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EXECUTIVE SUMMARY 

This report, which is required annually by the Rocky Flats Cleanup Agreement (RFCA, 1996), summarizes the 

groundwater compliance activities, groundwater flow conditions, groundwater characterization activities, and well 

abandonment and replacement program (WARP) activities at the Rocky Flats Environmental Technology Site 

(RFETS) for calendar year (CY) 2001. The report is presented in two volumes; one that contains text, tables, 

figures, and appendices and another that contains plates. It is intended as a stand-alone document where all 

groundwater issues at RFETS for CY 2001 can be referenced and reviewed. 

Only CY 2001 analytical and potentiometric data is utilized for certain sections. These are Section 2.0 (Data 

Summary for RFCA-Designated Wells Sampled in 2001), Section 3.0 (Groundwater Flow Conditions During 2001), 

Section 5 .O (Building Decontamination and Decommissioning [D&D] Monitoring Through 200 I), Section 6.0 

(Present Sanitary Landfill - 2001 Update) and Section 11.0 (Groundwater Data Quality Assessment for 2001). In 

the remaining sections of this report, where CY 2002 potentiometric and analytical data is available (generally for 

the ISt  and 2”d quarters), it is utilized when it is pertinent to the specific discussion. 

It is difficult to construct an Executive Summary for a document of this magnitude, especially when it contains 

information from the numerous and varied groundwater projects that are currently being implemented at RFETS at 

the present time. The following paragraphs serve to identify and familiarize the reader with the main sections of this 

document. 

Section 1 .O serves as an introduction to the report and summarizes the Site environmental history and hydrogeologic 

setting. Section 2.0, Data Analysis, discusses the groundwater quality data collected in CY 2001 with respect to 

exceedances of RFCA groundwater action levels. Section 3 .O presents groundwater flow conditions during CY 

2001 and compares them to groundwater flow conditions documented during CY 1996. Hydrologic conditions 

during calendar year 1996 are considered to represent a sitewide baseline that is used in assessing annual changes to 

the groundwater flow system in the remaining years of plant closure and during post-closure monitoring. Section 

3 .O also contains a discussion of the real time groundwater-moniforing network. Section 4.0 discusses performance 

monitoring of RFETS groundwater remediation systems and source removals. The areas discussed in Section 4.0 

include the Mound Site, Solar Evaporation Ponds, East Trenches, 881 Hillside, and Ryan’s Pit. Section 5.0 presents 

a summary of building D&D related groundwater activities that have taken place historically and is updated for CY 

2001. Section 6.0 presents a discussion of the historic and current conditions at the Present Sanitary Landfill. 

Plume degradation monitoring of the Carbon Tetrachloride Plume (IHSS 118. l), the 903 PadRyan’s Pit Plume, and 

’ the Property Utilization and Disposal (PU&D) Yard Plume is discussed in Section 7.0. Section 8.0, Groundwater 

Evaluations, discusses the evaluation activities that are in progress for areas of the Site having reportable 

concentration values or where it is known that contaminant plumes have reached surface water. Section 9.0 presents 

a summary of ongoing or recently completed groundwater characterization activities at RFETS including the 

Actinide Migration Project, the Site-wide Water Balance, and the current Solar Ponds Plume investigation. Section 

... 
Vlll  
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10.0 serves to outline other Groundwater Program activities including the CY 2001 WARP activities and a summary 

of two White Papers recently published by the Water Programs Group. Section 1 1 .O contains a CY 200 1 

groundwater data quality assessment regarding the precision, accuracy, representativeness, completeness, and 

comparability (PARCC parameters) of analytical data. Section 12.0 presents conclusions and recommendations for 

future RFETS groundwater monitoring, characterization, evaluation, and remediation activities. Section 13 .O lists 

the bibliography for the all references that are cited in the text of this document. 

There are six appendices to this report. Appendix A consists of trend plots of analytical chemistry results. 

Appendix B consists of CY 200 1 water level data. Appendix C presents well hydrographs that have been updated 

through CY 2001. Appendix D presents borehole logs and well construction diagrams for monitoring wells installed 

during 200 1. Appendix E presents data quality assessment tables from Section 1 1 .O. Appendix F presents historical 

RFETS aquifer test data (slug and pumping tests). 

3 

i 
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1 .O INTRODUCTION 

This Annual Groundwater Monitoring Report summarizes the groundwater monitoring activities and results at 

WETS for CY 2001, as required in the Rocky Flats Cleanup Agreement (RFCA, 1996) and outlined in the 2001 

Integrated Monitoring Plan (IMP) (Kaiser-Hill [K-HI, 2000a). Section 1.0 serves as an introduction to the report. 

Section 2.0 discusses the groundwater quality data collected in CY 2001. Section 3.0 presents baseline (CY 1996) 

and CY 2001 hydrogeologic data for the RFCA groundwater-monitoring network. Section 4.0 discusses the 

performance monitoring activities that are in process for the various groundwater remediation projects ongoing at 

WETS. Section 5.0 discusses groundwater issues with respect to building D&D activities. ' Section 6.0 discusses 

the CY 2001 monitoring results for the Present Landfill. Sections 7.0, 8.0, and 9.0 discuss plume degradation 

activities, groundwater evaluations, and groundwater characterization activities, respectively. Section 10.0 discusses 

other groundwater program activities and Section 1 1 .O provides a data quality assessment of the groundwater data 

collected during CY 2001. Section 12.0 presents conclusions and future groundwater related activities, and Section 

13.0 lists all references found in this report. 

1 .I Site Description 

The WETS is located 16 miles northwest of Denver in Jefferson County, Colorado. The Site is a U.S. government- 

owned and contractor-operated facility that encompasses approximately 6,550 acres (Figure 1 - 1). Site ownership, 

however, does not include surface and subsurface minerals or water rights. Site construction was initiated in 195 1 

and operations were begun in 1952. 

Prior to the current closure mission, WETS was part of the nationwide nuclear weapons research, development, and 

production complex. The plant produced metal components for nuclear weapons from plutonium, uranium, 

beryllium, and stainless steel. Other production activities included chemical recovery and purification of recyclable 

transuranic radionuclides, metal fabrication and assembly, and related quality control functions. The plant 

conducted research and development programs in metallurgy, machining, nondestructive testing, coatings, remote 

engineering, chemistry, and physics. Parts manufactured at the Site were shipped offsite for final assembly. 

Major plant structures, including all production buildings, are located within the centralized 400-acre Industrial Area 

(IA) of the Site that is surrounded by a 6,150-acre Buffer Zone. Industrial activity immediately adjoining the Site 

includes present andor prior coal and clay mining, petroleum recovery, natural classified-aggregate quarrying, and 

fabricated-aggregate mining. Other activities include cattle ranching and wind energy research. Several irrigation 

ditches traverse the Site, transmitting water for downstream agricultural, industrial, and municipal purposes. Three 

ephemeral streams drain the Site and flow eastward (see Figure 1-2). 
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1.2 Geology and Hydrogeology 

1.2.1 Introduction 

The Site is situated approximately two miles east of the Front Range of Colorado (Figure 1 - 1) on the western margin 

of the Colorado Piedmont section of the Great Plains Physiographic Province (Spencer, 1961). Ham and Kent 

(1 965) have summarized the geologic history of the Colorado Rocky Mountain region, which includes the Site area. 

The elevation at the Site is approximately 6,000 feet above mean sea level (MSL). The Industrial Area of the Site is 

located on an alluvial-covered pediment. The upper surface of the alluvium slopes easterly 1 to 2 degrees. Most of 

the surrounding area in the Buffer Zone is more prominently dissected with intermittent streams. These small, 

eastward flowing streams include Rock Creek, Walnut Creek, Woman Creek, and several tributaries and surface 

water diversion ditches. 

I .2.2 Stratigraphy 

The stratigraphic sequence that underlies the Site extends from the crystalline Precambrian gneiss, schist, and 

granitoids at 3,000 feet below MSL to the unconsolidated Quaternary deposits at the surface approximately 6,000 

feet above MSL. Based upon aerial photographic interpretation, field geologic mapping, coal and aggregate mine 

development, petroleum exploration in the vicinity, and numerous borehole investigations, a substantial amount of 

lithologic information has been gained about the Site. The generalized lithologic section in the Rocky Flats area is 

shown in Figure 1-3. 

The Upper Cretaceous Pierre Shale and Fox Hills Sandstone underlie the Site, with the latter exposed in quarries 

along the western edge of the Site. The Cretaceous Laramie and Arapahoe Formations are exposed at the surface or 

underlie the Site. The Quaternary Rocky Flats Alluvium, and to a limited extent Verdos Alluvium, unconformably 

overlie the Arapahoe and Laramie Formations in the central portion of the Site. More recent valley fill alluvium and 

hillslope colluvium are also present. The unconsolidated surfcial deposits, combined with the weathered portion of 

subcropping bedrock fohations, form the sequence of rocks that have the greatest importance regarding 

groundwater flow and contaminant transport at the Site. 

1.2.2.1 Rocky Flats Alluvium 

Scott (1 975) identified several Quaternary alluvial pediment covers in the vicinity of the Site. The Rocky Flats 

Alluvium is an unconsolidated deposit derived from quartzites and granites of the Coal Creek Canyon provenance 

west of the Site. The deposit thins from west to east with thicknesses ranging from approximately 100 feet to less 

than one foot. In the central portion of the Site the deposit is approximately 15 to 25 feet thick. The Rocky Flats 

Alluvium is a heterogeneous deposit dominantly composed of angular to subrounded, poorly sorted, coarse, 

bouldery-gravel with a clay and sand matrix. Clay, silt, and sand lenses as well as varying amounts of caliche are 

also present. 
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Exposures of Rocky Flats Alluvium in the aggregate quarries north and west of the Site exhibit some large scale 

cross-stratification. Depositional processes include fluvial and debris-flow transport (Shroba and Carrara, 1994) 

infilling paleotopographic lows and leaving a widespread surface of erosion with extremely low relief. 
m 

1.2.2.2 Other Surficial Deposits 

In addition to the pediment covering alluvial deposits, younger Quaternary units consisting of colluvium, landslide 

alluvium, and valley fill alluvium mantle the hillslopes and valley bottoms below the pediment surface. Colluvial 

deposits are derived fiom older alluvial deposits and Arapahoe and Laramie Formations. This unit consists of 

sheetwash, soil creep, and landslide materials with a total thickness of 3 to 16 feet (Shroba and Carrara, 1994). 

These deposits locally flank the Rocky Flats Alluvium and generally extend to lower parts of the slopes along the 

principal drainages. 

Landslide deposits commonly flank the Rocky Flats Alluvium. They are often bounded by headwall scarps and 

lobate toes at the downslope margins. Seeps issuing fiom the base of the Rocky Flats Alluvium contribute to 

landslide colluvium generation. The landslide units include earth flows, slumps, and debris flows with thicknesses 

estimated between 10 to 33 feet (Shroba and Carrara, 1994). 

Valley-fill alluvial deposits, present in the bottoms of modem stream channels, flood plains, and terraces, are 

composed of clay, silt, sand, and gravel. They are commonly less than 10 feet thick but can be tens of feet thick. 

Usually these deposits contain more sand and are well sorted compared to the Rocky Flats Alluvium. 

1.2.2.3 Arapahoe Formation 

The Arapahoe Formation is composed of claystone and silty claystone with lenticular sandstone in the basal portion 

of the formation. The Arapahoe Formation is generally less than 25 feet thick in the Site area, occurring as erosional 

remnants of fine grained sandstone above the Laramie Formation at various locations on Site (EG&G, 1995a). This 

basal Arapahoe Formation sandstone, often referred to as the No. 1 Sandstone, is of concern as a potential 

contamination pathway, especially where it subcrops beneath the alluvium. 

1.2.2.4 Laramie Formation and Fox Hil l s  Sandstone 

The Laramie Formation is approximately 600 to 800 feet thick and is composed of a lower sandstoneklaystonekoal 

interval and an upper, thick claystone interval. Within the upper claystone interval, thin, lenticular sandstone lenses 

(i.e., Sandstones 2 through 5 in the 1991 Geologic Characterization Report [EG&G, 1991al) occur. The 

discontinuous nature of these sandstone lenses coupled with the large claystone layer that encloses them mitigates 

their potential for transmitting groundwater contamination in both a horizontal and vertical direction. 

The Fox Hills Sandstone is primarily fine-grained sandstone with thin siltstone and claystone interbeds and an 

approximate thickness of between 75 and 125 feet. The Fox Hills Sandstone is exposed in quarries and subcrops 
I 
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along a narrow, north-south trending pattern in the extreme western part of the Site, upgradient fiom known sources 

of contamination. 

The permeable lower sandstones and coals of the Laramie, combined with the permeable sandstones of the Fox 

Hills, constitute a regional aquifer system known as the Laramie-Fox Hills aquifer. This aquifer system is an 

important water source in the South Platte River Basin (Pearl, 1980), and is the sole water supply for some residents 

in the Rocky Flats area. This aquifer lies approximately 500 to 600 feet below the Lndustrial Area and is protected 

fiom contamination by the intervening Laramie Formation claystones. 

1.2.2.5 Pierre Formation I 
The Pierre Formation is a 7,500-foot thick, dark gray, silty bentonitic shale that acts as a lower confining layer for 

the Laramie-Fox Hills aquifer in the Denver Basin. This thick marine shale unit subcrops only in the extreme 

western part of the Site. 

I I .2.3 Geologic Structure 

The Site is located along the western margin of the Denver Basin, an asymmetric basin with a steeply east-dipping 

western flank and a gentle west-dipping eastern flank. The interpretation of the subsurface structure is generalized 

in the east-west geological cross section of the Site area presented in Figure 1-4. A monoclinal fold limb present 

west of the Site is the most significant surficial structural feature in the Site area. Along the west limb of the fold, an 

angular unconformity exists between the Upper Cretaceous bedrock and the base of the Quaternary Rocky Flats 

Alluvium. 

No active faults have been identified at the Site. Several high angle bedrock faults have been inferred to exist in the 

IA based on various stratigraphic and borehole correlation criteria. These faults appear to have only a limited 

hydrologic significance with regard to vertical groundwater movement and contaminant transport (RMRS, 1996a). 

1.2.4 Hydrogeology 

This section presents the basic concepts regarding hydrogeologic conditions at the Site that affect groundwater 

monitoring and protection. Characterization of the hydrogeologic setting is based on the currently accepted 

conceptual geologic and hydrogeologic models described in the Sitewide Geoscience Characterization Study 

(EG&G, 1995a; 1995b; 199%). These conceptual geologic and hydrogeologic models are used to predict the 

direction and rate of groundwater flow, identify potential pathways for contaminant migration, and determine the 

extent of contaminant plumes given varying physical, chemical, and biological factors. 
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1.2.4.1 Definition of the Uppermost Aquifer for the Site 

The term aquver as defined by 40 CFR Section 260.10 is a “geologic formation, group of formations, or a part of a 

formation that is capable of yielding a significant amount of water to a well or spring.” An uppermost aqufer is 

also defined as “the geologic formation nearest the natural ground surface that is an aquifer, as well as lower 

aquifers that are hydraulically interconnected with this aquifer within the facility’s boundary.” Geologic materials 

with similar hydrologic properties comprise a hydrostratigraphic unit (HSU) (Fetter, 1988). For purposes of this 

report, the uppermost aquifer or upper hydrostratigraphic unit (UHSU) consists of the unconfined saturated zone, in 

which unconsolidated and consolidated groundwater-bearing strata are in hydraulic communication. The UHSU 

consists of the following geologic units: Rocky Flats Alluvium, valley-fill alluvium, colluvium, landslide deposits, 

weathered Arapahoe and Laramie Formation bedrock, and all sandstones within the Arapahoe and upper Laramie 

Formations in hydraulic communication with the overlying unconsolidated surficial deposits. The UHSU is 

considered to be equivalent to the uppermost aquifer at the Site, although in many areas of the site the amount of 

water available in the UHSU is insufficient to meet the definition of aquifer given above. 

Beneath the surficial materials and the consolidated deposits of the UHSU are the geologic units of the lower 

hydrostratigraphic unit (LHSU). The LHSU consists of the consolidated, unweathered bedrock zone of the 

Arapahoe and upper Laramie Formations not in hydraulic communication with the overlying UHSU. The Arapahoe 

and upper Laramie Formations comprising the geologic units of the LHSU consist of lesser amounts of sandstone 

and greater amounts of adjacent claystones. Because of the low permeability of the claystones, they behave as 
aquitards restricting hydraulic communication with the UHSU. The lower Laramie Formation and Fox Hills 

Sandstone comprise a stratigraphically lower and third hydrostratigraphic unit beneath the site. Groundwater within 

the three-hydrostratigraphic units are hydraulically separated beneath the IA. Because of monoclinal folding and 

erosional proximity they do converge, however, and potentially mix immediately upgradient of RFETS near the 

western margin of the Site. Background geochemical characterization of the UHSU and LHSU has revealed that 

these units have statistically different groundwater chemistry, resulting in the delineation of separate 

hydrostratigraphic units (EG&G, 1993a). 

1.2.4.2 Groundwater Occurrence and Distribution 

The Site is located in a regional groundwater recharge area (EG&G, 1991a), however, discharge may occur locally 

to streams and seeps. Groundwater recharge occurs fiom the infiltration of incident precipitation and as base flow 

near the upgradient area of the Site drainage basin that extends west to Coal Creek. Groundwater net recharge also 

occurs from stream, ditch, and pond seepage, and from leaking utilities such as water supply lines, sanitary sewers, 

and storm drains. Some of the groundwater that discharges fiom the UHSU to streams and seeps evaporates as it is 
being discharged. The Site-wide Water Balance (S-) indicated that most of the precipitation component of 

recharge was lost to evapotranspiration (ET) demands (K-H, 2002~). ET removes groundwater from storage in 

either the unsaturated zone or the saturated zone. e 
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0 In the western part of the Site, where the thickness of the Rocky Flats Alluvium may exceed 100 feet, the depth to 

the water table is 50 to 70 feet below the surface. The depth to water generally becomes shallower fiom west to east 

'as the alluvial material thins and the underlying claystones are closer to the ground surface. At the head of stream 

drainages and along valley sides, seeps are common and occur at the base of the Rocky Flats Alluvium where it is in 

contact with claystones of the ArapahoeLaramie Formations, and where the Arapahoe Formation sandstone crops 

out. In summary, the unconsolidated surficial materials are thicker in the western, higher elevations at the Site. 

Accordingly, the saturated thickness of these materials also thins eastward. The potentiometric surface of 

groundwater in permeable units of the UHSU has been mapped and is shown sitewide on Plates 3 and 4, and for the 

IA on Plates 5 and 6 .  The periods illustrated, spring and fall quarters, represent the times of year when static water 

levels are generally highest and lowest. Current areas of unsaturated and seasonally unsaturated alluvium and 

colluvium are indicated in the north/central IA, and east, northeast, and southeast of the IA. 

Groundwater in the Arapahoe Formation sandstone units, which subcrop beneath the alluvial material, is not 

confined when in contact with the surficial materials. In this setting, a hydraulic connection exists between the 

bedrock sandstone and the alluvial material allowing the bedrock groundwater to exist under unconfined conditions 

as part of the UHSU. The subcropping Arapahoe Formation No. 1 Sandstone, located in the eastern portion of the 

IA and in the area between South Walnut Creek and Woman Creek, is part of the UHSU (EG&G, 199 1 a). The 

upper discontinuous sandstones of the Laramie Formation also subcrop beneath alluvium and colluvium, but in 

limited areas in the valleys and along valley slopes. Groundwater in the lenticular sandstone units of the Laramie 

Formation occurs under confined conditions over scattered areas of the Site. 

Groundwater levels in UHSU wells fluctuate in response to seasonal recharge events. Of the wells that are not dry 
during at least one of the quarterly sampling events, approximately half cannot yield sufficient water volume 

. (approximately 4.5 gallons) necessary for well purging and colJection of a full suite of laboratory samples. As a 

result, sampling crews must return after wells have recovered to obtain additional sample volume. 

