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6.0 PRESENT SANITARY LANDFILL

This section presents the CY 2000 groundwater quality data for the Present Sanitary Landfill (previously known as

Operable Unit 7).  The Present Sanitary Landfill, located in the Buffer Zone north of the IA, occupies approximately

44 acres (encompassing both the landfill and Landfill Pond) at the western end of the No Name Gulch drainage

(Figure 6-1).  It utilizes a surface and subsurface water intercept and diversion system to route surface run-on and

upgradient groundwater around the facility, and a leachate collection and treatment system to improve the water

quality of leachate exiting the toe of the landfill near the west end of the Landfill Pond.  The landfill served as a

former solid-waste disposal facility for RFETS and is currently scheduled for cover and final closure during year

2004.

Throughout 2000, groundwater monitoring was conducted in accordance with the requirements of the RFCA, as set

forth in the IMP (K-H, 2000).  This plan, under an agreement with the U. S. EPA and the CDPHE, supersedes Title

6 of the Colorado Code of Regulations, 6 CCR 1007-2 and 6 CCR 1007-3, as the governing authority for

groundwater monitoring at RFETS.

Information presented in this section includes a review of historical activities at the Present Sanitary Landfill

(Section 6.1); a summary of previous investigations (Section 6.2); the status of the current groundwater monitoring

program (Section 6.3); the current understanding of the physical characteristics of groundwater flow at the site

(Section 6.4); an assessment of groundwater quality (Section 6.5); and general conclusions regarding groundwater

quality and the groundwater monitoring program at the landfill (Section 6.6).

6.1 Operating History of the Present Sanitary Landfill

The Present Sanitary Landfill began operating on August 14, 1968, for the disposal of Rocky Flats sanitary waste.

However, records indicated that, prior to 1986, some hazardous waste was disposed of at the landfill; therefore, in

1986, the landfill was classified as a RCRA-regulated unit.  Disposal of hazardous constituents in the landfill was

halted in November 1986.  The landfill remained in operation, accepting only sanitary waste until March 1998.  At

that time, the landfill was placed in contingent operational status because it was nearing capacity, and was seeded to

stabilize soils and control erosion.  All RFETS sanitary waste is currently delivered to an offsite commercial Subtitle

D sanitary waste landfill for disposal.  The following paragraphs provide a brief historical summary of landfill

operations.

In September 1973, tritium was detected in leachate draining from the landfill.  In response to this detection, a

sampling program was initiated to determine the location of the tritium source.  In addition, radiation monitoring of

waste prior to burial was initiated to prevent further disposal of radioactive material, and interim-response measures

were undertaken to control the generation and migration of landfill leachate.  Interim-response measures included

the construction of two ponds (Ponds No. 1 and No. 2, also known as the West Landfill Pond and East Landfill

Pond, respectively) immediately east of the landfill, and the installation of a subsurface leachate-collection system
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and subsurface intercept system for diverting groundwater around the landfill.  Ditches were also constructed to

control surface water.

The West Landfill Pond embankment was built approximately 500 ft east of the 1974 position of the advancing face

of the landfill.  The East Landfill Pond embankment was constructed approximately 1,000 ft east of the West

Landfill Pond embankment.  A cutoff wall, set in bedrock, was constructed in the East Landfill Pond embankment to

reduce seepage through the embankment foundation.  The embankments and ponds were built to collect and

evaporate groundwater, surface water, and leachate collected by the subsurface drainage-control system.  The West

Landfill Pond was removed in 1981 (see discussion below).  The existing (East Landfill) pond contains no outlet

other than a spillway that is designed for use during extreme storm events.  Groundwater exiting the landfill

discharges to the East Landfill Pond where it either evaporates or is pumped to Pond A-3 via the Pond A-1 bypass

for eventual discharge from the Site.  Subsurface leakage of the East Landfill Pond may also occur; this would

recharge the unconsolidated deposits downgradient of the pond dam and the underlying bedrock claystones.  The

amount of leakage is expected to be small considering the low hydraulic conductivity of the underlying bedrock

materials and the minimal amount of water present in wells immediately downgradient of the dam.

An inner leachate-collection system and outer groundwater-intercept/diversion system were constructed around the

north, west, and south perimeters of the landfill (Figure 6-1).  The leachate collection system was designed to

provide a perimeter drain for the prevention of leachate migration outside the landfill boundary and to reduce water

levels within landfill refuse.  The groundwater-intercept/diversion system was constructed along the outside edge of

the leachate collection system to prevent groundwater from entering the landfill area.  Groundwater diverted from

the landfill by the intercept system is, as currently understood, directed eastward around waste materials and

discharges either to the East Landfill Pond or No Name Gulch below (east of) the East Landfill Pond dam (at surface

water monitoring locations SW099 and SW100).

Between 1977 and 1981, the leachate-collection trench was buried beneath waste during landfill expansion (DOE,

1996c).  The west embankment and West Landfill Pond were removed in 1981, and two slurry walls were

constructed, extending from the ends of the north and south groundwater-interceptor ditches.  These slurry walls,

ranging in depth from 10 to 25 feet, were reportedly keyed into bedrock.

Sometime after the Present Sanitary Landfill went into operation in 1968, excess water from the landfill pond was

sprayed onto a ridge south of the East Landfill Pond.  The sprayed water collected on the roadway and flowed into

North Walnut Creek.  When this misdirected flow was discovered, the spraying activities were moved to an area

north of the landfill pond adjacent to an irrigation ditch.  Because the subsequent spray water then collected in local

drainage channels and flowed around the landfill pond to the main drainage, the spraying activities were again

moved.  The final spray location was an area south of the western end of the landfill pond; excess spray water then

flowed back into the East Landfill Pond.

In 1995, a gravity flow treatment system was constructed to collect contaminated groundwater and leachate flowing

from the eastern end of the Present Sanitary Landfill.  The Passive Seep Interception and Treatment System (PSITS)
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became operational in early 1996 and was designed to treat landfill leachate to eliminate F039-listed wastes prior to

discharge into the East Landfill Pond.  The treatment system was originally composed of a settling basin, bag filters

to remove suspended solids, and granular activated carbon to remove organic chemical constituents, but was

modified in the fourth quarter of 1998 to allow passive aeration of leachate water.  The treated effluent is sampled

monthly for VOCs; semivolatile organics (SVOCs); metals; isotopic plutonium, uranium, and americium; gross

alpha and beta; and tritium, with results published in the Quarterly Report for the Consolidated Water Treatment

Facility and Operable Unit 7 (OU7) Passive Seep Interception System.

Groundwater monitoring was originally instituted in 1989 in accordance with 6 CCR 1007-2 and 6 CCR 1007-3,

Subsection 265.90(d).  This 2000 Annual RFCA Groundwater Monitoring Report addresses monitoring

requirements pertaining to RCRA units as specified in the IMP.  Monitoring pertaining to RFETS RCRA units prior

to 1996 are addressed in the Annual RCRA Groundwater Monitoring Reports (DOE, 1990, 1991a, 1992d, 1993c,

1994c, 1995, and 1996a).  Subsequent groundwater monitoring activities conducted under the authority of RFCA

during calendar years 1996, 1997, 1998, and 1999 are presented in annual Present Sanitary Landfill Groundwater

Monitoring Reports (DOE, 1997b, 1998a, 1999, and 2000).  The regulations require that the groundwater-

monitoring program be capable of determining the impact of a facility on the water quality of the uppermost aquifer.

The Annual RCRA Reports for RFETS (referenced above) describe chemical and physical aspects of groundwater

(for 1989 through 1995) at the Present Sanitary Landfill.  The Phase I RCRA Facility Investigation/Remedial

Investigation Work Plan for Operable Unit 7: Present Sanitary Landfill (DOE, 1991b) presents additional

information regarding construction, operation, regulatory history, and site characterization.  Work conducted for

Phase I included cone-penetrometer testing, soil sampling, and the installation and sampling of additional

groundwater monitoring wells outside of and within the landfill.

A closure plan for the Present Sanitary Landfill was developed in the IM/IRA decision document (DOE, 1996c), in

accordance with the RFCA (RFCA, 1996) and applicable Colorado hazardous-waste regulations.  Because of the

Present Sanitary Landfill’s position on the Environmental Restoration Ranking (20th of 358), action has been

deferred until higher ranked areas are remediated.  Post-closure groundwater monitoring of the Present Sanitary

Landfill will be performed in accordance with the requirements of the IMP.

6.2 Summary of Previous Investigations

Annual RCRA Groundwater Monitoring Reports from 1989 through 1995 and Present Sanitary Landfill

Groundwater Monitoring Reports from 1996 through 1999 describe groundwater elevations and flow rates as well as

the results of the groundwater analyses.  The sampling and analysis records were maintained in compliance with

6 CCR 1007-3 and 40 CFR 265.94(b).  The Phase I RFI/RI Work Plan for OU7 - Present Sanitary Landfill (DOE,

1991b) and the Operable Unit 7 Revised Draft IM/IRA Decision Document and Closure Plan (DOE, 1996c) present

additional information.
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The impact of the Present Sanitary Landfill on groundwater quality has been evaluated in previous Annual RCRA

and Landfill Groundwater Monitoring Reports (DOE, 1990, 1991a, 1992d, 1993c, 1994c, 1995, 1996a, 1997b,

1998a).  In 1992, groundwater from surficial deposits within and around the Present Sanitary Landfill had

concentrations of major anions (bicarbonate, chloride, nitrate/nitrite, and sulfate), total dissolved solids (TDS),

dissolved metals (calcium, chromium, lithium, magnesium, potassium, sodium, and strontium), and radionuclides

that were elevated relative to mean background concentrations/activities.  Some VOCs were also detected.  The

dissolved radionuclides present included americium-241, plutonium-239/240, uranium-233/234, uranium-238, and

radium-226.

During 1992, VOCs were detected sporadically and infrequently in wells screened in surficial materials of the

UHSU.  In UHSU bedrock, VOCs were detected in groundwater sampled from two wells.  Methylene chloride,

acetone, and toluene were detected once.  The infrequent occurrence of VOCs in the UHSU bedrock indicated that

the Present Sanitary Landfill had not adversely impacted groundwater in UHSU bedrock, even though some

contamination of groundwater had occurred in UHSU surficial materials overlying the bedrock.

In 1993, the groundwater chemistry at the Present Sanitary Landfill was generally consistent with water-quality

conditions of 1992 (DOE, 1994c).  The 1993 statistical comparisons of upgradient versus downgradient UHSU

groundwater at the Present Sanitary Landfill indicated statistically significant increases in downgradient

concentrations of dissolved metals (calcium, lithium, magnesium, potassium, sodium, and strontium), and major

anions (chloride and sulfate).  None of the radionuclides or VOCs showed a statistically significant difference in

upgradient versus downgradient activities or concentrations, respectively.  Radionuclide activities and

concentrations of VOCs, metals, and anions were notably highest within the landfill and in the area adjacent to

IHSSs located southeast of the landfill, relative to other areas in the vicinity of the Present Sanitary Landfill.  In

groundwater from UHSU bedrock beneath and downgradient of the landfill, VOCs were detected infrequently, but

radionuclides were present at activities higher than mean background.

Analysis of 1994 data by analysis of variance (ANOVA) indicated statistically significant differences in upgradient

versus downgradient groundwater quality in the UHSU for radionuclides (uranium-233/234 and uranium-238),

dissolved metals (calcium, lithium, magnesium, sodium, and strontium), anions (carbonate, chloride, fluoride, and

sulfate), and TDS (DOE, 1995).  In the UHSU bedrock, there were statistically significant differences in upgradient

versus downgradient groundwater quality for dissolved metals (calcium, lithium, magnesium, sodium, and

strontium), anions (bicarbonate, chloride, and sulfate), and TDS.  All VOCs had less than 50-percent quantifiable

results.

For 1995 data, statistical comparisons of upgradient versus downgradient UHSU groundwater at the Present Sanitary

Landfill indicated statistically significant increases in levels of dissolved barium, calcium, lithium, magnesium,

silicon, sodium, strontium, uranium-233/234, and gross beta, as well as bicarbonate, chloride, sulfate, and TDS.

Activities of total americium-241, plutonium-239/240, and tritium did not show statistically significant differences

between upgradient and downgradient UHSU groundwater.  VOCs were detected in fewer than 50 percent of the

samples, so these analytes were not statistically evaluated.
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Analysis of the 1996 data tend to confirm the results of previous sampling (DOE, 1997f).  Approved well

abandonments and deactivations combined with an inadequate volume of water for sampling of downgradient wells

prevented statistical analysis for many analytes during these years.  Detected analytes and concentration ranges

during 1996 were generally consistent with corresponding data from prior years.  Barium, calcium, chromium,

lithium, magnesium, potassium, selenium, and sodium were detected in downgradient wells at levels below mean

background concentrations.  Nitrate and tritium were evaluated using ANOVA techniques and were determined to

be statistically similar in upgradient versus downgradient samples. As in prior investigations, there was no indication

of VOC contamination in downgradient wells.

For 1997, statistical analyses of groundwater data were again prevented by an insufficient number of analyses, as

explained above for the 1996 data.  Fluoride, sulfate, TDS, barium, copper, iron, lithium, manganese, selenium,

strontium, nitrate, and zinc appeared to be elevated in one or more downgradient versus upgradient wells.  Tritium

and certain VOCs were detected in upgradient wells at concentrations that exceeded the downgradient well

concentrations.  The trends of potential contaminants detected in the downgradient wells did not, however, appear to

be increasing with time, resulting in no reportable exceedances for 1997 (DOE, 1998b).

Results of hydrogeologic investigations of the Present Sanitary Landfill suggest that the groundwater-intercept

system may not completely isolate the landfill from the surrounding groundwater.  Hydraulic assessments for

specific areas on the north, west, and south sides of the groundwater-intercept system indicate that groundwater may

flow into the landfill on the north side where the leachate collection system may not have been completely keyed

into bedrock (DOE, 1996c).  In addition, previous reports indicate that the leachate collection trench was buried

beneath waste during landfill expansion (DOE, 1996c).  Therefore, the clay cutoff wall no longer extends to the

surface of the landfill; this would allow groundwater to flow across the clay cutoff wall if the water table were to

rise sufficiently.  Landfill wastes do not extend to the surface-water interceptor ditch.

