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EXECUTIVE SUMMARY 

This technical memorandum presents the approach and decision making process for addressing 
dense nonaqueous phase liquids (DNAPLs) at Individual Hazardous Substance Site (IHSS) 
1 18. I ,  Multiple Solvent Spills West of  Building 730, at the Rocky Flats Environmental 
Technology Site (WETS). IHSS 118.1 is located within the Industrial Area Operable Unit (OU) 
and was previously designated as a part of the former OU 8. IHSS 1 18.1 is ranked 8th on the 
Environmental Restoration (ER) Ranking (Attachment 4 to the Rocky Flats Environmental 
Cleanup Agreement [RFCA], [DOE, 19961) and the groundwater plume associated with IHSS 
I 18.1 is ranked 18th. IHSS 118.1 is the result of  spills and leaks from a carbon tetrachloride 
storage tank. A zone of  carbon tetrachloride contaminated soils was created at the base o f  a 
group of process waste tanks near the releases. Limitations in accessibility and the effectiveness 
o f  current technology severely constrain an accelerated response at IHSS 1 18.1 at this time. 
Through an analysis of various remediation technologies, monitored natural attenuation was 
selected as the most beneficial technology in support of remedial action objectives. Natural 
attenuation processes include “a variety of physical, chemical, and biological processes that, 
under favorable conditions, act without human intervention to reduce the mass, toxicity, 
mobility, volume or concentration of contaminants in soil or groundwater”( EPA, 1997). 

The proposed action includes the installation of four groundwater monitoring wells and 
additional sampling of existing wells. Sampling and analysis will be performed to verify that 
reductive dehalogenation o f  chemical contaminants is occurring and that natural processes are 
limiting contaminant migration and to ensure that significant migration of DNAPL is not 
occurring. Sampling would be conducted over a number of  years in order to evaluate whether 
natural attenuation processes can mitigate the site in a reasonable time period with or without 
additional remedial actions. Sampling and reporting activities will be integrated with current 
activities under the Integrated Monitoring Plan (IMP). The effectiveness o f  natural attenuation 
processes to limit or control contaminants will also be evaluated. It is anticipated that once IHSS 
1 18.1 becomes accessible, i.e., once the key tanks and utilities are no longer needed, that 
additional action such as source removal may be required. 

e 
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IHSS 118.1, Multiple Solvent Spills West of Building 730, is the result of several releases that occurred 
in the 1960s, 1970s, and early 1980s associated with the operation of 5,000-gallon carbon tetrachloride 
storage tank adjacent to Building 730. Over this time period, an unknown quantity of carbon 
tetrachloride was released into the environment. Remedial investigation results indicate that carbon 
tetrachloride migrated below the water table and accumulated in the bedrock depression encompassing a 
group of process waste tanks (Tanks T-9 and T-10) adjacent to the former carbon tetrachloride tank 
location. The carbon tetrachloride partially displaced the groundwater to create a zone of dense non- 
aqueous phase liquid (DNAPL) at the base of the Tanks T-9 and T-10, 

Based on the results of an alternative analysis, it is proposed that the site be monitored for natural 
attenuation. Natural attenuation is “a variety of physical, chemical, and biological processes that, under 
favorable conditions, act without human intervention to reduce the mass, toxicity, mobility, volume or 
concentration of contaminants in soil or groundwater”( EPA, 1997). Monitored natural attenuation was 
selected because other technologies were either ineffective, would damage the facility infrastructure, or 
would increase contaminant concentrations in groundwater. It offered advantages over no interim action 
since it would provide additional monitoring and evaluate whether natural process were limiting 
contaminant migration as the remedial investigation data suggested. Potentially more effective remedial 
technologies were not feasible due to the presence of utilities, Tanks T-9/T-10, and other impediments to 
implementation. In addition, many of these technologies would have left residual DNAPL that would 
effectively maintain or increase contaminant concentrations for decades. Although excavation was 
determined to be the most effective technology; it can not be implemented until building closures occur. 
An alternative analysis presented in Appendix A of this document 

The technical memorandum is divided into the following sections: 

@ 

Executive Summary 

1.0 Introduction - This section consists of a general overview of the technical memorandum and 
describes how the document is organized. 

2.0 Project Description - This section consists of a historical background of the IHSS and a 
conceptual model consisting of hydrogeological conditions, the results of past remedial 
investigations, existing conditions and natural attenuation. 

3.0 Project Approach - This section details the objectives of monitored natural attenuation and 
how it will be implemented. 

4.0 Environmental Issues I This section evaluates issues and impacts associated with the 
proposed action. 

5.0 Implementation Schedule - This section contains a generalized schedule of how the work 
will be accomplished. 

6.0 References 

Appendix A - This appendix presents a two-part alternative analysis, a broad based screen 
followed by a more detailed comparison of three alternatives. 
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This section provides a brief project background and data summary along with a description of the 
hydrogeologic setting and existing site conditions. More detailed information can be found in the 
Sampling andAnalysis Plan for the Pre-Remedial Investigation of IHSS 118.1 (RMRS, 1997a); 
Hydrogeologic Characterization Report for the Rocky Flats Environmental Technology Site (EG&G, 
1995a); OU 8 Resource Conservation and Recovery Act (RCRA) Facility Investigation 
(RFq/Comprehensive Environmental Response, Con pensarion, and Liability Act (CERCLA) Remedial 
Investigation (.) Work Plan (DOE 1994a); OU 8 Tcchnicul Memorandum No. 1, Investigation of 
Foundation Drains and Other Data Compilation Addendum for the OU8 Work Plan (DOE, 1994b), and; 
the Historical Release Report (HRR) (DOE, 1992). 

2.1 BACKGROUND 

IHSS 118.1, Multiple Solvent Spills West of Building 730, is shown on Figure 2-1. The IHSS is 
associated with a 5,000 gallon underground steel storage tank and concrete containment structure (See 
Figure. 2-2). The tank previously stored unused carbon tetrachloride and was located adjacent to the west 
side of Building 730 and just north of Building 776 (DOE, 1992). 

There have been numerous releases from the tank and associated piping throughout its operation from 
approximately 1963 to 1981. In the 1970s, tank overflows occurred during filling operations. The HRR 
also states that prior to 1970 a spill of 100 to 200 gallons of trichloroethene occurred north of Building 776. 
Due to conflicting information, it is postulated in the HRR that the spill was actually carbon tetrachloride. 
On February 26, 1976, it was discovered that corroded piping (or possibly a valve) was leaking carbon 
tetrachloride into the tank’s sump pit. On June 18, 198 1, the tank inlet failed, releasing carbon 
tetrachloride into the sump. The tank was then removed (DOE, 1992). 

0 
The tank was configured with its long axis running north to south. A concrete containment structure (valve 
vault) that housed the pump and valves was at the south end of the tank (see Figures 2-2 and 2-3). It is 
believed that remnants of the concrete containment structure are still in place The north end of the tank 
was buried directly in soils. The east side of the containment structure was approximately 10 feet west of 
the exposed portion of the Building 730 pump housc (DOE, 1992). The area is relatively flat and includes 
both paved and unpaved surfaces. Four feet east of the former carbon tetrachloride storage tank is a group 
of four process waste tanks referred to as tank groups T-9 and T- 10. These tanks were part of  the old 
process waste system. Tank T-9 consists of tw0-22,500 gallon process waste underground storage tanks. 
T-10 consists of tw0-4,500 gallon concrete underground tanks. Both sets of tanks were installed in 1955. 
T-9 was converted in 1984 to a plenum deluge catch tank for Building 776 and remains in use. T-10 has 
been emptied, rinsed, sampled and foamed (DOE, 1996). No releases from either set of tanks have been 
documented (DOE, 1995). 

There are numerous utilities and structures underground and overhead in the IHSS 118.1 area. Figure 2-3 
presents a cut away view showing some of the utilities and the former tank location. Additional utilities are 
present that are not shown on this figure, These utilities include vitreous clay sanitary sewer lines, electrical 
lines, tunnels between buildings, and process waste tanks. Information from excavations in other areas and 
conversations with workers indicate that most of the buried utilities were backfilled using previously 
excavated native materials (DOE, 1994). As noted hy the pre-remedial investigation sampling and analysis 
plan (RMRS, 1997a), there is a potential for the contaminant in the groundwater to migrate along the @ 
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numerous underground utility corridors in this area. The most likely utility pathway is a process waste line 
leaving the T-9 and T- I O  tank system and running eastwards at a depth of 6 to 8 feet below ground surface. 
Additionally, a vitreous clay sanitary sewer line is present 20 feet north of the carbon tetrachloride spill at a 
depth of 6 to 8 feet below ground surface. While the utility corridors in this area are possible preferential 
pathways for migration of the dissolved-phase groundwater plume, nonaqueous carbon tetrachloride is not 
likely migrating via these conduits because it is confined at a depth of approximately 20 feet below ground 
surface due to the greater density of the carbon tetrachloride with respect to water. 