1.2.4.3 Groundwater Flow 

The shallow groundwater flow regime at the Site is illustrated by the configuration of potentiometric contours in < 

Plates 3 and 4. These maps indicate that groundwater flow is largely controlled by the topography of the bedrock 

surface, which is generally reflected by the topography of the ground surface. Shallow (UHSU) groundwater flow 

on a regional scale is primarily lateral because of the low permeability of the underlying claystone bedrock (i.e., 

conductivity contrast between UHSU material and unweathered bedrock) but locally can be controlled by many 

factors. Groundwater on the ridge tops generally flows toward the east with flow off the ridge tops to the north- 

northeast and south-southeast. In areas where the ridge tops are bisected by east-northeast trending stream 

drainages, groundwater flows to the north or south toward the bottom of the valleys. In the valley bottoms, 

groundwater flows to the east, generally following the course of the stream. , 
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The potential for vertical groundwater flow is limited by the low permeability of bedrock claystones, as indicated by 

the presence of strong downward vertical hydraulic gradients between the UHSU and underlying bedrock units. 

This is evidence of poor hydraulic communication. For example, vertical gradients on the order of 0.79 to 1.05 ft/ft 

have been calculated between colluvium and bedrock sandstones. The vertical groundwater velocity through 

claystones is estimated to be small, on the order of lo-’’ to 1 0-7 cdsec ,  based on calculations provided in RMRS 
(1 996a). Fracturing, where evident, is most abundant in the weathered bedrock zone and is observed to decrease 

with depth in unweathered bedrock. Preferential vertical groundwater flow and contaminant transport along 

fiactures or fault zones does not appear to represent a viable pathway for contaminant migration based on an 

assessment of available data (RMRS, 1996a). 
c 

1.2.4.4 Hydraulic Conductivity 

The UHSU at the Site has a relatively low to moderate hydraulic conductivity that typically yields small amounts of 

water to groundwater monitoring wells. The UHSU exhibits a wide range of hydraulic conductivities because of the 

diverse nature of the individual geologic units that comprise this unit. Summary statistics for UHSU hydraulic 

conductivities (EG&G, 199%; Table G-2) indicate a range of 5.0 x 

units of the UHSU are listed in order of decreasing “average” geometric mean hydraulic conductivity: valley-fill 

alluvium (9.197 x lo4 cdsec);  Arapahoe No. 1 sandstone (7.88 x lo4 cdsec); Rocky Flats Alluvium (4.18 x lo4 

cdsec  to 3.0 x 10” cdsec.  The individual 

cdsec);  colluvium (9.33 x 10” cdsec);  weathered Laramie Formation sandstones (3.89 x lo’ cdsec); and 

weathered Laramie Formation claystones (8.82 x cdsec). a 
Hydraulic conductivities for LHSU materials are generally the lowest measured at the Site with geometric mean 

values for individual lithologic groups ranging ffom 1.6 x lo-’ to 5.8 x lo-’ cdsec  (EG&G, 199%; Table G-2). 

In summary, the following major geologic and hydrologic parameters influence groundwater flow at the Site 

(EG&G, 1995a; 1995b): 

(1) The surface waters of the upslope drainage basin in part recharge groundwater and the three principal 
streams draining the Site. The majority of shallow groundwater is intercepted by these drainages. 

(2) The semi-arid climate limits the amount of precipitation available for groundwater recharge. The 
lithology and permeability of the unconsolidated surficial deposits permit meteoric waters to recharge 
the water table in the cooler times of the year (during low ET) and during extended precipitation 
events. The water table is contained in these surface deposits and weathered bedrock. 

(3) Paleotopography of the bedrock pediment, which is less permeable than the overlying unconsolidated 
surficial deposits, serves to direct groundwater movement along bedrock “lows.” 

(4) Paleoweathering of shallow bedrock materials has enhanced the permeability of the upper 10 to 60 feet 
relative to unweathered bedrock. 

( 5 )  The permeability of bedrock units, composed primarily of claystone with lesser amounts of siltstone 
and sandstone, is generally several orders of magnitude less than that for unconsolidated surficial 
deposits. 
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The 600 plus feet of unweathered, upper Laramie Formation claystone bedrock between the shallow groundwater 

flow system and deep regional Laramie-Fox Hills aquifer provides an effective aquitard that restricts downward 

vertical groundwater flow and contaminant transport (RMRS, 1996a). 

I .3 Environmental History 

Processing and fabrication of weapons-related components began at the Site in 1952 and continued through 1989. 

Fabrication of stainless steel components continued in one building, however, through the early 1990’s. During 

operation, environmental protection measures were established that at the time seemed consistent with prudent 

environmental management. However, some activities resulted in the environmental contamination of portions of 

I the Site. Efforts to document the extent of Site contamination became a major focus in the 1980s and continue today 

in accordance with the Resource Conservation and Recovery Act (RCRA), the Comprehensive Environmental 

Response, Compensation, and Liability Act (CERCLA), and the RFCA, a cooperative agreement between U.S. 

Department of Energy (DOE), U.S. Environmental Protection Agency (EPA), and Colorado Department of Public 

Health and Environment (CDPHE). In addition, a historical release report (HRR) (DOE, 1992a) has been developed 

that documents contamination arising from past practices. The HRR is updated on an annual basis with the 

knowledge gained from ongoing monitoring and investigative activities. These annual updates are submitted to the 

EPA and CDPHE as addenda to the original document. 

Documented areas of soil contamination have been designated as Individual Hazardous Substance Sites (MSSs). 

Many of these IHSSs have been characterized as part of the Remedial InvestigationEeasibility Study (RI/FS) 

process which was conducted under the Interagency Agreement (IAG, 1991) between DOE, CDPHE and EPA. 

Some IHSSs have already been remediated and Environmental Restoration, in accordance with a Site environmental 

remediation priority ranking system, currently schedules others for remediation. 

Groundwater investigations at the Site have determined that some IHSSs have released hazardous and radionuclide 

contaminants to groundwater. The most widespread contamination is that of volatile organic compounds (VOCs). 

Plate 13 shows the distribution of VOC contamination in the UHSU. Plume definition is inexact, however, because 

of limitations in well coverage, sampling frequency, variability of hydrostratigraphic conditions, local variations in 

groundwater velocity, and uncertainty regarding some source area locations. Previously published plume maps for 

VOCs can be found in previous RFCA Annual Reports (RMFS, 1997e; DOE, 1998b; RMRS, 1999m and 2000d; 

and SSOC, 2001a), annual RCRA Groundwater reports (EG&G, 1992; 1993c; 1994b; 1995d; and RMRSK-H, 

1996), the Well Evaluation Report (EG&G, 1994a), and in individual Operable Unit FWRFI reports. 

3 

Compared to all other contaminants, groundwater VOC plumes at WETS have the greatest potential to impact 

surface water, based on spatial distribution, mobility, and concentration considerations. These plumes have been 

defined on the basis of concentration values above the RFCA Tier I1 action level. Tier I and Tier I1 action levels at 

WETS are derived from regulated maximum concentration limits (MCLs). Tier I1 action levels equal the MCLs; to 

delineate areas of very high groundwater VOC concentrations, Tier I action levels equal 100 x Tier I1 action levels. 

\ 
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Plate 13 presents the distribution of some of the most common VOC contaminants in groundwater at WETS. The 

most likely sources of VOC contamination were identified using the results of recent field sampling programs and 

knowledge of Site processes (see RMRS, 1996b). Contaminants besides VOCs are also addressed when their 

distribution indicates that there is a potential impact to surface water. 

Six VOC groundwater contaminant plumes have historically been identified where contaminant concentrations are 

above Tier I action levels. These groundwater contaminant plumes include the IHSS 119.1 Plume, Mound Plume, 

903 PadRyan’s Pit Plume, Carbon Tetrachloride Plume, East Trenches Plume, and Industrial Area Plume. In 

addition, there is a plume with contaminant concentrations above Tier I1 action levels that has the potential to impact 

surface water. This VOC plume is associated with the Present Landfill and the Property Utilization and Disposal 

(PU&D) Yard. 

In addition to the VOC plumes, there is a nitrate and uranium plume that emanates from the Solar Ponds. There are 

also some isolated point sources with constituents that are above Tier I1 action levels. These are being evaluated on 

a case by case basis. 

I .3.1 Rocky Flats Cleanup Agreement 

The RFCA was officially adopted on July 19, 1996 (RFCA, 1996). The RFCA replaces the IAG as the 

environmental cleanup agreement for WETS. The RFCA outlines the goals, objectives, and strategies that will lead 

to the WETS cleanup and closure mission objectives. The Action Level Framework (ALF) attachment to the 

RFCA contains specific requirements for environmental monitoring and reporting, and it sets action levels for 

contaminant concentrations in groundwater (identified in Sectlon 1.3.2) and in other media. The IMP is required 

under RFCA to further define the monitoring programs for the Site. 

a 

To align the groundwater-monitoring program with the new WETS mission and RFCA requirements, the 

monitoring network was evaluated in 1996. A data quality objective (DQO) process was used to determine what 

decisions were necessary for groundwater and the function of each well in the network in supporting those 

decisions. DOE, CDPHE, EPA, and stakeholders were directly involved in decisions involving the monitoring 

network. Results of this evaluation are presented in the IMP, which is discussed below. 

1.3.2 Integrated Monitoring Plan for Groundwater 

The IMP is a summary document that outlines the goals for groundwater monitoring (and other environmental 

media), and describes the various components of the groundwater monitoring program (K-H, 2000a). Factors 

influencing groundwater-monitoring requirements include the RFCA ALF for groundwater, the Site history and 

areas of contamination, the physical and hydrogeologic setting of the Site, the effect of contaminated areas on 

groundwater, and the nature of the groundwater contaminant plumes. This information is presented in the IMP 

Background Document (K-H;2000b), and Appendices A, B, C, zbd D of the groundwater section of the IMP a 
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Background Document. Appendix E of the groundwater section lists the wells that will be monitored for water 

quality or groundwater flow. 

In the past, two plans were required at WETS to comply with DOE Order 5400.1 (DOE, 1988; Page 111-2), a 

Groundwater Protection & Management Program Plan and a Groundwater Monitoring Plan. These two plans were 

historically combined into one document, the Groundwater Protection and Monitoring Program Plan (GPMPP) 

(EG&G, 1993d), which defines and describes the groundwater protection and monitoring programs at the Site. In 

addition, an assessment groundwater-monitoring plan was required under RCR4 for the interim status units on Site. 

This plan was called the Groundwater Assessment Plan (GWAP) (DOE, 1993a). Other monitoring plans were 

developed to address groundwater monitoring requirements as outgrowths of various CERCLA'Interim 

Measurehterim Remedial Action (IM/IRA) decision documents. 

I 

I 
The IMF' serves as the Groundwater Monitoring Plan for the Site and it replaces the group of plans named above. It 

also revises the requirements of the routine groundwater monitoring portion of the IA IM/IRA Decision Document 

(DOE 1994b) and the French Drain Performance Monitoring Plan (DOE, 1992c). The original IMP was published 

in May 1997. The IMP and IMP Background Document are updated annually with any changes to the monitoring 

programs. 

Groundwater reporting has been integrated under the IMP. Four quarterly reports are produced annually that 

document concentration values above RFCA action levels. Also documented are changes in water quality for wells 

not monitored for comparison to action levels. A RFCA Annual Groundwater Monitoring Report is also required to 

summarize all actions taken for groundwater compliance within each calendar year. 

For confirmed values above action levels and Site background in the designated program monitoring wells, an 

- evaluation of impact to surface water is required. These evaluations are determined on a case by case basis, 

depending on the data requirements necessary to perform an impact analysis. Section 8.0 of this report discusses the 
I 

status of the current evaluations that were implemented based on elevated concentrations in groundwater. 

The groundwater monitoring network, as defmed in the IMP (K-H, 2000a), has eight categories of monitoring wells. 

Table 1-1 identifies the wells in the current monitoring program. Table 1-2 presents the analytical suites associated 

with each well in the program and is found at the end of Section 1.0. The decision rules presented in the original 

IMP have been retained for determining Tier I and I1 exceedances of groundwater action levels. The well types and 

decision rules are defined below. 

\ 

Boundary (9) Monitoring Wells 

These wells monitor groundwater leaving the eastern Site boundary. A reportable exceedance occurs if a measured 

concentration is above both a Tier I1 action level and the background Mean plus 2 Standard Deviations (M2SDs). 

When there is no historical data, or a value is greater than the M2SD of the historical concentration in a well at 

which there have been historical exceedances of Tier I1 action levels, the required action is to initiate monthly 
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sampling for that analyte. Appropriate parties (DOE, CDPHE and EPA) are notified and possible impacts to surface 

water are evaluated if contaminant levels are above action levels, by the above criteria, for three consecutive 

00400 
00491 

00500 
00597 

months. 

Plume 
Semiannual DD Building 7761777 ALBD D & D Monitoring for Building 776/777 Complex 
Semiannual PD 903 Pad BD/LTHSU Plume Definition well monitoring the 903 Pad 

Semiannual DD Building 7761777 ALBD D & D Monitoring for Building 776/777 Complex 
Semiannual PD PU&DLandfill AL Plume Definition well monitoring the 

VOC Plume 

D&D (DDI Monitorina Wells 

These wells monitor for releases to groundwater from D&D activities. A concentration value is reportable when a 

measured concentration is above the M2SD of the established historical baseline concentration downgradient of the 

building(s). The required action is to inform appropriate parties and initiate an evaluation of the situation. 

Table I-I  IMP Welk 

- 
ILandfill/PU&D yard Plume 

00600 I Semiannual I DD I Building 7761777 I ALBD ID & D Monitoring for Building 776/777 ComDlex 

1-1 1 
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04091 Semiannual PE 

04591 Semiannual PE 

0487 Semiannual PD 
04991 Semiannual PE 

05091 Semiannual PE 

05391 Semiannual PD 

05691 Semiannual PM 

06091 Semiannual PE 

06491 Semiannual B 

07391 Semiannual PM/P 7 
Quarterly PEPM 

1786 Quarterly PERM 

1986 Semiannual PE 

2186 Semiannual PE 

3386 Semiannual PE 

3586 Semiannual PEPM 

3687 Semiannual PM 
I I 

4087 Quarterly RCRA 

4787 . Semiannual ‘PE 
4887 Semiannual PE 
5187 Semiannual DD 
5387 Semiannual PE 
5587 Semiannual D 

Trenches Plume 
East Trenches AL Plume Extent well monitoring the northward 

migration of the East Trenches Plume 
East Trenches AL Plume Extent well monitoring the southward 

migration of the East Trenches Plume 
881 Hillside Plume Definition well for the 881 Hillside Plume 

East Trenches AL Plume Extent well monitoring the eastward 
migration of the East Trenches Plume 

East Trenches AL Plume Extent well monitoring the eastward 
migration of the East Trenches Plume 

East Trenches AL Plume Definition well monitoring eastward 
concentration of VOCs from the East Trenches 
Plume 

East Trenches AL Performance Monitoring well monitoring effects 
of remediation downgradient of Trench T-4 

East Trenches AL/BD Plume Extent well monitoring the northeast 
migration of the East Trenches Plume 

BD/UHSU Boundary Well - in small drainage east of WETS 
at Indiana St. 

303 Pamyan’s Pit AL/BD Performance MonitoringPlume Degradation well 
monitoring effects of remediation of Ryan’s Pit 

Mound/E. Trench AL Plume Extent well monitoring the southern 
migration of Mound and East Trenches Plumes 

303 Parnyan’s Pit BDhJHSU Plume Degradation well monitoring the southern 
migration of the 903 Pamyan’s Pit Plume 

Drainage/ AL Performance Monitoring - SEP Treatment 
System, Plume Extent Monitoring for Solar Ponds Solar Ponds 

Plume 
Solar Ponds AL Performance Monitoring - SEP Treatment 

System, Plume Extent Monitoring for Solar Ponds 
Plume 

migration of the IA Plume 

migration of the IA Plume 

migration of the SEP Nitrate and VOC Plumes 
Mound AL Plume Extent well tracking migration of Solar 

Ponds nitrate Plume 
East Trenches BD/UHSU Performance Monitoring well monitoring effects 

of remediation downgradient of Trench T-4 

downgradient of Present Landfill 
881 Hillside Plume Extent south of the 88 1 Hillside Plume 
881 Hillside Plume Extent south of the 88 1 Hillside Plume 
Building 881 D & D Monitoring for Building 88 1 
881 Hillside AL Plume Extent south of the 881Hillside Plume 

NA AL Drainage well monitoring the Woman Cr. 
Drainage south of the 88 1 Hillside Plume 

AL 

Boundary 

Industrial Area AL Plume Extent well monitoring the northern 

Industrial Area BDAJHSU Plume Extent well monitoring the northern 

Solar Ponds AL Plume Extent well monitoring the southern 

Landfill AL R C W l u m e  Extent well monitoring 

AL 
AL 
AL 

a 

a 
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6286 

Ithe PU&DYard Plume and Present Landfill 
6186 I Semiannual I RE. I IndustrialArea I AL [Plume Extent well monitoring eastward migration - - 

of IA Plume 
Semiannual PD 903 Pad BD/USHU Plume Definition well monitoring pathway to 

1-13 
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access gate 
41599 Semiannual DD Building 771 ALBD D & D Monitoring for Building 77 1 Complex 
41691 Semiannual B Boundary AL Boundary Well - in the Walnut Cr. Drainage at 

lthe Indiana Street Boundary 
IPlume Extent well monitoring southward AL 

ltreatment system below Solar Ponds 
70393 I Quarterly IRCRAl PU&DLmdfill I AL . I RCRA upgradient Plume Definition well 

monitoring the edge of the PU&D Yard Plume 

monitoring the edge of the PU&D Yard Plume 

LandfilVPU&D Yard Plume 

Drainage below Mound Site Plume 

70493 Quarterly RCRA BDNHSU RCRA upgradienfllume Definition well PU&D 

70693 Semiannual PA PU&DLandfill AL Plume Degradation well monitoring the 

75992 Semiannual PE Mounaast AL Plume Extent well monitoring So. Walnut Cr. 

76992 Semiannual PE PU&DLandfill AL Plume Extent well monitoring the eastward 

Trench 

migrationif the 903 Pad/Ryan’s Pit Plume 
90 199 Semiannual PE , 903 PadlRyan’s Pit AL/BD Plume Extent well monitoring the southern 

migration of the 903 PadRyan’s Pit Plume 
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migration of the 903 Pamyan’s Pit Plume 

migration of the 903 Pamyan’s Pit Plume 

treatment system below East Trenches 

90399 Semiannual PA 903 PmYan’S Pit ALBD Plume Degradation well monitoring the southern 

95099 Semiannual PM East T~nches  AL Performance Monitoring of groundwater 

95 199 Semiannual PM East Trenches AL Performance Monitoring of groundwater 
ltreatment system below East Trenches 

95299 I Semiannual I PM I East Trenches I ALBD [Performance Monitoring of groundwater 
treatment system below East Trenches 

99101 Semiannual DD Building 991 ALBD D & D Monitoring for Building 991 
99201 Semiannual DD Building 991 ALBD D & D Monitoring for Building 991 
99301 Semiannual -DD Building 991 ALBD D & D Monitoring for Building 991 
99401 Semiannual DD Building 991 BD/UHSU D & D Monitoring for Building 991 

B206989 Quarterly RCRA Landfill BDAJHSU RCRA/Plume Extent well monitoring 

B208289 Semiannual PE Solar Ponds BDAJHSU Plume Extent well monitoring the northeast 

B208789 Semiannual PE Solar Ponds AL Plume Extent well monitoring the northeast 

downgradient of Present Landfill 

migration of the SEP Nitrate Plume 

lmigration of the SEP Nitrate Plume 
PI14389 I Semiannual I PE I IndustrialArea I AL IPlume Extent well to monitor extent of Industrial 

IArea plume pathway to Walnut Creek 
IPlume Definition well for MSS 1 18.1 AL 

~ _ _ _ _ _ ~ ~ ~  ~ 

P416689 Semiannual PE Industrial k e a  AL lPlume Extent to monitor southern migration of 

P4 16789 Semiannual PD Industrial Area 

Industrial Area P4 16889 Semiannual PD - 
664 along pathway to Woman Creek 

P4 19689 Semiannual DD Building 444 ALBD D & D Monitoring for Building 444 Complex 
89 1 COL Quarterly PM 88 1 Hillside AL Performance Monitoring of groundwater in 

I ETP ef Semiannual PM ~as t~renches  NA Performance Monitoring of groundwater 
WEL collection well on 88 1 Hillside 

BDAJHSU Plume Defmition wel1,for IHSS 1 18.1 
AL D & D Monitoring, for Building 707 

, -  

IIA Plume south of Building 440 
IPlume Definition of IA Plume south of 400 area AL 
lalong pathway to Woman Creek 
/Plume Defmition of IA Plume south of Building AL 

treatment system belowEasCTrenches 
ETP in Semiannual PM EastTrenches NA Performance Monitoring of groundwater 

ltreatment system below East Trenches 
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SWO99 

SWlOO 

SW13494 

Quarterly PM Landfill PM Performance Monitoring of groundwater intercept 

Quarterly PM Landfill PM Performance Monitoring of groundwater intercept 

Quarterly DD Building 881 NA D&D Monitoring for Building 88 1 

system below Present Landfill 

system below Present Landfill 

Plume Definition (PD) Monitoring Wells 
These wells are located within known contaminant plumes and produce samples with contaminant concentrations 

which are above Tier I1 action levels, but are below the Tier I action levels established in the ALF. A value is 

reportable when a measured concentration is above all of the following: a Tier I action level, the background W S D ,  

and the h42SD of the historical concentration in the well. The required action is to reclassify the well as a Tier I 

reportable well and evaluate possible impacts to groundwater. 