An evaluation of groundwater-elevation data for 1991 through 1995 and the hydrologic evaluation data for the OU7

IM/IRA indicate that previous conclusions made regarding the impact of the leachate/groundwater-intercept system

are still valid.  These conclusions are:

• The groundwater-intercept system diverts groundwater away from the landfill and is most effective in diverting

flow on the west and south sides.

• The clay barrier is an effective barrier to groundwater flow in the landfill along the west but it may not be

completely keyed into bedrock on the northwest side.  This may allow groundwater to enter the north side of the

landfill.

6.3 Current Groundwater Monitoring Program

The Present Sanitary Landfill at RFETS currently operates under CDPHE and EPA guidelines for solid waste

disposal sites and facilities.  The current groundwater monitoring program was instituted in accordance with the

RFCA, as further defined for RCRA units in the IMP.  RCRA groundwater monitoring is conducted to detect
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potential releases of contamination beyond an established point of compliance based on comparisons of upgradient

to downgradient groundwater quality.  Under the IMP, if significant impacts to groundwater quality are detected in

downgradient RCRA wells and contaminant concentrations are observed to increase with time, then the results are

reported to EPA and CDPHE and an investigation into possible causes is initiated.  Special attention is given to

groundwater contaminants listed in the Action Levels and Standards Framework (ALF) for Surface Water, Ground

Water, and Soils document, Attachment 5 (RFCA, 1996), which if exceeded, trigger an evaluation, remedial action,

and/or management action.  Non-ALF constituents, such as the major cation metals sodium, potassium, calcium, and

magnesium, are not reportable under RFCA, and are, therefore, not emphasized in this report.  Figure 6-1 illustrates

the location of existing and abandoned monitoring wells in relationship to relevant surface and subsurface features at

the Present Sanitary Landfill.

Recent changes to the site groundwater monitoring program are outlined in the IMP (K-H, 2000).  This plan

specifies the monitoring and reporting requirements for the Present Sanitary Landfill, including well identification,

sampling frequency, analytical requirements, and reporting.

For the CY 2000 reporting period, upgradient wells 5887, 70193, 70393, and 70493, and downgradient wells 4087,

52894, 52994, and B206989, were sampled on a quarterly basis (January-March, April-June, July-September, and

October-December) to determine compliance with RFCA, as set forth in the IMP.  Table 6-1 summarizes sampling

activities and shows the hydrostratigraphic unit monitored and material screened for all wells sampled in and near

the Present Sanitary Landfill in 2000.  The limited number and position of these wells makes it infeasible to

construct potentiometric surface maps and concentration isopleth maps, thus current and future reports will only

assess impacts to or from the landfill at the upgradient and downgradient landfill boundaries.

Table 6-1   Well Completion Information and CY 2000 Sampling Summary for Present
Sanitary Landfill Wells

Quarterly Sampling Summary

Well
Hydro-

Stratigraphic
Unit

Screened
Material

Q1 Q2 Q3 Q4

Upgradient Wells

5887 UPPER ALLUVIUM V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U

70193 UPPER BEDROCK V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U

70393 UPPER ALLUVIUM V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U

70493 UPPER BEDROCK V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U V,W,N,M,T,U

Downgradient Wells

4087 UPPER ALLUVIUM V,W,N,M,T,U V,W,N,M,T,U V,W,N,T Dry

52894 UPPER ALLUVIUM Dry V,W,N,M,T,U V,W,N,M,T,U Dry

52994 UPPER BEDROCK Dry Dry Dry Dry

B206989 UPPER BEDROCK V,N,M,T,U V,W,N,M Dry V,W,N,M.T

Notes:  V=Volatile organic compounds, W=Water quality parameters, N=Nitrate/nitrite, M=Metals, T=Tritium, U=Uranium isotopes
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Groundwater elevations for active wells were measured quarterly as directed in the IMP.  Quarterly groundwater

samples were analyzed for radionuclides (tritium [liquid scintillation counting] and uranium isotopes [alpha

spectroscopy]), VOCs (EPA 524.2), metals (CLP-SOW), and major anions (TDS [EPA 160.1], sulfate [SW846],

fluoride [EPA 300.0], and nitrate/nitrite [EPA 353.1]), in accordance with Appendix E-2 of the IMP.  The absence

of complete analyte suites in most quarters for the downgradient wells listed in Table 6-1 is caused by sample

volume limitations (also see dry and lacked water [LW] codes in Figures 6-2 through 6-5) imposed by slow recharge

and/or thin saturation conditions.  The alluvium and weathered bedrock at these localities are frequently dry or

thinly saturated because the dam for the East Landfill Pond acts as a barrier to alluvial groundwater flow from the

west.  In addition, evapotranspiration through valley-bottom vegetation consumes much of the available shallow

groundwater in the gulch during the summer months.  For these reasons, it is normally not possible to collect

complete sample sets for each quarterly sampling period during the year.

Some historical potential contaminants-of-concern (PCOCs), such as SVOCs, were not included in the sampling

program as a result of PCOC screening conducted during the IMP data quality objective process and acceptance of

the plan by EPA and CDPHE.  Table 6-2 lists the constituents monitored for in wells within and near the Present

Sanitary Landfill.  The records of analyses and evaluations are currently maintained in compliance with 6 CCR

1007-2.

6.4 Physical Characteristics of the Groundwater System

6.4.1 Description of the “Uppermost Aquifer”

The “uppermost aquifer” is equivalent to the UHSU as described in previous RFETS reports (EG&G, 1995a, 1995b,

and 1995c).  In most of RFETS, including the area of the Present Sanitary Landfill, the UHSU is composed of

unconsolidated surficial deposits and weathered bedrock.  The unconsolidated deposits consist of Rocky Flats

Alluvium, colluvium, valley-fill alluvium, and artificial fill.  The Rocky Flats Alluvium and artificial fill (landfilled

wastes and soil-cover materials) are present upgradient of and within the landfill; colluvium and valley-fill alluvium

are present downgradient of the landfill. Weathered claystones and weathered sandstones (where present) that are in

direct hydraulic communication with the overlying surficial deposits are also considered part of the “uppermost

aquifer”.  The weathered claystones are generally more permeable than unweathered bedrock.  Unweathered

claystones are not considered as part of the uppermost aquifer, rather they are included as part of the LHSU.

Bedrock wells were assigned to a hydrostratigraphic unit based on geochemical data from the well, hydraulic

conductivity measurements (where available), and geological information from borehole logs.
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Table 6-2   Chemical and Radiological Constituents Monitored at the Present Sanitary
Landfill

Volatile Organic Compounds Volatile Organic Compounds Metals

1,1,1,2-Tetrachloroethane cis-1,2-Dichloroethene Cadmium

1,1,1-Trichloroethane Cis-1,3-Dichloropropene Calcium

1,1,2,2-Tetrachloroethane Dibromochloromethane Chromium

1,1,2-Trichloroethane Dibromomethane Cobalt

1,1-Dichloroethane Dichlorodifluoromethane Copper

1,1-Dichloroethene Ethylbenzene Iron

1,1-Dichloropropene Hexachlorobutadiene Lead

1,2,3-Trichlorobenzene Isopropylbenzene Lithium

1,2,3-Trichloropropane Methylene Chloride Magnesium

1,2,4-Trichlorobenzene Naphthalene Manganese

1,2,4-Trimethylbenzene n-Butylbenzene Mercury

1,2-Dibromo-3-chloropropane n-Propylbenzene Molybdenum

1,2-Dibromoethane o-Chlorotoluene Nickel

1,2-Dichlorobenzene p-Chlorotoluene Potassium

1,2-Dichloroethane 4-Isopropyltoluene Selenium

1,2-Dichloropropane sec-Butylbenzene Silver

1,3,5-Trimethylbenzene Styrene Sodium

1,3-Dichlorobenzene tert-Butylbenzene Strontium

1,3-Dichloropropane Tetrachloroethene Thallium

1,4-Dichlorobenzene Toluene Tin

2,2-Dichloropropane Total Xylenes Vanadium

Benzene Trans-1,2-Dichloroethene Zinc

Bromobenzene Trans-1,3-Dichloropropene Water Quality Parameters
Bromochloromethane Trichloroethene Fluoride

Bromodichloromethane Trichlorofluoromethane Nitrate/Nitrite
Bromoform Vinyl Chloride Sulfate

Bromomethane Metals Total Dissolved Solids
Carbon Tetrachloride Aluminum Radionuclides

Chlorobenzene Antimony Tritium
Chloroethane Arsenic Uranium-233/234
Chloroform Barium Uranium-235

Chloromethane Beryllium Uranium-238

The Rocky Flats Alluvium is 25 to 30 feet thick on the northwest, west, and southwest sides of the landfill, and 10 to

15 feet thick on the divides north and south of the landfill pond.  Colluvium is 1 to 5 feet thick on the slopes around
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the East Landfill Pond and below the dam.  The valley-fill alluvium ranges in thickness from 3 to 8 feet in the

landfill area and becomes thicker downstream to the east.  The thickness of artificial fill increases from about 5 feet

at the perimeter of the landfill to about 45 feet near the centerline of the valley (DOE, 1996c).  Weathered bedrock

thicknesses vary considerably in the vicinity of the landfill, ranging from approximately 4 to 35 feet, as indicated by

weathered bedrock isopach mapping of the area (EG&G, 1995a).

Average depth to groundwater ranges from 5 to 15 feet in surficial deposits (excluding artificial fill) (EG&G,

1995b).  Within the landfill, groundwater is found at approximately 20 feet at the western end, 16 feet in the middle,

and 33 feet at the eastern end (DOE, 1996c).  The depth to groundwater in weathered bedrock is generally greater

than in the overlying surficial deposits because of steep downward vertical gradients in bedrock materials.  The

saturated thickness of UHSU deposits varies widely across the landfill, with the thickest sections found in the Rocky

Flats Alluvium at the western end.  The thinnest saturated sections are found in colluvial and valley fill deposits east

of the East Landfill Pond and in the Rocky Flats Alluvium along the south divide.  EG&G (1995b) reported

saturated thicknesses ranging from 0 to 20 feet for surficial deposits at the landfill.

Geometric mean hydraulic conductivities, calculated from field tests of the different geologic units, are given in

Section 6.4.4.

6.4.2 Potentiometric Surface

Groundwater is present in surficial deposits and artificial fill, and in bedrock sandstones and claystones in the area of

the Present Sanitary Landfill.  Groundwater flow patterns in the UHSU tend to mimic the surface topography.

Within landfill wastes, groundwater flows toward the center of the landfill, then flows eastward toward the East

Landfill Pond.  Outside the landfill, groundwater generally flows eastward within saturated UHSU surficial deposits,

except near stream valleys, which disrupt UHSU flow patterns and function as drains for UHSU groundwater.  For

example, near the East Landfill Pond, groundwater flows from the north, west, and south toward the pond because

of its topographically low position in the No Name Gulch drainage.  Groundwater entering the pond mixes with

surface water and is discharged by evaporation or is pumped to Pond A-3.  To a limited extent, pond waters

percolate downward into underlying bedrock materials or laterally through the dam.  Any groundwater seepage past

the dam into the lower drainage would flow eastward along the stream course until discharged via

evapotranspiration, surface water, or as lateral subsurface flow at the Indiana Street east RFETS boundary.

Groundwater elevations in monitoring wells are measured at least quarterly.  Water levels in the surficial deposits of

the UHSU are characterized by seasonal variations of as much as 10 feet.  The water-table elevation is generally

lowest in late winter and early spring, prior to recharge by snowmelt, and highest during June and July.

Groundwater elevations in the weathered bedrock of the UHSU typically show seasonal variations of as much as 15

feet.
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6.4.3 Vertical Hydraulic Gradients

The vertical hydraulic gradient is the quotient of the differences in water levels measured concurrently in two

adjacent wells with different screened intervals, and the vertical distance between the two measuring points, which

are specified here as the midpoint of each screened interval.  Vertical hydraulic gradient calculations provide a

means to evaluate whether groundwater flow has a potential for movement either downward or upward through

geologic media.

Most of the Present Sanitary Landfill well pairs have been abandoned or deactivated in recent years in preparation

for landfill closure. Consequently, current water level data is unavailable for calculation of vertical gradients.  The

results of historical vertical hydraulic gradient calculations at eight landfill monitoring well pairs (70093/70193,

70193/70293, 70493/70593, 70693/70893, 72393/72093, 1086/0986, 0786/0886, and B206989/B207089) monitored

through 1995 (DOE, 1996a) provide information relevant to understanding groundwater conditions at the landfill.

The calculated vertical hydraulic gradients for all well pairs, except 72393/72093, indicate a downward (recharging)

component of flow, with values ranging from 0.022 to 1.099 ft/ft.  The significance of downward gradients at well

pairs 0786/0886 and B206989/B207089, located near the bottom of No Name Gulch, are, however, potentially

invalid considering that the water levels in the bedrock wells at these locations recharge slowly and never fully

recover between sampling episodes.  At well pair 72393/72093, situated within the center of the landfill,

groundwater had an upward (discharging) vertical gradient ranging from 0.020 to 0.026 ft/ft.  Historical data from

all well pairs indicate that vertical hydraulic gradients have generally remained constant over time.  This condition

may exist because disturbances to the landfill hydrologic system have been minimal in recent years.  In addition,

groundwater flow within the deeper portions of the UHSU and in LHSU bedrock is relatively insensitive to

fluctuations in seasonal water levels and other short-term transient effects because of the prevalent low permeability

character of bedrock materials.