2.2 HYDROGEOLOGIC SElTING 

The upper strata in the vicinity of IHSS 118.1 comprises of 8 to 14 feet of surficial materials immediately 
underlain by weathered bedrock of the Arapahoe Formation. The surficial materials consist of artificial fill 
composed of reworked Rocky Flats Alluvium with some undisturbed Rocky Flats Alluvium. The alluvium 
is primarily composed of clay with interspersed unconsolidated gravels and sands (RMRS, 199713). The 
weathered bedrock lithology in most locations is claystone or siltstone; however, Arapahoe Formation 
sandstones (ie., Arapahoe No. 1 Sandstone) have been observed east of the IHSS near the Solar 
Evaporation Ponds (EG&G, 1995a). 

Groundwater flow in the IHSS 118.1 area is generally to the north and northwest towards the North Walnut 
Creek drainage is consistent with the potentiometric surface (Le., water table) of groundwater in the 
surficial deposits (EG&G, 1995a). More recent data collected from the preremedial investigation wells 
and RCR4 monitoring wells were combined foundation drain elevations also confirmed this flow direction. 
Figure 2-4 shows the water table contours in the vicinity of IHSS 1 18.1, Building 771 to the north, Building 
774 to the northeast, and Building 776 to the south have below grade construction 20 to 30 feet below 
ground surface (RMRS, 1997a). These structural features, coupled with the foundation drains that de-water 
the soils surrounding these buildings likely influence the local groundwater flow. Rue to its proximity to 
IHSS 1 18.1, the Building 77 I foundation drain probably exerts the strongest influence on flow. Based on 
information presented in the geologic characterization report (EG&G, 1995b), it is assumed that the top of 
bedrock surface, prior to the construction of Buildings 771 and 774, sloped to the north away from IHSS 
1 18.1 and was approximately IO to I5 feet below ground surface. Excavation could have either increased 
the slope of the bedrock surface, or created a depression in the bedrock next to the building, 

0 

Previous field investigation of Tanks T-9 and T-10 immediately to the east provides relevant information 
with respect to the hydrogeologic and subsurface topography for IHSS 1 18.1 The boreholes located in T-9 
and T-10 area encountered the bedrock surface 10 feet below where it was anticipated (Le., approximately 
22 feet below ground surface). Based on these observations, it is assumed that installation of Tanks T-9 and 
T-10 created a localized excavation into the bedrock surface. According to the HRR (DOE, 1992), the 
bottom of these tanks is at approximately 26 feet below ground surface; however review of engineering 
drawings for the tanks indicate that the depth is shallower (Le., 22 feet below ground surface). The HRR 
(DOE, 1992) indicates that the carbon tetrachloride tank and associated concrete containment structure were 
9.1 and 10.25 feet below ground surface, respectively. Review of engineering drawings for the carbon 
tetrachloride tank indicate that this reported depth is accurate. The excavation associated with Tanks T-9 
and T- 10 is significantly deeper than for the carbon tetrachloride tank. 

As indicated in Section 2.3, one of the objectives of the pre-remedial investigation sampling was to refine 
the interpretation of the bedrock surface in the area to assist in determining the size of the T-9/T-10 tank 
excavation. Depth to bedrock was interpreted for each borehole; however, the bedrock contact was 
difficult to determine due to reworked bedrock claystone in the fill material and poor recovery. The 
bedrock contacts selected for each location are consistent with a steep-sided excavation into bedrock. 
Table 2-1 provides the depth to bedrock for each location. 
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While the areal extent of the depression was not confirmed on the west or north sides, with the exception 
of the former carbon tetrachloride tank to the west, there are no other known subsurface structures or 
excavations immediately to the north or west, The building immediately west of the excavation, 
Building 70 I ,  is built on a concrete slab. Therefore, the excavation is believed to be a closed depression 
into the bedrock surface which may be slightly stepped down on the west side, and steep-sided on the 
other three sides. The bedrock sides and bottom of the depression consist of the Arapahoe Formation 
claystone. Groundwater is present 6 to 9 feet below the ground surface (Table 2-1). 

* 

I I 

05797 12.0 5.8 No 
05897 24.0 21.4 Yes 6.75 
05997 30.0 24.0 Yes 7.37 

2.3 REMEDIAL INVESTIGATIONS 

In addition to the historical release information summarized above, data are available for interpretation 
of the nature and extent of contamination associated with IHSS 1 18.1. These data sources are provided 
from the OU S RFI/RI and the OU 9 RFI/RI intrusive investigation of Tanks T-9 and T-10 located 
adjacent to IHSS I IS. I .  These investigations are summarized in Section 2.3.1. Figure 2-1 illustrates the 
locations and types of samples collected during these investigations. 

Specifically for this proposed action, sampling and analysis was conducted in September of 1997 to: 
determine the extent of the carbon tetrachloride plume; define the bedrock surface in the area to 
determine the shape of the prior excavation; and determine the locations for collection wells for removal 
of free product. The results of the pre-remedial investigation are summarized in Section 2.3.2. The pre- 
remedial investigation sampling locations are also illustrated on Figure 2-1. 

2.3.1 Industrial Area Investigations 

The OU 8 RFVRI included the identification and sampling of building foundation drains and storm 
sewers which could potentially be impacted by contaminant releases at IHSS 1 18.1 and the other OU 8 
IHSSs. Additionally, surface radiological and soil-gas surveys were conducted as part of the OU 8 
RFIM in the IHSS I 18.1 vicinity. Surface soil, subsurface soil, and groundwater sampling was 
conducted i n  support of the OU 9, Original Process Waste Lines, RFI/RI, including tank systems T-9 and 
T-10 located immediately east of IHSS 118.1 (see Figure 2-1). A total of four boreholes (02695,02795, 
02895, and 02995) were completed around Tanks T-9/T-10 for this program. The sampling locations for @ 
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following paragraphs. 

Foundation Drains 

Utility drawings do not show any storm sewers near IHSS 1 18.1. Additionally, foundation drains were 
not identified on Building 70 1 which is immediately west of IHSS 1 18.1. Foundation drains were 
identified on Buildings 771 and 774 (Figure 2- l), These buildings are located to the north and northeast 
of IHSS 118.1, respectively. As described in Section 2.2, the direction of groundwater flow is believed 
to be to the nortldnorthwest. As a result, there is a potential for those foundation drains to be impacted 
by the carbon tetrachloride releases at IHSS 1 18.1. Samples collected in 1993 from FD-77 1 - 1 indicate 
carbon tetrachloride was detected in the foundation drain water at 43 micrograms per liter (&L) which 
is in the groundwater flow direction. Volatile Organic Compounds (VOCs) were not detected in 
foundation drain samples collected in 1993 from FD-774-1, FD-774-2, and FD-774-3 which are located 
to the nortldnortheast of Building 774. A detailed discussion of the foundation drains is provided in OU8 
Technical Memorandum 1 (DOE, 1994b). 

Radiological Survey 

Radiological surveys include a High Purity Germanium (HPGe) measurement within IHSS 1 18.1. The 
survey results indicate that americium-241 (0.2 picocuries per gram [pCi/g]) and plutonium-239 (1.3 
pCi/g) are above background in the surface soil but well below the Rocky Flats Cleanup Agreement 
(RFCA) Tier I1 Surface Soil Action Levels of 38 and 252 pCi/g for americium-241 and plutonium-239, 
respectively. 

Soil-Gas Survey 

The soil-gas survey was conducted on a 20-foot grid at an approximate depth of 5 feet below ground 
surface. The survey included seven soil gas samples within and in the immediate vicinity of IHSS I 18.1 
and an additional five soil-gas survey locations to the north and east of IHSS 1 18.1 The soil-gas 
sampling locations are plotted on Figure 2-1. Carbon tetrachloride was detected in five of the seven soil- 
gas survey locations for IHSS 118.2 at concentrations ranging from 1.2 to 210 pg/L. Additionally, 
carbon tetrachloride was detected at 3.2 pg/L in the sample collected from to the east of IHSS 1 18.1 
(soil-gas location SG002494). These data along with other compounds detected in the soil-gas samples 
are also indicated on Table 2-2. 

Surface Soil Samples 

Surface soil and subsurface soil samples were collected at borehole locations 02695,02795, 02895, and 
02995 adjacent to Tanks 9 and 10. Analytical results from surface soil samples indicated that carbon 
tetrachloride was not detected. The laboratory results for organic compounds detected in surface soil 
samples are summarized on Table 2-3. Radionuclide results for the surface soil samples indicated that 
americium241 and plutonium-239/-240 were above background but below RFCA Tier I1 Surface Soil 
Action Levels presented in Table 2-4. 