Plume Extent (PE) Monitoring Wells 

These wells are located at the edges of known groundwater contaminant plumes, along pathways to surface water, 

and monitor for an increase in concentrations that may result in future impacts to surface water. A value is 

reportable if a measured concentration is above a Tier I1 action level and the background WSD. When there is no 

historical data, or a value is greater than the M2SD of the historical concentration in a well at which there have been 

historical values above Tier I1 action levels, the required action is to initiate monthly sampling. Appropriate parties 

are notified and possible impacts to surface water are evaluated if contaminant levels are above action levels, by the 

above criteria, for three consecutive months. 

Drainage (D) Monitoring Wells 
These wells are located in stream drainages, dohgradient of contaminant plumes. They have the same reporting 

requirements as PE wells under the IMP. That is, a value is reportable when a measured concentration is above the 

Tier I1 action level and the background WSD. When there are no historical data, or a value is greater than the 
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M2SD of the historical concentration in a well at which there have been historical values above Tier I1 action levels, 

the required action is to initiate monthly sampling. Appropriate parties are notified and possible impacts to surface 

water are evaluated if values are above action levels, by the above criteria, for three consecutive months. 

, *  Performance Monitoring (PM) Wells 

These wells monitor the effect of a remediation or source removal action, as required in the ALF. If an increasing 

trend in the concentration of a contaminant is noted, then the appropriate parties are notified and an evaluation of the 

situation is initiated. 

RCRA Monitoring Wells 
These wells monitor upgradient and downgradient groundwater contaminant concentrations at RCRA units. If the 

mean concentration of a contaminant in a downgradient well is greater than the mean concentration in upgradient 

. wells and concentrations at the well show an upward trend with time, a report will be made to appropriate agencies 

and an investigation will be initiated to investigate possible causes. 

Plume Degradation (PA) Monitoring Wells 

These wells monitor the downgradient portions of groundwater plumes or plume sources to establish whether natural 

processes are degrading (also called attenuating) the nature and extent of the plume prior to affected groundwater 

entering the surface water environment. In areas where monitoring can document a plume degradationprocess, 

other remediation activities may not be necessary. These wells differ from plume extent wells in that the analyte 

suite may include parameters that focus on measuring the degradation process. Also, evaluations of data from these 

wells would not only include concentration of contaminants but also the breakdown products from these 

contaminants. If significant plume degradation can be substantiated, then a non-remedial decision may be 

promulgated for the plume. 

@ ‘d 

1.3.3 Changes to the Groundwater Monitoring Program 

Additions to the Groundwater Monitoring Network 

Wells have been added to the Site monitoring network based on the results or in support of groundwater evaluations, 

remediation activities, and closure activities. Plate 1 shows the locations of all existing monitoring wells at WETS. 

The Building D&D monitoring program was expanded with the addition of monitoring wells around Buildings 

371/374, 883, 865, 881,991 and 559. With this addition, all major buildings with the potential to impact 

groundwater quality have monitoring networks in place. 

The largest programmatic improvement for groundwater has been in the evaluation of the Industrial Area VOC 

Plume. Evaluation of the Industrial Area Plume involved the installation of 14 wells in the interior of the plume to 

1-18 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

identify the sources for the groundwater contamination such that multiple plumes may be identified. The results of 

this evaluation are reflected in plume maps for the LA VOCs (Section 8.2) and in the Composite VOC Plume map 

(Plate 13; Section 8.3) for the Site. 

An evaluation was performed during the spring and summer of 2002 to determine if the Composite VOC Plume map 

should be constructed differently than had been. done previously. Concerns revolved around presentation of data 

that represented a combination of new data and historic data. The decision was made to present the new plume 

configuration and a representative plume configuration fiom 1997. These changes will be reflected in the 2001 

Composite VOC Plume map (Plate 13). See Section 8.3 of this 2001 Annual Report for a detailed discussion of the 

Composite VOC Plume map. 

Given the large amount of new data with respect to the nature and extent of groundwater contamination at WETS, a 

review of the groundwater-monitoring network will begin in FY02. The evaluation will be part of the Well 

Abandonment and Replacement Project, which will start in FY02. This project will help focus the abandonment of 

wells no longer necessary at WETS for monitoring purposes. It is anticipated that changes will be proposed to the 

monitoring program based on this evaluation. 

Removals from the Groundwater,Monitoring Network 
Wells are proposed for removal fiom the Site monitoring network either to facilitate improvements to the network, 

because of well damage, or because of closure activities. Well 02197 was removed fiom the program because of 

poor water production. 
a 
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Table 1-2 Analyte Suites 

197 

200 

297 

300 

397 

400 

491 

500 

597 

600 

700 

797 

a97 

997 

1097 

1497 

1697 

2097 

2291 

2397 

2497 

2500 

386 

3991 

4091 

4591 

487 

Semiannual Bldg. 779 X 1 

Semiannual Bldg. 779 X 

Semiannual Bldg. 779 RFCA X 

Semiannual Bldg. 779 X 

Semiannual Boundary RFCA, AIP X 

Semiannual East Trenches RFCA X 

Semiannual Easl Trenches RFCA X 

Semiannual East Trenches RFCA X 

Semiannual 881 Hillside RFCA X 

. 
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10198 

10294 

10298 

10394 

10398 

10498 

10592 

10598 

10692 

10792 

10992 

10994 

11092 

11791 

11891 

12191 

12691 

15599 

15699 

15799 

18199 

18399 

18499 

18799 

20998 

21098 

22596 

22696 

22796 
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22996 

23096 

23296 

30100 

30900 

37101 

37201 

37301 

37402 

37501 

37601 

37701 

. 37791 

38591 

39691 

40099 

40199 

40299 

40399 

40499 

40599 

40699 

40799 

40899 

40999 

41099 

41199 

41299 

41499 

Semiamat 1 lnd. Area 1 RFCA, IMnRA for 'AI  X 

Semiannual Bldg. 771 X 

Semiannual Bldg. 771 X 

Semlannual Bldg. 771 X 

Semiannual Bldg. 771 X 

Semiannual Bldg. 865/886 X 

Semiannual Bldg. 886 X 

Semiannual Bldg. 886 X 

Semiannual Bldg. 444 X 

Semiannual Bldg. 771 X 

, 
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41599 Semiannual 

41691 Semiannual 

43392 Semiannual 

52894 Quarterly 

52994 Quarterly 

55901 Semiannual 

56001 Semiannual 

56101 Semiannual 

56201 Semiannual 

56301 Semiannual 

60299 Semiannual 
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P416889 

P419689 

891COLWEL 

ETP ef 

ETP in 

R1-0 

R2-E 

371 Basemen! 

371 SubBasemanl 

FD-559/561 

FD-707-4 

771FDOuUJ2 

68865-2 

swo99 

SW100 

SW13494 

Notes: 

Semiannual Ind Area RFCA, IMllRAfor IA X X X x x  

Semiannual Bldg 444 x x x  x x  X 

Quarterly 881 Hillside x x  X 

Semiannual Easl Trenches X X(T) X X 

Semiannual Easl Trenches X X(T) X X 

Semiannual Mound X X U )  X X (TI X X X 

Semiannual Mound X X(T) X X (T) X X X 

Semiannual Bldg 3711374 x x  X x x  X' 

X' Semiannual Bldg 3711374 x x  X 

Semiannual Bldg 559 x x  X x x  x' 

Semiannual Bldg 707 x x  X X X 

Semiannual Bldg 771 x x x x  x x  X 

Semiannual Bldg 865 x x  x x  

x x  

Quarterly Landfill X 

Quarterly Landfill X 

Querterly"' 881 HillsIdelBldg 881 x x  X x x  X' 

If not detected in samples from first sampling round, discontinued from 

, 
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EXPLANATION 

Standard Map Features 
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Solar Evaporation Ponds (SEPs) 

Lakes and ponds 

Streams, ditches, or other 
drainage features 

Fences 

Rocky Flats boundary 

Heavy duty paved roads 

Medium duty paved roads 

Light duty paved roads 

Dirt roads 

Railroads 

- 
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Scale - 1 : 28720 
1 inch repressnte approximately 2383 feet 
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Colorado Central Zone 

Datum: NAD27 
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2.0 DATA SUMMARY FOR RFCA-DESIGNATED WELLS SAMPLED IN 2001 
- 

2.1 Data Screening 

RFCA groundwater analytical data for 2001 were evaluated to assess compliance with RFCA well classifications as 

set forth in the DQOs section of the IMP (K-H, 2000a and 2000b). Because many well categories rely on Tier I or 

Tier I1 action levels to trigger further action, the Tier I1 action level has been adopted to screen the data set to a 

manageable size for presentation and discussion. ’ 

Boundary, Drainage, Plume Definition and Plume Extent wells are presented in this section. Performance 

monitoring wells, which do not employ Tier I or Tier I1 action levels for determining a course of action are 

discussed in Section 4.0. D&D monitoring wells are discussed in Section 5.0. RCRA monitoring wells (not action 

level based), which include only the Present Sanitary Landfill in this 200 1 Annual Report, are evaluated in Section 

6.0 by comparing upgradient to downgradient groundwater quality. Plume Degradation wells in IHSS 1 18.1 , the 

903 Pamyan’s Pit Plume, and the PU&D Yard are examined in Section 7.0. 

Table 2- 1 provides a summary of 200 1 IMP well groundwater samples fiom 189 locations. Table 2-2 provides a 

summary of 23 dry and 17 partially dry RFCA sampling locations during 200 1. Table 2-3 presents a summary of 

results for contaminants with concentrations greater than Tier I1 action levels; 146 of 189 RFCA-designated 

monitoring locations had concentrations of one or more analytes above Tier I1 action levels. Table 2-3 has been 

updated as needed to include data that were unavailable at the time the quarterly reports were completed or when 

errors were found in the data. Table 2-3 includes all IMP well classes, not just those discussed in this section. 

Tables 2-1 and 2-3 are found at the end of Section 2.0. 

Plates 7,8,9, and 10 summarize annual sampling results for radionuclides, VOCs, water quality parameters and 

metals, respectively. Plate 7, Radionuclides in Groundwater, presents analytical results for americium, plutonium, 

strontium, tritium and uranium isotopes where at least one uranium isotope result had a value equal to or greater 

than 8.0 picoCuriesLiter (pCi/L). The 8.0 pCi/L concentration level was selected solely for the convenience of 

displaying a manageable number of locations on the plate. Plate 8, VOCs in Groundwater, presents analytical 

results for 1 , 1 , 1 -trichloroethane ( 1 , 1  , 1-TCA); 1 , 1 ,2-trichloroethane (1 , 1 ,2-TCA); 1,l-dichloroethene (1 , 1 -DCE); 

carbon tetrachloride; chloroform; cis- lY2-dichloroethene (cis- 1 ,2-DCE); methylene chloride; tetrachloroethene 

(PCE); trichloroethene (TCE); and vinyl chloride. These 10 VOCs represent the most common contaminants of 

concern found at WETS. Wells shown with a box plot on Plate 8 had at least one result that was greater than a Tier 

I1 action level for any of the listed compounds. VOCs that were not detected were omitted fiom the plate. VOCs 
were also omitted where sample collection was impossible because of dry conditions or insufficient water available 

for sampling. Plate 9, Water Quality Parameters in Groundwater, presents analytical results for fluoride, 

nitratehitrite, and sulfate where at least one result was greater than a Tier I1 action level. Plate 10, Metals in 

Groundwater, presents results for metals that exceeded their Tier I1 action level. 
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Historic trend plots of concentrations for the contaminants of concern for selected Boundary, Drainage, Plume 

Definition, and Plume Extent wells are presented in Figures A-1 through A-201 (Appendix A). The trend plots 

depict VOCs that exceeded Tier I1 action levels, as well as other analytes that exceeded both Tier I1 action levels and 

background M2SD (Mean plus 2 Standard Deviations) concentrations. Background values are based on the 1993 

Background Geochemical Characterization Report (DOE, 1993b) with the exception of radionuclides. Background 

values for radionuclides were taken from the Draft Background Comparison for Radionuclides in Groundwater 

Report (DOE, 1997a). Analytical data were extracted directly from the Soil and Water Database (SWD) and/or the 

local groundwater database to calculate historic M2SDs for locations with analytes exceeding Tier I1 action levels. 

The decision rules that define the conditions under which values above action levels become “reportable” are 

described in Section 1.3.2 of this report. A reportable result occurs when contaminant concentrations exceed the 

Tier I action level (1 OOx Tier 11). 

Table 2-2 Dry RFCA-designated Wells-Groundwater 2001 

c I 002971 Plume Definition I 155991 Perform@ce Monitoring 
003971 Plume Extent 385911 Drainage 

2-2 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitoring Report 

2.2 Values Above Tier I and Tier I I  Action Level Criteria 

Thallium results for 200 1, which warrant a specific discussion, are described in detail in Section 1 1.3.1. 

2.2.1 Boundary Wells 

Six IMP designated Boundary Wells (0386,06491, 10294, 10394,41591, and 41691) were sampled in 2001. 

Boundary wells monitor groundwater exiting the eastern WETS boundary through stream drainage channels. 

Reportable concentrations of nickel were detected in samples from Well 4 159 1 in the 1'' and 3rd quarters of 200 1 

(Table 2-3 and Figure A-148). Nickel in 41591 was above the Tier I1 level, the background and historic M2SDs. 

Samples collected prior to 1999 were hand bailed, field filtered, and analyzed for dissolved metals. In 1999, Well 

41591 was equipped with a downhole pump. Typically samples collected from wells with downhole pumps are not 

field filtered and are analyzed for total metals. Because high concentrations of total nickel were observed in these 

wells, the analysis was switched back to dissolved metals in 2001 to determine if the type of analysis was affecting 

the results. Two reportable 200 1 values for nickel continue to exhibit a trend of high values for either total or 

dissolved nickel established in 1999-2000. 

Sulfate was detected in reportable concentrations in Wells 06491 (la quarter, Figure A-24) and 10294 (In and 3* 

quarters, Figure A-38). Results for both wells were above background but below historic M2SDs. In the past year, 

sulfate has increased in each well but remains within its usual range. e 
There was one reportable result for U-235 in Well 0649 1 in 200 1 (Figure A-25). The result was above background 

but below the historic M2SD. The U-235 activity concentration increased in Well 06491during 2001 but is still 

within its usual range. 

U-233/234 and U-238 were detected above Tier I1 action levels in all six Boundary Wells. All of the uranium 

isotope analytical results were below the background M2SD benchmarks and, therefore, were not considered 

reportable values. Because these isotopes occur naturally, and increase in a downstream direction, these values may 

be a reflection of natural processes. 

2.2.2 Drainage Wells 

Drainage Wells are located downgradient of contaminant plumes in stream drainages at WETS. Five Drainage 

Wells, 00997 (South Walnut Creek above Pond B-5), 38591 and 5587 (west Woman Creek), 6486 (central Woman 

Creek) and 6586 (east Woman Creek) were sampled in 2001. Well 5587 was dry during 2001. 

Nickel was detected above the Tier I1 action level, background, and historic M2SDs for a sample collected from 

Well 6586 in the 31d quarter 2001 (Table 2-3 and Figures A-154). This value represents a reportable value; however, 

a sample collected in the 1" quarter contained nickel that was below the Tier I1 action level. e 
2-3 
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Well 6586 also contained a non-reportable result (3rd quarter) for thallium that was above the Tier I1 action level and 

its historic W S D  but below the background M2SD benchmark (Figure A-155). An earlier 2001 sample result was a 

non-detect. 

U-233/234 and U-238 were detected above Tier I1 action levels in Drainage Wells, 00997,38591,6486, and 6586. 

All of the uranium isotopic results were below the background benchmarks and, therefore, are not reportable values. 

2.2.3 Plume Definition Wells 

Plume Definition Wells are located within known plumes where groundwater concentrations exceed Tier I1 action 

levels. Seventeen Plume Definition Wells were monitored during 2001. These locations monitored the following 

areas: the 903 Pamyan’s Pit Plume, the PU&D Yard Plume, the East Trenches Plume, the 88 1 Hillside Plume, the 

Carbon Tetrachloride Plume (IHSS 118.1), the Industrial Area VOC Plume, and the Solar Ponds Plume (SPP). - 

Location 891COLWEL (881 Hillside), which will be switched from Performance Monitoring to Plume Definition in 

the 2002 IMP, will be discussed here. As reported in Table 2-3, fourteen of the plume defmition wells contained at 

least one or more contaminants that exceeded Tier I1 action levels. 

903 PadlRyan’s Pit VOC Plume 

Wells 00491,6286 and 6386 are Plume Definition Wells that monitor the 903 Pad/Ryan’s Pit Plume, which is 

characterized by VOC contamination. Samples from Well 00491 had results above the Tier I1 action levels but 

below Tier I (Table 2-3) for carbon tetrachloride (Figure A-1), PCE (Figure A-2), TCE (Figure A-3), U-233/234 and 

U-238. All analytes were below background or historic M2SD benchmarks and are not reportable. After generally 

declining in concentration from late 1991 to mid-1995, carbon tetrachloride, PCE, and TCE concentrations have 

remained constant from mid-1995 through the end of 2001. 

Plume Definition Well 6286 exhibited non-reportable amounts of carbon tetrachloride, selenium, U-233/234, and U- 
238. The results were all below Tier I action levels but above Tier I1 levels. Carbon tetrachloride results (Figure A- 
150) were below historic M2SD levels and uranium isotope results were below background M2SDs. Carbon 

tetrachloride concentrations have remained relatively stable in this well since 1994. Selenium concentrations have 

increased since the start of 2001 (Figure A-151) and have been above both background and historic M2SD levels. 

Well 6286 is one of seven wells in the southern portion of the IA that contained elevated selenium during 200 1. 

Plume Definition well 6386 was dry in the 1’‘ quarter of 2001, but VOC, metal, uranium isotope, nitrate/nitrite, total 

dissolved solids and sulfate samples were collected in the 3d quarter. Non-reportable concentrations of selenium, 

thallium, U-233/234 and U-238 were detected. Selenium and thallium were below Tier I but above Tier 11 and 

background M2SD benchmarks (Figures A-152 and A-153). Because of insufficient data, historic M2SDs could not 

be calculated for these analytes in this well. While previous nickel results have been well below the Tier I1 action 

level, the 2001 result shows a significant increase. Selenium also shows a significant increase over preceding 
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sampling events, but unlikenickel has had previously high values. An attempt to sample the well in the 1'' quarter 

2002 was unsuccessful due to a lack of water. Uranium isotopes were both below background M2SD levels. 

PU&D Yard Plume 

Plume Definition Wells 00597 and 77392 monitor groundwater in the PU&D Yard Plume. 

The 200 1 contaminant of concern in 00597 is nitrate. Nitrate was above Tier I1 but below the Tier I action level 

(Table 2-3). No historical M2SD data are available for this well. From December of 1997 through September 2000 

the nitrate in 00597 increased fkom 9 mg/L to 17 mg/L (Figure A-4). In 2001 the concentration declined slightly and 

remained within its normal range. 

Plume Definition Well 77392 was dry throughout 2001. 