6.4.4 Average Linear Groundwater-Flow Velocities

The average linear groundwater-flow velocity has historically been calculated for three flow-paths in UHSU

surficial deposits and three flow-paths in UHSU bedrock in the vicinity of the Present Sanitary Landfill (DOE,

1996b).  Most of the well pairs were deactivated in 1995 in preparation for landfill closure.  However, the variables

used in calculating flow velocities (hydraulic conductivity, porosity, and hydraulic gradient) have effectively

remained constant over time.  Hence, the following discussion summarized from the 1995 RCRA Groundwater

Monitoring report is considered indicative of current conditions in the Present Sanitary Landfill.

Migration rates for conservative, dissolved constituents approximate the average linear groundwater-flow velocity;

however, attenuated, volatile, biodegradable, or redox-sensitive species can exhibit migration rates much less than

the average linear groundwater-flow velocity.  The values of hydraulic conductivity used for surficial deposits and

bedrock of the UHSU are the geometric means of hydraulic-conductivity values for each unit at the Present Sanitary

Landfill, and include results of historic slug tests (DOE, 1994c).  Values of hydraulic conductivity used for flow
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velocity calculations are 1.1 x 10-4 centimeters/second (cm/sec) for surficial deposits (including landfill wastes) and

5.3 x 10-7 cm/sec for UHSU bedrock materials.  The assumed effective porosity for all units is 0.1 (DOE, 1991b).

Using these data, the calculated average linear groundwater-flow velocities in fill materials range from

approximately 1 foot per year at the west end of the landfill to approximately 160 feet per year at the eastern face of

the landfill.  Calculated average linear groundwater-flow velocities in UHSU bedrock at the Present Sanitary

Landfill ranged from approximately 0.20 feet to 0.22 feet per year beneath the landfill, to approximately 0.07 feet to

0.41 feet per year downgradient of the landfill (DOE, 1996a).  The calculated average linear groundwater-flow

velocities for UHSU bedrock in 1995 were similar to those reported in the 1994 Annual RCRA Groundwater

Monitoring Report (DOE, 1995).

6.5 Groundwater Quality at the Present Sanitary Landfill

The assessment of groundwater chemistry at the Present Sanitary Landfill includes an evaluation of the spatial

distribution of groundwater constituents in and around the landfill, and a statistical evaluation of the chemistry of

downgradient groundwater with respect to upgradient groundwater, as specified in 6 CCR 1007-2 and the IMP.

Statistical comparisons between downgradient and upgradient groundwater data were made using the methodology

described in the 1995 Annual RCRA Groundwater Monitoring Report (DOE, 1996a) and Statistical Analysis of

Ground-Water Monitoring Data at RCRA Facilities (EPA, 1992b).

Figures 6-2 through 6-5 depict the analytical results for each well in individual box-plots.  To show as much data as

possible without overcrowding, box-plots for metals include only those analytes for which the uncensored arithmetic

mean of pooled downgradient well values were greater than the pooled upgradient well values.  Box-plots for VOCs

include all detected compounds for upgradient and downgradient wells.  All data for radionuclides and water quality

parameters are presented.

6.5.1 Spatial Distribution of Groundwater Constituents

6.5.1.1 Upgradient Wells

Currently, four wells (5887, 70193, 70393, and 70493) monitor groundwater chemistry in the UHSU immediately

upgradient of the Present Sanitary Landfill.  Wells 5887 and 70393 are completed in UHSU alluvial materials and

wells 70193 and 70493 are completed in UHSU bedrock.  All four wells yielded complete quarterly sample sets for

a total of 16 upgradient samples per analyte.

As shown in Figure 6-2, concentrations of water quality parameters (fluoride, nitrate/nitrite, sulfate, and TDS) fall

within the range of background concentrations reported for these analytes in the 1993 Background Geochemical

Characterization Report (EG&G, 1993a).  A similar situation exists for all of the metal and radionuclide analytes

detected in these wells (see Figures 6-3 and 6-4, respectively).  Except for the major cations (calcium, magnesium,

sodium, potassium, and strontium), the concentrations of most metal analytes were undetected or were reported
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below the CRDL (“B” qualified data).  Aluminum was detected in all four upgradient wells  (13.82 µg/L maximum).

Chromium (2.21 µg/L maximum), copper (4.3 µg/L), and lead (7.6 µg/L) were detected in well 5887 (a stainless

steel well).  Aluminum (26.3 µg/L maximum) and selenium (11.7 µg/L maximum) were detected in well 70193.

Well 70393 contained aluminum (50 µg/L maximum) and single detections of chromium (2.36 µg/L) and lead (4.3

µg/L).  Well 70493 contained aluminum (21.4 µg/L), barium (105 µg/L maximum), selenium (8.5 µg/L maximum),

silver (1.8 µg/L maximum), and strontium (264 µg/L maximum).  Tritium was not detected in any of the upgradient

samples.  Uranium-233/234 was detected in wells 5887 (0.02 pCi/L), 70193 (0.02 pCi/L), and 70493 (2.472 pCi/L

maximum) and U-238 was detected in wells 5887 (0.034 pCi/L), 70193 (0.014 pCi/L), and 70493 (1.1689 pCi/L

maximum).

Alluvial well 70393 yielded detections of nine chlorinated VOCs, including TCE (22 µg/L maximum), PCE (8 µg/L

maximum), carbon tetrachloride (0.53 µg/L maximum), 1,1,1-TCA (23 µg/L maximum), 1,1-DCE (14 µg/L

maximum), cis-1,2-DCE (0.3 µg/L maximum), chloroform (0.3 µg/L maximum), and single detections of 1,1-DCA

(0.1 µg/L) and methylene chloride (0.1 µg/L).  Weathered bedrock well 70493, paired with well 70393, contained

generally lower concentrations and less consistent detections of the type of VOCs found in the overlying alluvium.

VOCs found in this well included TCE (1.1 µg/L maximum), PCE (0.2 µg/L maximum), 1,1,1-TCA (0.51 µg/L

maximum), 1,1-DCE (0.2 µg/L maximum), and a single detection of methylene chloride (0.1 µg/L).  Alluvial well

5887 contained only 1,1,1-TCA (0.25 µg/L maximum).  Weathered bedrock well 70193 contained 1,1,1-TCA (0.1

µg/L maximum) and a single detection of methylene chloride (0.2 µg/L).  These results are generally consistent with

the results of previous monitoring (DOE, 1998), which determined that the PU&D Yard was the source of this

contamination.  Results for all other VOC constituents monitored in upgradient wells were below detection.

6.5.1.2 Downgradient Wells

Four wells located east of the East Landfill Pond embankment are used to monitor the chemistry of downgradient

groundwater in the UHSU (wells 4087, 52894, 52994, and B206989).  Wells 52994 and B206989 monitor

groundwater in the UHSU bedrock and wells 4087 and 52894 monitor the quality of alluvial groundwater.  All of

the well locations are consistent with 6 CCR 1007-2, which allows alternate placement of monitoring wells

downgradient of an interim-status facility where existing physical obstacles prevent installation of wells at the

boundary.

In general, the sampling conditions experienced at downgradient well locations during 2000 were characteristic of

previous years, with groundwater availability limited by seasonal availability.  Complete sample suites could only be

collected from alluvial wells 4087 (2 quarters collected) and 52894 (2 quarters collected).  A partial sample suite

was collected from well 4087 during the third quarter.  Only partial sample suites could be collected from well

B206989 (3 quarters collected) because of low well yields, despite repeated visits to the well to obtain additional

sample aliquots.  Dry well conditions were prevalent at all wells during the remaining quarters, including all four

quarters at bedrock well 52994.  The statistical significance of these data relative to upgradient groundwater quality

will be evaluated later in Section 6.5.2.
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Downgradient groundwater quality monitored at wells 4087, 52894, and B206989 indicate that concentrations of all

water quality parameters and selected hazardous trace metals exceed concentrations reported for upgradient wells

5887, 70193, 70393, and 70493 (Figure 6-2 and 6-3).  All other non-radioactive ALF groundwater constituents in

downgradient groundwater, including VOCs, were detected at or below upgradient concentration levels.  The

majority of antimony, arsenic, cadmium, chromium, cobalt, lead, molybdenum, nickel, and vanadium results were

reported with a “U” or “B” qualifier, signifying that the concentration of these metals were low enough to occur

below the instrument detection limit (IDL) or between the CRDL and IDL, respectively.  These metals were also

commonly reported at low concentrations in many upgradient well samples.  Aluminum was detected in wells 4087,

52894, and B206989 at concentrations of up to 974 µg/L.  Cadmium (1.61 µg/L maximum), copper (5.1 µg/L

maximum), and a single thallium detection (14.8 µg/L) were reported for samples collected at well B206989.

Slightly elevated concentrations of chromium are associated with well 4087, which is constructed with stainless

steel well casing and screen, thus raising the possibility that trace quantities of some metals may have originated

from well construction materials.  Lead was reported below detection or CRDL in all downgradient samples except

one at well 52894 (3.29 µg/L).  Elevated concentrations of lithium (116 to 1,750 µg/L); manganese (129 to 203

µg/L); selenium (3.1 to 285 µg/L); strontium (401 to 6,430 µg/L); and zinc (21.4 to 66.2 µg/L) were reported in

downgradient samples.  Lithium and selenium concentrations at well B206989 were especially high.  Elevated

concentrations of the non-hazardous metals sodium, potassium, calcium, and magnesium were also detected in

downgradient wells.  These metals have no ALF groundwater action levels and, consequently, are not shown in

Figure 6-3.

The uranium isotopes U-233/234, U-235, and U-238 (Figure 6-4) also appear to have elevated activity-

concentrations in downgradient wells compared to upgradient wells, with the highest activities found in well

B206989.  Tritium was reported in a single sample from well B206989 (505.7 pCi/L), but was undetected in all

other downgradient samples.

6.5.2 Statistical Evaluation of Groundwater Constituents

According to the IMP, the decision logic for RCRA designated wells requires the performance of a comparison of

pooled upgradient groundwater sample means to individual downgradient well sample means in order to evaluate

potential contaminant releases from the regulated unit into the “uppermost aquifer”.  This type of comparison is

usually accomplished using statistical analysis procedures such as described in Statistical Analysis of Ground-Water

Monitoring Data at RCRA Facilities (EPA, 1992b).  A pre-analysis assessment of the 1999 individual downgradient

well data sets indicated that the number of sample analyses in all sets (maximum three samples) were insufficient for

performing nonparametric analysis (minimum four samples) on an individual well basis.  This situation is a result of

the existence of dry conditions in all of the downgradient wells for at least one sampling quarter.  To provide

adequate data for nonparametric statistical analysis, which applies to the majority of analytes based on normality

testing results of the data sets, it was necessary to pool the downgradient well data for comparison to the upgradient

data.  The rationale for this approach is further justified later in this section.
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Table 6-3 presents a sampling and detection summary for each groundwater analyte monitored during 2000.

Statistical comparisons were not performed for analytes with upgradient sample means that were equal to or greater

than downgradient sample means; analytes with less than 10 percent quantifiable results; or for analytes with less

than four quantifiable results, as recommended by EPA guidance (EPA, 1992b) for nonparametric analysis.  A

sufficient number of samples were collected from upgradient and downgradient well groups to perform pooled

statistical comparisons for all analytes with more than 10 percent quantifiable results.  Volatile organic compounds

were excluded from statistical analysis because it has been shown that upgradient landfill groundwater is

contaminated relative to downgradient landfill groundwater (Figure 6-5) because of the PU&D Yard VOC plume.

Data for mercury, thallium, tin, and tritium met the sample volume criteria, but non-detections exceeded 90 percent

of the data sets, so it was necessary to exclude these compounds from statistical evaluation.  Conclusions concerning

these analytes are described following the discussion of statistical comparisons.

For analytes with greater than 10 percent quantifiable results, parametric ANOVA or nonparametric Wilcoxon

Rank-Sum testing was performed, depending on the percentage of non-detections present in the sample groups and

sample distribution characteristics.  All UHSU results (alluvial and bedrock) were grouped by analyte into

upgradient and downgradient data sets to simplify analyses and provide adequate data to perform statistical testing.

This approach is justifiable because all downgradient wells are closely located in a well-defined, narrow drainage

way that defines the sole groundwater flow path leading from the landfill.  The Wilcoxon Rank-Sum test (also

known as the Mann-Whitney U test) was selected to perform nonparametric comparisons in place of the Kruskall-

Wallis test based on EPA guidance for statistical evaluations involving two data groups (EPA, 1992a).  The reader is

referred to the EPA guidance document for further description of the statistical methods and parameters used in this

section.

Table 6-4 summarizes the results of statistical comparisons for the upgradient and downgradient data groups.