Subsurface Soil Samples 

Analytical results for carbon tetrachloride in subsurface soil samples collected just beneath the water 
table at locations 02695,02795,02895, and 02995 were 0.005 (estimated), 0.034, c0.012, and 0.01 7 0 
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@ milligram per kilogram (mgkg), respectively. Samples near the bedrock surface were obtained from 
three of the four boreholes. No recovery of  core from the bottom of Borehole 02795 precluded the 
collection of  a bedrock sample. Analytical results from the three samples collected from the bedrock 
surface indicated the presence of carbon tetrachloride in the percent range (9 to 16%). Table 2-3 presents 
the laboratory results for organic compounds detected in the subsurface soil samples. As shown on Table 
2-3, concentrations of carbon tetrachloride in subsurface soil from the three borings exceeded the RFCA 
Tier I Subsurface Soil Action Level of 11 mg/kg. Chloroform concentrations in Boring 02695 also 
exceeded its respective action level of 152 mg/kg. The potential for dense non-aqueous phase liquid 
(DNAPL) is considered likely if concentrations of  DNAPL-related chemicals in soils are greater than 
10,000 mgkg (equal to 1% of soil mass) based on laboratory data (EPA, 1993). All three samples 
collected immediately above the bedrock exceeded 10,000 mgkg of  carbon tetrachloride. Radionuclide 
activities in the subsurface soil samples were at background levels. 

Location 

02695 

Table 2-4. Radionuclides Detected Above Background In OU 9 RFYRI Surface and 
Subsurface Soils (pCUg) and Corresponding RFCA Action Levels. 

Radionuclides Detected 

Am-241 P~-239/240 
RFCA Tier I I  Subsurface 

Soil Action Levels (pCi/g): 

Depth Sample Results 

0-6 in 0.064 0.429 

I 6.3- 8.3 ft. NA 

02795 

02895 

22.0-22.8 ft * I - 

0-6 in. 0.1 85 2.038 

4.6- 5.1 ft. - - 
0-6 in. * *  1.602 7.386 

4.6-6.9 ft. - - 

I - I I 22.0-22.5 ft * I - I 
02995 0-6 in - - 

8.0-9.4 ft. - - 

I I 26.0-27.8 ft * I - - I 
I I I I 

Sample depth determined to be below the water table following recovery of groundwater in borehole. 

Duplicate sample. 

NA = Not analyzed. 

- = Result is below background concentratians. 

I1 
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Groundwater samples were collected using HydroPunch@ sampling in each borehole (see Figure 2-1). 
Product was observed in the groundwater sample collected at location 02895. Carbon tetrachloride was 
detected in groundwater samples at 02695,02795, and 02995 at 2,000 pg/L, 1,500 p a ,  and 390 pg/L, 
respectively. Carbon tetrachloride's aqueous solubility is 825 mg/L (i.e., 825,000 p a )  at 200 C 
(Pankow and Cherry, 1996). Results for organic compounds detected in the groundwater samples 
collected for the above location investigation are provided in Table 2-5. The RFCA Ground Water 
Action Level is also listed for comparative purposes. As indicated, the dissolved concentrations of 
carbon tetrachloride in groundwater samples from locations 02695 and 02795 indicate concentrations 
above the RFCA Groundwater Action Levels. It should be noted that due to dilution of the samples 
required to bring the carbon tetrachloride concentrations within the calibration range for laboratory 
analysis, elevated detection limits are observed for many organic compounds. As a result, these 
compounds may be present at concentrations below these elevated detection limits. Laboratory results 
for radionuclide activities in groundwater samples are also provided in Table 2-5. 

Compound 

Table 2-5. Oryanic Compounds (pg/LI and Radionuclides IpCi/L) Detected In OU 9 RFI/RI 
Groundwater Samples. 

I RFCA Tier I Groundwater Boring/HydroPunch Location 
Action Level (pg/L) @vg/L) 

Americium-241 

Plutonium-239/-240 

Radium-226 

14.5 0.092 0.008 0.410 0.539 

15.1 0.089 0.026 2.453 0.058 

2000 ND 1.3 2.9 33 
I I I I I 

Tritium I 66,600 I 115 I -109 I -19 I -49 

Uranium -23 3/-2 34 

Uranium-235 

Uranium-238 

298 29.09 9.20 5.67 17.32 

101 1.04 0.40 0.48 0.53 

76.8 20.73 6.87 5.37 17.42 
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RFCA Tier I Subsurface 
Soil Action Level (mglkg): 

Location 1 DeDth 

Page 14 of 32 
2.3.2 Pre-Remedial Investigation Sampling 

Carbon 
Methylene Tetra- Chloro- Tetrachloro- Naph- Hexachloro- Carbon Hexachloro- 
chloride chloride form ethene thalene butadiene Acetone Disulfide Ethane 

5.77 11 152 11.5 5,770 17.3 2,740 43.2 36.4 

Samole Results 

Sampling and analysis was conducted in September of 1997 to determine the nature and extent of the 
DNAPL. The results of this investigation are summarized below and detailed in the Pre-remedial 
Investigation of IHSS 118. I Data Summary Report (RMRS, 1997b). 

Subsurface Soils 

The primary contaminant detected in soil in the investigation area was carbon tetrachloride, along with 
lesser amounts o f  chloroform and methylene chloride. Both methylene chloride and chloroform are 
reductive dehalogenation products of carbon tetrachloride; however, both chemicals were used on site, 
with chloroform known to have been used in Building 776. Table 2-6 provides the analytical results for 
the primary contaminants and other compounds detected for each subsurface soil sample. Methylene 
chloride was encountered at all depths with detectable concentrations of 330 to 2,000 pg/kg. The highest 
concentrations of carbon tetrachloride and chloroform in soils are found at depths greater than 20 feet 
below ground surface. These data agree with the previous investigation, and indicate that the DNAPL 
may be present only at that depth (RMRS 1997). 

Table 2-6. Pre-Remedial Action Investigation - Subsurface Soil Contaminants (mg/kg) and 
Corresponding RFCA Action Levels. 
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Table 2-6. {continued) 

As shown in Table 2-6, other contaminants were found i n  the soil samples, These contaminants are not 
consistently present and, where duplicate samples were collected, do not occur in both the real and 
duplicate samples. Only one sample yielded results for these other contaminants above the detection 
limit; tetrachloroethene at 1,800 @kg and carbon disulfide at 910 pg/kg. However, the duplicate 
sample for this interval did not contain detectable quantities of either contaminant. Naphthalene was 
observed in one sample; however, naphthalene was also detected in the blank. As a result it is probably 
not representative of the contamination at this location. 
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These samples were collected from the upper 3 feet of the core. 

RFCA Tier II Surface Soil 
P~-239/240 Am-241 

252 3a 

05297 
(0.060) 

2.2 - 2.6 I 0.044 

05397 
05797 
05597 

05897 
05997 

- + 1.8 - 2.2 
1 .o - 1.4 - - 
0.8 - 1.5 - 0.087 

(0.098) 

0.8 - 1.4 - 0.063 
- 1.6 - 2.2 

0 = value represents uncertainty [i.e., total error). 

05997 

05697 
05497 

Groundwater 

(0.063) 
0.2 - 0.8 0.192 - 

(0.091 1 
0.8 - 1.4 - - 
1.5 - 1.9 0.256 0.105 

(0.120) (0.089) 

In support of the pre-remedial investigation sampling, wells were installed at 6 locations, water levels 
were measured and groundwater samples were collected. Groundwater was present 6 to 9 feet below 
ground surface (Table 2-1), and the DNAPL appears to occur in a thin layer directly above the bedrock 
contact. Depth to DNAPL was verified with an interface probe at one location (05497) at a depth of 21 
feet below ground surface. Separate groundwater and DNAPL samples from 4 locations (05397,05497, 
05897 and 05997) were collected. The contaminants detected in these samples are the same as those 
observed in the subsurface soil samples: primarily carbon tetrachloride with lesser amounts of 
chloroform and methylene chloride. As previously mentioned, methylene chloride and chloroform are 
reductive dehalogenation products of carbon tetrachloride, but both were also used on site (RMRS, 
1997b). Table 2-8 presents the results of the groundwater and DNAPL analyses. As noted in the data 
summary report, groundwater concentrations observed are higher than those samples collected during the 
1995 investigation (RMRS, 1997b). The samples were also analyzed for total petroleum hydrocarbons 
due to the dark brown color of the DNAPL samples, since pure-phase carbon tetrachloride is colorless. 
As shown in Table 2-9, the samples contained Number 2 (No. 2) diesel fuel. The most likely source of 
this contamination is spills and/or leaks from the numerous underground and above ground fuel oil tanks 
in the area, most likely those north of Building 776 or south of Building 77 1. e 
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Table 2-8. Groundwater/DIVAPL VOC Results For IHSS 118. I Investigation Cpg/L) and 

E - estimated value, concentration outside of calibration range 
J - estimated value, concentration is below the detection limit 
B - analyte also detected in the blank analysis. 

Because the color of  No. 2 Diesel Fuel is a light brown, its presence does not explain the dark brown 
color of the DNAPL. The color may be a result of one or more of the following reasons: 

Organic material in the fill may have been dissolved by the carbon tetrachloride, 
The process waste tank may have been coated with a bituminous anti-corrosion coating which was 
dissolved by the carbon tetrachloride, 
Surface carbon tetrachloride spills may have dissolved the asphalt in the road way, and/or 
Degradatiodweathering of No. 2 Diesel can result in a darker brown color. 