East Trenches Plume 

Two Plume Definition Wells (03991 and 05391) monitor the East Trenches Plume for VOCs. 

Well 0399 1 contained non-reportable concentrations of carbon tetrachloride (Figure A-16), U-233/234, and U-238 

that were above the Tier I1 action levels but below Tier I action levels. Carbon tetrachloride was below its historic 

M2SD and the uranium isotopes were below their background M2SDs. The carbon tetrachloride trend plot shows a 

decrease in concentration during 200 1. 

. 

Carbon tetrachloride (Figure A-19), U-233/234, and U-238 were present in Well 05391 at non-reportable 

concentrations that were above the Tier I1 but below the Tier I action levels. Carbon tetrachloride was below its 

historic M2SDs and the uranium isotopes were below background M2SDs. As shown in the trend plot, carbon 

tetrachloride concentrations in 200 1 decreased in comparison to 2000. 

881 Hillside Plume 

Four Plume Definition locations (0487, 89lCOLWEL, P416789 and P416889) are used to monitor the 881 Hillside 

Plume, which is contaminated by VOCs. 

Well 0487 contained TCE (Figure A-18), selenium (Figure A-17), U-233/234, and U-238 above Tier 11, but below 

Tier I action levels. TCE results in 0487 were below the historic WSD,  selenium was above the background M2SD 

benchmark but below its historic M2SD, and the uranium isotopes were below background M2SDs. The 

concentration of TCE increased slightly in 2001. Selenium concentrations for 2001 also increased slightly. TCE 

and selenium concentrations in Well 0487 are relatively low compared to values prior to 1996. 

89 1 COLWEL is a collection.wel1 that produces water above the former French Drain System, which was removed 

in the summer of 2000. In CY 2001, concentrations in 891COLWEL were below Tier I and therefore were not 

reportable occurrences as a Plume Definition location; but 1 , 1 -DCE, carbon tetrachloride, methylene chloride, PCE, 
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TCE, selenium, thallium, U-2331234, and U-238 were above Tier I1 action levels. The VOCs were all below their 

historic M2SDs while selenium was above its background M2SD but below its historic M2SD benchmark. 

Thallium was below both background and historic M2SD benchmarks and uranium isotope results were below 

background M2SDs. 

200 1 quarterly samples at 89 1 COLWEL for 1,l-DCE do not indicate a clear trend (Figure A- 163). The 1'' quarter 

sample result shows a decline that started in 2000, while the 2nd and 3d quarter concentrations increased 

successively and the 4" quarter result decreased but remained higher than the 1" quarter sample. Carbon 

tetrachloride increased slightly in 200 1 over 2000 (Figure A-I 64). Methylene chloride, though present, was 

qualified as blank contaminated in the 1" and 2nd quarters (Figure A- 165). Because of the lack of non-blank 

qualified data, the trend of methylene chloride concentration is difficult to determiner The concentration of PCE has 
not changed significantly since late 2000 (Figure A-167). The concentration of TCE had one relatively high value in 

the 3d quarter but generally remains similar to the 2000 values (Figure A-169). Selenium concentrations have also 

remained the same since 2000, and have not departed from the historic mean (Figure A-166). Thallium 

concentration increased in the 4* quarter but was not detected during the rest of the year (Figure A-168). 

Plume Definition monitoring well P416789 exhibited non-reporhble U-233/234 and U-238 that were above Tier I1 

action levels but below the Tier I action levels. Both analytes were well below background M2SD benchmarks. 

Plume Definition monitoring well P4 16889 contained non-reportable concentrations of PCE and U-233/234 that 

were below Tier I but above Tier I1 action levels. PCE in P416889 was below its historic M2SD in both April and 

November (Figure A-197). In 2001, PCE concentrations were close to its historic mean. The uranium concentration 

was below its background M2SD. 

Carbon Tetrachloride Plume (IHSS 118.1) 

The Carbon Tetrachloride Plume (IHSS 118.1) is monitored by Plume Definition wells P209289, P209389, 

P209489, and P219189. VOCs detected in these wells include carbon tetrachloride; 1,l-DCE; and TCE. 

Concentrations of these constituents appear to be declining. 

Well P209289 was dry during the 4" quarter of 200 1 but was sampled during the 2nd quarter. All results for samples 

collected in the 2nd quarter were below Tier I1 action levels. 

- 

Monitoring well P209389 samples contained 1,l-DCE and U-238 at low enough concentrations to be non- 

reportable. Two sampling events showed 1,l -DCE to be above the Tier I1 but below the Tier I action level. Figure 

A-184 shows that the 1,l-DCE concentration was below its historic M2SD range and has generally-declined since 

sampling began in 1991. U-238 was well below the background M2SD level. 

Samples from well P209489 had concentrations of carbon tetrachloride, TCE, thallium, nitrate, U-233/234, U-235, 

and U-238 that were above the Tier I1 action levels. None of these results were above the Tier I action level; hence, 
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they were not reportable. VOCs, thallium, and nitrate were below their historic M2SDs. Thallium, U-233/234, and 

U-238 were below background M2SDs, and nitrate was above the background M2SD. Carbon tetrachloride (Figure 

A- 185) and TCE (Figure A- 188) concentrations appear to be decreasing although the carbon tetrachloride results are 

erratic. Thallium was not detected in the 2"d quarter but was detected in the 4" quarter (Figure A- 187). The nitrate 

results have been relatively constant since 1997 (Figure A-186). In general, nitrate concentrations have declined 

0 

since sampling began in 1990. U-235 was above background in the 2nd quarter but below background in the 4" 

quarter (Figure A-189). Both U-235 results were below the historic M2SD. 

Because Well P2 191 89 provided limited amounts of water, complete sample suites could not be collected during 

200 1. For the samples that were collected, the contaminants of concern in Plume Definition Well F'2 191 89 are 

1,l -DCE and uranium isotopes. Results for the contaminants of concern were above the Tier I1 but below the Tier I 
benchmarks. The 1 , 1-DCE concentration was below its historic M2SD (Figure A-191). Although concentrations 

appear to be increasing since 2000, the October sample decreased to a level below the historic mean. Over the long 

term, the concentration of 1,l -DCE has remained relatively constant in P2 19 189. Uranium results were slightly 

below background M2SDs. 

Industrial Area VOC Plume 

Plume Definition Well 22896 monitors the IA VOC Plume. The 1" quarter 2001 TCE result for this well was above 

both the Tier I and Tier I1 action levels and thus, was reportable (Figure A-1 16). The 31d quarter result was below 

Tier I and above Tier 11. Both results were the lowest values recorded to date. The well also contained non- 

reportable nitrate from the 1" quarter where the result was above Tier I1 but not Tier I (Figure A-1 15). The 3rd 

quarter result was below the Tier I1 action level. Both nitrate results were the lowest values recorded to date. 

Solar Ponds Plume 

The southern margin of the SPP, which consists of groundwater impacted with nitrate and uranium isotopes, is 

monitored by Plume Definition Well 00297. As in 2000, Well 00297 was dry during 2001. 

2.2.4 Plume Extent Wells 

Forty-four Plume Extent wells are used to monitor the various WETS groundwater plum'es. These wells are 

discussed in relation to the specific contaminant plume they monitor. A few of the wells have dual monitoring 

purposes. In Table 2-4, these wells have been listed according to the respective plumes they monitor. 
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Table 2-4 Plumes Versus Monitoring Wells 

I 

P219489 X 
P313589 X 
P314289 X 
P416689 X 

I 

8 

0 
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East Trenches Plume a 
The East Trenches Plume is monitored by eight Plume Extent Wells including 0409 1 , 0459 1 , 0499 1 , 05091 , 06091, 

08091, 10194, and 23296. As shown on Plate 13, these wells are located along the outermost edge of the East 

Trench>s Plume. They monitor plume migration from potential source areas such as Trench T-3, Trench T-4, and 

the northeast lobe of the 903 PadiRyan's Pit Plume. The East Trenches Plume Treatment System was completed in 

September 1999 and is designed to remove VOCs from groundwater. VOCs in the East Trenches Plume during 

2001 were elevated in two of the seven sampled Plume Extent Wells (06091 and 23296). Well 06091 had two 

reportable carbon tetrachloride results that were above the Tier I1 and historic M2SDs (Figure A-23). Although 

there appears to be an upward trend in carbon tetrachloride in Well 06091, concentrations are relatively low (i.e., 

less than 10 pg/L). 

Samples from Well 23296 contained reportable concentrations of carbon tetrachloride, cis- 172-DCE, methylene 

chloride, PCE, and TCE. These VOCs were above the Tier I1 action levels. No historic h42SDs are available for 

this well. The 2nd quarter 200 1 carbon tetrachloride concentration (Figure A-1 18) remained consistent with the 4" 

quarter 2000 sample and the concentration increased slightly in the 4" quarter of 2001. Cis-1,ZDCE concentrations 

in 23296 appear to fluctuate considerably. There is no apparent trend in the data (Figure A-1 19). Low method- 

blank contaminated concentrations or non-detections (Figure A-120) characterized methylene chloride in well 23296 

during 2001. PCE (Figure A-121) and TCE (Figure A-123) concentrations in 23296 for 2001 were lower than in 

2000 and followed the pattern of high spring and low fall concentrations observed in 1998 and 1999. All of these 

VOCs continue to occur at concentrations that are similar to those prior to installation of the East Trenches Plume 

Treatment System in 1999. Concentrations of VOCs are expected to decrease in the future as the initial effects of 

0 
construction of the treatment system dissipate. 

As in 2000, Well 0809 1 was dry during 2001. Samples from the seven remaining East Trenches Wells had 

U-233/234 and U-238 analytical results that were above Tier I1 action levels but below the background M2SD 

benchmarks. None of the uranium isotope results were reportable. Location 23296 contained thallium that was 

significantly above the Tier I1 action level and background M2SD benchmark (Figure A-122). Thallium was 

detected in 1997 at similar levels, but from mid-1998 to the end of 2001 it was not detected. 

Solar Ponds Plume, 

Plume Extent Wells 1386,1786,3386, B208289, B208789, P218389, and P219489 are located at the edge of the 

SPP and monitor for nitrate and uranium isotope contamination associated with the plume. The main part of the 

plume extends north from the Solar Ponds to North Walnut Creek, with minor groundwater pathways to the east and 

south toward South Walnut Creek (Plate 13). Wells 3386 and P208289 were dry during 2001. Well P218389 was 

sampled-in the 2"d quarter, had no results greater that Tier 11, and was dry in the 4" quarter. During 2001, nitrate, 

metals, and U-isotopes were the principal contaminants found in samples from these wells. No VOCs were reported 

at concentrations above Tier I1 action levels. U-isotopes are discussed at the end of the subsection. 
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Plume Extent well 1386 had two reportable occurrences of nickel in 2001 that were above the Tier I1 action level, 

the background M2SD, and historic M2SD (Figure A-75). The nickel concentration decreased compared to the 

samples collected in 2000 but still remains above the background and historic benchmarks. Well 1386 also had a 4" 

quarter 2001, non-reportable result for thallium that was below background but above the historic M2SD (Figure 

A-76). This result is similar to the October 2000 result. Thallium samples collected subsequent to these two (in 

April 2001 and 2002) were below the detection limit. Well 1386 is part of a program to investigate potential effects 

of sample collection technique andor well completion materials on nickel concentrations. 

During 2001, Plume Extent Well 1786 exhibited four reportable results for nitrate, two for selenium, and one for 

thallium. The nitrate and thallium results were above their Tier I1 action levels and background M2SD benchmarks 

but below the historic M2SDs for the wells (Figures A-8 1 and A-83). Nitrate concentrations are generally consistent 

with past results. The October 2001 nitrate result, as reported electronically by the laboratory, was 7.7 mg/l. The 

hardcopy result from the laboratory was 538 mg/l, which is more consistent with past sampling. The laboratory has 

been notified of the discrepancy and should submit a correction. This correction was not included in the Fourth 

Quarter Groundwater Monitoring Report (SSOC, 2002a). Selenium concentrations were above all three benchmarks 

(Figure A-82). The two selenium results are consistent with the trend established in late 1998 that marked the start 

of total metals sampling at the well. High levels of thallium detected in October 2000 and 200 1 were followed by 

values below the detection limit in April 2001 and 2002. 

Plume Extent Well B208789 had one non-reportable detection for thallium (Figure A- 183). This detection was 

above Tier 11, but below the background M2SD for the site. Because of a lack of data between 1991 and 1995, 

historic M2SDs could not be calculated for thallium in this well. Similar to Wells 1386 and 1786, thallium 

concentrations from October 2000 and 2001 were followed by values below Tier I1 in April 2001 (non-detection) 

and 2002. 

The nitrate concentrations in Plume Extent Well P219489 for 2001 samples were above the Tier I1 action level and 

background M2SD (Figure A-192). Because of insufficient data between 1991 and 1995, a historic M2SD for 

nitrate could not be calculated for this well. The April-June sampling was part of a monthly sequence triggered by 

the December 2000 nitrate analysis, which was the highest recorded to date (57 ma). Nitrate concentrations in 

this well (Figure A-192) have been consistently above the Tier I1 action level. 

Uranium isotopes commonly monitored at WETS are above Tier I1 action levels in SEPs Plume Extent Wells 1386, 

1786, B208789, and P219489. Wells 1386, B208789 and P219489 had non-reportable U-233/234 and U-238 that 

were above Tier I1 but below background M2SD benchmarks. Well 1786 also had non-reportable U-2331234 and 

U-238 that were above Tier I1 but below background. However, the December U-235 activity concentration 

measured in 1786 was reportable because it was above Tier I1 action levels and the background M2SD benchmark 
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Industrial Area VOC Plumes e 
Plume Extent Wells that monitor the IA VOC Plume include 00197, 10994,1986,2186,22596,22696,43392, 

6186, P114389, P313589, P314289, and P416689. Wells 00197 and 10994 also monitor potential groundwater 

contamination emanating from the Old Landfill located on the hillside south of the Building 130 and Building 400 

complexes. The Carbon Tetrachloride Plume (IHSS 118.1) is monitored by Plume Extent Well 21098. Plume 

Extent Well 22796 monitors an unnamed plume that lies to the nortldnorthwest of Building 771. Plume Extent Well 
I 

00197 was dry during 2001. Plume Extent Wells 22596 and 43392, which produced enough water for complete 

sample suites, did not contain any contaminants of concern. Well P3 14289, with limited water available, did not 

show evidence of contamination. 

As shown on Plate 13, the IA VOC Plume encompasses the central portion of the IA and is oriented in a 

southwest/northeast direction. The southern portion of the plume migrates south towards Woman Creek and the 

northern portion migrates northeast towards North Walnut Creek. Carbon tetrachloride, PCE, and TCE are the 

primary contaminants. There are no known inorganic or radionuclide groundwater plumes that coincide with the 

location o f d e  IA voc plume. 

Samples from Plume Extent Well 10994 contained no VOCs above Tier I1 levels. However, there were two 

selenium and two nitrate detections that were reportable. The 2001 selenium results were also above the 

background M2SD but below the historic M2SD (Figure A-52). Selenium analyses for 2000 and 2001 appear to be 

increasing compared to values measured in 1997 through 1999. Nitrate samples collected in 2001 were at or slightly 

above the Tier I1 action level and the background M2SD (Figure A-5 1). No historic M2SD nitrate values are 

available for well 10994. The nitrate concentration in 10994 appears to be relatively constant. 

Plume Extent Well 1986 also had no VOC detections above Tier I1 action levels but had concentrations of 

manganese and thallium that were above Tier I1 action levels. The dissolved manganese analyses were reportable 

and above bo& the background M2SD and the historic M2SD for the well (Figure A-104). The manganese 

concentration, although elevated since early 1997, appears to be relatively constant in Well 1986. Thallium was 

above Tier I1 but below the background and the historic M2SD benchmarks, and therefore not reportable (Figure 

A- 105). Thallium concentrations were above the Tier I1 action levels at the end of 2000 and 2001, while the 

respective spring sample results (in 2001 and 2002) were below the detection limit. 

Well 2 186 contained one, non-reportable, thallium result (Figure A- 1 1 1) that was above the Tier I1 action level but 

below the background and historic M2SD benchrriarks. The subsequent 2002 analysis (not shown in the trend plot) 

indicates that thallium is not present. Thallium concentrations appear to be relatively constant in well 2186. 

Plume Extent Well P3 14289 had a reportable nickel and non-reportable antimony concentrations in 2001. The 

nickel was above Tier I1 and background M2SD but below the historic M2SD for the well (Figure A-194). The 

reportable nickel in January was followed by a much lower value in September. In general, long-term nickel 

concentrations remained constant in this well. However, small-scale fluctuations appear to be present that may be 

related to seasonal variation in groundwater levels. Antimony was above Tier I1 and below the background and the 
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historic M2SD benchmarks (Figure A-193). Antimony was very low fiom early 1998 through early 2000 and then 

began to increase to September 200 1. There is no historical M2SD for the well because of fiequent dry conditions. 

Plume Extent Well 21098 monitors the Carbon Tetrachloride Plume in IHSS 118.1. Well 21098 was treated as a 

Plume Degradation Well in the 2001 Quarterly Reports but has been changed to a Plume Extent Well in the 2002 

IMP and is reported as such in this Annual Report. In 2001, Well 21098 contained carbon tetrachloride, chloroform, 

and PCE greater than Tier I1 action levels. These results would have been reportable if the well was classified as a 

Plume Extent Well. Carbon tetrachloride concentrations have increased significantly in 2001 (Figure A-1 07). 

Chloroform concentrations in 2001 appear to have decreased from a previously high value recorded in late 2000 

(Figure A-108). PCE was undetected at a detection limit of 50 pgA in May; it was estimated at 5 pg/1 in November 

(Figure A-1 10). Continued monitoring of 21098 during 2002 will show whether the high 2001 VOC values are 

anomalous. 

Plume Extent Well 22796 monitors an unnamed VOC plume nortldnorthwest of Building 771. In 2001, TCE, 

chromium, and thallium were detected above their Tier I1 action levels. The TCE concentrations were reportable 

(Figure A-1 14) and one value was the highest concentration to date. In October, the TCE result decreased by more 

than half the value measured in the 2nd quarter. Chromium was also reportable because it was above Tier I1 and the 

background M2SD (Figure A-1 12). Thallium was below background and was not reportable (Figure A-1 13). 

Thallium appears to follow a trend established for several other wells. It was detected in late 2000, not detected in 

e early 2001, and detected again later in 2001(with a non-detection in early 2002). 

All analytical results for uranium isotopes fiom Plume Extent Wells were above the Tier I1 action levels but below 

the background M2SDs; on this basis, they were not reportable. Wells 10994, 1986,2186,22696,22796,6186, 

P114389, P313589 and P416689 each had results above Tier I1 action levels for U-233/234 and U-238. See Table 

2-3 for a specific list of isotopes and values for each well. Wells 22596,43392 and P3 14289 did not have any 

uranium isotopic analyses greater than Tier 11. Uranium isotopes were the only analytes with results over Tier II for 

Wells 22696,6186, P114389, and P416689. 

' 

903 Pad/Ryan's Pit VOC Plume 

Potential migration of the 903 Pad/Ryan's Pit Plume toward Woman Creek is monitored by Plume Extent Wells 

23096,23 196,90199, and 90299. Wells 90199 and 90299 were discussed in the 2001 Quarterly Reports as Plume 

Degradation wells but were changed to Plume Extent Wells for the 2002 IMP. These two wells replace Well 23 196, 

which was removed from the Groundwater Sampling Program during 200 1 because it failed to produce acceptable 

amounts of water. Plate 13 illustrates the location of these wells in relationship to the distal end of the 903 

PadRyan's Pit Plume and Woman Creek. The plume is mainly composed of carbon tetrachloride from the 903 Pad 

area and TCE from Ryan's Pit. 

During 2001, no VOC, metals, or water quality parameters were detected above Tier 11 action levels in Plume Extent 

Well 23096. A sample with reportable plutonium-239/240 activity was collected in August (Figure A-1 17). 
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Because of this result, the Groundwater Program collected three monthly samples in January, February, and March 

of 2002. These three samples were below the detection limits and similar to those values preceding the August 2001 

sample. Based on historical values, the August 2001 result may be spurious. Uranium isotopes U-233/234 and 

U-238 were detected above'Tier I1 action levels in 23096, but because both isotopes were well below background 

M2SD levels, the results were not reportable. 