Statistically significant differences (at the 1- percent significance level) in upgradient versus downgradient

groundwater quality were found for fluoride, sulfate, TDS, calcium, lithium, magnesium, molybdenum, nickel,

sodium, strontium, zinc, U-233/234, U-235, and U-238.  These results are similar those reported in previous RCRA

and Present Sanitary Landfill groundwater monitoring reports (see Section 6.2).
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Table 6-3   Groundwater Sample and Detection Summary for Landfill Wells – CY2000

Parameter Number of Samples Number of Detections Percent Detections Percent
Non-Detects Sample Mean

Down- Down- Down- Non- Down-
Upgradient Gradient Total Upgradient Gradient Total Upgradient Gradient Total Detects Upgradient Gradient

Water Quality
(mg/L)
Fluoride 16 7 23 16 5 21 100.0 71.4 91.3 8.7 0.35 2.02
Nitrate/Nitrite, as
N

16 8 24 16 8 24 100.0 100.0 100.0 0.0 5.4 15.5

Sulfate 16 8 24 16 8 24 100.0 100.0 100.0 0.0 24 1404
Total Dissolved
Solids

16 7 23 16 7 23 100.0 100.0 100.0 0.0 182 2223

Metals (ug/L)
Aluminum 15 8 23 9 7 16 60.0 87.5 69.6 30.4 23.2 140.9
Antimony 16 8 24 5 4 9 31.3 50.0 37.5 62.5 1.17 1.12
Arsenic 16 8 24 0 5 5 0.0 62.5 20.8 79.2 1.46 1.41
Barium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 75.0 37.9
Beryllium 16 8 24 4 2 6 25.0 25.0 25.0 75.0 0.13 0.08
Cadmium 16 8 24 5 7 12 31.3 87.5 50.0 50.0 0.25 0.69
Calcium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 23625 298513
Chromium 16 8 24 10 7 17 62.5 87.5 70.8 29.2 0.86 9.41
Cobalt 16 8 24 1 4 5 6.3 50.0 20.8 79.2 0.40 0.67
Copper 16 8 24 9 7 16 56.3 87.5 66.7 33.3 1.26 3.28
Iron 16 8 24 12 7 19 75.0 87.5 79.2 20.8 14.0 117.0
Lead 16 8 24 3 6 9 18.8 75.0 37.5 62.5 1.82 1.46
Lithium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 9.0 780.0
Magnesium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 5037 111075
Manganese 16 8 24 13 6 19 81.3 75.0 79.2 20.8 1.9 42.9
Mercury 16 6 22 0 0 0 0.0 0.0 0.0 100.0 0.1 0.1
Molybdenum 16 8 24 8 8 16 50.0 100.0 66.7 33.3 1.27 4.41
Nickel 16 8 24 12 8 20 75.0 100.0 83.3 16.7 1.9 6.4
Potassium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 1036 9066
Selenium 16 8 24 8 7 15 50.0 87.5 62.5 37.5 3.9 127.2
Silver 16 8 24 3 0 3 18.8 0.0 12.5 87.5 0.59 0.28
Sodium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 12216 453125
Strontium 16 8 24 16 8 24 100.0 100.0 100.0 0.0 155 3540
Thallium 16 8 24 0 1 1 0.0 12.5 4.2 95.8 1.70 3.00
Tin 16 8 24 0 0 0 0.0 0.0 0.0 100.0 1.42 1.14
Vanadium 16 8 24 8 5 13 50.0 62.5 54.2 45.8 0.55 0.65
Zinc 13 6 19 13 6 19 100.0 100.0 100.0 0.0 6.6 30.2
Radionuclides (pCi/L)
Tritium 16 7 23 0 1 1 0.0 14.3 4.3 95.7 -125.200 9.386
U-233/234 16 5 21 6 5 11 37.5 100.0 52.4 47.6 0.447 24.850
U-235 16 5 21 0 5 5 0.0 100.0 23.8 76.2 0.0310 0.8680
U-238 16 5 21 6 5 11 37.5 100.0 52.4 47.6 0.2160 17.0160
Volatile Organic
Compounds
(ug/L)
1,1,1,2-
Tetrachloroethane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,1,1-
Trichloroethane

16 8 24 14 0 14 87.5 0.0 58.3 41.7 N/D N/D

1,1,2,2-
Tetrachloroethane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,1,2-
Trichloroethane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,1-Dichloroethane 16 8 24 1 0 1 6.3 0.0 4.2 95.8 N/D N/D
1,1-Dichloroethene 16 8 24 7 0 7 43.8 0.0 29.2 70.8 N/D N/D
1,1-
Dichloropropene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D



01-RF-02107
2000 Annual Rocky Flats Cleanup Agreement

(RFCA) Groundwater Monitoring Report

            6 - 16

Table 6-3   Groundwater Sample and Detection Summary for Landfill Wells – CY2000 (continued)

Parameter Number of Samples Number of Detections Percent Detections Percent
Non-Detects Sample Mean

Down- Down- Down- Non- Down-
Upgradient Gradient Total Upgradient Gradient Total Upgradient Gradient Total Detects Upgradient Gradient

1,2,3-
Trichlorobenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,2,3-
Trichloropropane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,2,4-
Trichlorobenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,2,4-
Trimethylbenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,2-Dibromo-3-
chloropropane

12 6 18 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,2-Dibromoethane 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
1,2-
Dichlorobenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,2-Dichloroethane 13 8 21 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
1,2-
Dichloropropane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,3,5-
Trimethylbenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,3-
Dichlorobenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,3-
Dichloropropane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1,4-
Dichlorobenzene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

2,2-
Dichloropropane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

4-Isopropyltoluene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Benzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Bromobenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Bromochlorometha
ne

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Bromodichloromet
hane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Bromoform 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Bromomethane 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Carbon
Tetrachloride

16 8 24 3 1 4 18.8 12.5 16.7 83.3 N/D N/D

Chlorobenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Chloroethane 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Chloroform 16 8 24 2 0 2 12.5 0.0 8.3 91.7 N/D N/D
Chloromethane 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Cis-1,2-
Dichloroethene

16 8 24 2 0 2 12.5 0.0 8.3 91.7 N/D N/D

Cis-1,3-
Dichloropropene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Dibromochloromet
hane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Dibromomethane 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Dichlorodifluorom
ethane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Ethylbenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Hexachlorobutadie
ne

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Isopropylbenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Methylene
Chloride

16 8 24 3 3 6 18.8 37.5 25.0 75.0 N/D N/D



01-RF-02107
2000 Annual Rocky Flats Cleanup Agreement

(RFCA) Groundwater Monitoring Report

            6 - 17

Table 6-3 Groundwater Sample and Detection Summary for Landfill Wells – CY2000
(continued)

Parameter Number of Samples Number of Detections Percent Detections Percent
Non-Detects Sample Mean

Down- Down- Down- Non- Down-
Upgradient Gradient Total Upgradient Gradient Total Upgradient Gradient Total Detects Upgradient Gradient

Naphthalene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
n-Butylbenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
n-Propylbenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
o-Chlorotoluene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
p-Chlorotoluene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Sec-Butylbenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Styrene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Tert-Butylbenzene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Tetrachloroethene 16 8 24 7 0 7 43.8 0.0 29.2 70.8 N/D N/D
Toluene 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Total Xylenes 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D
Trans-1,2-
Dichloroethene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Trans-1,3-
Dichloropropene

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Trichloroethene 16 8 24 8 0 8 50.0 0.0 33.3 66.7 N/D N/D
Trichlorofluoromet
hane

16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

Vinyl Chloride 16 8 24 0 0 0 0.0 0.0 0.0 100.0 N/D N/D

1No correction made for non
detections

2N/D =  Not determined for VOCs because most detections were estimated quantitations ("J" qualifier) below the detection limit
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Table 6-4 Comparative Statistics for Groundwater Analytes with <90 Percent Sample Non-
Detections and Downgradient Sample Means Greater than Upgradient Sample Means – CY
2000

Parameter %
Non-
Detec

Shapiro-Wilk Normality Test Levene Test Parametric
ANOVA (Single
Factor)

Wilcoxon Rank-Sum Test

Wx WLn x Wn,0.05 Distribution
Type

Fz FLn z F.05 Variances
Equal?

Fx FLn x F.05 Signifi
cant
Diff?

W Z Z.01 Signifi
-cant
Diff

Water
Quality
(mg/L)
Fluoride 8.7 0.770 0.965 0.914 Lognormal 2.505 4.325 Yes 6.770 4.325 Yes 96 2.641 2.326 Yes
Nitrate/Nitrit
e (as N)

0 0.593 0.900 0.916 Unknown Unknown 24.0 -2.482 2.326 No

Sulfate 0 0.510 0.774 0.916 Unknown Unknown 104.0 2.429 2.326 Yes
TDS 0 0.519 0.761 0.914 Unknown Unknown 112.0 3.717 2.326 Yes
Metals
(ug/L)
Aluminum 4.3 0.286 0.781 0.914 Unknown Unknown 73.0 0.8 2.326 No
Cadmium 50 N/A N/A N/A Unknown Unknown 82.0 1.082 2.326 No
Calcium 0 0.554 0.742 0.916 Unknown Unknown 107.0 2.603 2.326 Yes
Chromium 29.2 N/A N/A N/A Unknown Unknown 66.0 0.092 2.326 No
Cobalt 79.2 N/A N/A N/A Unknown Unknown 61.5 -0.192 2.326 No
Copper 33.3 N/A N/A N/A Unknown Unknown 93.5 1.781 2.326 No
Iron 20.8 N/A N/A N/A Unknown Unknown 53.0 -0.705 2.326 No
Lithium 0 0.549 0.830 0.916 Unknown Unknown 107.0 2.603 2.326 Yes
Magnesium 0 0.549 0.766 0.916 Unknown Unknown 104.0 2.419 2.326 Yes
Manganese 20.8 N/A N/A N/A Unknown Unknown 66.0 0.092 2.326 No
Molybdenu
m

33.3 N/A N/A N/A Unknown Unknown 110.0 2.794 2.326 Yes

Nickel 16.7 N/A N/A N/A Unknown Unknown 105.0 2.5 2.326 Yes
Potassium 0 0.549 0.815 0.916 Unknown Unknown 99.0 2.113 2.326 No
Selenium 37.5 N/A N/A N/A Unknown Unknown 75.0 0.645 2.326 No
Sodium 0 0.634 0.763 0.916 Unknown Unknown 105.0 2.480 2.326 Yes
Strontium 0 0.536 0.778 0.916 Unknown Unknown 107.0 2.603 2.326 Yes
Zinc 0 0.660 0.928 0.901 Lognormal 6.560 4.325 No 69.0 2.587 2.326 Yes
Radionuclid
es (pCi/L)
U-233/234 47.6 N/A N/A N/A Unknown Unknown 80.0 3.263 2.326 Yes
U-235 76.2 N/A N/A N/A Unknown Unknown 80.0 3.272 2.326 Yes
U-238 47.6 N/A N/A N/A Unknown Unknown 80.0 3.262 2.326 Yes
N/A = not applicable
1 Calculated for <15% non-detects only
2 Significant difference in downgradient to upgradient sample groups shown in bold typeface

Mercury, thallium, and tin - the only trace metals reported with non-detections exceeding 90 percent of the sample

set - were not detected in any downgradient sample, with the exception of a single thallium value (14.8 µg/L) in well

B206989.  The other thallium results from this well were below detection, indicating that the detectable result was

not significant.  The presence of detectable tritium in well B206989, combined with the elevated nitrate/nitrite,

lithium, selenium, and uranium isotopes in this well, may signify an association with a contaminant source other

than the landfill (see next section).

6.5.3 Trend Plots and Data Interpretation

Trend plots of analytes in downgradient wells that exceed upgradient concentrations are presented in Appendix C

per the requirements of the IMP.  Concentration trends for most analytes with three or more data points tend to



01-RF-02107
2000 Annual Rocky Flats Cleanup Agreement

(RFCA) Groundwater Monitoring Report

            6 - 19

fluctuate somewhat, but are generally flat or declining, therefore indicating that potentially contaminated landfill

groundwater is not currently migrating eastward past the East Landfill Pond dam.  Specifically, the fluoride, sulfate,

TDS, calcium, lithium, magnesium, molybdenum, nickel, potassium, sodium, strontium, zinc, and U-235

concentrations in all downgradient wells (except fluoride, sulfate, lithium, and zinc in well B206989) do not appear

to be increasing above historical levels.  Lithium, zinc, U-233/234, and U-238 concentrations in well B206989 show

evidence of an increasing trend, making these analytes reportable occurrences under RFCA.  The magnesium

concentration in well B206989 also appears to be rising; however, this constituent is non-hazardous and lacks a

RFCA action level criterion.

Assuming that seepage of contaminated groundwater past the dam is not appreciable enough to influence

downgradient groundwater quality, the elevated concentrations of inorganic and radiological analytes in

downgradient groundwater can be caused by several factors.  Some potential causes include:

• lateral underflow of landfill leachate beneath the pond and dam through UHSU bedrock materials;

• evaporative concentration of solutes in pond water in combination with other factors, such as mineral build-up

in soils resulting from seasonal desaturation of valley-fill alluvial materials;

• contribution of more highly mineralized groundwater from the underlying LHSU to UHSU bedrock;

• natural mineralization of groundwater resulting from prolonged contact with aquifer materials as it travels along

a flow path, and

• a secondary contaminant source that is upgradient of the well, but is not associated with the landfill or pond.

Analysis of analyte trends showing concentration increases must account for these conditions in order to

differentiate between natural and anthropogenic influences.

In general, natural processes involving evapotranspiration, upwelling of LHSU groundwater, and mineralization

along the flow path do not appear to provide satisfactory explanations for the geochemistry at well B206989, mainly

because the elevated nitrate/nitrite, lithium, and selenium concentrations are well above their normal background

ranges.  They also do not appear to be landfill related, as the concentrations of these analytes in landfill leachate and

pond water have historically been relatively low.  For example, the mean concentrations of nitrate/nitrite (0.3 mg/L),

lithium (40 µg/L), and selenium (2 µg/L) at surface water monitoring station SW097 (landfill leachate), and

nitrate/nitrite (0.093 mg/L) and lithium (77 µg/L) at SW098 (landfill pond) (DOE, 1996a, Tables 2-2 and 2-3), are

significantly lower than concentrations found in well B206989 groundwater.  In addition, elevated concentrations of

nitrate/nitrite (mean=143.5 mg/L), lithium (199 µg/L) and selenium (504 µg/L) have been detected in samples from

UHSU bedrock well B206889, located to the south and upgradient of well B206989.  Elevated concentrations of

some or all of these constituents have been found in other contaminant plumes, including the Solar Ponds Plume and

IHSS 119.1.
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As suggested above and reported in 1998 Groundwater Monitoring at the Present Sanitary Landfill (DOE, 1999),

the most likely cause for anomalous groundwater quality at well B206989 is an unknown secondary contaminant

source located upgradient of well B206889.  Regardless of their source, the absence of contaminants at high

concentrations in landfill groundwater and surface water indicate the presence of potential non-landfill interference

in interpreting downgradient weathered bedrock groundwater quality.