In samples from most wells, the analytical results for groundwater above the DNAPL layer indicated 
significantly lower concentrations of fuel oil than the underlying DNAPL layer. However, groundwater 
samples from wells 05497 and 05997 contained similar concentrations of fuel oil as the underlying 



I 

Draft Technical Memorandum No. 1 RF/ER-9 7-094. UN 
Monitdred Natural Attenuation of IHSS 1 18.1 Revision C 

Effective Date:03/lU98 
Page 18 of 32 

DNAPL samples from these wells, Both of these groundwater samples also contained a DNAPL as a 
separate phase. Due to the similar concentrations of fuel oil observed in the DNAPL and the 
groundwater samples from these wells, it is likely that the DNAPL phase present in these two 
groundwater samples was analyzed. 

2.4 EXISTING CONDITIONS 

Based on the information gathered during pre-remedial investigation implemented in September 1997, 
coupled with the available infomation for IHSS 1 18.1 and Tanks T-9 and T- 10, an east-west cross-section 
illustrating the existing conditions for the site was developed (Figure 2-5). A carbon tetrachloride zone 
originating from the former location of the carbon tetrachloride tank in IHSS 1 18.1 is detected and extends 
east to the T-9fl-10 tank pit. As illustrated by the cross-section (Figure 2-5), the impermeable claystone 
bedrock limits the vertical migration of carbon tetrachloride and the depression created in the bedrock 
surface controls the extent of the DNAPL zone. Based on the findings of the investigations, it is assumed 
the DNAPL zone is limited to the bedrock depression. 

RMRS (1997b) concluded that due to the high concentrations of carbon tetrachloride and the lack of 
radiological contamination, the DNAPL is assumed to be a result of spills and leaks from the carbon 
tetrachloride storage tank. Because both the DNAPL samples and high concentrations in soil are found only 
near the bottom of the excavation, the DNAPL zone is thought to currently occur in a layer, approximately 
one-foot thick on the bedrock surface at the bottom of the closed depression. The zone of carbon 
tetrachloride may fill the bottom of the excavation, including underneath Tanks T-9 and T- 10 and the 
associated sump. However, there is a possibility that the DNAPL is in pockets at several intervals near the 
bottom of the excavation, rather than a continuous shallow layer. Installation of the wells could have 
intercepted several small pools which then drained into the well, giving the appearance of a single pool of 
DNAPL. Insufficient data exists to fully differentiate between these scenarios. However, as the DNAPL is 
thought to occur within a one-foot interval near the bottom of the excavation, it is likely that the DNAPL is 
perched on undisturbed bedrock claystone (RMRS, 1997b). 

0 

The zone where the DNAPL resides is comprised of two liquid phases: the groundwater that has not been 
displaced and the DNAPL that is trapped in pores and fractures. Due to its surface chemistry, the soil has a 
greater affinity for water. This characteristic is called wettability. Because the water is the wetting fluid, it 
is not completely displaced by the DNAPL in this zone. Water will coat the soil particles and remain in the 
smaller pores. Although DNAPL is not in the smaller pores, it is trapped in the larger pores. The migration 
of DNAPL through these pores is controlled by capillary pressure which will hold the DNAPL in pore 
material. This capillary pressure is particularly significant in fine grained media. The capillary pressure 
will inhibit migration but will also keep DNAPL fiom being recovered though a pumping system. Figure 2- 
5 illustrates the two-phase nature of the DNAPL zone. 

The low-permeability claystone at the bottom of the excavation acts as a barrier to prevent substantial 
downward migration of the carbon tetrachloride, while the groundwater above prevents evaporation. The 
vertical migration of DNAPL into bedrock was evaluated by an earlier study, which concluded that there is 
no apparent threat to surface water or to deeper aquifers (RMRS 1996b). All occurrences of the DNAPL 
layer are at too great of depths to migrate along utility corridors, or along the original bedrock surface. 
Therefore, the only risk to surface water is through migration of the dissolved phase in groundwater 
(RMRS, 1997b). 

To roughly estimate the volume of DNAPL that may be present, the depths to the observed DNAPL and 
high soil concentrations were used to estimate a thickness for the DNAPL. Using this information, 
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1997b). The following assumptions were used for the DNAPL volume calculations: 

Location 

Across IHSS 1 18.1 

0 Based on the available engineering design drawings for Tanks T-9 and T- IO, the bottom of the tanks are 
20.7 feet below the ground surface with a 12 foot square by 1 foot deep sump below the tanks. 

Liquid Flow Concentration Mass Flow 
Rate (gpml (ugll) Rate (glmin) 
0.0342 792,500 0.1026 

(Average) 

Based on these investigation results, the excavation depth was assumed to be 22.1 feet below ground 
surface. 

e It was estimated that the zone of DNAPL and water is 1.1 feet based on a measurement using an 
oiVwater interface probe 

The areal extent of DNAPL was estimated to be 46 feet by 46 feet based on the location of wells 
containing DNAPL (05397,05497,05897,05997) (see Figure 2-1). 

The fill material containing the DNAPL consists of unconsolidated clay, gravel, and sand, with a 
porosity conservatively estimated to be between 25 and 35 percent (Freeze and Cherry, 1979). 

Accounting for the displacement of the sump, the estimated volume of DNAPL that could potentially reside 
in the fill material below the tank ranges from 7.8 and 2,900 gallons. Based on a range of conservative 
recovery rates of 5 to 15 percent, the recoverable volume of DNAPL could be between from less than one 
gallon to 400 gallons. 

Although the DNAPL appears to be confined to the area of the T-9 and T- 10 excavation, the dissolved 
plume is not confined by these physical constraints. To evaluate the fate and transport of dissolved plume, 
the mass flow rate of carbon tetrachloride was evaluated. Table 2-10 presents the results of this evaluation. 
This model assumes that most of the water will be captured in the Building 771 foundation drain. As seen 
in Figure 2-4, this foundation drain greatly influences groundwater flow at IHSS 1 IS. 1 due to its size, depth 
and proximity to the release area. This data in the table is from sample location FD 771-4. It should be 
noted that there are two additional lines for this foundation drain; however, there are also other sources of 
carbon tetrachloride that contribute to the mass flux. The flows from these other two lines from Building 
771 that have not been sampled are anticipated to also be low. Three lines from the foundation drains 
around Building 774 to the northeast of the site have also been sampled and carbon tetrachloride was not 
detected at any of these locations. As evidenced by this data, the total mass flow rate of carbon 
tetrachloride displays an apparent decrease as the contaminants migrate away from the release area. Since 
the 771 foundation drain is only about 100 feet downgradient of the DNAPL, the low concentrations in the 
drain suggest that contaminant migration is being severely limited through some form of attenuation. 

e 
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2.5 NATURAL ATTENUATION PROCESSES 

There are a number of  potential mechanisms that could degrade or limit the mobility o f  carbon 
tetrachloride. Biodegradation is the most important mechanism to evaluate at IHSS 1 18.1 because it can 
result in the destruction or biotransformation of carbon tetrachloride. Data gathered from past 
investigations indicate that, not only are there favorable conditions for biodegradation, but also that the most 
effective form of biodegradation, reductive dechlorination, is likely occurring. Three mechanisms for the 
biodegradation of chlorinated aliphatics have been identified (Wiedemeir, et al, 1997), 

1. Electron Acceptor Reactions (Reductive Dechlorination) - Under this process the carbon 
tetrachloride (an electron acceptor) is chemically transformed through the reductive environment 
created by the biodegradation of  another carbon source. Of the three degradation processes, this is the 
most effective for the biodegradation of chlorinated solvents. Reductive dechlorination takes the 
following steps: 

First, biodegradation of  a carbon source (such as a hydrocarbon) occurs and creates an excess 
o f  electrons (i.e., a reducing environment). Carbon tetrachloride itself cannot act as the 
substrate because its oxidation state is too high. 

Second, as the available electrons increase, the chemical species that are easiest to reduce will 
be transformed first. The order in which dissolved species will be reduced as proposed by 
Strumm and Morgan (1981) is as follows: 

1. 
2. 
3. 
4. 
5. 
6. 

Dissolved Oxygen (03 Reduction 
Reduction of  Manganese (IV) to Manganese (111) 
Nitrate (NO;) Reduction 
Reduction o f  Ferric (Fe9 to Ferrous (Fel+) Iron 
Reduction of  Sulfate (SO:) 
H, Reduction 

Finally, after the reduction of these dissolved species, the DNAPL will be reduced through 
dechlorination. Specifically, the carbon tetrachloride is reduced through the replacement of  
the chlorine atom with a hydrogen atom. 

2. Electron Donor Reactions (Oxidation) - In these reactions, the less-oxidized organic compounds act 
as a substrate for biodegradation. These organic molecules move towards a more oxidized state, The 
end product of these reactions is carbon dioxide. Due to its oxidation state, carbon tetrachloride is not a 
good electron donor and therefore not suitable as a primary substrate; however, the less-oxidized by- 
products of other degradation reactions such as methylene chloride could be suitable donors and could 
serve as a substrate. 