In May 2001, Plume Extent Well 23 196 had a selenium result (1 18 pgA) that was reportable because it was above 

both the Tier I1 action level and background M2SD. The well has only been sampled twice because of insufficient 

water. The first selenium result (106 pg/l), collected in November 2000, triggered monthly sampling. 

Plume Extent Well 90199 was dry during the 1" and 31d quarter sampling events. 

In September 2001, Plume Extent Well 90299 had U-233/234, U-235, and U-238 activity concentrations that were 

above the Tier I1 action level. These occurrences were below background W S D  levels. 

PU&D Yard Plume 

Plume Extent Wells 00397,02197, and 76992 monitor VOC contamination associated with the PU&D Yard Plume. 

The primary plume contaminants consist of PCE, TCE, and l,l,l-TCA. The PU&D Yard Plume is an elongate 

feature south of the Present Sanitary Landfill that extends ftom the PU&D Yard on the west to well 02197 on the 

east (Plate 13). Wells 01697 and 30100 will be added to this group for 2002, but were not sampled in 2001. The 

wells were added to establish greater real coverage of the PU&D Yard Plume. Well 02 197 has been removed from 

the sampling list because it does not produce adequate water for sampling. 

L 

Well 00397 was dry throughout 2001 and Well 76992 was essentially dry with only one VOC, one tritium, and one 

nitrate sample collected fiom the well. There were no results greater than Tier I1 action levels associated with these 

samples. 

Plume Extent Well 02 197 was dry in the 1'' quarter but was successfully sampled in the 3rd quarter, which indicated 

the presence of nitrate, U-233/234, and U-238. These constituents were above their Tier I1 action levels. Nitrate 

was also above the background WSD,  and therefore was reportable (Figure A-9). The July 2001 result prompted 

the Groundwater Program to collect monthly nitrate samples in February, March, and April of 2002. Sampling was 

successful in February and March with the results below Tier I1 (they have been included on the trend plot figure). 

Uranium isotopes were well below background. 

881 Hillside Plume / Building 881 Footing Drain Sump 

Plume Extent Wells 10992, 11092,4787,4887, and 5387 monitor the extent of the 881 Hillside Plume. Well 5387 

also monitors the Building 881 Footing Drain Sump, which is Performance Monitoring location SW13494. Wells 

1 1092 and 4887 were dry during both semiannual sampling events in 200 1. Only VOC and metal samples could be 

collected at Well 4787 (3rd quarter samples). There were no analytes greater than Tier JI associated with these a 
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samples. Well 5387 contained uranium isotopes U-233/234 and U-238 at concentrations that were above Tier I1 but 

below the background M2SDs, and as a result they were not reportable. 

Plume Extent Well 10992 was classified as a Plume Definition Well in the 2001 Quarterly Reports. It was changed 

to a Plume Extent Well in the 2002 IMP, and therefore is discussed here. Well 10992 contained selenium, nitrate, 

U-233/234, and U-238 in concentrations greater than Tier 11. Because of the scarcity of data fiom 1991 through 

1995 no historic M2SDs could be computed for 10992. The concentration of selenium (Figure A-50) appears to be 

relatively constant while nitrate (Figure A-49) decreased to its lowest recorded levels. Uranium isotopes are not 

reportable because they were below background. 

Mound Plume 

The Mound Plume is monitored by Plume Extent Wells 3586 and 75992. Well 3586 also monitors the southeastern 

end of the Solar Ponds Plume. 

Plume Extent Well 75992 had non-reportable results for U-233/234 and U-238. The results were above the Tier I1 

levels but below the background M2SDs. 

In 2001, Plume Extent Well 3586 produced samples containing vinyl chloride, manganese, thallium, U-233/234, and 

U-238 at concentrations that exceeded their Tier I1 action levels. Activity concentrations for U-isotopes were less 

than their background M2SDs, and therefore were not reportable. However, vinyl chloride and manganese results 

were above background M2SDs, and therefore were reportable. Vinyl chloride was above Tier I1 but well below the 

historic M2SD for the well. Vinyl chloride concentration (Figure A-126) appears to show a significant decreasing 

trend in this well. The 200 1 manganese results are consistently above the background and historic M2SD 

benchmarks, as they were in 2000. The trend plot (Figure A-124) suggests that an increase in manganese 

concentration may be occurring. Thallium in Well 3586 was below the background and the historic M2SD 

benchmarks and was not reportable (Figure A-125). Thallium appears to exhibit a trend that is present in several 

other wells. Concentrations appear to fluctuate fiom the highest values in the fall of 2000 and 2001 to the lowest 

value in the spring of 200 1. 

a 
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Table 2-1 Summary of Samples Collected - Groundwater 2001 
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3.0 

Groundwater level data collected throughout calendar year 200 1 were reviewed to determine whether significant 

changes in groundwater flow direction, flow velocity, and quantity have occurred within the upper hydrostrati- 

graphic unit since 1996. Because it is the year prior to the commencement of D&D activities, the 1996 data set has 
been adopted as a sitewide baseline. In that regard, it will be used for assessing annual changes to the groundwater 

flow system during the remaining years of plant closure and the post-closure monitoring period. 

GROUNDWATER FLOW CONDITIONS DURING 2001 

The data review included preparation of semiannual potentiometric surface maps, quarterly linear flow velocity 

calculations, selected well hydrographs, and water level change maps. In addition, an evaluation was performed on 

the real time groundwater-monitoring network, which includes 33 monitoring wells outfitted with downhole 

dataloggers that measure water levels simultaneously six times a day. 

Comparison of the 200 1 data to previous potentiometric surface maps (from previous RFCA Annual Reports) and 

historical water level trends presented in the individual well hydrographs provide a framework for identiQing the 

type of potentiometric configurations, seasonal fluctuations, and long-term trends typically associated with pre-1996 

plant operations. 

The variations in water levels and linear flow velocities are probably in response to the timing of water level 

measurements with respect to natural recharge (precipitation), artificial recharge, or artificial dewatering events. 

Artificial events may involve recharge or dewatering related to construction, demolition, onsite industrial processes, 

water line leaks, monitoring well sampling, and building perimeter drain activity or inactivity. 

I 

3.1 Potentiometric Surface Maps 

Potentiometric surface maps of the Site (Plates 3 and 4) and of the Industrial Area (Plates 5 and 6) were constructed 

fiom water level data collected during the second and fourth quarters (April and October data, respectively) of 2001. 

The data utilized are from unconsolidated surficial deposits and selected weathered bedrock components comprising 

the UHSU. These maps provide information on groundwater flow direction and saturated extent that were used in 

the selection of wells for velocity calculations and definition of plume extent and migration. The non-contoured 

areas on Plates 3 and 4 indicate areas where well coverage is absent. When the measured depth to water was below 

the bottom of the well screen (in the case where a sump is present), the well was assumed to be dry. Potentiometric 

contour refinements were made with respect to building foundation drain elevations. 

1 I 

Potentiometric maps constructed for the UHSU were based entirely on data from wells screened in surficial deposits 

and weathered bedrock units (including the Arapahoe No. 1 Sand) thought to be representative of regional shallow 

groundwater flow conditions. For this reason, wells completed in perched alluvial groundwater zones, such as Wells 

50494,50694, and 51594 in the West Spray Field, are not utilized for construction of potentiometric contours. 

Where nested UHSU Well Pairs show conflicting water level elevations, for example one of the wells is dry, well 
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completion data and historic and current water level data in the vicinity was reviewed and the water level data 

thought to be most representative was selected for construction of potentiometric contours. Nested UHSU Well 

Pairs that show one well dry and the other with valid potentiometric data, consist generally of one well screened to 

the base of alluvium (the dry well), the other well screened in some portion of the alluvium, and into the upper 

weathered bedrock or just in the upper weathered bedrock. 

Areas previously labeled as unsaturated, particularly areas from the 1993 maps (EG&G, 1994b), were evaluated and 

reconfigured utilizing new monitoring well coverage (i.e., D&D Wells) and the current water level data. It is 

important to note that just because an area is mapped as unsaturated alluvium on a potentiometric map does not 

necessarily mean that there is no UHSU groundwater at that location. The well may not fully penetrate the UHSU, 

instead, it may only penetrate the alluvial portion of the UHSU at that location. 

Information on seep areas was added to Plates 5 and 6 from the 1995 Hydrogeologic Characterization Report 

(EG&G, 1995b). Seep areas may be overlain by current unsaturated alluvial coverage. This situation can exist 

because the seep may be a result of saturated weathered bedrock that crops out on a hillside, while the alluvium at 

that location, as described above, may be unsaturated. 

The configuration of the 2"d and 4* quarter Site potentiometric surfaces (Plates 3 and 4), depicted on a 20-foot 

contour interval, generally matches the configurations depicted in previous Annual Reports. The configuration of 

the 2"d and 4' quarter IA potentiometric surfaces (Plates 5 and 6) ,  depicted on a 5-foot contour interval, were 

prepared to facilitate more detailed groundwater evaluations with respect to increased well coverage and the effects 

of building foundation drains. In the future, the effect of certain building foundation drains may still be observed 

after the completion of D&D activities. If the drains are gravity flow in nature, they will continue to impact the 

water table even after a given building has undergone D&D. This assumes that structures that are below ground 

level are left in place and not completely plugged, including the trench that the foundation drain is backfilled in. In 

the case of a building where the foundation drain does not operate by gravity flow but rather groundwater is 

collected and pumped to a storage and/or treatment area, the water table should equilibrate to a normal elevation 

after D&D activities cease and the active pumping systems are abandoned. 

Plant operations appear to have locally impacted groundwater flow patterns in areas where potentiometric contours 

deviate fiom ground-surface topographic and/or bedrock surface topographic configurations. The presence of 
irregular potentiometric contours suggests that the groundwater surface has been influenced by the presence of 

subsurface barriers; sinks, such as building foundation drains; deep storm drains; excavations; buried utility 

comdors, and extensive paved areas. 

The pattern and configuration of potentiometric contour lines in the immediate vicinity of Buildings 371/374,444, 

771/774,881,883,865,886, and 991 suggest that foundation drains have localized yet pronounced impacts on 

UHSU groundwater flow in the LA (Plates 5 and 6).  Compressed potentiometric contours on these maps indicate a 

steeper hydraulic gradient in many of those areas that may be associated with building foundation drains. The most 

i 
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extensive area of steep hydraulic gradient exists in the northwest and north central IA. This area, including 

Buildings 371/374,566, the northwest portion of 776, and the southeast portion of 771, presents a complex 

combination of artificial and bedrock controls on the UHSU potentiometric surface configuration. 
0 

Unsaturated alluvial areas depicted on the 2001 maps were generally less extensive, especially for the fourth quarter, 

than shown on the 1996 and 1999 maps. This condition probably reflects the fact that annual precipitation at 

WETS during 2001 was greater than average (although the second half of 2001 yielded almost no precipitation). 

The horizontal flow velocity of UHSU groundwater in these localized areas may be slightly lower as the existing 

UHSU groundwater is flowing through weathered bedrock (with a lower hydraulic conductivity), but the overall 

effect on groundwater flow velocity is probably negligible. 

A comparison of the 200 1 to 2000 potentiometric maps with respect to unsaturated alluvium revealed that during the 

2"d quarter of both years, the unsaturated alluvial extent east and southeast of the IA are approximately the same. 

The 2nd quarter unsaturated alluvial areas in the north-central and northeast IA are less extensive in 2001 than 2000. 

Unsaturated alluvial areas north of the North Perimeter Road are much less extensive in 2001 than in 2000. 

Unsaturated alluvial areas in the Woman Creek drainage are more extensive in 2001 than in 2000. During the 4* 

quarter of both years, the unsaturated alluvium in the north-central and northeast IA, as well as east and southeast of 

the IA, is less extensive in 200 1 than in 2000. The 4* quarter extent of unsaturated alluvium north of the IA is much 

less extensive in 2001 than in 2000. Unsaturated alluvial material in the Woman Creek drainage is slightly more 

0 extensive in 2001 than in 2000. ' 

3.2 Average Linear Flow Velocities 

Linear flow velocities can be used together with potentiometric and water level change maps, hydrographs, and 

chemical trend data in monitoring contaminant plume concentration dynamics and potential migration toward 

surface water. Average horizontal linear groundwater flow velocities (seepage velocities) were calculated for 

UHSU Well Pairs located generally within and adjacent to the IA (Figure 3-1). The original 24 Well Pairs used in 

previous RFCA Annual Reports have been discontinued in favor of Well Pairs that generally have potentiometric 

data available for both wells d&g the 2nd and 4* quarters, and wells which are pertinent to current add future 

groundwater monitoring and Site Closure activities. In future RFCA Annual Reports, the well pair list may vary 

annually depending on the current water table conditions and groundwater monitoring objectives. The historical list 

of linear flow velocity Well Pairs was amended because in some areas the alluvium has become intermittently 

dewatered, and the pertinence of obtaining linear flow velocities in other areas was reevaluated. In addition, certain 

areas of RFETS have had their hydraulic propertie: disrupted by remediation systems (Le., groundwater collection 

trenches or treatment cells). The new Well Pairs were selected based on flow directions derived from data depicted 

on the 2001 potentiometric surface maps included in this RFCA Annual Report. 
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The Darcy equation was used to calculate the seepage velocity (v): 

where: 
K = hydraulic conductivity 
n = effective porosity 
dWdl= hydraulic gradient (change in elevation divided by linear distance) 

Values for hydraulic gradient were calculated from quarterly or biannual water level measurements made between 

Well Pairs located along an identified groundwater pathway. The current Well Pairs were chosen on the basis of 

their perpendicular orientation to current potentiometric contour lines. Hydraulic conductivity values used for 

velocity calculations were derived from the geometric mean values (recalculated for Rocky Flats Alluvium, see 

discussion below) reported for the Rocky Flats Alluvium (Qrf) and Quaternary colluvium (Qc) presented in Table 

G-2 of EG&G (1995b). For each well pair, the K value chosen for the calculation was based on the predominant 

lithologic unit comprising the flow path between the wells. In the case of two Well Pairs (00100/70799 and 

2686/70999), the K value utilized was the average of the hydraulic conductivity of the Qrfand the Qc. This was 

done because approximately half of the lenghs of the groundwater flow pathway for each well pair was located in 

each of the Qrf and Qc. In the absence of measured values of n (effective porosity), a conservative value for 

unconsolidated material of 0.1 is assumed based on its usage in previous velocity calculations performed at WETS. 

The Site hydraulic conductivip kalues calculated for the Qrfand the Valley Fill Alluvium (Qvf) have changed since 

the 1999 RFCA Annual Report. The previously used data, presented in Table G-2 of EG&G (1995b), did not 

include data fiom approximatel) 40 aquifer tests performed in 1995. These tests were performed only on wells 

completed in the Qrf and Qvf, therefore, the geometric mean K values calculated for the other water bearing 

formations listed in Table (3-2 have not changed. The geometric mean hydraulic conductivity value for the Qrf 

changed fiom 2.10E-04 cm/sec to 4.18E-04 cm/sec based on the new data. The geometric mean hydraulic 

conductivity value for the Qvf changed from 2.54E-03 cdsec  to 9.197E-04 cdsec  based on the new data. Only the 

change in the K value for the Qrf is pertinent to this discussion of linear flow velocities. Basically, the change in K 

for the Qrf, with other parameters (Le., hydraulic gradient, effective porosity) staying the same, amounts to doubling 

the velocity in cdsec  or ft37. With order of magnitude K value changes being considered significant, this is a 

relatively minor change. 

, 

Groundwater flow velocities can be used as estimates of the'migration rates for conservative (Le., non-reactive) 

groundwater chemical constituents. Because they do not consider the effects of dispersion and chemical reactions 

(e.g., volatilization, biodegradation, dissdution/precipitation, and adsorption) on the concentrations of constituents 

along a flow path, seepage velocities approximate only the unattenuated rate of migration for dissolved constituents 

in groundwater. Attenuated, volatile, biodegradable, or redox-sensitive species will likely exhibit migration rates 

slower than the average linear velocity of groundwater flow. Using data fiom wells that are screened across 
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different lithologies could also lead to variance between actual contaminant migration rates and calculated average 

rates. 

Large-scale changes in the hydraulic gradient caused by reconfiguration of the groundwater recharge and discharge 

regime during plant closure have the potential to impact groundwater flow directions and velocities which, in turn, 

can affect plume concentration, configuration, and movement. Two hypothetical closure scenarios are evaluated in 

the SWWB (K-H, 2002~). Although the actuaI linear flow velocity between the members of any given well pair are 

somewhat uncertain, changes in relative flow velocities, combined with potentiometric mapping, and specific well 

hydrograph results overlain with contaminant concentration trend plots, provides insight into plume dynamics and 

movement. Linear flow velocity calculations are sensitive mainly to the magnitude of the hydraulic gradient (order 

of magnitude or greater changes) and potentially to the K value (factor of four to five change between Qrf and Qc); 

the assigned value of n is constant. 

, 

As shown in Table 3-1, the calculated 2001 groundwater flow velocities for all formations ranged from a minimum 

of 42.1 feet per year (Wyr) between well pair 14904290 (2nd quarter), located northwest of the IA, to a maximum of 

241.4 Wyr between well pair 56994/57094 (4" quarter), located south of the IA. Well pair 56994/57094 is located 

in on a hillslope in the Old Landfill (OW) area. The minimum value is associated with the Qrf. The maximum 

value is associated with the Qc. Hydraulic gradients are always higher on hillslopes; the hydraulic gradients 

associated with Qc in this discussion are generally an order of magnitude higher than hydraulic gradients associated 

with Qrf. 

Linear flow velocities calculated for the Qrfranged from 42.1 Wyr to 180.9 Wyr. The next highest velocity 

calculated for groundwater moving through Qrf is 122.1 Wyr. The minimum linear flow velocity calculated for the 

Qc was 83.1 Wyr. In general, flow velocity ranges for the Qrf and the Qc is similar. The average linear flow 

velocity for the Qrfis 98.7 Wyr; the average for the Qc is 135.9 Wyr. The flow velocities for the two Well Pairs 

where the K value consists of the averaged K values of the Qrf and Qc ranged from 152.9 Wyr (well pair 

2686170999; 2"d quarter) to 239.7 Wyr (well pair 00100/70799; 4* quarter). 

Table 3-1 presents the calculated 2nd and 4" quarter 2001 linear flow velocities. The entire discussion in Section 

3.0, as far as potentiometric and water level change data, is with respect to 2"d and 4" quarter data. For Well Pairs 

that were represented by both 2nd and 4" quarter 200 1 data, the flow velocities are consistent between both quarters; 

generally within 10 percent. Only two Well Pairs had flow velocities that varied between quarters by more than 10 

Wyr. Differences in linear flow velocity from quarter to quarter are because of variation in the hydraulic gradient, 

which is caused by seasonal fluctuations in water levels at one or each of the two wells constituting a well pair. 

Because the flow velocity Well Pairs have been reevaluated and reselected, we cannot compare the current flow 

velocities to the 1996 flow velocities. If some of the current transects are used for the 2002 Annual Report, those 

velocities will be compared to the current ones. It is interesting to note that, historically, the major changes in flow 

velocities (when comparing previous years with data for the same Well Pairs, for instance 1996 and 2000) were in 
I 
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Well Pairs located in or immediately downgradient of the IA. This phenomenon may be expected in the IA versus 

the Buffer Zone because of all the artificial features associated with the IA (building drains, pavement, piping and 

utility comdors, etc.), and the ongoing changes to these features during Site closure. Velocities reported for 1996 

through 2000 were generally higher than velocities reported in pre- 1996 annual RCRA groundwater monitoring 

reports largely because sitewide mean K values are now employed in the calculations instead of the individual OU 

mean K values that were used in the past. 

The area encompassed by Well Pair 1490/1290, located on the pediment northwest of the IA, may be most 

indicative of the actual flow velocity of groundwater through the Qrf without the anthropogenic affects of the IA. 

Regardless of the anthropogenic effects of the IA, the Qrf and Qc are heterogeneous materials and linear velocity 

variation is inherent within these materials from location to location. 