6.6 Conclusions

Groundwater conditions at the Present Sanitary Landfill in 2000 appear to be generally consistent with the results of

previous monitoring.  Statistical comparisons of upgradient versus downgradient UHSU groundwater at the Present

Sanitary Landfill were performed for analytes meeting the minimum evaluation criteria of <90 percent non-

detections and at least four samples per upgradient and downgradient data set.  Significant differences (at the 1%

level) in upgradient compared to downgradient groundwater quality were found for fluoride, sulfate, TDS, calcium,

lithium, magnesium, molybdenum, nickel, sodium, strontium, zinc, U-233/234, U-235, and U-238.  Volatile organic

compounds were not evaluated statistically because the percentage of non-detections exceeded 90 percent or

because contaminants were found only in upgradient samples.

Apart from fluoride, sulfate, lithium, zinc, U-233/234, and U-238 in well B206989, the trends of potential inorganic

and radionuclide contaminants do not appear to be increasing with time in the downgradient wells.  The increasing

trends of lithium, zinc, U-233/234, and U-238 in well B206989 represent groundwater quality exceedances that are

reportable under the IMP.  A more complete review of available groundwater and soils data associated with

potential upgradient, non-landfill contaminant sources appears to be warranted to investigate the elevated

occurrences of lithium, zinc, and uranium isotopes in downgradient well B206989.
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7.0 PLUME DEGRADATION MONITORING

7.1 Plume degradation

Plume degradation is defined as an observed reduction in contaminant concentrations as contaminants migrate from

the source in groundwater.  This reduction in concentration can be a result of a number of fate and transport

processes in groundwater including dilution, dispersion, sorption, volatilization, and biotic and abiotic

transformations.  Biodegradation or bioremediation are used to describe the portion of plume degradation that is

brought about by biological degradation mechanisms.  Biological degradation typically involves bacteria that occur

naturally in soil and groundwater.  Under the right conditions these bacteria can break down certain fuel

hydrocarbons and certain chlorinated organic compounds.

The main mechanism for the biological breakdown of chlorinated organics is through reductive dechlorination

reactions.  Under reductive dechlorination, a chlorinated organic compound such as carbon tetrachloride is an

electron acceptor, causing the compound to gain a hydrogen atom at the expense of a chlorine atom.  The successive

dechlorination of carbon tetrachloride would form chloroform, methylene chloride and chloromethane as chlorine

atoms are progressively removed from the original carbon tetrachloride molecule.

For biodegradation to occur, there must be an electron acceptor, a source of carbon to serve as an electron donor, an

appropriate bacterial community, and a favorable environment for the metabolic reactions to take place.  The

sampling programs at IHSS 118.1, 903 Pad/Ryan’s Pit Plume and the PU&D Yard Plume were designed to

investigate whether these processes are taking place.  These investigations employ the method described by

Wiedemeier et al (1996), which determines whether biodegradation is occurring to a significant degree at a site

based on applying scores to certain chemical parameters.  The criteria used are summarized in Table 7-2.  A score of

0 to 5 points is suggestive of inadequate evidence of biodegradation.  A score of 6 to 14 suggests limited evidence of

biodegradation, a score of 15 to 20 shows adequate evidence and scores above 20 show strong evidence of

biodegradation.

7.1.1 Electron Donors

The process that would degrade chlorinated organic compounds such as carbon tetrachloride is reductive

dechlorination.  Reductive dechlorination is the substitution of hydrogen for chlorine atoms within the chlorinated

organic compound, which causes it to progressively break down into daughter products.  This process requires that

there be a source of electron donors, which is typically organic carbon.  Carbon can be utilized either as natural

carbon in the aquifer, or can be acquired from the breakdown of petroleum hydrocarbons.  Total organic carbon

(TOC) was collected to ascertain the availability of carbon in the environment to serve as an energy source for

reductive dechlorination.
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7.1.2 Electron Acceptors

VOC species were analyzed to determine if daughter products were being formed by reductive dechlorination.  In

order to undergo reductive dechlorination, chlorinated organic solvents must be potential electron acceptors.  This

reaction mechanism occurs when there is a sufficient electron donor source present, the proper chemical

environment exists, and there is a relative lack of competing electron acceptors.  Dissolved oxygen (DO), rather than

solvents, is the favored electron acceptor used by bacteria for the biodegradation process.  Anaerobic bacteria cannot

function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur (Wiedemeier, et al,

1999).  Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with

chlorinated solvents as electron acceptors.  If high levels of nitrate and/or sulfate were to exist in the groundwater in

the vicinity of the plume source, the reductive dechlorination of carbon tetrachloride and its by products could be

retarded.

7.1.3 Metabolic By-Products

Measurement of the metabolic by-products of biodegradation is a valuable indication of the predominant microbial

and chemical processes occurring during contaminant transformation.  Ferric iron (Fe3+) is reduced to ferrous iron

(Fe2+) during anaerobic biodegradation of organic compounds.  Therefore, an increase in ferrous iron concentration

in the source area can suggest that biodegradation is occurring.  The production of hydrogen sulfide occurs during

sulfate reduction and verifies that sulfate is acting as an electron acceptor during biodegradation.  The presence of

methane in groundwater is indicative of strongly reducing conditions.  Methane can be produced through the

biodegradation of petroleum hydrocarbons.  The presence of methane in groundwater containing chlorinated

solvents suggests that the chemistry of the groundwater is favorable for reductive dechlorination.  The presence of

elevated concentrations of chloride in groundwater relative to upgradient locations suggests that reductive

dechlorination of organic solvents is taking place.  This is because the replacement of hydrogen for chlorine in the

chemical structure of the chlorinated organic compound during reductive dechlorination releases chlorine in the

process.

7.2 Carbon Tetrachloride Plume (IHSS 118.1)

This section summarizes the results of the carbon tetrachloride plume (IHSS 118.1), plume degradation monitoring

program that was initiated in 1999.  Additional sampling from CY 2000 has been added to the data collected in CY

1999.  The object of this report is to provide sample results for the suite of parameters that were specifically

collected to determine whether plume degradation is occurring given the results obtained.  The overall goal of the

project is to characterize the potential for plume degradation as a significant factor in the remediation strategy for

the IHSS 118.1 Dense Non-Aqueous Phase Liquid (DNAPL) source.

Carbon tetrachloride is the main contaminant of concern at IHSS 118.1 and is the result of spills related to a below-

ground carbon tetrachloride storage tank, which has been subsequently removed.  Characterization work was
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initiated in 1997 to identify the extent of the DNAPL source and determine the feasibility of extracting the DNAPL

through pumping or excavation.  Source removal was postponed because it is presently not feasible to excavate the

source due to the number of active process pipes and utilities that run through the source area.  The decision was

then made to evaluate the potential for the carbon tetrachloride plume to be undergoing plume degradation

processes.

 A drilling and sampling program was designed to collect the data necessary for decision making with respect to

plume degradation.  Eight wells were installed in a pattern so as to have two wells upgradient of the DNAPL source

(18799, 18899); three wells along an east-west line with two wells in the source and one well located cross gradient

to the source (18499, 18599, and 18699); and three wells in an east-west line approximately 60 –70 feet

downgradient from the source (18199, 18299, 18399).  The wells were installed in February 1999 and samples were

collected in March and September of 1999.  In addition, data from well 21098 was added to the evaluation because

of the probable relationship between carbon tetrachloride in this well and the location of IHSS 118.1 that was

identified in the 1998 RFCA Annual Groundwater Report.  Figure 7-1 shows the location of the wells and sampling

locations.

Dedicated bladder pumps were installed in the 1999 wells so that samples could be collected with minimal aeration

of the sample. This is important when collecting VOC samples and when measuring DO and oxidation-reduction

potential (redox) parameters.  A flow-through cell containing the field parameter probes was used to measure

temperature, DO, redox, alkalinity, specific conductance and pH.  A spectrophotometer was used to measure ferrous

iron.  VOC and other analytical samples were sent to off-site laboratories for analysis.

The 1999 RFCA Annual Groundwater Report recommended a reduction in the number of wells used for

determination of plume degradation at IHSS 118.1.  Based on the approval of these recommendations, the

monitoring project now samples upgradient well 18799, near-source well 18499 and downgradient wells 18199 and

21098, which provide a reasonable cross section across the IHSS 118.1 area
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Table 7-1 Summary of Sample Results for Plume Degradation Wells: IHSS 118.1

1st Qtr
99 DATE CARBON

TETRACHLORIDE
CHLORO-

FORM
METHYLENE

CHLORIDE CHLOROMETHANE METHANE

18799 3/17/99 927 511 12.3 50 3.1
18499 3/17/99 57800 8750 83.5 8.9 210
18199 3/17/99 15400 2200 12.6 2.5 7.4
21098 3/17/99 1200 110 0.09 1 NA

1st Qtr
99

DATE SULFATE
mg/L

SULFIDE
mg/L

DISSOLVED
OXYGEN

mg/L

CHLORIDE
mg/L

FERROUS
IRON
mg/L

TOC
mg/ L

NITRATE
mg/L

18799 3/17/99 46 0.02 5.19 63 0.01 3.051 2.2

18499 3/17/99 21 0.05 0.7 64 1.6 4 0.05

18199 3/17/99 35 0.041 2.15 69 0.11 3 3

3rd Qtr
99

DATE CARBON
TETRACHLORIDE

CHLORO-
FORM

METHYLENE
CHLORIDE

CHLOROMETHANE METHANE

18799 9/20/99 220 590 21 18 2.5

18499 9/20/99 16000 4900 380 5 50

18199 9/13/99 14000 2400 130 5 12

3rd Qtr
99

DATE SULFATE
mg/L

SULFIDE
mg/L

DISSOLVED
OXYGEN

mg/L

CHLORIDE
mg/L

FERROUS
IRON
mg/L

TOC
mg/L

NITRATE
mg/L

18799 9/20/99 53 0.026 2.6 72 1.67 3 0.05
18499 9/20/99 31 0.003 0.5 90 0.84 5 0.14
18199 9/13/99 33 0.011 3 72 0.01 3 3.3

1st Qtr
00

DATE CARBON
TETRACHLORIDE

CHLORO-
FORM

METHYLENE
CHLORIDE

CHLOROMETHANE METHANE

18799 Dry Dry Dry Dry Dry Dry
18499 3/14/00 22000 4600 2400 0 240
18199 5/30/00 35000 5500 94 0 84

1st Qtr
00

DATE SULFATE
mg/L

SULFIDE
mg/L

DISSOLVED
OXYGEN

mg/L

CHLORIDE
mg/L

FERROUS
IRON
mg/L

TOC
mg/L

NITRATE
mg/L

18799 Dry Dry Dry Dry Dry 0.01 Dry Dry
18499 3/14/00 38 0.88 NA 71 3.03 4 6.8
18199 3/14/00 29 0.004 NA 54 0.07 3 3

4th Qtr
00

Date CARBON
TETRACHLORIDE

CHLORO-
FORM

METHYLENE
CHLORIDE

CHLOROMETHANE METHANE

18799 12/5/00 825 546 7.3 0 2
18499 12/5/00 24200 7080 0 0 195
18199 12/5/00 27300 3820 219 0 190
21098 12/5/00 959 348 22.4 0 1

4th Qtr
00

DATE SULFATE
mg/L

SULFIDE
mg/L

DISSOLVED
OXYGEN

mg/L

CHLORIDE
mg/L

FERROUS
IRON
mg/L

TOC
mg/L

NITRATE
mg/L

18799 12/5/00 51 0.026 4.7 110 0.24 2 0.45
18499 12/5/00 35 0.013 0.85 100 NA 4 0.26
18199 12/5/00 27 0.002 0.45 69 0.01 3 0.74
21098 12/5/00 24 0.02 NA 190 NA 2 1.6

NA = not analyzed
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7.2.1 Electron Donors

Figure 7-2 shows results for total organic carbon for the 4 quarters of measurement.  In general, TOC has remained

in the 2-5 mg/L range in the area of IHSS 118.1 with a consistent value of 4 mg/L in the source area.  Wiedemeier et

al (1996) suggest that TOC values above 20 mg/L insures that enough carbon is present to drive dechlorination.

Therefore the limited amount of carbon in groundwater may be retarding the rate of reductive dechlorination at

IHSS 118.1.

7.2.2 Electron Acceptors

Carbon tetrachloride is the dominant organic compound present in groundwater at IHSS 118.1.  If biodegradation

were occurring by reductive dechlorination, carbon tetrachloride would break down progressively to chloroform,

dichloromethane, chloromethane, and ultimately to carbon dioxide and water.  If reductive dechlorination were

occurring, carbon tetrachloride would be seen to progressively decrease in concentration with time and distance

from the source as the breakdown products increased in concentration.  Downgradient wells would also reflect an

increase in breakdown products relative to carbon tetrachloride.  Figures 7-3 and 7-4 show the trends in carbon

tetrachloride and daughter species.  The sample from well 21098 is also included.  In Figure 7-3 carbon tetrachloride

can be seen to decrease in concentration from the source to downgradient well 21098.  This would be expected if

biodegradation was occurring.  However, the trends in chloroform and chloromethane do not increase in

downgradient wells 18199 and 21098.  Methylene chloride exhibits a similar behavior, but must be viewed with

caution because it is a common lab contaminant and was reported in the lab blank in most samples.

The data suggest that there are daughter products from reductive dechlorination of carbon tetrachloride in the source

area, but increased breakdown downgradient of the source is not readily apparent.  By looking at the ratio of

daughter products to carbon tetrachloride with time, a better indication of in-source biodegradation would be

obtained.  Therefore, it is suggested that sampling for these compounds continue for a sufficient time period to

establish a rate of breakdown at the source.

Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with chlorinated

solvents as electron acceptors.  If high levels of nitrate and/or sulfate were to exist in the groundwater in the vicinity

of IHSS 118.1, the reductive dechlorination of carbon tetrachloride and its by products could be retarded.  The graph

on Figure 7-2 shows the concentrations of nitrate along the three-well cross section at IHSS 118.1.  The nitrate

concentration in upgradient well 18799 is .26 to 2 mg/L, which is near the RFETS background mean of 1.4 mg/L for

Rocky Flats Alluvium (DOE 1993b).  In Figure 7-2, nitrate concentration is seen to decrease at the source and then

increase again in concentration away from the source. Contrary to this trend is data from the first quarter of 2000,

which is 6.8 mg/L at the source, decreasing downgradient.  Low nitrate values in the source would favor

biodegradation whereas high values would tend to retard dechlorination.  The Wiedemeier et al (1996) scoring

system for determining the potential for biodegradation suggests that a concentration of nitrate above 1 mg/L may

retard biodegradation of chlorinated organics.  Given the typically low concentration of nitrate in the vicinity of the
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IHSS (.05 mg/L at source well 18499), it appears nitrate is being removed locally but may be hampering the

biodegradation process away from the source.  Because nitrate is a key indicator of the efficacy of biodegradation on

chlorinated solvents, continued sampling is advised.

The sulfate concentration in upgradient well 18799 ranges 38 to 53 mg/L, which is above the RFETS background

mean of 22 mg/L (DOE 1993b).  Figure 7-5 shows the concentration of sulfate dropping near source well 18499,

and then increasing in downgradient wells.  Because sulfate and nitrate behave similarly with respect to their

electron acceptance, this trend would be expected if biodegradation was occurring in the source area.

Wiedemeier et al (1996) suggest that sulfate above 20 mg/L could compete with the chlorinated solvents as an

electron acceptor and thus retard the biodegradation process of the latter.  Given that sulfate was found at 30 mg/L in

the source area and at higher levels away from the source, it can be deduced that sulfate may be retarding the

biodegradation of carbon tetrachloride occurring at IHSS 118.1.  Because sulfate is a key indicator of the efficacy of

biodegradation on chlorinated solvents, continued sampling is advised.

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process.  Anaerobic

bacteria cannot function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur

(Wiedemeier, et al, 1999).  Figure 7-6 shows that upgradient DO concentration at well 18799 ranges from 2.5 to 5.4

mg/L and decreases to below 1.0 mg/L in source well 18499.  DO concentration rises again in downgradient well

18199.  Taking the data at face value, it would appear that DO levels are detrimental for anaerobic degradation of

organic compounds except at the source.  DO was measured using a DO probe housed inside a flow-through cell.

Complications have occurred where the DO measurements may have been improperly measured during some

sample events. The values shown are believed to be in units of mg/L even though field forms may have reported

some values in percent.

7.2.3 Metabolic By-Products

Ferric iron (Fe3+) is reduced to ferrous iron (Fe2+) during anaerobic biodegradation of organic hydrocarbons.

Therefore, an increase in ferrous iron concentration in the source area can suggest the amount of biodegradation that

is occurring.  Figure 7-6 shows that in the first quarter 1999 sampling event ferrous iron appears to decrease near the

source area.  However, the 2000 Fe2+ data show increases from near 0 mg/L in background well 18799 to 1.6 –3

mg/L in source well 18499, then decreases to 0.10 mg/L in downgradient well 18199.  Wiedemeier et al (1996)

believe that ferrous iron above 1 mg/L would suggest that reductive dechlorination is taking place.  Given the

similarity in the results obtained in the two 2000 sampling rounds it is possible that reductive dechlorination is

occurring at the source.  Because ferrous iron is a key indicator of the efficacy of biodegradation on chlorinated

solvents, continued sampling is advised.

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an electron

acceptor during biodegradation.  Figure 7-2 shows that sulfide is very low in background well 18799 and does not

change in concentration in the source and downgradient wells.  Wiedemeier et al (1996) believe that sulfide above 1
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mg/L would allow reductive dechlorination to take place.  These results suggest that though sulfate was decreasing

in concentration in the source area, the amount of hydrogen sulfide generated was insufficient to support reductive

dechlorination.  Because of the conflicting evidence for biodegradation given by sulfate/sulfide analyses, and

because sulfide is a key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is

advised.

The presence of methane in groundwater is indicative of strongly reducing conditions.  Methane can be produced

through the biodegradation of petroleum hydrocarbons. The presence of methane in groundwater containing

chlorinated solvents suggests that the chemistry of the groundwater is favorable for reductive dechlorination.  Figure

7-4 shows that methane increases from approximately 0.003 mg/L to .05 - 0.20 mg/L in the source area, then

decreased to 0.007 in downgradient well 18199.  Wiedemeier et al (1996) believe that methane above 0.1 mg/L

would allow reductive dechlorination to take place.  Methane values at IHSS 118.1 were fairly low, suggesting that

there is little if any petroleum hydrocarbons present there. However, the increase in methane production in the

source relative to the upgradient well suggests that some reductive dechlorination is occurring.  Because methane is

a key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is advised.

The presence of elevated concentrations of chloride in downgradient and source area groundwater relative to

upgradient locations would suggest that reductive dechlorination of organic solvents is taking place.  This is because

the replacement of hydrogen for chlorine in the chemical structure of the chlorinated organic compound during

reductive dechlorination releases chlorine in the process.  However, available data do not show a clear trend.  Figure

7-5 shows the concentrations of chloride seen in the vicinity of IHSS 118.1.  Chloride concentration was reported in

the 63 – 100 mg/L range and does show change across the source in the third quarter 1999 sample.  The RFETS

background mean concentrations for chloride in alluvial materials is 8 to 18 mg/L (DOE 1993b).  The Groundwater

Geochemistry Report for RFETS (EG&G 1995c) shows that chloride concentration increases from west to east at

RFETS and that chloride concentrations in the Industrial Area range from 25 to 100 mg/L.  Given the

inconsistencies of the data and the lack of dramatic change in chloride concentration at IHSS 118.1 relative to both

upgradient and downgradient wells and the surrounding Industrial Area, it may be that only limited reductive

dechlorination is occurring at the IHSS.  Because chloride values on Site can be affected by the use of salt on the

roadways during the winter, the data may be suspect as a key indicator of the efficacy of biodegradation on

chlorinated solvents.

7.2.4 Conclusions and Recommendations

The 2000 results are similar in most respects to the data collected at IHSS 118.1 in 1999.  There is evidence of

biodegradation at the IHSS 118.1 source.  If the assumption is made that the breakdown products found at IHSS

118.1 are not part of the original free product composition, then based on the scoring system discussed in

Wiedemeier et al (1996), the source area rates a score of 18 (see Table 7-2).  The upgradient and downgradient wells

rate a score of 3, which suggests that the subsurface environment away from the source may be hostile to

biodegradation.  These scores are derived using data from the three wells used for the cross section discussed above.
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Given the downgradient score with respect to biodegradation, the decrease in composition of organic solvents away

from the source must be partly attributed to physical processes such as dilution and dispersion rather than strictly to

biodegradation.  These preliminary results suggest that some reduction in carbon tetrachloride is occurring at the

source, but the persistence of carbon tetrachloride above Tier I action levels at downgradient wells 18199 and 21098

suggests that plume degradation is not completely restricting the plume from migrating towards surface water in this

area.  Additional monitoring will help determine the rate at which biodegradation is occurring.

Based on the results obtained to date the following recommendations can be made with respect to future sampling:

The present sampling suite should be continued on the current semiannual schedule for IHSS 118.1.  Attempts will

be made to document the correct readings for DO and ferrous iron in the field.

Given the probable involvement of the Building 771 and Building 774 footing drains with carbon tetrachloride

plume capture, efforts should be made to ascertain the exact nature of the outfalls from this system.  Initial

evaluation has shown that carbon tetrachloride has occurred in water in Bowman’s Pond, and it is believed that some

of the footing drains from the buildings mentioned above exit at this location.  An initial evaluation of these drains

was performed in 2001; results will be reviewed and, if warranted, the Bowman’s Pond drain effluent should be

sampled on the same frequency as the building D&D and IHSS 118.1 wells to ascertain whether a connection exists

between the plume and the drain system.
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Table 7-2   Checklist for Determination of Biodegradation:IHSS 118.1

Analyte
Concentration in

most
Contaminated zone

Significance Points 118.1
in Source

Outside
source

Oxygen < 0.5 mg/L Tolerated at this concentration 3 3 0
Oxygen > 1.0 mg/L Prohibits reductive dechlorination -3 0 -3
Nitrate < 1.0 mg/L Competes with reductive pathway at higher

concentrations
2 2 0

Ferrous Iron > 1.0 mg/L Reductive pathway possible 3 3 0
Sulfate < 20 mg/L Competes with reductive pathway at higher

concentrations
2 0 0

Sulfide > 1.0 mg/L Reductive pathway possible 3 0 0
Methane > 0.1 mg/L Ultimate reductive daughter product 2 2 0
Redox < 50 mV Reductive pathway possible 1 1 0
Redox < -100 mV Reductive pathway more possible 2 0 0
TOC > 20 mg/L Carbon and energy source - drives

dechlorination
2 0 0

Temperature > 20 degrees C Biochemical process accelerated 1 0 0
Carbon Dioxide > 2x background Ultimate oxidative daughter product 1 NA NA

Alkalinity > 2x background Results from interaction of CO2 with aquifer 1 1 0
Chloride > 2x background Daughter product of organic chlorine 2 0 0

Hydrogen > 2 nM Reductive pathway possible 3 NA NA
Chloroform Present Daughter product of Carbon Tetrachloride 2 2 2
Methlyene
Chloride

Present Daughter product of Chloroform. 2 2 2

Chloromethane Present Daughter product of Methylene Chloride 2 2 2
NA = not analyzed Score 18 3

7.3 903 Pad/Ryan’s Pit  Plume

The 903 Pad/Ryan’s Pit Plume is located directly south of the southeast corner of the PA and between the 903 Pad

and Woman Creek at RFETS.  Two sources, the 903 Pad and Ryan’s Pit, contribute to this plume of contaminated

groundwater.  The primary analytes comprising the 903 Pad/Ryan’s Pit Plume are carbon tetrachloride, TCE, and

PCE.  The nearest receiving streams for the plume are the South Interceptor Ditch (SID), located approximately 150

feet north of Woman Creek and approximately 700 feet south of Ryan’s Pit, and Woman Creek.  Characterizing the

903 Pad/Ryan’s Pit Plume groundwater to protect surface water quality in Woman Creek was a 1999 compliance

milestone.  The Ryan’s Pit source removal began in September 1995, with the removal of contaminated soil.  The

soil was treated in February 1996, and the project was completed in August, 1996, with the replacement of treated

soil.  The 903 Pad source removal is scheduled for 2003.  See Section 4.5 of this report for more information

regarding the Ryan’s Pit source removal.  Figure 7-7 presents the location of the 903 Pad/Ryan’s Pit Plume area.
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In 1999, four permanent downgradient monitoring wells, 90099 through 90399, were installed to monitor VOCs.

One of these new wells, 90099, twinned 1998 Geoprobe well 01298, which had the highest VOC concentrations

found in that area.  The other three wells are downgradient of the 1998 Geoprobe wells and upgradient of the SID.

These wells were installed to provide the necessary information to establish a trend in downgradient VOC

concentrations.

The results of the 1999 monitoring program were that VOCs, primarily carbon tetrachloride, were present in

concentrations above Tier II action levels. Given the results of monitoring the new downgradient wells, the decision

was made to collect additional samples in 2001 to further investigate plume degradation.  Well 07391 is nearest the

Ryan’s Pit source area and wells 1187, 90099 and 90399 were chosen to provide a downgradient cross section of the

contaminant plume. Well 11791 was also sampled for plume degradation parameters as it may be representative of

the portion of the plume coming from the 903 Pad.  The sample suite is similar to that collected for IHSS 118.1,

discussed above.  The results will be presented and discussed in a similar format.
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Table 7-3 Sample Results for Plume Degradation Wells: 903 Pad / Ryan's Pit Wells

Well Date CARBON
TETRACHLORIDE CHLOROFORM METHYLENE

CHLORIDE
CHLORO-
METHANE METHANE

07391 3/6/01 130 1400 3800 0 0
1187 3/9/01 65 84 46 0 3

90099 3/8/01 360 75 43 0 0
90399 3/8/01 130 23 2 0 0
11791 3/9/01 250 68 22 0 22

Well Date 1,1,1-
TRICHLOROETHANE

1,1-DICHLORO-
ETHANE CHLOROETHANE ETHENE

07391 3/6/01 380 88 0 0
1187 3/9/01 0 0 0 0

90099 3/8/01 0.54 0 0 0
90399 3/8/01 0.32 0 0 0
11791 3/9/01 0.3 0.3 0 NA

Well Date TETRACHLOROETHENE TRICHLORO-
ETHENE

Cis-1,2-
DICHLOROETHENE

VINYL
CHLORIDE ETHENE

07391 3/6/01 1200 67000 100 0 0
1187 3/9/01 30 2300 0 0 0

90099 3/8/01 24 880 10 0 0
90399 3/8/01 4 110 2 0 0
11791 3/9/01 79 54 40 0 0
Well Date SULFATE

 mg/L
SULFIDE

mg/L
DISSOLVED

OXYGEN
Mg/L

CHLORIDE
mg/L

FERROUS
IRON
mg/L

TOC
mg/L

NITRATE
mg/L

07391 3/6/01 200 0.024 5.4 470 NA 13.1 67
1187 3/9/01 67 0.029 4.2 62 NA 1.6 1.2

90099 3/8/01 62 0.028 NA 59 NA 2.1 3.8
90399 3/8/01 62 0.029 5.3 34 NA 1.1 2.7
11791 3/9/01 18 0.097 NA 57 NA 1.3 2

NA = not analyzed

7.3.1 Electron Donors

Figure 7-8 shows results for total organic carbon for the first quarter 2000.  TOC is approximately 13 mg/L near

well 07391 but decreases to the 2-4 mg/L range in the downgradient wells.  Wiedemeier et al (1996) suggest that

TOC values above 20 mg/L ensure that enough carbon is present to drive dechlorination. Therefore, the limited

amount of carbon in groundwater may be retarding the rate of reductive dechlorination in the Ryan’s Pit area.