3. Co-metabolization - The degradation o f  carbon tetrachloride would be catalyzed by an enzyme or a co- 
factor produced by microbes metabolizing some other food source, 

Based on the results from past investigations, reductive dechlorination appears to be occurring near the 
DNAPUgroundwater interface and the degradation products are potentially undergoing oxidation farther 
out from the DNAPL zone. This would suggest that there is a reduction zone rich in available electrons 
around the T-9/T- 10 Tanks. The conceptual model is shown in Figure 2-6 is based the results of the 
previous investigations. 
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Enough evidence exists at this time to validate that reductive dechlorination is occurring. The following 
observations support the concept that reductive dechlorination o f  DNAPL and dissolved organic solvents 
is occurring: 

Possible carbon tetrachloride degradation products are present in the soil, groundwater, and the 
DNAPL. These compounds include chloroform, methylene chloride, and carbon disulfide. All of 
these compounds are degradation products for reduction reactions. It is believed that all of the spills 
of DNAPL were probably of unused carbon tetrachloride, Because the carbon tetrachloride was 
utilized in plant operations, it was probably an industrial grade. Chloroform and methylene chloride 
were widely distributed in both the aqueous and nonaqueous phases. Reductive dehalogenation 
could explain the pervasiveness of  these compounds 

Non-chlorinated hydrocarbons (No. 2 Diesel) are present that could act as a substrate for biological 
activity in the water phase. The light nonaqueous phase liquid that was detected provides ideal 
conditions for the most aggressive biodegradation process (reductive dehalogenation). 

Oxidized non-chlorinated hydrocarbons such as carboxylic acids and ketones were detected during 
the OU 9 investigation that could be the result of aerobic biodegradation. 

0 

In addition to degradation of chlorinated solvents, physical factors are controlling the migration o f  
contaminants. Natural dilution probably has some effect once groundwater reaches foundation drains or 
surface water but it is containment and isolation of the DNAPL that appears to have a far greater effect at 
the source. Because the DNAPL resides in a bedrock depression approximately 12 to 13 feet below the 
normal bedrock surface, the DNAPL is not exposed to the main groundwater flow in the Rocky Flats 
Alluvium. Due to the permeability of the fill material in and above the DNAPL zone and the 
characteristics o f  groundwater flow in the area, it is likely that the water above the DNAPL is stagnant 
and that diffusion rather than advection is controlling the mass transport of the contaminants. This is a 
significant effect, since the rate of mass transfer would be significantly less through diffusion alone and 
concentrations in the groundwater moving over the top of the bedrock depression should be significantly 
less than water near the DNAPL. 

@ 

The evidence that natural attenuation is occurring, regardless of the specific mechanism, can be found at 
downgradient sampling stations. As discussed in Section 2.4, although the spill is relatively old, 
concentrations in the foundation drains are low or non-detectable. This includes the footing drains for 
771 and 774. This suggests that natural attenuation processes such as degradation and dilution might be 
actively limiting migration of dissolved carbon tetrachloride At the downstream surface water location, 
W-093, no carbon tetrachloride has been detected and VOCs are low or non-detectable. 

3.0 PROJECT APPROACH 

Based on the alternative analysis in Appendix A, Monitored Natural Attenuation was selected as the 
approach for IHSS 1 18.1. This alternative was selected because it was the best option for the site prior to a 
potential final action and it provided downgradient monitoring to ensure protection of surface waters. 
Unique site conditions at IHSS 118.1 are very favorable to the beneficial natural processes that control and 
limit the migration of carbon tetrachloride. Based on existing data , source removal is the most effective 
response to the DNAPL; however, it is not feasible at this time due to inaccessibility. Partial source 
removal through pumping or other means is ineffective because residual DNAPL could not be recovered 
completely and continue to contaminate groundwater, the potential that groundwater concentrations could 
increase, and accessibility beneath the T-9R- 10 tanks is limited. 

* 
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@ 3.1 OBJECTIVES 

The objectives of the proposed action are to: 

1. Support the attainment of sitewide remediation goals for protecting North Walnut Creek, specifically, 
meeting the stream standards for North Walnut Creek listed in Attachment 5 of the RFCA, and 

2. Promote consistency with and contribute to the efficient performance of final response actions. 

3.2 DATA QUALITY OBJECTIVES 

The data needed to monitor natural attenuation at IHSS 1 18.1 will be determined using the process in 
Guidelines for Data Qualip Objective Process, EPA QAfG4 (EPA, 1994) using the objectives listed above. 
These data quality objectives will be developed as part of the preparation of a sampling and analysis plan 
(SAP) addendum to the SAP currently utilized for RFCA groundwater monitoring. The primary sampling 
and analytical needs are as follows: 

~ 

Sample the DNAPL and groundwater in wells installed during the Pre-Remedial Investigation to 
monitor natural attenuation control of the migration of contaminants. 
Install and sample downgradient groundwater wells to monitor natural attenuation 
processedcontaminant containment and ensure the protection of surface water. 
Install and sample upgradient wells to establish background concentrations of key parameters. 
Monitor groundwater flow direction e 

Once the data is received, the data will be compared to project specific data quality objectives. Data 
validation will be performed on a minimum of 25% of the data using the precision, accuracy, 
reproducibility, completeness, and comparability (PARCC) parmeters established by EPA guidelines, 
DOE data management practices and the Rocky Mountain Remediation Services (RMRS) Quality 
Assurance Project Description (QAPD) (FWRS, 1997d). 

3.3 PROPOSED APPROACH 

The proposed IHSS 118.1 approach, Monitored Natural Attenuation, will evaluate if natural attenuation and 
containment of the source mitigate potential risks to surface water posed by the DNAPL. In order to ensure 
protection of surface water, data collected will be evaluated to determine the magnitude of natural 
attenuation processes such as containment and degradation. All activities will integrated with existing 
RFETS monitoring activities under the IMP (Kaiser-Hill, 1997). Monitoring is planned to continue until 
enough data is collected to perform trend analysis demonstrates or a final response is initiated. The 
elements of the monitoring program will be as follows: 

1. Install four additional downgradient monitoring wells which would be used to sample for carbon 
tetrachloride and associated reductive dehalogenation products. The wells will be in a line to the north 
of the site with an additional well to the east (see Figure 2-4). 

2. Install two upgradient wells to determine background concentrations (See Figure 2-4). 

3. Analyze groundwater in wells near MSS 1 18.1 for reductive dehalogenation products such as 
chloroform, methylene chloride, and chloromethane well as chemical conditions favorable for reductive 

a 
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Monitored Natural Attenuation of IHSS 1 18.1 

dehalogenation. The analysis will determine whether there are promising trends in the measured 
parameters. e 

4. Analyze DNAPL to more accurately determine relative ratios of carbon tetrachloride and reductive 
dehalogenation products and observe if these concentrations change with time. 

5. Measure water levels and the depth and thickness of the DNAPL zone. This would allow the 
opportunity to further evaluate the nature of the DNAPL in the soil including how the DNAPL is 
dispersed, whether the DNAPL contamination zone is at the same level across the site, and whether 
DNAPL is trapped at higher elevations. 

6. Evaluate ground water flow direction and the water table contour. 

7. Monitoring of IHSS 1 18.1 will be integrated into the current program under the IMP. This will include 
sampling, analysis, data evaluation, and reporting. Evaluation of the data will be incorporated into the 
RFETS Annual RFCA Groundwater Monitoring Report. 

The four downgradient wells would be used to determine if the plume is limited by natural attenuation and 
the degree to which reductive dehalogenation is occurring. Each well would be installed in accordance 
RFETS monitoring well standards. The screen intervals will be approximately five to ten feet deep. 

The wells that would be sampled include the four proposed wells plus the six wells installed around the 
T-9lT- IO tanks as part of the Pre-Remedial Investigation. Table 3- 1 presents the analytes to be sampled and 
the basis for each analyte. It is proposed that the first round of sampling include all of the analytes. The 
first round results would be evaluated to determine which analytes were useful for assessing natural 
attenuation processes. An evaluation report would be prepared documenting this analysis. Sampling would 
be performed semiannually or annually in conjunction with activities under the RFETS Integrated 
Monitoring Plan (IMP) (Kaiser-Hill, 1997). For each year of sampling, an evaluation of these results would 
be incorporated into the Annual RFCA Groundwater Monitoring Report. At the end of the evaluation 
period, the sampling results would be evaluated a final time to determine the effectiveness of natural 
attenuation. 