3.3 Well Hydrographs and Water Level Change Maps 

Hydrograph plots for many RFCA water quality wells are contained in Appendix C. The hydrographs have been 

constructed in order to observe changes in water table elevation with time. In addition to illustrating seasonal 

fluctuations in water table elevation, hydrographs are useful for evaluating trends that might result from either 

artificial activities (plant closure) or natural causes (climate change). For example, a comparison of IA well 

hydrographic data to background well hydrographic data may suggest whether any of the observed trends are 

naturally or artificially induced. If groundwater levels within RFETS have reached a steady state condition since the 

cessation of production operations in 1989, it is conceivable that plant D&D activities are disrupting this condition 

and causing local water levels to rise or fall, depending on the closure action. These changes in water level 

elevations will be evaluated in future years using annual water level change maps that will be based on the current 

water levels compared to water levels collected during the 1996 baseline year. 

Water levels measured during 2001 were, for the most part, observed to fluctuate within previously observed ranges. 

For all site wells, where appropriate data were available for the 2"d and 4* quarters, water levels were higher in 

exactly 50 percent of the wells during the first half of 2001 compared to the second half of the year. The wells were 

scattered randomly over the site; there was no apparent pattern, with regard to location, of the 50 percent of the 

wells where water levels were higher in the first half of the year as opposed to the second half. Overall, water levels 

were similar in 2001 to the levels observed in 1996, which were higher than average and were thought to reflect the 

residual influence of the record high water levels experienced in 1995. The mean annual precipitation for the Site is 

about 14.5 inches based on rain gauge totals from the Site meteorological station located northwest of the IA. 
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Table 3-1 Linear Flow Velocities 

dotes: ND = no data; * = averaged K value of Qrf and Qc 

, 
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Sitewide precipitation data from 1995 through 2001 indicates that precipitation was very high in 1995 (21.6 inches), 

1996 produced average precipitation (14.4 inches), 1997 produced above average precipitation (17.7 inches), 1998 

produced average precipitation (14.4 inches), 1999 produced above average precipitation (1 7.8 inches), 2000 

broduced below average precipitation (13.0 inches), and 2001 produced above average precipitation (16.0 inches). 

The continuing trend of higher than average UHSU water levels may be based on recurrent higher than average 

precipitation (except for 2000), since 1995, providing ample groundwater recharge. This trend implies that climate 

is the dominant cause of water level changes at RFETS. 

Water level change maps (Plates 1 1 and 12) were prepared utilizing the difference between 200 1 and 1996 water 

levels at wells that had water level measurements in common for the two years. These data are used to compare the 

2001 potentiometric surface for the second (April data) and fourth (October data) quarters to the 1996 

potentiometric surface for the corresponding quarters. The water level change maps indicate areas of the site where 

changes in saturated thickness, either positive or negative, have taken place between the 1996 base level year and 

the current year (2001). It is important to note that wells that have been purged for sample collection a short time 

prior to the water level measurement and that have a slow recharge rate, can reflect an artificially large discrepancy 

in water level change from 1996 to the year of the current RFCA Annual Report. 

Second Quarter 1996 compared to Second Quarter 2001 

The water level change map comparing the second quarters of 1996 and 2001 (Plate 11) generally shows no change 

to slightly negative change in the IA, indicating static to slightly lower water levels during 2001, as compared to 

1996. The western portion of the IA shows an area of positive water level change (greater than +3 feet) indicating 

higher water levels in 2001 compared to 1996. A localized area of strongly negative water level change (greater 

than -5 feet) is observed immediately east of the Solar Ponds, possibly because of closure of the Solar Ponds. An 

area of negative to slightly positive (greater than -1 foot to +1 foot) water level change extends from southwest of 

the Solar Ponds to the northeast through the A- and B-Ponds drainages. In addition, an area southwest of the 903 ' 

Pad shows strongly negative water level change (greater than -5 feet). This area of negative water level change 

trends to the northeast through the 903 Pad to the East Trenches area showing negative water level change of up to 

two feet. An isolated area of strongly negative (greater than -5 feet) water level change is located along Indiana 

Street just north of the East Access entrance. 

The West Spray Field and West Buffer Zone shows a slightly positive (less than +1) to slightly negative (less than 

-1) water level change that may be a lingering result of ample groundwater recharge from the high precipitation 

experienced during 2001. The background area north and west (upgradient) of the Present Landfill shows negative 

(up to -2 feet) water level change. This background area may be most indicative of actual water level change 

without the anthropogenic affects of the IA. A localized area of high positive water level change is found extending 

from Building 774 north-northeast to the three storage tanks (MSTs) north of the North Perimeter Road. 
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The general trend of water level change for the 2"d quarter of 200 1 compared to the 2"d quarter of 1996, with respect 

to the IA, is negative. This may be a result of lower than average precipitation during 2000 and the first three 

months of 200 1. 

Fourth Quarter 1996 compared to Fourth Quarter 2001 

The water level change map comparing the fourth quarters of 1996 and 200 1 (Plate 12) generally shows that there is 

negative water level change (greater than -5 to less than - 1 feet) in the western and central portion of the IA and . 

slightly positive water level change (greater than + l  feet) in the eastern third of the IA. The southwest portion of the 

LA exhibits strongly negative water level change that indicates that the 4* quarter water levels in this area were 

substantially lower during 200 1. The area immediately east of the Solar Ponds exhibits slightly negative water level 

change that extends to the northeast through the A- and B-Ponds drainages. Included in this area are four isolated 

areas of strongly negative water level change. These bullseyes are associated with individual wells (1386, 10594, 

75992, and 75292) in the North and South Walnut Creek drainages and may be a result of pond discharge timing or 

in the case of well 75992, treatment system location. The southeastern portion of the IA, encompassing the 903 Pad, 

exhibits slightly negative water level change. This area extends southwest towards the SID with greater negative 

water level change (greater than -3 feet). 

, 

The West Spray Field and West Buffer Zone shows positive water level change (less than +1 to greater than +3 feet) 

indicating that the water levels were higher in this area during the 4" quarter of 200 1. This area of positive water 

level change extends to the area north and west (upgradient) of the Present Landfill. As described above, this 0 
background area may be most indicative of actual water level change without the anthropogenic affects of the IA. 
The Present Landfill generally shows slightly negative water level change, with stronger negative water level change 

(greater than -2 feet) in the area of the PU&D Yard. The positive water level change in the west and northwest 

Buffer Zone in the 4" quarter may be a result of ample groundwater recharge from the higher than average 

precipitation during 2001, especially because most of the 2001 precipitation took place during the 2"d and 3rd 

quarters. 

With respect to the IA, the general trend of water level change for the 4" quarter of 2001 compared to the 4" quarter 

of 1996 is negative. This may be a result of lower than average precipitation during 2000 and the first three months 

of 2001. 

3.4 Real Time Groundwater Monitoring Network 

As a requirement of the WETS IMP, a real time water level monitoring network was established for the UHSU 

during 1998, and expanded during 1999. The network currently consists of 33 monitoring wells equipped with 

downhole In-Situ Inc., Model SP4000 Troll" data loggers. The 33 monitoring stations were chosen for the program 

based on location, historical groundwater occurrence at each location, stratigraphic completion interval, and 

monitoring well construction details. The network provides for frequent simultaneous measurement of groundwater 

levels at all locations. The goals of the real time groundwater monitoring network are to provide ample, concunent, 

water level measurements for environmentally or hydrogeologically sensitive areas of WETS, such as beneath and 
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downgradient of the IA, and along stream channels to the north, south, and east of the IA. These data, also utilized 

by the SWWB (K-H, 2 0 0 2 ~ ) ~  are important to modeling and understanding groundwater dynamics on a short term 

scale that quarterly or even monthly water level measurements do not allow. Combined with surface water and 

precipitation data this information allows a greater understanding of the effects of infiltration events and ET on the 

UHSU. 

The Troll@ is a compact downhole instrument that contains a data logger, temperature sensor, pressure transducer, 

and battery in a self-contained watertight unit. The transducer is vented at the surface so as to negate the effects of 

barometric pressure changes. The Troll@ measures and records temperature and temperature corrected water level 

and allows for unattended long-term monitoring. It is programmed and downloaded with a portable computer. In- 

Situ Inc.’s Win-Situ@software allows the user to communicate with the Trolls@ in order to program a variety of 

short-term tests, program a long-term monitoring scheme, or download data without withdrawing the unit from the 

monitoring well. 

Currently, each of the Trolls@ is programmed to measure the water level every four hours; 12:OO A.M., 4:OO A.M., 

8:OO A.M., 12:OO P.M., 4:OO P.M., and 8:OO P.M. As shown on Plate 14 and Figure 3-2, monitoring wells utilized 

for the real time groundwater-monitoring network are located to provide sitewide coverage with additional specific 

coverage in the IA, immediately east (downgradient) of the IA, and in the north Buffer Zone. In addition, locations 

were chosen to monitor water levels in colluvial, alluvial, and weathered bedrock (pediment surface) deposits within 

the UHSU. The arrangement of Trolls@ throughout WETS allows observation, simultaneously across the site, of 

the impact of a precipitation event on the UHSU. The location of the Trolls@ within the various sedimentary 

depositional environments and weathered bedrock which comprise the UHSU will allow for a better understanding 

of the relationship between groundwater and surface water at various locations around WETS. 

The Monitoring Wells in the 2001 real time groundwater-monitoring network include: 0186, 1086,3686, 3986, 

4786,5586,6886,0187, 1487,1587,4287, P114889, P115489, P119389, P209889, P213689, P414189, P415889, 

P416589, B200589, B200889, B210489,1190,03791,05191,20691,20991,37591,77492,05293,10794, 11494, 

and 51494 (see Figure 3-2 and Plate 14). 

Data presented on Plate 14 are from calendar years 1999 through 2001. Data downloaded from the real time 

monitoring network for CY 2001 are complete except for well P209889, which only has data through September 2, 

2001 due to a malfunction in the downhole unit. The malhction was not realized until the spring 2002 download 

event. The unit was removed from the well and sent to In-Situ Inc. for repairs, then reinstalled in well P209889. 

There will be a data gap for this well from early September 2001 until July 2002. 

There are certain wells from which earlier data are incomplete. The eight wells added to the program in spring 

1999, have slightly less than a year of data recorded for CY 1999. Also, during 1999 all real time groundwater- 

monitoring stations were brought into compliance for year 2000 (Y2K) computer issues. Monitoring Wells 77492, 

10794,6886, and 5 1494 inadvertently had some early 1999 data deleted from them while uploading the Trolls@ with 

new Y2K compliant fmware. Monitoring Wells 20991 and 4786 initially had Trolls@ installed during late 1998 

beneath a water column of greater than 34.5 feet. This exceeded the 15 pounds per square inch (psi) pressure rating 
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of the transducer diaphragms. This was remedied by raising the Trolls@ in the wells so that the water column 

exerted less than 15 psi. These are the only two wells in the real time groundwater monitoring system that could be 

affected by this pressure phenomenon. 

Data presented in the 200 1 Annual RFCA Groundwater Monitoring Report from the real time groundwater- 

monitoring network has been analyzed for the period of January 1999 through December 2001. Three yearly cycles 

of water level fluctuations and precipitation data' are displayed, allowing for the following analysis and discussion. 

Plate 14 presents the 33 monitoring locations with a hydrograph of the groundwater elevation data collected from 

each station. Please note that the water table elevation scale, located on the right side of the hydrograph, varies from 

well to well. Superimposed on each hydrograph is precipitation data from the nearest WETS surface water station 

that contains a rain gauge. There are a few gaps in the precipitation data because of problems that are inherent with 

unheated rain gauges. As stated above, CY 1999 was a year of above average precipitation (17.8 inches); CY 2000 

had below average precipitation (13.0 inches); CY 2001 had above average precipitation (16.0 inches). 

The following are general observations made from the three years of real time groundwater monitoring data 

collected from the network: 

0 

0 

The hydrographs indicate that responses to precipitation events and subsequent groundwater recharge are 
varied and dependent on the location and hydrologic parameters at the individual well location. 
Wells located in the western and northern Buffer Zone (5586,5 1494,4786, 1190, B200589, and 
B2008890) exhibit background baseflow without the anthropogenic effects of the IA, and generally show a 
very subtle response to the below average 2000 precipitation as compared to above average 1999 and 2001 
precipitation. Two wells immediately east of the IA (1587 and 20691) exhibit this same phenomenon. 
Certain wells located east and southeast ofthe IA (03791,3986,05 191, and 20991) exhibit almost no 
recharge during lower than average precipitation year 2000. 
Wells located in the IA (P213689, P416589, P415889, P115489, PI 14889, PI 19389,77492, and P209889) 
with the exception of P414189, exhibit a relatively greater response to the below average precipitation that 
occurred during 2000 than Buffer Zone wells. 
Wells located or adjacent to streambeds are the most sensitive to precipitation and pond discharge events 
with respect to groundwater recharge and dewatering response times and hydrographs graphically show the 
effects of ET, or lack of ET, depending on the season. 

0 

0 

0 

The following are specific observations made from the three years of real time groundwater monitoring data 

collected from the entire network: 

Hydrographs from the series of Buffer Zone Wells trending from the south to the north and then northeast along the 

pediment surface west and north of the IA are thought to reflect in situ groundwater baseflow conditions without the 

anthropogenic effects of the IA. These wells include 5586,11494,51494,4786, 1190, B200589, and B200889. 

Generally, these wells show a high water level achieved during the spring or summer of 1999 because of the high 

precipitation during 1999. Most (except 11494) show minimal spring responses to precipitation that occurred in 

2000 compared to their 1999 hydrographs. Four of these wells (1 1494,5586,5 1494, and 4786) are located in the 

portion of the site where much of the alluvial groundwater recharge takes place. Two wells (5  1494 and 4786) which 

lie in a north-south line due north of the Raw Water Pond, exhibit constant diurnal fluctuation superimposed on the 

baseflow. This diurnal fluctuation may be related to excessive ET and/or may be attributed to some artificial effect 

caused by the pumping of groundwater from the adjacent (to the west) gravel pits. This diurnal fluctuation is 

0 
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e exhibited to a lesser degree in Well 11494. Comparing the results of these wells to the IA wells, over time, should 

allow a better understanding of various facility specific effects on individual well responses to recharge or 

dewatering events. 

Wells in the IA, of which there are 12 with Trolls@, generally exhibit baseflow, including a relatively high overall 

response to the less’ than average precipitation of 2000, superimposed with responses to acute precipitation events or 

a series of precipitation events that take place over a period of a week or two. The one exception to this is Well 

P114889, located in an extensive asphalt parking lot just southeast of the southwest comer of the PA, which exhibits 

general baseflow curves with little or no apparent responses to precipitation events. It is situated between two wells 

with Trolls@, P119389 and P115489, which exhibit marked responses to precipitation events. Wells P114889 and 

P119389 show a higher water table elevation in response to 2000 annual precipitation than the greater 1999 annual 

precipitation. Another unusual hydrograph is from Well P209889, located on the vegetated hillside just north of the 

SEPs, which exhibits a slight baseflow decline between the seasonal highs of the three years with minor individual 

precipitation event responses superimposed on the baseflow. The well maintains a relatively high water level all 

year. It also shows the drawdown effects of sampling events. Monitoring Well 05293, located in the PA 

downgradient of Building 707, shows groundwater elevation fluctuations that are dissimilar to any other well in the 

IA. This may be because the well lies in the downgradient shadow of the Building 707 foundation drain. The 

hydrograph fkom Well 05293 appears more like a hydrograph from a well adjacent to a streambed. Well 0 187, 

located on the hillside immediately southwest of Building 881, shows the greatest and most immediate response to 

each precipitation event of any well other than those adjacent to a streambed. The grassy area to the north and east 

of this well was regularly watered, as was the Building 850 lawn, which may account for the unusual recharge 

spikes observed on the hydrograph during 1999 and 2000. 

u 

Wells (4287, B210489,3686, 10794,0186, and 6886) in or immediately adjacent to streambeds exhibit an almost 

immediate, although varying in magnitude and length, response to precipitation events during low ET times of the 

year. These same wells will show minimal to no response to precipitation events during high ET times of year 

(approximately July through September). With this in mind, each of the six well hydrographs differs somewhat 

from the others. It is also important to note that the dry time periods displayed on the hydrographs for these wells 

are dependent on the depth of well penetration into the Quaternary valley-fill alluvium. The streambeds are not dry 

at depth; the wells just do not penetrate the water table. Four of the near stream wells, 4287, B210489,0186, and 

6886 show a sustained, relatively high water table elevation for the fall, winter, and mid-spring of 1999-2001. The 

response in these wells reflects the lag time resulting from a stream receiving groundwater recharge from 

precipitation, combined with low ET during the cooler time of year, which encompasses late fall through mid- 

spring. Monitoring Wells 10794 and 3686 did not exhibit this phenomenon. Well 10794, downstream of the A- and 

B-Ponds, exhibits distinct responses to discharges fiom Ponds A-4 and B-5, possibly superimposed with minor 

responses to precipitation events. During mid-September 1999 through early March 2000, the area immediately 

adjacent to well 3686 was undergoing maintenance of a pipeline that extends fkom the Sewage Treatment Plant to 

Pond B-3 and routes water around Ponds B-1 and B-2. South Walnut Creek has been routed around Ponds B-1 and 

B-2 for some time and well 3686 generally only contains water for short periods in the spring and summer when 

precipitation recharge exceeds ET. 
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Wells 03791,20991,20691, 1587,05191, and 3986 are located east ofthe IA. Four ofthe wells (03791,20991, 

05 191, and 3986) generally exhibit baseflow conditions with little or no response to individual precipitation events. 

These wells show a relatively smooth decline in water level during the last six months of 1999, almost no response 

to year 2000 precipitation, and then a moderate response to above average 200 1 precipitation. Well 2069 1, located 

just northeast of the 903 Pad, and Well 1587, located due east of the 903 Pad, exhibit the general trend of the other 

wells east of the IA, but show a marked overall response to 2000 precipitation with precipitation event responses 

superimposed on the baseflow. The hydrographs for Wells 2069 1- and 1587 are strikingly similar. Well 2069 1 is 

screened in a buried paleochannel, which may account for its increased sensitivity to groundwater recharge. 

' 

Well 1487, located approximately 850 feet southeast of the 903 Pad, exhibits a sustained, relatively high water table 

elevation for the fall, winter, and mid-spring of 1999-2000, and the second half of 2001. During these periods there 

was relatively low precipitation. This UHSU well is screened entirely in weathered ArapahoeLaramie sandstone 

and siltstone. This material exhibits a moderately lower hydraulic conductivity than alluvial and colluvial materials 

which would be found along the hillside north of the well. The lower hydraulic conductivity at this location may be 

responsible for the fact that the water table elevation stays relatively stable with very little variation in elevation 

through the course of an entire season. Groundwater percolating down the hillside through more permeable 

colluvial materials probably slows down as it gets into the weathered bedrock; the slower draining bedrock 

effectively causing the water level to remain high through the dry portions of the year. 

Well 1086, located immediately upgradient of the Present Landfill, exhibits an almost immediate response time to 

, precipitation events. This well does not fit into any of the previously discussed groups of wells in the real time 0 
monitoring network. Its overall response to Site annual precipitation is most similar, with regard to relative 

magnitude of recharge, to the majoriry of wells located in the IA; it exhibits the higher response to the less than 

average precipitation in 2000. But its immediate response to precipitation events differs from those IA wells in that 

they seem to react more to lateral flow. This may be a response to the location of the well with respect to the 

Present Sanitary Landfill. Potential groundwater mounding at the upgradient end of the landfill, which may be 

caused by the surface water diversion structure in this area, may increase the sensitivity of this well with respect to 

precipitation events. 

In summary, groundwater flow conditions for 2001 appear to generally resemble flow conditions described for 

recent years with slight variations depending on the location and the localized precipitation variations within the 

WETS site boundary. This situation is not unexpected because closure activities undertaken to date have been 

minimal and the relative impact to the UHSU, especially in the IA, is probably negligible except in localized areas. 

Positive water level changes observed west of the IA may be the result of mounding associated with consistently 

higher than average precipitation, combined with relatively slow lateral flow. 
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4.0 PERFORMANCE MONITORING 0 
Performance monitoring refers to monitoring the effect(s) of a remediation system or source removal action, as 

required in the RFCA. If an increasing trend in the concentration of a contaminant is noted, then the appropriate 

parties are notified and an evaluation of the situation is initiated. 

