulr.-te. !'ftnIu5 lron And AJblin.ily wt!'re mll!Mured in. the rleki using HIICh kits. The ~vedettctlon Iim11$00rt 1 m&lL.G.2 ma:/LiVId 5 mr;IL 

3.-"'~~ 
.. Hyd~ l1WlUi~n'IV\l$ may Mve been compromised in the Februuy2000 samplinr; episode ~ the W, 5uppl>ed "ids with the wrong typeel ~tum. 

DurUCATl! 
B301. -MW'33A B301-MWl45 

"'''''1 "'.001 
0.21 .... 

"'''''1 D.OO29 
Q.092 M65 
rums 0_ 
o.am """14 
'24' '" 22810 ... .... ... 
" .. ". 
S36 <1. .., 

'" - 136 

- ., 
.12 d3 

1503 ISO' 
14 31 

- ,.. 
"', "', 
<531 174.4 

13'1 172 
125 110 

...... 

~--~~ 

OUI"UCATE 

BJ<n-MWJ<A 

"'rot 
0.92 

'DIll ...., 
M034 
00015 

143 
110 
0117 

"A ." .,. 
<I ., 
d3 

1SD.2 
31 
1.6 

"', 
30.16 
1.4. 
110 

I 
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C5I Job Ni~ _ -JO 

t.uo:d:. "/18 /01 
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TABLE "·3 
MUlOi 810WAU AND SURFACE AMENDMENT TEST AT STTf 8301, OFFUlT A.R, NEBRASKA 

Grou"dw..ler Salllplin, R.e5111ts:; ""pst 2000 

Tnt Y"'STUn for In-Si lu Dedllorin.atian by NOM Addition 
Air fon: .. CUll ... fo. Ea..;." ....... .,W £xctllelttt. Brooks AFB, TIlQ5 

FLUME AREA MONITORING WELLS 

Units Shonk I 8301-MW2lS1B.101-MWUS I 8301..MW24S 18301-MWl7S IBJOl.MW13S . 18301.....,.. j 83Ol.MW3DS 11I3OI-MW31S III3OI·MW32S 
Chlorin;altd 0 anic:s",nd RnSuctlon By-Ptodllrts Control Control 
Pcr mg/ l "'.001 OIJOI 0.0012 "' ... "'.001 IlJIOII <1l.tXl1 "'.001 .~J.OOI "'JlOI 

In=E mIll "'.001 1.6 ., 2.D D.2lO D.28 ... 038 0.000 D.D22 
I,I-DCE m,/ L "'.001 0_ Q.0024 1lJI019 IlJIOI IlJIOII 0.1l0I0 IlJIOI< "'.001 <1lJlO1 
';"I,·OCE mgll "'.IlOI 0.016 O.om 0.tJ3'l 0.015 0Jl058 .0082 """2 o.OO'n om 
tnns.-l,2-OCE mg/l <1lJlO1 00031 _I ..." 0.014 ""6 c:O.(Xn OIJOU .0081 ..... 
Vlnyl d\loridt m,;/L <1lJlO1 <0.001 "'.IlOI d).DOI ODD" <1).001 <1).001 <1lJlO1 MOO Il.\J044 ....... .. gIL <5 7n 71n " 3S 20 2\ 19 7% 102 ...... nz/l <5 <5 <5 <5 .. 7n <5 >.D I1mo I .... 

d>CElTCE nUo " I DDI ..., .., .., .., ..., . .. . .. 
W~er u;am P;anmdll'l$ 

T~pentture "C - 15.6 I .. 172 16.) IU 155 1<3 I .. IU 

pH pH units - ... 6.J6 ... • 71 ... ... ... ... ... 
~rJCconduct.\nc\r; 1I111l0CJl'Dl - 635 ... 671 .., 

'" 710 671 781 713 

ot.aI ~Cilrbon m,/ l - d.o <In <In <In <I n <In <In I~ 1.93 

~ moll <I \0 15 17 65 67 67 65 17 \6 

Natanl Atknution Panmmn 
DWolvftl o,.ygen ""/ l - 0.., ... 0.00 001 0\l3 ... om 0Jl5 ... 
1Wdo,. potentW mV - 207.1 2}6..0 2114 ""0 "". 222.. lO3J Inn IUS 

SuJI.~ ... / l - ,. .. OJ " l2 Z3 2< ''0 NO 

Nitn~ mg/ l "'.1 2.67 2BJ 2.6J ~I<S 0.498 .... ~W ''0 NO 

FurolG Iron ... /l - "'.2 "'2 <0.2 <0.2 "'2 <0.2 "'2 <0.2 <0.2 

"' ...... ug/ L 0 .... 0.1l7S .913 0 ... 0335 ."" .<SO 0635 \162 1251 

Hyd ...... nM 05 03» 0500 1.190 ~770 .... . .,. .... ..... .650 

Alb~ty mg/L J60 J60 J60 ... ... "" J60 "" ... -

II Dllpllotot I 
8301·MWllA B.lD1-MW3J5 

"'JlOI "'.001 
run 0." 

"'.001 O.lX1lI 
0019 """ OJlO6I O.c"" 
0r036 OIJOII 

76 J6S 
12340 75() 

09' ." 
14.4 

- .. . 
- 67.) 

- <In 

- \6 

om 
- 1785 

- 33 

- \3 

- "'2 
1\95 1211.0 

D.17\J ~ ... 
390 

No"" 
1. 1he fonowing ;IIMlyses were JM!rformed OiIIt Southern Petroleum ~ralDries.lnc .. H0U5ton. Ttus: Chiorinated orgiU\k:s ;lMlyud by EPA Method 8IJ21;dUoride, And nitrate by Method 300, and TOC 

by Method 9060. Ethene. etMtw,MKl methAne 1oftr'e;uWyzed byGC/FID ;md h.yd~ W,1$;uta/yud byCC/ RCD by ~ L1Ibontory, Pittsbufsh. PennsylV;t.MiL 
Tmlper.atu~, pH,.:specir.oc conduct;\nce,;md dissolved o:oygen ~urrd in the field with II Ho~ WilIlef quality dlecker. Redo,. potmt~! ~red in the fidei with ill Co!@-Piumer multime~. 

2. Sulf;t.te. Ferrou:s Iron and AIblinlty we~ ITIoiMSured in the fJekl. usin& tbch kits.. The ~ve detection limltsMr 1 m"l. D.2 mglL uui 5 m&/ L 

3. - '" not nwuurftl. 

I 

Oupllc:al1l 

B301·MW33A 

"'.IlOI 
d ... 

D.OO2 
\Ul&S 
0,0046 
0.001 .., 
1006 .... 
-
--

<In 
15 

-
-
-
\.9 

m .. ....., 
-

~--R ...... ~ 

8lO1-MW')(S 

"'.\101 
U 

0.0019 ... 
D.OOl9 
0.0013 

717 

"" ... 
14.9 
6.39 
677 
1.25 
\6 

om 
18<1 

33 
U 

"'2 
943 

('"'' 
J60 