0 

3.4 WORKER HEALTH AND SAFETY 

This project falls under the scope of the Occupational Safety and Health Administration (OSHA) 
construction standard for Hazardous Waste Operations and Emergency Response, 29 Code of Federal 
Regulations (CFR) 1910.120. Under this standard, a Site-Specific Health and Safety Plan (HASP) will 
be developed to address the safety and health hazards of each phase of operations and specify the 
requirements and procedures for employee protection. In addition, the DOE Order for Construction 
Project Safety and Health Management, 5480.9A, applies to this project. This order requires the 
preparation of Activity Hazard Analyses (AHAs) to identify each task, the hazards associated with each 
task, and the precautions necessary to mitigate the hazards. The AHAs will be included in the HASP. 
This project could expose workers to physical and chemical hazards. Physical hazards include those 
associated with use of drilling equipment, noise, heat stress, and cold stress. Chemical hazards include 
exposure to the DNAPL and contaminated ground water. Physical hazards will be mitigated by 
engineering controls, administrative controls, and appropriate use of personal protective equipment 
(PPE). Chemical hazards will be mitigated by the use of personal protective equipment (PPE) and 0 
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reductive dehalogenation 

consistent with favorable conditions 
for reductive dehalogenation 

concentrations indicate anaerobic 
conditions 

concentrations indicate anaerobic 

Groundwater Laboratory Reduced form of sulfur - presence is 

Groundwater Laboratory Electron acceptor, reduced 

Groundwater Laboratory Electron acceptor, elevated 

Manganese 

Chloride 

PH 

conditions 

indicate anaerobic conditions 

indication of reductive dehalogenation 

Groundwater La bo rato ry Electron acceptor, low concentrations 

Groundwater Laboratory Levels above background are an 

Groundwater Field Characterization of basic water 

Oxidation 
Potential 
Alkalinity 

Methane 

with oxidation of hydrocarbon to C02 

Groundwater 

Groundwater 

Groundwater Laboratory 
and H20 
Presence of detectable methane is 

Carbon 
Total Organic 

consistent with active degradation of 
nonchlorinated hydrocarbons and 
condition favorable for reductive 

consistent with redox conditions that 
favor reductive dehalogenation 

Groundwater Laboratory Absence or depressed levels are 

Dissolved 
dehalogenation 

Groundwater Field Higher concentrations would indicate 

Conductivitv I I I 

Oxygen 
Dissolved 
Hydrogen 
Electrical 

Temperature I Groundwater I Field I General water quality parameter 
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administrative controls. Appropriate skin and respiratory PPE will be worn throughout the project. - - -  
Routine VOC monitoring will be conducted with an organic vapor monitor. 

If unanticipated hazards or conditions are encountered during this project in accordance with RMRS 
policy (Directive-00 l), the project activities will pause to assess the potential hazard or condition to 
determine whether work can proceed with existing safety controls or not. If field conditions or hazards 
vary from the planned approach, if it can be done safely, an AHA will be prepared or modified to address 
the unexpected circumstances and work will proceed according to the appropriate control measures. 
Data and safety controls will be continually evaluated. Field radiological screening will be conducted as 
appropriate using radiological instruments appropriate to detect surface contamination and airborne 
radioactivity. As required by 10 CFR 835, Radiation Protection of Occupational Workers, all applicable 
implementing procedures will be followed to insure protection of the workers, collocated workers, the 
public, and the environment. The HASP will describe the air monitoring to be used to monitor for 
radiation, VOCs, and particulate, as appropriate. If necessary, air monitoring will be performed in 
accordance with applicable procedures which includes perimeter (Radioactive Ambient Air Monitoring 
Program [RAAMP]) monitoring throughout project duration. Air monitoring activities may vary and are 
dependent on field activities. 

3.5 REMEDIATION WASTE MANAGEMENT 

Remediation waste anticipated from the action include recovered DNAPL, contaminated drill cuttings, 
purge water, and development water from well installation. Other miscellaneous wastes generated as 
part of this proposed action, such as PPE, will be characterized based on process knowledge and 
radiological screening. Wastes identified as non-radiological and non-hazardous will be disposed in a 
sanitary landfill. Wastes will be managed, recycled, treated, andor disposed of in accordance with 
applicable or relevant and appropriate requirements (ARARs). 

@ 

4.0 ENVIRONMENTAL ISSUES 

This section provides a description of potential environmental impacts and other NEPA values which 
may be associated with monitored natural attenuation of IHSS 118.1. Additional NEPA values, such a 
consideration of alternatives, are addressed elsewhere in this document. 

The proposed approach consists of drilling four new wells and then monitoring those wells, together with 
other, existing wells, until the data are sufficient to establish a trend or a final remedy is effected. 
Monitoring will be used to identify the extent to which natural attenuation processes are addressing the 
potential threat to surface water posed by the carbon tetrachloride. The four wells proposed would be to 
the north and east of Tanks 9 and 10 and drilled to the top of bedrock, a depth of less than 20 feet. 

4.1 SOILS AND GEOLOGY 

The environmental effects of drilling four shallow wells would be negligible. Each well would be 
exclusively within Rocky Flats alluvium and hence would pose no threat of inter-strata movement of 
contaminants or groundwater. Drill cuttings would be sampled and disposed of in accordance with Site 
procedures, e 
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Well drilling and water monitoring do not have the potential to significantly affect air quality. A review 
by the Site’s Air Quality Management Group indicates that effluent air monitoring will not be required 
and that the project is not subject to air emission inventory or APEN (Air Pollution Emissions Notice) 
requirements. Even if wells were drilled into contaminated soil or intercepted DNAPL, the quantity of 
hazardous air pollutants that would be released would be negligible. Operation of drilling equipment and 
vehicles used in later monitoring activities would em it small quantities of air pollutants. 

4.3 WATER 

As described in section 2.4, data indicate that carbon tetrachloride is present in groundwater, as well as in 
soil and as DNAPL, possibly under water, in the bedrock pit under Tanks 9 and 10. The proposed action 
will not worsen the extent or degree of groundwater contamination. Rather, it will observe the extent to 
which natural processes are neutralizing the problem by reductive dehalogenation. Neither the current 
source of contamination (the DNAPL beneath tanks 9 and 10) nor the carbon tetrachloride in 
groundwater, are expected to change during the course of the monitoring. 

4.4 HUMAN HEALTH 

The carbon tetrachloride does not now present any threat to human health because it is isolated from the 
atmosphere and from sources of drinking water; this is not expected to change during the course of the 
monitoring. Workers will take appropriate precautions, such as wearing respirators to prevent possible 
exposure to carbon tetrachloride and other fumes during drilling. 0 
4.5 FLORA AND FAUNA 

The area where the four wells are to be drilled is covered with gravel or is bare soil and essentially 
devoid of vegetation, In addition, terrestrial wildlife, with the exception of very mobile rabbits, raccoons 
and feral cats, is largely absent from the Site’s Protected Area where drilling would occur. As a result, 
no impacts to flora or fauna are expected. 

4.6 HISTORIC RESOURCES 

Sixty-four of the Site’s buildings have been declared eligible for the National Register of Historic Places 
and are subject to an Agreement between DOE and tlic State I-Iistoric Preservation Officer. However, no 
building is expected to be affected by the proposed action. 

4.7 VISUAL RESOURCES 

Installation of the four wells and related monitoring activities would be expected to have no effects on 
the visual qualities of the highly-industrialized Protected Area. 

4.8 NOISE 

Drilling wells will result in a localized increase in noise levels for the approximately one day it will take 
to drill each well. Workers would wear protective equipment if appropriate, * 
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4.9 CUMULATIVE EFFECTS 

Drilling monitoring wells and monitoring attenuation of the carbon tetrachloride is part of the program to 
remediate IHSS 1 18,l which, in turn, is part of the larger effort to cleanup the Site and allow for other 
uses in the future. If the proposed action demonstrates that natural attenuation alone is insufftcient, the 
final remedial action at IHSS 1 18.1 could involve other, more invasive actions such as direct removal of 
the DNAPL by pumping or excavation, or some other activity. Such actions would have greater effects 
than the proposed action. The specific effects would depend on the specific action taken. 

The cumulative effects of Site Cleanup are described in the Rocky Flats Cumulative Impacts Document, 
published in 1997 by FGFO. 

4.10 UNAVOIDABLE ADVERSE IMPACTS 

No adverse impacts, other than negligible air emissions, are expected as a result of the proposed action. 

4.1 I SHORT-TERM USES VERSUS LONG-TERM PRODUCTIVITY 

The proposed action is not expected to have any effects on short- or long-term uses or productivity of the 
area in question. The surface will not be disturbed except at the four small sites of the new wells. It is 
expected that the subsurface conditions will be remediated by natural processes, improving long-term 
productivity. Ultimately, cleanup of the Site and removal of most of the Site’s buildings will increase 
the potential for productive uses. 

4.12 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES 

The well-drilling and water quality monitoring activities will consume fuels, money, and labor. None of 
these resources will be consumed in quantities that are significant relative to their consumption 
elsewhere across the Site. 

5.0 IMPLEMENTATION SCHEDULE 

The monitoring of natural attenuation processes at IHSS 1 18.1 is scheduled to commence in the fiscal 
year 1998. Figure 5-1 is a proposed schedule and the dates and durations of activities are subject to 
change due to regulatory and public concerns, budgetary constraints, weather delays, etc. The number of 
years over which monitoring will occur will based on trend analysis and could vary from what is shown 
in the schedule. 
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APPENDIX A: ALTERNATIVE ANALYSIS 

As described in the RFCA Implementation Guidance Document, a two-step process is used to select an 
alternative for project approach, (1) an initial screening to select the best alternatives, and (2) a 
comparative analysis of the alternatives. Both the screening and the comparative analysis are based on 
the three following criteria: 

Effectiveness - Includes protectiveness of public health, workers, and the environment, ability to 
attain ARARs, the level of treatmentlcontainment, residual effect concerns, and the ability to 
maintain control on an interim basis. 