4.1 Mound Plume 

4.1.1 Mound Site Source Removal 

The Mound Site is located north of Central Avenue and northeast of the 903 Pad and consists of a former waste 

burial area where 1,405 drums were stored (Figure 4-1). Initially placed on the ground, the drums were buried with 

soil between April 1954 and September 1958, thus generating a “mound”. The drums originated in Buildings 444, 
771,776, and 883 and contained uranium and beryllium contaminated lathe coolant (a mixture of approximately 

70% hydraulic oil and 30% carbon tetrachloride), PCE and other VOCs, and low levels of plutonium. 

In 1970, all of the drums were exhumed fiom the Mound Site along with some soil contaminated with radionuclides. 

The Mound Site area has been disturbed often, generally by construction projects, since the initial source removal. 

Additional radioactive soils were identified during these projects and removed at later dates. Subsequent 

investigations detected VOCs, primarily PCE, in subsurface soils at concentrations above the subsurface soil action a levels that require cleanup. 

The Mound Site (IHSS 113) source removal was the third accelerated source removal action at WETS to remediate 

contaminated soils that were contributing to the degradation of groundwater in the area ( R M R S ,  1997~). This 

section evaluates performance of the source removal action per RFCA (RFCA, 1996) with regard to groundwater. 

The accelerated soil removal action, which was completed during the spring of 1997, included the excavation and 

treatment of 724.5 cubic yards of soil contaminated with VOCs above Tier I action levels for subsurface soil 

(RMRS, 1997~).  The excavation was completed in April 1997; soils were treated in August 1997 using low 

temperature thermal desorption to remove the VOCs and the treated soils were returned to the excavation in 

September 1997. As part of this project, a permanent culvert was installed in the previously unlined Central Avenue 

Ditch, which is located immediately upgradient of the source area and had contributed water to the Mound Site 

Plume. 

The Closeout Report for the Source Removal at the Mound Site, ZHSS 113 ( R M R S ,  1997c) summarizes the source 

removal action. In addition to PCE and TCE, carbon tetrachloride, and methylene chloride were also identified as 
contaminants of interest based on soil samples, however, carbon tetrachloride was never detected in Mound Site 

samples and detections of methylene chloride were determined to be a result of laboratory contamination ( R M R S ,  

1997c). 
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Excavation boundary samples identified PCE contamination (12 and 86 m a g )  in two of the fourteen excavation 

bottom samples which exceed the VOC Cleanup Target Levels for Excavation stated in the Propose Action 

Memorandum (PAM) (RMRS, 1997~). However, because the majority of contaminated soil had been removed, 

because of problems with excavating deeper into the bedrock, and because the limiting conditions established in the 

PAM (excavation through the highly weathered bedrock) had been met, it was decided that excavation activities 

would cease (RMRS, 1997b and 1997~). 

Well 00897 was installed in 1997 to monitor groundwater immediately downgradient of the Mound Site. PCE 

concentrations appear to fluctuate with a mean concentration of 17,380 pg/L and range fkom a minimum of 7400 

pg/L in November 1998 to 22,000 pg/L in October 2001. As illustrated on Figure 4.1-1, PCE concentrations in well 

00897 appear to exhibit a slight upward trend. The trend is apparent and not statistically significant because the 

slope of the trend line cannot be differentiated fiom zero. 

Figure 4.1-1 Tetrachloroethene Trend Plot For Well 00897 
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TCE concentrations, as shown in Figure 4.1-2, range fiom an initial high of 2000 pg/L in March and June 1998 to a 

minimum of 1500 pg/L in April and October 2001 with a mean concentration of 1691 p a  for 1998 to 2001. 
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Figure 4. I-2 Trichloroethene Trend Plot For Well 00897 . 
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TCE concentrations in this well have decreased slightly as illustrated by the downward (negative) slope to the trend 

line on Figure 4.1-2. This downward trend is statistically significant because the slope of the trend line can be 

statistically differentiated from zero. The concentrations of PCE in Well 00897 are an order of magnitude greater 

than the concentrations of TCE. All results of PCE and TCE in Well 00897 constitute Tier I exceedances. 

One low PCE value was considered suspect but was retained for trend analysis because it falls between the lower 

inner and outer fences as shown on the box and whisker plots below (Figure 4.1-3). 

Figure 4. I-3 Box and Whisker Plot of PCE Concentrations in Well 00897 
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One low TCEvalue was determined to be highly suspect and was considered an outlier because it falls outside the 

lower outer fence (Figure 4.1-4). The histogram and probability plots (Figures 4.1-5 and 4.1-6) also support this 

conclusion. The low data points are detached from the main body of data on the histogram and depart significantly 

fiom a best-fit line on the normal probability plot. 

Figure 4.1-4 Box and Whisker Plot of TCE Concentrations in Well 008971 6 

TCE Concentrations in Well 00897 

Lower Inner Fence I 
Lower Outer Fence 

Figure 4.1-5 Histogram of TCE Concentrations in Well 00897 
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Figure 4. I -6  Probability Plot of TCE Concentrations in 00897 0 TCE Concentrations in 00897 
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Methylene chloride was detected at 12,000 pgiL during one sampling event in June 1998 (Figure 4.1-7). Recent 

sampling indicates that methylene choride concentrations are partly due to laboratory contamination. However, 

these values (1 120 and 420 pgL) are considerably greater than five times \he blank value suggesting that they are 

real values and representative of methylene chloride contamination in this area. 

Figure 4.1-7 Methylene Chloride Trend Plot For Well 0089 7 
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In summary, there has been no statistically significant change in PCE concentrations while TCE has decreased 

slightly in downgradient Well 00897 after the accelerated source removal action. Monitoring will continue until 

VOC concentrations decrease to below Tier I action levels. 

4-5 



02-FF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

Well 0229 1 is also located downgradient of the Mound Site, approximately equidistant between the Mound Site and 

the Mound Site Plume Treatment System (MSPTS). PCE concentrations appear to fluctuate with a mean 

concentration of 33 16 pgL and range fiom a minimum of 210 pg/L in December 1991 to a maximum of 6800 pg/L 

in October 2001 (Figure 4.1-8). A three-year data gap from 1995 to 1998 occurs as a result of removing Well 02291 

from the ground water monitoring program. PCE levels in well 0229 1 appear to be increasing over the long term 

although there has been a noticeable decrease in concentration from the fourth quarter 2001 to the first quarter of 

2002. Concentrations are currently above Tier I action levels. Trend lines (least squares linear regression line) were 

constructed prior and subsequent to mound source removal in April 1997 and indicate that PCE concentrations have 

exhibited a statistically significant upward trend before the mound source was removed. A slight downward trend 

subsequent to the removal has occurred is illustrated on Figure 4.1-8, although this trend is apparent and not 

statistically significant. 

Figure 4.1-8 Tetrachloroethene Trend Plot For Well 02291 
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Prior to conducting the regression analysis, two data points (non-detects) were determined to be statistical outliers 

and were omitted fiom M e r  trend analysis. The box and whisker plot below (Figure 4.1-9) indicates that two 

sampling values are considered highly suspect because they lie outside the lower outer fence. A third data point is 

very slightly outside as well but was retained because it was attached to the main body of data on the histogram 

(Figure 4.1-10). 
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Figure 4. I-9 Box and Whisker Plot of PCE Concentrations in Well 02291 
PCE Concentrations in Well 02291 
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The histogram and probability plot (Figures 4.1-10 and 4.1-1 1) also support this conclusion. The low data points are 

detached fiom the main body of data on the histogram and depart significantly fiom a best-fit line on the normal 

probability plot. 

Figure 4. I - IO Histogram of PCE Concentrations in Well 02291 
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Figure 4.1-1 I Probability Plot of PCE Concentrations in Well 02291 
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TCE in Well 02291 (Figure 4.1-12) follows a similar trend to PCE, except that, as with near source Well 00897, the 

concentrations of TCE are an order of magnitude lower than the concentrations of PCE. PCE concentrations have 

consistently exceeded Tier I action levels (500 pgL) while TCE in Well 02291 has been exceeding this level 

consistently since May 1999. TCE concentrations vary with a mean concentration of 410 pg/L and range fkom a 

minimum of 100 pgL in December 1991 to a maximum of 740 pg/L in April 2000. A trend line before mound 

source removal indicates that TCE concentrations were increasing. Subsequent to mound source removal there 

appears to be an apparent downward slope to the trend line. However, the slope of this trend line is statistically not 

significant and cannot be differentiated fkom a zero. 

Figure 4. I - I 2  Trichloroethene Trend Plot For Well 0229 I 
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As shown on Figures 4.1-13 through 4.1-15, one (non-detect) data point was determined to be a statistical outlier 

and was excluded fkom further trend analysis. 

Figure 4. I - I 3  Box and Whisker Plot of TCE Concentvations in Well 02291 
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Figure 4. 1-14 Histogram of TCE Concentrations in Well 02291 
TCE Concentrations in 02291 

Figure 4.1-15 Probability Plot of TCE Concentrations in Well 02291 
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In summary, concentrations of TCE at the Mound Site have been observed to statistically decrease in Downgradient 

Well 00897 but has remained constant in well 02291 after the accelerated source removal action. PCE 

concentrations have remained statistically unchanged in Well 02291 and 00897. Monitoring will continue until 

VOC concentratipns decrease to below Tier I action levels. 

4.1.2 Mound Plume/SW059 Remediation System 

As stated above, the Mound Site is located north of Central Avenue and northeast of the 903 Pad and consists of a 

former waste burial area where drums were stored. Ten percent of the drums were suspected to have leaked, 

resulting in soil and groundwater contamination. 

’ 

From the Mound Site, the ground surface slopes steeply downward to the north, towards the incised drainage of 

South Walnut Creek. The Mound Site Plume is located north of Central Avenue and east of the PA fence. The * 
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plume, comprised primarily of VOC contamination, discharged as seeps and subsurface flow into the South Walnut 

Creek drainage in the vicinity of seep SW059 prior to the installation of the Mound Site Plume Treatment System 

(MSPTS). The VOC contamination is found along a line of monitoring wells downgradient (north) of the Mound 

Site, between the Mound Site and South Walnut Creek, indicating that the Mound Site is the primary'source of the 

plume. Figure 4-1 presents the location of the Mound Site Plume area. 

A pre-remedial groundwater investigation was performed in March and April of 1997 to examine the nature and 

extent of the Mound Site Plume adjacent to South Walnut Creek. The results of the investigation indicate that the 

water level and quantity of groundwater present generally declines towards the east and west margins of the plume. 

The most commonly detected VOCs from the source area to the distal end of the plume are PCE and TCE. Other 

VOCs are present in the plume, mainly towards the distal end, as degradation products of PCE and TCE (DOE, 

1997~). The goal of the investigation was to provide the necessary information to support the design of an 

interceptiodcollection trench and the proper disposal of soil removed during construction of the 

interceptiodcollection trench. 

The Mound Site Plume project employs an innovative technology for the collection and treatment of groundwater 

contaminated with chlorinated organic compounds and low levels of radionuclides. Installation of the MSPTS was 

completed in September 1998. The MSPTS is a passive subsurface groundwater treatment system consisting of an 

impermeable barrier membrane constructed of high density polyethylene (HDPE) to capture and redirect 

contaminated groundwater; an engineered permeable filter media backfill, consisting of sand and pea gravel, and 

containing a 4-inch perforated HDPE pipe routed to a central collection sump; treatment cells containing zero- 

valence iron; and a barrier monitoring - system (piezometers 16199 through 16599 on Figure 4-1). Figure 4-2 

presents a schematic of the MSPTS. Two sets of MSPTS influendeffluent samples were collected in 2001. The 

results of the sampling indicate that most of the contaminants of interest, VOCs, U-235, U-238, and americium-241 

have been reduced to below Tier I1 action levels in effluent from Reactor 11, the second treatment cell. Two VOCs, 

methylene chloride (6 p a )  and chloromethane (3 1 p a )  were detected one time each at concentrations that 

slightly exceed their Tier I1 action levels. I 

The system is designed to protect surface water by reducing mass loading consistent with RFCA action levels. 'I+e 

zero-valence iron, contained in two buried treatment cells, is used to remediate VOC and radionuclide contaminated 

groundwater by breaking down the VOCs and sorbing the radionuclides. After treatment, the water is discharged 

back to groundwater on the downgradient side of the treatment system through a French dram ( R M R S ,  1999e). 

During construction of the treatment system, a buried drainpipe was discovered that was probably contributing 

contaminated groundwater to the SW059 seep. The treatment system also collects this water. 

Currently, the following four wells are being sampled as Performance Monitoring wells for the MSPTS: 3586, 

15599, 15699, and 15799 (Figure 4-1). These wells are all located downgradient of the MSPTS collection trench 

with well 3586 being farther downgradient and adjacent to South Walnut Creek, while the other three wells are 

immediately downgradient of the interceptor trench. 
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Vinyl chloride concentrations have been consistently above Tier I1 action levels in well 3586 (Figure 4.1-16) since 

sampling started in January 1990. However, since April 1991, there has been an exponential decrease in vinyl 

chloride concentrations that is unrelated to the installation of the remediation system. Recent data fiom 2002 

indicate that vinyl chloride concentrations (1 .O p a )  are below Tier I1 levels. Because of the non-linear nature of 

the data, an exponential trend line was considered to be the most appropriate model to use to evaluate the long-term 

temporal variations in the data. 

0 

Figure 4. I -I 6 Vinyl Chloride Trend Plot For Well 3586 
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Low leyels of methylene chloride have also been detected in Well 3586. However, since 1997, methylene chloride ' 

concentrations have been below Tier I1 action levels. 
, 

Concentrations of PCE and TCE in Well 15699 (Figures 4.1-17 and 4.1-18) have been elevated since sampling 

began in March 1999 and have consistently exceeded Tier I action levels. Trend lines (least squares linear 

regression line) for PCE and TCE data indicate that concentrations of these compounds have remained generally 

unchanged with time since sampling started. Although there is an apparent downward trend to the TCE data, 
statistically, the slope of this trend line cannot be differentiated from zero. This means statistically that there is no 

trend or change in the data with time. 
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Figure 4.1- 17 Tetrachloroethene Trend Plot For Well 15699 
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Figure 4. I - I8 Trichloroethene Trend Plot For Well I5699 
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Prior to conducting the regression analysis, the data were statistically evaluated for outliers. Two PCE and two TCE 

values were determined to be outliers and were omitted from further trend analysis. The outlier analysis was 

performed using graphical statistical methods that include box and whisker plots, histograms, and normal probability 

plots. Because of the highly skewed nature of the data, a natural log transformation was performed. The box and 

whisker plots below (Figures 4.1 - 19 and 4.1-20) indicate that two values, shown by a solid circle, on each figure 

were considered highly suspect because they lie outside the lower outer fence. The lower outer fence is equivalent 

to more than three standard deviations from the mean. 
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Figure 4. I - I 9  Box and FThisker Plot of PCE Concentrations in Well 15699 
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Figure 4.1-20 Box and FThisker Plot of TCE Concentrations in Well I5699 
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The histogram and probability plots (Figures 4.1-2 1 through 4.1-24) also support this conclusion. The low data 

points are detached ffom the main body of data on the histogram and depart significantly fiom a best-fit line on the 

normal probability plot. 
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Figure 4.1-21 Histogram of PCE Concentrations in Well 15699 
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Figure 4.1-22 Histogram of TCE Concentrations in Well 15699 
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Figure 4.1-23 Probability Plot of PCE Concentrations in .Well 15699 
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Figure 4.1-24 Probability Plot of TCE Concentrations in 15699 
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Concentrations of cis-1,2-DCE (Figure 4.1-25) and 1,l-DCE (Figure 4.1-26) have been detected in well 15699 

above their Tier I1 action levels, which are 70 pg/L and 7 p a ,  respectively. Trend lines for these compounds 

appear to indicate slight decreases in these concentrations; however, the trends are apparent and not statistically 

significant. Since mid 1999, concentrations of cis-1,2-DCE and 1,l-DCE have generally decreased in this well. No 

cis- 1,2-DCE values were determined to be outliers. 

Figure 4. I -25Cis-I,2-Dichloroethene Trend Plot For Well I5699 
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Figure 4. I-26 I ,  I-Dichloroethene Trend Plot For Well I5699 . 
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Concentrations of 1,2- DCA, slightly greater than Tier I1 levels, have also been detected in Well 15699 (Figure 4.1- 

27). However, since November 1999, the compound has been detected only once at a very low level (10 p a ) .  

High non-detect values fiom 2000 are due to elevated detection limits that result from sample dilution. 

Figure 4. I-27 1,2 Dichloroethane Trend Plot For Well I5699 
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Low levels of methylene chloride were also detected in Well 15699 during 2001. The most recent sample collected 

in the 4* quarter 200 1 indicates that concentrations of this compound have fallen below Tier I1 levels (Figure 4.1- 

28) 

Figure 4.1-28 Methylene Chloride Trend Plot For Well 15699 
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Well 15599 has been frequently dry since its installation and therefore has not been sampled on a regular basis. 

Samples collected in May 200 1 indicate the presence of PCE at 50 pg/L and TCE at 8 1 &L. 

Hydrographs of Wells 3586,15599,15699, and 15799 are included in Appendix C. A siight decline in water levels 

may have occurred in Well 3586 as a result of the interceptiodcollection trench. This trend has continued into 2001. 

The long-term decline is illustrated by the contrast between the downward slope of the regression line for data 

collected after the MSPTS was installed and the slight upward trend for data that occurred prior to the system. A 

lack of sufficient data precludes a trend analysis for water levels in Well 15599. Trend lines for Wells 15699 and 

15799 indicate a statistically significant decline in water levels with time. 

Sampling data fiom 2001 and the 1'' quarter 2002 indicate that the MSPTS is continuing to treat contaminated 

groundwater to below Tier II groundwater levels. Ongoing maintenance, including raking the iron media weekly to 

break up the oxidized crust and collecting flow rate and water level data, are required activities. Sampling will 

continue in order to verify the performance of the MSPTS. 
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4.2 Solar Ponds Nitrate/Uranium Plume 

The SPP is an area of groundwater contamination that extends from the Solar Ponds to the northeast towards North 

Walnut Creek and to the southeast towards South Walnut Creek (Figure 4-3). The primary analytes of concern are 

nitrate and various uranium isotopes; however, other inorganic and organic compounds have also been identified at 

concentrations above Tier I1 action levels. 

VOCs have been detected in monitoring wells located in the western and southern portions of the Solar Ponds. The 

VOCs are thought to have originated from sources farther to the west and southwest of the Solar Ponds, and 

therefore are thought to be distinct from the SPP. Several metal analytes have also been detected in SPP monitoring 

wells at concentrations above groundwater action levels. 

The predominant direction of plume migration is toward the northeast to North Walnut Creek. The Interceptor 

Trench System (ITS) was constructed in 1981 to dewater the hillside between North Walnut Creek and the Solar 

Ponds so as to prevent the SPP from advancing to North Walnut Creek. The ITS traverses the hillside to the north of 

the Solar Ponds and collects surface water infiltration as well as most of the alluvial groundwater; however, the ITS 

does not collect all of the contaminated groundwater from the alluvium and weathered bedrock present below the 

alluvium. Water collected by the ITS from 1993 until the fall of 1999 was stored in the Modular Storage Tanks 

north of Walnut Creek prior to treatment at Building 374. The ITS was modified substantially during the 

construction of the Solar Ponds Plume Treatment System (SPPTS). See the discussion below regarding the SPPTS. 

As an initial phase in determining the appropriate remedial action for the SPP, Water Programs began sampling for 

uranium and nitrate in 1997 to evaluate alternatives for the management and treatment of the water collected by the 

ITS. The purpose of the study was to determine a permanent remedy for the SPP. Final evaluation of the 

alternatives required a detailed characterization of the water quality in the alluvium and weathered bedrock in the 

vicinity and downgradient of the Solar Ponds (McLane Environmental, 1998). The primary objective of this 

characterization sampling was to determine the nature and extent of the SPP in the alluvium, weathered bedrock, and 

competent bedrock during low flow (late falYearly winter) and high flow (spring) seasons. 

The secondary objective of this sampling effort was to evaluate the amount and distribution of uranium in the 

groundwater associated with the SPP, and estimate what portion of it is attributable to past WETS activities. 