7.3.2 Electron Acceptors

Carbon tetrachloride is the dominant organic compound present in groundwater at the 903 Pad source, whereas TCE

is most abundant at the Ryan’s Pit source.  Figure 7-9 shows the carbon tetrachloride breakdown products, in order,

and Figure 7-10 shows the likely PCE breakdown products.  Figure 7-9 shows that carbon tetrachloride, in well

07391 near the Ryan’s Pit source, was present at a concentration of 130 µg/L while downgradient wells 90099 and

90399 showed higher concentrations, as did side gradient well 11791. This confirms that the carbon tetrachloride

source is not at Ryan’s Pit.  However, the daughter products of carbon tetrachloride biodegradation, most notably
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chloroform and methylene chloride, have very high concentrations at well 07391 (1400 µg/L for chloroform and

3800 µg/L for methylene chloride).  Unfortunately, methylene chloride blank contamination was ubiquitous in

samples from 07391 and additional blank contamination occurred during large dilutions of the samples.  But the

chloroform values are not associated with blank contamination and suggest either that chloroform was disposed in

Ryan’s Pit or there is significant dechlorination of carbon tetrachloride in the vicinity of the source area.  The other

breakdown chain compounds, chloromethane and methane, were present in very low concentrations in the Ryan’s

Pit area.  If biodegradation is occurring by reductive dechlorination, carbon tetrachloride would break down

progressively to chloroform, methylene chloride, chloromethane, and ultimately to methane.

Figure 7-10 shows PCE was present in concentrations of approximately 1200 µg/L at well 0739,1 decreasing in a

downgradient direction to just below Tier II action levels in well 90399.  However, TCE occurs at levels of 67,000

µg/L at well 07391 and steadily decreases in concentration downgradient to reach approximately 100 µg/L at well

90399.  Without process knowledge of the chemicals used at RFETS it would be easy to conclude that the PCE is

breaking down to a daughter product much like carbon tetrachloride appears to be doing near well 07391.  However,

there was extensive use of TCE at RFETS and the large concentration of TCE is probably because of its disposal in

Ryan’s Pit. Additional evidence for this is the low concentrations of the other daughter products, cis 1,2-DCE, vinyl

chloride, and ethene in the source area.

The data suggest that there are daughter products from reductive dechlorination of carbon tetrachloride in the source

area, but increased breakdown downgradient of the source is not readily apparent.  By looking at the ratio of

daughter products to carbon tetrachloride with time, a better indication of in-source biodegradation would be

obtained.  Therefore, it is suggested that sampling for these compounds continue for a sufficient time period to

establish a rate of breakdown at the source.

Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with chlorinated

solvents as electron acceptors.  If high levels of nitrate and/or sulfate were to exist in the groundwater in the vicinity

of 903 Pad/ Ryan’s Pit, the reductive dechlorination of carbon tetrachloride and its by products could be retarded.

The graph on Figure 7-8 shows the concentrations of nitrate along the four -well cross section, and for well 11791.

The nitrate concentration in source area well 07391 is 67 mg/L, which is far above the RFETS background mean of

1.4 mg/L for Rocky Flats Alluvium (DOE 1993b).  In Figure 7-8, nitrate concentration is seen to decrease in

concentration away from the source to a range of 1-4 mg/L.  Low nitrate values in the source would favor

biodegradation, whereas high values would tend to retard dechlorination.  Wiedemeier (et al, 1996) suggest that a

concentration of nitrate above 1 mg/L may impact biodegradation of chlorinated organics.  Given the typically high

concentration of nitrate in the vicinity of well 07391 near Ryan’s Pit, it appears nitrate could be hampering the

biodegradation process.  Because nitrate is a key indicator of the efficacy of biodegradation on chlorinated solvents,

continued sampling is advised.

The sulfate concentration in well 07391 was 200 mg/L, which is substantially above the RFETS background mean

of 22 mg/L (DOE 1993b).  Figure 7-8 shows the concentration of sulfate leveling off downgradient of well 07391 to
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the 60 mg/L range.  Because sulfate and nitrate behave similarly with respect to their electron acceptance, lower

values would be expected near the source if biodegradation was occurring in the source area.

Wiedemeier et al (1996) suggest that sulfate above 20 mg/L could compete with the chlorinated solvents as an

electron acceptor and thus retard the biodegradation process of the latter.  Given that sulfate was found at 200 mg/L

in the source area and at high levels away from the source, it can be deduced that sulfate may be retarding the

biodegradation of volatile organics occurring at 903 Pad/Ryan’s Pit.  Because sulfate is a key indicator of the

efficacy of biodegradation on chlorinated solvents, continued sampling is advised.

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process.  Anaerobic

bacteria cannot function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur

(Wiedemeier, et al, 1999).  Multiparameter downhole probes were installed in wells 07391, 1187 and 90399 to

measure DO.  Figure 7-8 shows that DO concentration (represented as an average of many 4-hour readings) at well

07391 were approximately 5.4 mg/L and decreases to 4.2 mg/L in well 1187.  DO readings at 90399 averaged 5.3

mg/L.  Taking the data at face value, it would appear that DO levels are detrimental for anaerobic degradation of

organic compounds in this area.  Unfortunately, there appeared to be some drift in the DO measurements from the

downhole probes, which typically displayed lower readings with time in the well.  Because of this drift, DO

measurements may not reflect actual conditions in the groundwater.

7.3.3 Metabolic By-Products

Ferric iron (Fe3+) is reduced to ferrous iron (Fe2+) during anaerobic biodegradation of organic hydrocarbons.

Therefore, an increase in ferrous iron concentration in the source area can suggest the amount of biodegradation that

is occurring.  Unfortunately ferrous iron was not collected from the 903 Pad/Ryan’s Pit area wells in 2000 because

of a sampling oversight.  It will be collected in future sampling rounds.

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an electron

acceptor during biodegradation.  Figure 7-8 shows that sulfide is fairly consistent in the wells along the plume cross

section at approximately .028 mg/L.  Wiedemeier et al (1996) believe that sulfide above 1 mg/L would allow

reductive dechlorination to take place.  The low amount of hydrogen sulfide generated is suggestive of insufficient

reductive dechlorination.

The presence of methane in groundwater is indicative of strongly reducing conditions.  Methane can be produced

through the biodegradation of petroleum hydrocarbons.  The presence of methane in groundwater containing

chlorinated solvents suggests that the chemistry of the groundwater is favorable for reductive dechlorination.  Figure

7-9 shows that methane decreases from approximately 0.003 mg/L in well 07391 to non-detect in downgradient

wells.  Well 11791 shows the highest methane measurement at .022 mg/L. Wiedemeier et al (1996) believe that

methane above 0.1 mg/L would allow reductive dechlorination to take place.  Except for well 11791, methane

values along the plume cross-section are fairly low, suggesting that the chemistry of the groundwater is not

favorable for reductive dechlorination, or at least the complete breakdown of solvents to the methane end product is



01-RF-02107
2000 Annual Rocky Flats Cleanup Agreement

(RFCA) Groundwater Monitoring Report

            7 - 14

not occurring.  However, the higher methane reading at well 11791 may suggest that a more favorable environment

occurs closer to the 903 Pad source area. Because methane is a key indicator of the efficacy of biodegradation on

chlorinated solvents, continued sampling is advised.

The presence of elevated concentrations of chloride in downgradient groundwater relative to upgradient locations

suggests that reductive dechlorination of organic solvents is taking place.  This is because the replacement of

hydrogen for chlorine in the chemical structure of the chlorinated organic compound during reductive dechlorination

releases chlorine in the process.  Figure 7-8 shows the concentrations of chloride seen in well 07391 are very high

(470 mg/L).  Chloride concentrations drop in downgradient well 1187 to 69 mg/L and finally down to 34 mg/L in

well 90399.  Well 11791 has a similar value of 59 mg/L.  The RFETS background mean concentrations for chloride

in alluvial materials is 8 to 18 mg/L (DOE 1993b).  The Groundwater Geochemistry Report for RFETS (EG&G

1995c) shows that chloride concentration increases from west to east at RFETS and that chloride concentrations in

the Industrial Area range from 25 to 100 mg/L.  Given the dramatic change in chloride concentration from well

07391 relative to downgradient wells, it may be that some reductive dechlorination is occurring at the Ryan’s Pit

Plume.

7.3.4 Conclusions and Recommendations

The results from the sampling in 2000 suggest that in general, conditions downgradient of the 903 Pad/Ryan’s Pit

source areas may not be favorable to biodegradation of VOCs.  Table 7-4 shows the score for determining whether

biodegradation is feasible in the area of the 903 Pad/ Ryan’s Pit Plume.  A suggested by Wiedemeier et al (1996), a

score of 0 to 5 points indicates that there may be minimal biodegradation occurring.  This is the case for the single

round of sampling data available for the 903 Pad/Ryan’s Pit Plume wells.
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Table 7-4   Checklist for Determination of Biodegradation: 903 Pad/Ryan’s Pit

Analyte Concentration in most
Contaminated Zone Significance Points

903Pad/Ryans
Pit  Near
Source

903Pad Ryan’s
Pit  Outside

Source

Oxygen < 0.5 mg/L Tolerated at this concentration 3 0 0

Oxygen > 1.0 mg/L Prohibits reductive dechlorination -3 -3 -3

Nitrate < 1.0 mg/L Competes with reductive pathway at higher
concentrations

2 0 0

Ferrous Iron > 1.0 mg/L Reductive pathway possible 3 NA NA

Sulfate < 20 mg/L Competes with reductive pathway at higher
concentrations

2 0 0

Sulfide > 1.0 mg/L Reductive pathway possible 3 0 0

Methane > 0.1 mg/L Ultimate reductive daughter product 2 0 0

Redox < 50 mV Reductive pathway possible 1 1 0

Redox < -100 mV Reductive pathway more possible 2 0 1

TOC > 20 mg/L Carbon and energy source – drives dechlorination 2 0 0

Temperature > 20 degrees C Biochemical process accelerated 1 0 0

Carbon Dioxide > 2x background Ultimate oxidative daughter product 1 NA NA

Alkalinity > 2x background Results from interaction of CO2 with aquifer 1 1 0

Chloride > 2x background Daughter product of organic chlorine 2 2 0

Hydrogen > 2 nM Reductive pathway possible 3 NA NA

Chloroform Present Daughter product of Carbon Tetrachloride 2 2 2

Methlyene Chloride Present Daughter product of Chloroform. 2 2 2

Chloromethane Present Daughter product of Methylene Chloride 2 0 0

NA = not analyzed Score 5 2

Well 07391 does contain significant concentrations of potential breakdown products in the form of TCE, which

could be a daughter product of PCE, and chloroform, which could be a breakdown product of carbon tetrachloride.

Unfortunately, process knowledge of organic solvents used at the site refutes the PCE-TCE transition because large

amounts of TCE were used.  Questions remain as to how much chloroform was used at the Site.  The history of

Ryan’s Pit involves the dumping of many liquid wastes, the actual make-up of which is not well documented.

Monitoring is proposed to continue along the Ryan’s Pit plume cross section.  It is recommended that a well

upgradient of the source areas, or at least a well unaffected by the sources, be monitored  for establishing

background water quality.

7.4 PU&D Yard Plume Investigations

In 2000, The Water Programs Group expanded upon a field investigation initiated in 1997 to evaluate the nature and

extent of VOC groundwater contamination in the PU&D Yard area.  Section 8.4 discusses the groundwater

evaluation project that was conducted.  Maps showing the location of the plume and the wells discussed can be

found in Figures 8.7 – 8.11 in Section 8.
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An additional component of the PU&D Yard Plume investigation was the identification of wells suitable for

evaluating plume degradation.  As with other plume degradation projects, wells were chosen so as to be along the

contaminant migration pathway in the plume.  This cross section along the plume was defined by well 01097, which

is upgradient of the known source; well 30900, which is in the source, and wells 01497, 70693 and 02097 which are

located in the plume, downgradient of the source.  Plume degradation parameters were collected from these wells

and are listed in Table 7-4.

Table 7-5   PU&D Yard Sample Results

WELL DATE CARBON
TETRACHLORIDE CHLOROFORM METHYLENE

CHLORIDE CHLOROMETHANE METHANE

01097 1/24/01 1 1 0.88 1 1

30900 1/17/01 0.3 1 1 1 5

01497 1/24/01 7 1 0.1 1 1

70693 1/24/01 2 0.8 1 2 1

02097 1/24/01 1 0.9 0.2 2 17000

WELL DATE 1,1,1-
TRICHLOROETHANE

1,1-DICHLORO-
ETHANE

CHLORO-
ETHANE ETHANE

01097 1/24/01 1 1 1 2

30900 1/17/01 1 1 1 2.5

01497 1/24/01 0.7 0.7 1 2

70693 1/24/01 38 0.3 1 2

02097 1/24/01 13 4 1 2

WELL DATE TETRACHLORO-
ETHENE

TRICHLORO-
ETHENE

cis-1,2-
DICHLORO-

ETHENE

1,1-
DICHLOROETHENE

VINYL
CHLORIDE ETHANE

01097 1/24/01 1 1 1 0.5 1 2

30900 1/17/01 120 9 1.2 0.5 1 2

01497 1/24/01 15 33 2 79 1 2

70693 1/24/01 5 9 0.3 25 1 2

02097 1/24/01 5 30 0.3 9 0.9 2

WELL DATE SULFATE
mg/L

SULFIDE
mg/L

DISSOLVED
OXYGEN

mg/L

CHLORIDE
mg/L

FERROUS
IRON
mg/L

TOC
mg/L

NITRATE
mg/L

01097 1/24/01 16 0.079 3.5 7.3 NA 0.649 2.5

30900 1/17/01 15 0.056  NA 6.4 NA 1.4 0.05

01497 1/24/01 23 0.08 5 11 NA 0.5 0.05

70693 1/24/01 24 0.031 NA 11 NA 0.62 0.05

02097 1/24/01 32 0.002 NA 16 NA 8.2 0.5

NA = not analyzed

7.4.1 Electron Donors

Figure 7-11 shows results for total organic carbon for the first quarter 2001.  TOC is approximately 0.65 mg/L in

upgradient well 01097, and increases to 1.4 mg/L in source well 30900.  The TOC values then decrease again to

approximately 0.5 – 0.6 mg/L in wells 01497and 70693, then rise again to 8.2 mg/L in well 02097.  Wiedemeier et

al (1996) suggest that TOC values above 20 mg/L ensure that enough carbon is present to drive dechlorination.