Irndementabilitv - Includes the technical feasibility, availability of resources, and 
administrative feasibility. 

- Cost - lncludes capital costs, operation and maintenance costs, and present worth analysis. 
Operation and maintenance costs were assumed to include sampling and analysis. Waste 
disposal costs aside from some transportation and sampling costs were not included in the 
estimate. Costs were escalated five percent for outyears. 

A. 1 ALTERNATIVE SCREENING 

As part o f  the alternative screening, thirteen technologies or groups of technologies were evaluated. 
Table 6- I lists the technologies evaluated in the screening process. Three technologies were selected for 
a final comparison. The other ten were eliminated primarily because of  the: 

@ 
Inaccessibility of the DNAPL, 

e Technical impracticalities, 
e 

0 

Potential damage to the RFETS infrastructure, 

Undeveloped or unproved effectiveness, and 
Inability to completely remove the DNAPL. 

The three technologies selected for the comparative analysis of alternatives are: 

0 No Interim Action - Delay any remedial activity for IHSS 1 18.1 until a final remedy is selected. 

Pump Carbon Tetrachloride - Install a recovery well and pump system to collect the DNAPL 
.. 

e Monitored Natural Attenuation - Demonstrate the natural reductive dehalogenation of the DNAPL. 

A.2 DESCRIPTION OF ALTERNATIVES 

A.2.1 Alternative 1 - No Interim Action 

The no interim action alternative was defined as no action until the impediments to a final action have 
been removed . I t  does not preclude a final action at a later date when more building closures have 
occurred. 
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A.2.2 Alternative 2 - Pump Carbon Tetrachloride 

This alternative consists of the installation of a collection and recovery system to pump DNAPL. 
The objective of this technology is to remove as much of the contaminant source as possible. Only 
DNAPL that could freely flow into the well would be recovered. DNAPL that is held in the soil by 
capillary pressure would not be recovered as discussed in Section 2-4. DNAPL below the T-9/T-10 
Tanks or trapped by low permeability soils would also not be recovered. 

A recovery well would be installed near Borings 02795 (Figure 2-3) about two to three feet below 
bedrock in the depression around Tanks T-9 and T-1 0. Additional recovery wells could be added 
to the system if needed. The lower segment of the recovery well would be comprised of blank pipe 
and serve as a free-product collection sump. The objective is to intercept the nonaqueous phase 
carbon tetrachloride layer to maximize the DNAPL to water ratio. It is assumed that the DNAPL, 
perched on top of the bedrock in the tank excavations, would flow to the recovery well and 
accumulate as the fluid seeks the lowest point. A pneumatic pump to transfer recovered 
nonaqueous phase carbon tetrachloride to a container at the surface would be installed. 
Considering the likely sparse distribution of the nonaqueous phase carbon tetrachloride in the low 
permeability sediments, it is likely that this approach would recover a minor fraction of the total 
nonaqueous phase carbon tetrachloride present. 

The free product would be pumped to a storage container, drum, or tank. Both the line and the 
container would have secondary containment. A high level alarm would keep the container from 
overflowing. Air to drive the pump would be taken from the overhead supplied air line. A slow 
recovery strategy would be employed to maximize the volume of carbon tetrachloride recovered 
and minimize the disturbance to the saturated hydrocarbon zone in the formation surrounding the 
well. It was assumed that the recovery system would operate for two years and that in the third 
year a closeout report would be written. 

A.2.3 Alternative 3 - Monitored Natural Attenuation 

Natural attenuation is the set o f  natural processes which reduce the mass toxicity, mobility, 
volume or concentration of contaminants in soil or groundwater through physical, chemical or 
biological action. The Office of Solid Waste and Emergency Response Directive 9200.4-17 
defines “Monitored Natural Attenuation” as “the reliance on Monitored Natural Attenuation 
processes (within the context of a carefully controlled and monitored site cleanup approach) to 
achieve site-specific remedial objectives within a time frame that is reasonable compared to that 
offered by other more active methods.” It should be noted that this alternative is not being 
evaluated as a final action and does not preclude a more effective treatment as a final action 
when the DNAPL is accessible. 
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The specific objectives of this alternative would be to determine through sampling, analysis, and 
evaluation whether natural conditions exist that are protective of groundwater and surface water, 
that natural degradation of the DNAPL is occurring and to determine the rate of degradation. 

A.3 COMPARATIVE ANALYSIS OF ALTERNATIVES 

A.3.1 Alternative 1 - No Interim Action 

Effectiveness: 

DNAPL still would likely continue to be controlled through containment and degradation if no 
interim action was taken,; however, it would not be monitored. A discussion of the natural 
attenuation processes that limit contaminant migration can be found in Section 2.5. Additionally, 
the same arguments concerning the effectiveness of natural attenuation made for Alternative 3 in 
Section A.3.3 also apply to the No Interim Action Alternative. No short-term or long-term 
environmental impacts are anticipated; however, due to a lack of monitoring, it will not be 
possible to verify this. 

ImDlementabilitv 

There is no interim remedial action, so there are no immediate implementation problems. 

There are no near-term cost impacts by not taking immediate action. Table 6-2 presents a cost 
comparison of the alternatives. 
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Table A-2 Cost Comparison of IHSS 1 18.1 Alternatives 

(An escalation factor of five percent was used. For the present worth calculation, it was assumed that the escalation rate and 
the interest rate were identical,) 

A.3.2 Alternative 2 - Pump Carbon Tetrachloride 

Effectiveness: e 
The effectiveness of pumping the carbon tetrachloride was evaluated in terms of supporting the 
final remedial action objectives of protecting surface water and meeting the RFCA Action levels 
for subsurface soils, groundwater, and surface water. Pumping the DNAPL is ineffective for the 
following reasons: 

1. Only a fraction of the DNAPL is recoverable, 
2. The unrecoverable DNAPL still has the potential to contaminate million of gallons of 

groundwater, regardless of how much is recovered, 
3. On an interim basis, concentrations in the groundwater will likely stay the same or increase 

if DNAPL is removed (Pankow and Cherry, 1996, pp.496-497) and 
4. Additional DNAPL sources in the area would also continue to contribute to groundwater 

concentrations, 

The key interaction to consider is the equilibrium relationship between the DNAPL and the 
groundwater. Because there is excess DNAPL, groundwater concentrations are controlled by the 
solubility limits of the chemical contaminants. Basically, for water that is in contact with 
DNAPL, the contamination will tend toward saturation, i.e. will tend towards the solubility limit 
as it comes into equilibrium. This relationship is not dependent on the volume of the DNAPL 
since at the interface the concentration in the water will tend towards saturation (solubility limit) 
regardless of volume of the DANPL. On a larger scale the concentration is affected by diffusion, 
dispersion, the heterogeneous distribution the DNAPL, the area of the DNAPL/water interface, e 
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@ reduced solubilities in multicomponent systems, mass transfer coefficients, and other physical 
and chemical parameters. Although this results in concentrations that are lower than saturated 
levels, these relationships are still not directly dependent on the mass or volume of the DNAPL 
present. 

The removal of the DNAPL could increase mass transfer of chlorinated hydrocarbons from the 
DNAPL to the groundwater. The interfacial area between the DNAPL and groundwater could 
increase as water is pulled into the zone of DNAPL and comes in contact with the residual 
DNAPL tied up in the soil matrix. Because the mass transfer is proportional to the interfacial 
area, an increase in interfacial area could result in a greater amount of mass moving into the 
water. More mass could also be transferred because there is more advective flow from pumping 
which would cause a greater volume of water to contact the DNAPL. At this site these factors 
could be negligible because the water is too stagnant even with the increase in flow from 
pumping, and it might continue to be primarily influenced by chemical equilibrium relationships. 

The limitations of recovery are also dependent on the distribution of the DNAPL. The four states 
that the mass of carbon tetrachloride and other chlorinated hydrocarbons can reside in low 
permeability soils (Freeze and McWhorter, 1996) are: 

1 .  DNAPL in the fractures, 
2. Dissolved in the groundwater within fractures, 
3. Dissolved in the groundwater in the matrix, 
4. Sorbed on the solids in the matrix, 

Figure 2-4 illustrates the distribution of DNAPL below the water table. This alternative would 
primarily address the DNAPL in the fractures. The effectiveness of recovering the DNAPL is 
dependent on the distribution of DNAPL. Because the DNAPL resides in an excavation that was 
backfilled with a variety of materials, there are both low and high permeability materials in the 
zone of DNAPL contamination. Some DNAPL may not be hydraulically connected to DNAPL 
near an extraction well or materials with low permeability may hamper flow towards the well. 
This is because both low and high permeability materials were excavated for the tanks and were 
probably backfilled back into the excavation in random manner. Evidence of this was found 
during the OU 9 investigation and IHSS 1 18.1 pre-remedial investigation. DNAPL could reside 
in fractures in the bedrock in which case it would most likely always be below the screen interval 
for the recovery well. DNAPL could also be trapped above the water table. 

Freeze and McWhorter (1 996) estimated for tetrachloroethene in a low permeability soil ( 1 O5 
fracture porosity) that 48% of the mass would be distributed as DNAPL in the fractures with the 
remaining 52% sorbed on the soil or dissolved in groundwater. Of this 48%, only 50% (24% of 
the total mass of DNAPL) was estimated to be recoverable by a dual-phase system. For this 
alternative, the recovery rate is expected to be lower because of accessibility, permeability, and 
because the efficiency of a dual-phase recovery system is higher than a single-phase recovery 
system. It is difficult to find estimates of how much DNAPL is removed because generally it is 
not known exactly how much is present initially nor is it known how much remains after e 



Draft Technical Memoraddum No: 1 RF/ER-9 7-094. UN 
Monitored Natural Attenuation of IHSS 1 18.1 Revision C 
Appendix A Effective Date:03/12/98 

Page A8  
removal. At one documented chlorinated spill site, the recovery was about 30% (p. 228, Pankow 
and Cherry). For every gallon of DNAPL below the water table, a 30% recovery rate would still 
leave enough residual DNAPL to contaminate hundreds of millions of gallons of groundwater to 
RFCA Tier I1 levels. 

@ 

Because of the inability of this alternative to effectively lower groundwater concentrations and 
the possibility that groundwater concentrations could increase, there could be negative short-term 
impacts to groundwater or surface water. Even though there is a reduction in the total mass and 
volume of the DNAPL, there is not a similar reduction in the mass, toxicity or mobility in the 
aqueous phase nor would this alternative maintain control of the contamination until a long-term 
solution could be implemented. Beneficial long-term effects would only be realized after 
significant depletion of the residual DNAPL had occurred. Air impacts and impacts to human 
health will also be minimal since it is a closed system. Impacts to flora and fauna, cumulative 
impacts, and impacts to cultural and historic resources are not anticipated because of location of 
the site and because of the limited scope of the response action. 

Imalernentabilftv 

Unlike many of the alternatives considered during screening, it is possible to implement this 
alternative. The most prominent factor affecting implementation is accessibility. There are 
numerous utilities lines, tanks, and buildings (see Figure 2- 1) making a limited number of 
locations which a well can be placed. It is quite possible that the most suitable location lies 
beneath the T-9 and T-10 process waste tanks since the deepest part of the tank extraction is 
more likely to be closer to the center than the edges of the excavation. These tanks are currently 
part of a vital safety system and cannot easily be removed or replaced. Underground utilities 
crisscross this area and implementation is further complicated by a large number of overhead 
utilities and utilities that run on the ground surface. 

0 

Although implementation is severely hampered by accessibility, equipment, resources, and the 
pumping technology are readily available. It is anticipated that off-site treatment andor disposal 
of the DNAPL will also be available. Finally, based on the design, there are not any permitting 
requirements or other administrative requirements that would hamper the implementation of this 
action. 

A cost estimate for this alternative is in Table 6-2. Of the three alternatives considered, pumping 
nonaqueous phase carbon tetrachloride was the most costly. The capital cost, the operation and 
maintenance cost, the total cost and the present worth of this alternative were the highest. The 
costs were based on the assumption that waste would be disposed of through a DOE-complex 
wide program and that no costs for actual disposal would be incurred. Also, it was assumed that 
there would be no water treatment costs. If these assumptions are incorrect, then the cost of this 

@ alternative could increase significantly. 
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A.3.3 @ Alternative 3 - Monitored Natural Attenuation 

Effectiveness: 

Natural attenuation appears to be very effective in limiting the migration of at IHSS 1 18.1 due to 
the physical, chemical and biological conditions at the site. The absence of carbon tetrachloride 
at S W-093 and in the foundation drains demonstrates that attenuation is probably effectively 
controlling DNAPL migration. As discussed in Section 2.0, the following factors contribute to 
the effectiveness of natural attenuation: 

The DNAPL is probably contained in the T-9/T-10 bedrock depression below groundwater 
flow streamlines. The stagnant water created in this depression limits both mass transport of 
the carbon tetrachloride as well as isolates the DNAPL from oxygen so that excess electrons 
can reduce the chlorinated solvents. The depression limits also the areal extent of the 
DNAPL. 

Beneficial conditions exist for the reductive dechlorination. The presence of No. 2 Diesel 
probably acts as a substrate for microbes. Data collected to date suggests that degradation of 
the diesel is driving the reductive dechlorination of carbon tetrachloride and its byproducts. 

Low groundwater flow limits the migration of contamination and maintains stagnant 
conditions conducive to reductive dechlorination. 

Natural attenuation will control and limit the migration of contaminants for all three alternatives; 
however, only this alternative will include monitoring of natural attenuation. The additional 
effectiveness that monitoring natural attenuation offers is that the process can be monitored to 
evaluate attenuation. Monitoring would be done to ensure the first objective of protecting 
surface water is met by sampling the groundwater before it reaches a surface water outfall and by 
ensuring that no migration of DNAPL is occurring. Benefits from this alternative that support a 
final action at IHSS 188.1 and closure of RFETS in general include: 

Q A determination whether natural attenuation is a viable alternative for a final action by itself 
or in combination with other actions, 
A means to monitor the site until a final remedy is possible, 
Additional analytical information that could be used as part of a basis of design for a final 
response, 

0 The information garnered could potentially be used for other DNAPL spill sites at WETS, 
0 Groundwater information that can be used in evaluating and determining a response as part of 

the sitewide groundwater program, and 
A baseline can be established that will aid in closure and post-closure monitoring. 

Monitored Natural Attenuation is expected to have little impact to human health and the 
environment since it essentially consists of well installation and sampling activities. Impacts to 
flora, fauna, archeological, and historical sites are not expected and can be avoided by offsetting @ 
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the wells. Neither short-term nor long-term impacts are expected. The site is expected to remain a 
high usage industrial area through the project life for any monitoring activities in support of 
natural attenuation, 

Implernentabilitv 

Additional wells would be utilized both downgradient and upgradient. The location of these 
wells would be in more accessible areas than a recovery well for Alternative 2. Offsetting the 
wells would be less difficult because there is a greater degree of flexibility. Once all of the wells 
are installed sampling will be straightforward and could be combined with the existing program 
for groundwater. 

Although more costly than no interim action, Monitored Natural Attenuation was less costly than 
Alternative 2, Pump Carbon Tetrachloride. Table 6-2 summarizes the costs for this alternative. 
Costs increase in the final year due to the preparation of an evaluation of natural attenuation. 
Operation and maintenance costs for this alternative consist primarily of sampling, analysis, 
reporting and project management costs. 

A.3.4 Alternative Selection 

Monitored Natural Attenuation was selected as the best measure for IHSS 1 18.1 at this time. Of 
the alternatives, it best met the objectives of protecting surface water and supporting a final 
response. It should be emphasized that Monitored Natural Attenuation is not a final response; 
the use of monitored natural attenuation does not preclude the utilization of a more effective 
technology at later date when the DNAPL is more accessible. The basis for this decision is 
twofold: first, the most effective technologies simply were not feasible due to accessibility and 
secondly, the objective of the action is to protect groundwater and surface water. None of the 
alternatives screened and evaluated could effectively remove DNAPL in a manner that is 
protective of groundwater under current site conditions. Although the attenuation process would 
occur regardless of whether an action was taken, monitoring attenuation appears to be the best 
choice since it better supports a final action. Table 6-3 is an overall comparison of the 
alternatives. 

@ 

Monitored natural attenuation was selected over no interim action of the additional benefit of 
being able to monitor and evaluate the attenuation process. This will provide additional 
protection to surface water because samples will be taken prior to release to surface water. 
Furthermore, information garnered from studying the natural attenuation process and 
hydrogeology will be useful in determining a final response at IHSS 1 18.1 and possibly in other 
areas where chlorinated solvents exist at RFETS. Monitoring the attenuation process at the site 
will provide information on how residual contaminants in the soils and water can be mitigated 
through natural processes. Although the costs are higher, they are outweighed by the benefits of 
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ensuring that surface water is protected, providing a baseline of evaluating attenuation across the 
site and providing needed data to support a final action. 

Table A-3: Overall Ct 

Criteria 
Effectiveness 

lmplementability 

Cost 

?parison of Alternatives 

Low - No interim action 
would not support a final 
response although 
natural attenuation 
would continue to 
reduce the toxicity and 
mobility of contaminants 

High - This alternative 
does not require any 
action to implement. 

Cost = $0 
Since no interim action 
would be taken, no 
costs would be incurred 
for this alternative. 

Alternatives 

can be removed, processes are eliminating 
residual DNAPL is contaminants. The use of 

monitoring will allow this 

because it is more 
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