Therefore, the limited amount of carbon in groundwater may be retarding the rate of reductive dechlorination in the

PU&D Yard area.
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7.4.2 Electron Acceptors

Tetrachloroethene is the predominant chlorinated organic compound found in the PU&D Yard source along with

trichloroethene.  Figure 7-12 shows that there is no PCE or TCE in upgradient well 01097 and that PCE drops in

concentration from 120 µg/L at the source well to approximately 5 µg/L downgradient along the plume.  Figure 7-12

also shows that TCE and 1,1-DCE increase in concentration downgradient of the source well in well 01497.

Downgradient of well 01497, 1,1-DCE decreases in concentration to 9 µg/L at well 02097.  TCE decreases in

concentration to 9 µg/L at well 70693 before increasing again to 30 µg/L at well 02097.  Other breakdown products

of PCE were not observed.

Given the data available, it would appear that there may be reductive dechlorination occurring in the vicinity of well

01497 which is causing the TCE and 1,1, DCE daughter products to be formed from the PCE found in the source.

Unfortunately, process knowledge of organic solvents used at the Site complicates the PCE-TCE transition because

large amounts of TCE were used.  Questions remain as to whether 1,1, DCE was used as a process chemical at the

Site.  Also, the plume maps in Section 8 show that in addition to TCE and 1,1 DCE, carbon tetrachloride and 1,1,1

TCA increase downgradient of the source well.  Since carbon tetrachloride and 1,1,1,TCA are not breakdown

products of PCE or TCE, there is good evidence that there is a different source contributing to the plume in the area

of 01497.  If this is true, then the occurrence of TCE and 1,1 DCE is also suspect given that 1,1-DCE is

predominantly a breakdown product of 1,1,1 TCA.  It is suggested that sampling for these compounds continue for a

sufficient time period to establish a rate of breakdown at the source.

Nitrate and sulfate were analyzed because these species, along with dissolved oxygen, can compete with chlorinated

solvents as electron acceptors.  If high levels of nitrate and/or sulfate were to exist in the groundwater in the vicinity

of PU&D Yard source, the reductive dechlorination of carbon tetrachloride and its by products could be retarded.

The graph on Figure 7-11 shows the concentrations of nitrate along the five well cross section.  The nitrate

concentration in upgradient well 01097 is 2.5 mg/L, which is slightly above the RFETS background mean of 1.4

mg/L for Rocky Flats Alluvium (DOE 1993b).  In Figure 7-16 nitrate concentration is seen to decrease in

concentration downgradient to 0.05 mg/L and slightly rising again to 0.5 mg/L at well 02097.  Low nitrate values in

the source would favor biodegradation whereas high values would tend to retard dechlorination.  Wiedemeier et al

(1996), suggest that a concentration of nitrate above 1 mg/L may impact biodegradation of chlorinated organics.

Given the low nitrate values in this plume it appears that nitrate would not hamper the biodegradation process.

Because nitrate is a key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is

advised.

The sulfate concentrations in well 01097 is 16 mg/L, which is below the RFETS background mean of 22 mg/L

(DOE 1993b).  Figure 7-11 shows the concentration of sulfate steadily rising downgradient of well 01097 to 32

mg/L in well 02097.  Because sulfate and nitrate behave similarly with respect to their electron acceptance, lower

values would be expected near the source if biodegradation was occurring in the source area.  Wiedemeier et al

(1996) suggest that sulfate above 20 mg/L could compete with the chlorinated solvents as an electron acceptor and

thus retard the biodegradation process of the latter.  Given that sulfate was found at 15 mg/L in the source area and
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at slightly higher levels away from the source, it can be deduced that sulfate may have little effect the

biodegradation of VOCs occurring at the source, but could inhibit the process in the downgradient PU&D Yard

plume.  Because sulfate is a key indicator of the efficacy of biodegradation on chlorinated solvents, continued

sampling is advised.

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process.  Anaerobic

bacteria cannot function at DO concentrations above 0.5 mg/L and hence, reductive dechlorination cannot occur

(Wiedemeier, et al, 1999).  Multiparameter downhole probes were installed in wells 01097 and 01497 to measure

dissolved oxygen.  Figure 7-11 shows that DO concentrations (as an average of many 4-hour readings) at well 01097

were approximately 0.20 mg/L and increases to 5.8 mg/L in well 01497.  Taking the data at face value, it would

appear that DO levels are favorable to anaerobic degradation of organic compounds upgradient of the source, but

become unfavorable downgradient of the source in this area.  Unfortunately, there appeared to be some drift in the

DO measurements from the downhole probes, which typically displayed lower readings with time in the well.

Because of this drift, DO measurements may not reflect actual conditions in the groundwater.

7.4.3 Metabolic By-Products

Ferric iron (Fe3+) is reduced to ferrous iron (Fe2+) during anaerobic biodegradation of organic hydrocarbons.

Therefore, an increase in ferrous iron concentration in the source area can suggest the amount of biodegradation that

is occurring.  Unfortunately, ferrous iron measurements were not collected from the PU&D Yard area wells in 2000

because of a sampling oversight.  It will be collected in future sample rounds

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an electron

acceptor during biodegradation.  Figure 7-11 shows that sulfide concentration is 0.079 in upgradient well 01097, and

0.056 mg/L in source well 30900.  Sulfide in well 01497 is 0.08 mg/L, 70693 us 0.031 mg/L and in well 02097 is

0.002 mg/L.  Wiedemeier et al (1996) believe that sulfide above 1 mg/L would allow reductive dechlorination to

take place.  The low amount of hydrogen sulfide generated is suggestive of insufficient reductive dechlorination.

The presence of methane in groundwater is indicative of strongly reducing conditions.  Methane can be  produced as

the final breakdown product of carbon tetrachloride biodegradation.  The presence of methane in groundwater

containing chlorinated solvents suggests that the chemistry of the groundwater is favorable for reductive

dechlorination.  Table 7-5 shows that methane is undetected in upgradient well 01097, is 0.005 mg/L in well 30900,

and is undetected in wells 01497 and 70693.  Well 02097 shows a very high methane measurement at 17 mg/L.

Wiedemeier et al (1996) believe that methane above 0.1 mg/L would allow reductive dechlorination to take place.

Except for well 02097, methane values along the plume cross-section are fairly low, suggesting that the chemistry of

the groundwater is not favorable for reductive dechlorination, or at least the complete breakdown of solvents to the

methane end product is not occurring.  The high methane reading at well 02097 is interesting given that most other

biodegradation parameters are generally unfavorable for biodegradation at this well.  One possibility is that methane

generated from the Present Landfill is migrating into the area of well 02097.  The 1995 Geologic Characterization

Report (EG&G 1995a) suggests that a hypothesized bedrock fault trends near well 02097.  It is possible that
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methane from the landfill could migrate along the fault to this location, however, additional investigation is required

to confirm this possibility.  Because methane is a key indicator of the efficacy of biodegradation on chlorinated

solvents, continued sampling is advised.

The presence of elevated concentrations of chloride in groundwater relative to upgradient locations suggests that

reductive dechlorination of organic solvents is taking place.  This is because the replacement of hydrogen for

chlorine in the chemical structure of the chlorinated organic compound during reductive dechlorination releases

chlorine in the process.  Figure 7-11 shows that chloride concentrations steadily increase from 7.3 mg/L at

upgradient well 01097 to 16 mg/L at the farthest downgradient well (02097).  The RFETS background mean

concentrations for chloride in alluvial materials is 8 to 18 mg/L (DOE 1993b).  The chloride concentration is,

therefore, increasing downgradient, which would suggest that biodegradation may be occurring.  However, the

values obtained are within the range of  normal upgradient background concentrations for the Site and may not

suggest increased biological activity.  Because chloride values on Site can be affected by the use of salt on the

roadways during the winter, the data may be suspect as a key indicator of the efficacy of biodegradation on

chlorinated solvents.

7.4.4 Conclusions and Recommendations

The results from the sampling in 2001 suggest that in general, conditions downgradient of the PU&D Yard source

areas may not be favorable to biodegradation of VOCs.  Table 7-6 shows the score for determining whether

biodegradation is feasible in the area of the PU&D Yard Plume.  In general, because these scores are between 0 and

5, conditions appear to be unfavorable for biodegradation to take place in both the source and in the downgradient

plume. Complications arise in evaluating the data with respect to the TCE and 1,1 DCE daughter products and

whether these compounds are associated with another plume source downgradient of the known source. The high

methane value found in well 02097 should be verified by additional sampling.
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Table 7-6   Checklist for Determination of Biodegradation: PU&D Yard Plume

Analyte Concentration in most
contaminated zone Significance Points PU &D Yard

near Source
PU&D Yard

Outside source

Oxygen < 0.5 mg/L Tolerated at this concentration 3 0 0

Oxygen > 1.0 mg/L Prohibits reductive dechlorination -3 -3 -3

Nitrate < 1.0 mg/L Competes with reductive pathway at higher
concentrations

2 2 2

Ferrous Iron > 1.0 mg/L Reductive pathway possible 3 NA NA

Sulfate < 20 mg/L Competes with reductive pathway at higher
concentrations

2 2 0

Sulfide > 1.0 mg/L Reductive pathway possible 3 0 0

Methane > 0.1 mg/L Ultimate reductive daughter product 2 0 0

Redox < 50 mV Reductive pathway possible 1 0 0

Redox < -100 mV Reductive pathway more possible 2 0 0

TOC > 20 mg/L Carbon and energy source – drives
dechlorination

2 0 0

Temperature > 20 degrees C Biochemical process accelerated 1 0 0

Carbon Dioxide > 2x background Ultimate oxidative daughter product 1 NA NA

Alkalinity > 2x background Results from interaction of CO2 with aquifer 1 0 0

Chloride > 2x background Daughter product of organic chlorine 2 0 0

Hydrogen > 2 nM Reductive pathway possible 3 NA NA

Trichloroethene Present Daughter product of Tetrachloroethene 2 2 2

1,1, Dichloroethene Present Daughter product of Chloroform. 2 0 2

Vinyl Chloride Present Daughter product of Methylene Chloride 2 0 0

NA = not analyzed Score 3 3

7.4.5  PU&D Yard Plume Treatability Study

The PU&D Yard at RFETS, also known as IHSS 170, was used to store empty drums, dumpsters, cargo boxes and

excess materials from 1974 until 1997.  A plume of VOC contaminated groundwater is derived from a contaminant

source located in the PU&D Yard (see Figures 8.7 – 8.11).  Investigation results indicate that subsurface VOC

contamination is present in only a few locations and that the primary contaminant is PCE.  Most of the soil

contamination lies in the saturated zone, and the groundwater plume, although well developed, is relatively

dispersed with low concentrations of solvents.

A treatability study is in progress to evaluate the effectiveness of Hydrogen Release Compound (HRC) for

enhancing biodegradation of the VOCs in the groundwater and soil at the PU&D Yard Plume.  HRC is a

proprietary, environmentally safe, food quality, polylactate ester formulated for slow release of lactic acid upon

hydration.  The HRC is expected to stimulate rapid degradation of chlorinated VOCs found in groundwater and soil

at this location by making low concentrations of hydrogen available to the resident microbes to use for reductive
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dechlorination.  The HRC is expected to be a one-time application.  According to the manufacturer (Regenesis), the

material is expected to stimulate contaminant degradation for approximately one year.

The product has been used at other sites to stimulate rapid degradation of chlorinated VOC contaminants in

groundwater and soil.  This study will evaluate the effectiveness of HRC in the low flow groundwater regimes

common at RFETS.  This project is a cooperative effort between RFETS and the DOE Subsurface Contaminant

Focus Area  (SCFA) and funding is provided by DOE SCFA.

A number of investigations have been conducted in the PU&D Yard area during the 1990s.  Based on these

investigations, the study area was located in the northeast corner of IHSS 174 in the PU&D Yard, within the most

highly contaminated portion of the PU&D Yard Plume. The contamination is likely derived from storage of drums

that contained residual VOCs.  Although the primary contaminant in the study area is PCE, there are many different

chlorinated and non-chlorinated solvents present in the groundwater.

A monitoring well (30900) was installed in 2000 in a location immediately adjacent to borehole 17497, where the

highest concentrations of VOCs in soils were detected.  An additional monitoring well (31001) was installed slightly

downgradient of the source area in January 2001.  Baseline samples were collected from these two monitoring wells

prior to insertion of the HRC (see Table 7-7).

Table 7-7   Baseline Groundwater Concentrations
Well Tetrachloroethene

(µg/L)
Trichloroethene

(µg/L)
30900 9 120

31001 18 5.5
RFCA Tier I Groundwater Action Levels 500 500
RFCA Tier II Groundwater Action Levels 5 5

In February 2001, 16 small diameter boreholes were drilled as insertion points for the HRC.  Approximately 800

pounds of HRC was placed into the subsurface.  These material insertion points are located within the source area

of the plume immediately surrounding borehole 17497.  Instead of injecting the HRC into the aquifer, a tremie pipe

was placed in each material insertion point and slowly withdrawn as each hole was filled with HRC.  Once filled,

each hole was capped in bentonite.  Insertion of the HRC was completed on March 1, 2001.

Monitoring was initiated at the end of April 2000, two months after the HRC was inserted.  The purpose of this

delay was to allow subsurface conditions to stabilize.  Monthly monitoring of wells 30900 and 31001 has continued

subsequent to the initial sampling to evaluate the effectiveness of the treatment.