Initially, low flow samples (November 1997 through February 1998) collected fiom a combination of background, 

Walnut Creek drainage, and SPP wells were analyzed for uranium isotopes by alpha spectroscopy. Seven SPP wells 

were resampled during the high flow season (April 1998). In addition to analysis by alpha spectroscopy, four low 

flow samples and five high flow samples were subsequently sent to Las Alamos National Laboratory (LANL) for 

analysis of uranium isotopes by high resolution inductively coupled plasmdmass spectrometry (ICPMS). The 

results of these analyses were used to calculate uranium isotope ratios, which can be used to differentiate between 

naturally occurring and anthropogenic uranium. (Section 8.1 of this Annual Report provides a detailed discussion of 

the ICPMS sampling to date.) 
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Based on the results of the 1997 through 1998 investigation, the Solar Pond Plume Decision Document (RMRS, 

19999 was prepared. The document outlines the remediation strategy, treatment goals, applicable regulatory 

requirements, and implementation schedule to accomplish a long-term and cost effective remedy for the 

groundwater collection, management, and treatment of the SPP. A reactive barrier, consisting of a funnel system to 

direct SPP groundwater to a treatment cell containing zero-valence iron and a carbon source, was selected as the 

preferred remedial alternative. The other alternatives described in the Decision Document were found to be 

* 
ineffective in treating the contaminants or did not achieve the long-term goals for the SPP and WETS (RMRS, 

19990. 

Installation of the SPPTS, which consists of a 1 1 00-foot long collection system along with a passive treatment cell 

containing reactive iron and wood chips, was completed in September 1999. This system cuts through and 

intercepts the water collected by the pre-existing ITS. The northern portion of the ITS, north of the SPPTS, was 

abandoned except for a segment of the northernmost lateral, which now serves as the effluent pipe from the 

treatment cell to the discharge area. The SPPTS is different from the passive, flow through systems installed at the 

Mound Plume (Section 4.1) and East Trenches Plume (Section 4.3). Water was planned and initially designed to be 

intercepted and flow by gravity to the treatment cell without retention in the collection trench. Logistical problems 

related to Preble's Jumping Mouse habitat caused the flow-through treatment cell to be located immediately adjacent 

to the collection trench and not 400 feet downgradient as originally planned. As a result, the collection trench for 

the SPPTS must collect and store groundwater with approximately 12 feet of hydraulic head in order for 

groundwater to flow through the treatment cell. During CY 2001, fluctuating groundwater levels within the 

collection trench caused flow through the treatment cell to be intermittent. However, samples were collected on a 
monthly basis at both influent and effluent locations. The 200 1 Quarterly Reports for the Rocky Flats Groundwater 

Plume Treatment Systems can be referenced for more details. During CY 2002, the system will be monitored and 

evaluated along with weekly monitoring of the piezometers in the collection trench. Additional surface water 

samples from GS13 and Pond A-3 will monitor potential impacts to North Walnut Creek. 

Four Monitoring Wells, 1386, 1786,70099, and 70299 are designated for performance monitoring of the SPPTS. 

Nickel concentrations in Well 1386 (Figure 4.2-1) have increased steadily since spring 1992 and, except for two 

sample dates, have been over the Tier I1 action level since spring 1993. The upward (positive) trend line shown on 

Figure 4.2-1 depicts a significant increase in nickel prior to installation of the treatment cell. Statistically, there is no 

significant change in concentrations subsequent to the installation of the treatment cell. No outliers were identified 

during statistical analysis of the data. This increase in nickel with time may result fiom several causes, one of which 

may be leaching from the stainless steel well casing materials: Investigation of this upward trend in nickel 

concentrations in Well 1386 is currently being conducted. 
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Figure 4.2-1 Nickel Trend Plot For Well 1386 
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Selenium in Well 1786 (Figure 4.2-2) has been consistently above Tier I1 action levels since sampling was initiated 

in February 1990. As shown on Figure 4.2-2, selenium concentrationsremained relatively constant prior to the 

installation of the SPPTS. After installation, concentrations increased up to April 2001 at which time, they started to 

decline. A trend line for post SPPTS data indicates there is a downward trend to selenium concentrations since the 

completion of the SPPTS. However, this trend is statistically insignificant and cannot be distinguished from a zero 

slope. 

Figure 4.2-2 Selenium Trend Plot For Well I786 

No outliers were identified during statistical analysis of the selenium data. 

Nitrate in Well 1786 (Figure 4.2-3) remained essentially unchanged with time prior to the installation of the passive 

treatment cell as illustrated by the relatively flat slope to the trend line. Least squares regression analysis indicates 
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that the slope of this trend line cannot be differentiated fiom zero and that nitrate concentrations have statistically 

not changed during this period. A trend analysis for later data (post-SPPTS) indicates a statistically significant 

downward slope to the data. One low nitrate value from 2001 data was determined to be an outlier because it falls 

, outside the lower outer fence (Figure 4.2-5). The histogram and probability plots (Figures 4.2-6 and 4.2-7) also 

support this conclusion. The low data point is detached fiom the main body of data on the histogram and departs 

significantly fiom a best-fit line on the normal probability plot 
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Figure 4.2-4 Nitrate Trend Plot For 'Well I786 
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Figure 4.2-5 Box and Whisker Plot of Nitrate Concentrations in Well 1786 
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Figure 4.2-6 Histogram ofNitrate Concentrations in Well 1786 ' 
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Figure 4.2-7 Probability Plot of Nitrate Concentrations in I786 
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U-233/234 concentrations in Well 70099 (Figure 4.2-8) have been elevated above background levels (60.7 pCiL) 

since sampling was initiated in June 2000. The trend line to the data is essentially flat with no statistical 

significance. 

Figure 4.2-8 Uranium 233/234 Trend Plot For Well 70099 with Error Bars (Note Use of background 
M2SDfor comparison-not Tier I .  action level) 
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Similar to U-233/234, the U-235 concentration in well 70099 (Figure 4.2-9) has been elevated above the background 

level (1.79 pCi/L) since sampling was initiated in June 2000. Although there appears to be a slight upward trend to 

the data, this trend is not statistically significant. 

Figure 4.2-9 Uranium U-235 Trend Plot For Well 70099 With Ehor Bars (Note Use of background 
M2SD for comparison - not Tier II action level) 

The U-238 concentration in Well 70099 (Figure 4.2-10) has been above the background level (41.8 pCi/L) since 

sampling at the well began. Although there appears to be a slight upward trend to the data, this trend is statistically 

insignificant and cannot be differentiated fiom zero. 

Figure 4.2-I 0 Uranium-238 Trend Plot For Well 70099 With Error Bars (Note Use of background hL2SD 
for comparison - not Tier 11 action level) 
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The nitrate concentration in Well 70099 has been below the Tier I1 and background action levels during 200 1 and 

through the second quarter 2002. U-233/234 and U-238 concentrations in Well 70299 have been below background 

but above Tier II action levels during 2001 and through the second quarter 2002. U-235 concentrations have been 

consistently below both background and Tier I1 action levels. 

Hydrographs of Wells, 1386, 1786,70099, and 70299, located downgradient of the SPPTS, are included in 

Appendix C. A slight upward trend in water level elevations has occurred in Wells 1386, 1786, and 70299 while 

water levels in Well 70099 show a statistically significant downward trend. A complete set of analytical data for 

CY200 1 can be found in the RFCA Groundwater Quarterly Reports. 

4.3 East Trenches Plume 
> 

4.3.1 Trenches 13 and T4 Source Removal 

The Trenches T3 and T4 (IHSS 1 10 and IHSS 1 1 1.1 , respectively) source removal was the second accelerated 

source removal action at the RFETS to remediate contaminated soils that were contributing to the degradation of 

groundwater (RMRS, 1996d). This section evaluates performance of the source removal action per RFCA (DOE, 

1996) with regard to groundwater. The Trenches T3 and T4 source removal area is located north of the East Access 

Road and east of the East Perimeter road. Figure 4-4 presents the location of Trenches T3 and T4. The accelerated 

source removal action consisted of the excavation and treatment of approximately 3800 cubic yards of soil 

contaminated with VOCs above Tier I action levels for subsurface soil ( R M R S ,  1996d). The Completion Report for 

the Source Removal at Trenches T-3 and T-4 (IHSSs I I O  and I 11.1) (RMRS, 1996d) summarizes the source 
removal action. \ 

Trenches T-3 and T-4 were used between 1964 and 1967 for disposal of sanitary sewage sludge, crushed drums, and 

miscellaneous waste contaminated with low levels of uranium, plutonium, and VOCs, (DOE 1992b). In 1996 these 

trenches were excavated as part of an accelerated source removal action. Trench T-3, located approximately 300 

feet north of the East Access Road and immediately west of Trench T-4, was approximately 134 feet long, 20 feet 

wide, and 10 feet deep. Trench T-4 was approximately 1 10 feet long, 15 feet wide, and 10 feet deep. The excavated 

soil and debris were thermally treated to remove the VOCs, which consisted primarily of carbon tetrachloride, TCE, 

PCE, and additional VOCs as summarized in the Completion Report (RMRS, 1996d). The remediated soil, which 

was then below Tier 11 action levels, was returned to the trench excavation and the area was revegetated (RMRS, 
1996d). The excavation and treatment activities were completed in August 1996, and the treated soils were returned 

to the excavations in September 1996. 

Samples collected at the excavation boundary identified TCE contamination at a concentration of 22 mgKg at a 

depth of 26 feet in one of the subdivided grids of Primary Grid 32 of the T-4 excavation ( R M R S ,  1996d). This 

concentration exceeded the VOC cleanup target level of 9.27 mgKg stated in the PAM (RMRS, 1996e). However, 

it was decided that because of the difficulty of excavating deeper into the bedrock sandstone (encountered at a depth 
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of 22 feet) and because other limiting conditions established in the PAM had been met (excavation through the 

highly weathered bedrock) that excavation activities would cease (RMRS, 1996d). a 

i .  
1 

Five Performance Monitoring Wells (3687,0569 1 , 1 189 1 , 12 191, and 1269 1) are used to monitor the source 

removal action in trenches T3 and T4. 

Lower 0-r Fence 

PCE concentrations in Well 3687 have generally been declining with time (Figure 4.3-1). A trend plot for PCE in 

this well indicates a downward trend prior to source removal in the east trenches. From 1995 to 1997, a data gap 

occurs during which time trench source material was removed. Data collected after removal of trench source 

material exhibit an apparent upward trend. However, because of the poor linear correlation, the slope of this latter 

trend line cannot be statistically differentiated fiom zero. 

Figure 4.3-1 Tetrachloroethene Trend Plot For Well 3687 

1 -  

Prior to conducting the trend analysis, the data were evaluated for outliers. The results of exploratory 

statistical methods, as shown in Figures 4.3-2 to 4.3-4, indicate that one low PCE value was considered highly 

suspect and was excluded fiom further analysis. 

~ 

Figure 4.3-2 Box and Fhisker Plot of Tetrachloroethene in Well 3687 

7 
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Figure 4.3-3 Histogram of TetrachIoroethene in WeII 3687 
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Figure 4.3-4 Probability Plot of Tetrachloroethene in Well 3687 
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TCE concentrations in well 3687 have also been generally decreasing with time. A trend plot (Figure 4.3-5) 
indicates a statistically significant downward or negative slope to the data prior to excavation and treatment of 

contaminated soils in Trenches T3 and T4. However, because of the poor linear correlation, the slope of the latter 

trend line, plotted from post treatment data, cannot be statistically differentiated from zero indicating that TCE 

concentrations have remained unchanged with time. 

I 
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Figure 4.3-5 Trichloroethene Trend, Plot For Well 3687 
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Prior to conducting the trend analysis, the data were statistically evaluated for outliers. Two low TCE values were 

determined to be outliers and were omitted !?om further trend analysis. The box and whisker plot below (Figure 4.3- 

6)  indicates that two values are highly suspect because they lie outside the lower outer fence. The histogram and 

probability plot (Figures 4.3-7 and 4.3-8) also support this conclusion. The low data points are detached fkom the 

main body of data on the histogram and depart significantly fkom a best-fit line on the normal probability plot. 

Figure 4.3-6 Box and Whisker Plot of Trichloroethene in Well 3687 

I 
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Figure 4.3-7 Histogram of Trichloroethene in Well 3687 
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Figure 4.3-8 Probability Plot of Trichloroethene in Well 3687 
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Chloroform concentrations in Well 3687 have been generally decreasing except for a sharp spike that occurred in the 

4" quarter 1998 (Figure 4.3-9). This spike appears to coincide with similar increases in PCE and TCE as shown on 
figures 4.3-1 and 4.3-5 and occurs after trench source material had been excavated and treated. However, later 

sampling indicates that chloroform concentrations have decreased significantly. Trend analysis on data collected 

prior to treatment of contaminated trench soil shows that there was a downward trend to chloroform concentrations 

with time. While a downward trend for later data also appears to exist, this trend is apparent and cannot be 

considered statistically significant. 
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Figure 4.3-9 Chloroform Trend Plot for Well 3687 
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Statistical analysis of the chloroform data indicates the presence of one low outlier (Figures 4.3-10 to 4.3-12). This 

data point was omitted from further analysis because it lay outside the lower outer fence on the box and whisker 

plot, was detached from the main body of data on the histogram, and departed significantly from the straight line on 

the probability plot. Although one high value was considered statistically suspect, it was retained because it did not 

lie beyond the upper outer fence on the box and whisker plot was connected to the main data on the histogram 

(Figure 4.3-1 1). The upper outer fence is not shown on the box and whisker plot because it is beyond the vertical 

scale of the plot. 

Figure 4.3-10 Box and Whisker Plot of Chloroform in Well 3687 
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Figure 4.3-11 Histogram of Chloroform in Well 3687 
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Figure 4.3-12 Probability Plot of Chloroform in Well 3687 

Since 1993, carbon tetrachloride concentrations in Well 3687 have remained fairly constant as shown by the 

relatively flat trend lines on Figure 4.3-13. Concentration trends, as depicted by either the upward or downward 

slope, are apparent and without any statistical significance. However, carbon tetrachloride concentrations have 

fiequently been above Tier I action levels and consistently above Tier I1 action levels. 

e 
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Figure 4.3-13 Carbon Tetrachloride Trend Plot for Well 3687 
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Statistical analysis of the carbon tetrachloride data indicates the presence of one low outlier (Figures 4.3-14 to 4.3- 

16). This one data point was omitted from further analysis because it was considered highly suspect and fell outside 

the lower outer fence on the box and whisker plot. The histogram and probability plots also indicate that this point, 

statistically, is an outlier. Although one high value was considered statistically suspect, it was retained because it 

did not lie beyond the upper outer fence on the box and whisker plot and was included in the main body of data on 

the histogram (Figures 4.3-15 and 4.3-16). 

Figure 4.3-14 Box and Whisker Plot of Carbon Tetrachloride in Well 3687 
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Figure 4.3-15 Histogram of Carbon Tetrachloride in Well 3687 
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Figure 4.3-1 6 Probabiliw Plot’of Carbon Tetrachloride in Well 3687 

The methylene chloride concentrations in Well 3687 have either been non-detect or “B” qualified since the 2”d 

quarter 1998. The “ B  qualified data are considered an artifact of laboratory contamination. 

Trend plots of PCE, TCE, and carbon tetrachloride for Well 05691 show a general decrease in concentrations up to 

the present time (Figures 4.3-17 to 4.3-19). However, except for PCE, which displays a significant downward trend 

prior to the removal of trench source material, trend lines for these other VOCs are apparent and not statistically 

significant. However, PCE, TCE, and carbon tetrachloride concentrations have been consistently above Tier I1 
action levels since the 4~ quarter 1996 (Figures 4.3-17 and 4.3-19). No outliers were identified during exploratory 

statistical analysis of these compounds. As shown on Figures 4.3-21 to 4.3-23, atwo-year data gap occurs fiom 
1995 to 1997 during which time the trench source material was removed. 

’ 
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Figure 4.3-21 Carbon Tetrachloride Trend Plot for Well I1891 

900 

800 h - 700 - - ' 600 - 

5 500 - 

Y e 400 - 

I 

2 . w  

2. 
.- 
Y 

C 

E 
g 300 - 

5 200 - 

100 ~ 

Tier II = 5 uglL 

Except for one exceedance, PCE concentrations in 11891 have been below the Tier I action level. Carbon 

tetrachloride concentrations have frequently been above Tier I action levels. TCE concentrations in well 11891 have 

fluctuated (Figure 4.3-22) and trend analysis indicates no change statistically in TCE concentrations. The slopes of 

the early versus later data are also statistically the same. TCE concentrations have been consistently above Tier II 
action levels but below Tier I action levels. No outliers were identified during exploratory statistical analysis for 

these compounds. 

Figure 4.3-22 Trichloroethene Trend Plot in Well I1891 
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Trend lines of PCE, TCE, and carbon tetrachloride for Well 12691 are relatively flat indicating that concentrations 

of these compounds have remained essentially unchanged with time (Figures 4.3-23 to 4.3-25). In' addition, there is 

no statistical difference between the slope of the data collected prior to and subsequent to removal of the trench 

source material. 

Figure 4.3-23 Tetrachloroethene Trend Plot for Well 12691 
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Figure 4.3-24 Trichloroethene Trend Plot for Well 12691 
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Figure 4.3-25 Carbon Tetrachloride Trend Plot for Well 12691 
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One outlier in the PCE data in Well 1269 1 was identified during exploratory statistical analysis and was exc.Jded 

from the trend plot. This high value was considered highly suspect because it fell outside the upper outer fence on 

the box and whisker plot (Figure 4.3-26). In addition, the value was detached fiom the main body of data on the 

histogram (Figure 4.3-27) and departed significantly ffom the best-fit line on the probability plot (Figure 4.3-28). 

Figure 4.3-26 Box and Whisker Plot of PCE in Well 12691 
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6.5 - 

Figure 4.3-27 Histogram of PCE in Well I2691 

Figure 4.3-28 Probability Plot of PCE in Well I2691 
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Two outliers, one high and one low value, were identified in the TCE data for Well 12691 and were excluded fiom 

further trend analysis. These values are shown on Figures 4.3-29 to 4.3-3 1 .  
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Figure 4.3-29 Box and Kdsker Plot of TCE in Well 12691 
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Figure 4.3-30 Histogram of TCE in Well 12691 
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Figure 4.3-31 Probability Plot of TCE in Well 12691 
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Exploratory statistical analysis identified three outliers in the carbon tetrachloride data for Well 1269 1. One outlier 

was a high value that fell outside the upper outer fence while the other two were low values that lay below the lower 
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outer fence (4.3-32). Although these values may not be apparent outliers on the histogram (Figure 4.3-33), these 

points depart significantly &om the best-fit line on the normal probability plot (Figure 4.3-34). 

‘0 . 

5 -  

Figure 4.3-32 Box and Whisker Plot of Carbon Tetrachloride in Well 12691 
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Figure 4.3-34 Probability Plot of Carbon Tetrachloride in Well 12691 
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Methylene chloride in Well 12691 has either been not detected or has been found in the blank and, thus, is 

considered an artifact of laboratory contamination. 

PCE concentrations in Well 12191 have fluctuated considerably over a ten-year period and range fiom 170 to 460 

p g 5  (Figure 4.3-35). However, the long-term trend in PCE concentrations has remained constant as illustrated by 

the slightly upward slope (zero slope statistically) of the trend line in Figure 4.3-35. Well 12191 is upgradient to 

Trench T-3 and therefore has been unaffected by removal of source material fiom this area. 

Figure 4.3-35 Tetrachloroethene Trend Plot for Well 1219 I 
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Based on exploratory statistical analysis, one data point was considered highly suspect and excluded from the data 

set. This outlier is shown on the box and whisker plot (Figure 4.3-36) below the lower outer fence. A histogram 

and probability plot of the data also support this conclusion (Figures 4.3-37 and 4.3-38). 

Figure 4.3-36 Box and Whisker Plot of PCE in Well 12191 
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Figure 4.3-37 Histogram ofPCE in Well 12191 
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Figure 4.3-38 Probability Plot of PCE in Well 12191 

TCE concentrations range fiom 20 to 68 pg/L in Well 12191and exhibit temporal fluctuations similar to PCE 

(Figure 4.3-39). Trend analysis of these data indicates there has been a slight downward or negative slope to the 

TCE concentrations with time. Decreasing TCE concentrations in this well are most likely unrelated to removal of 

trench source material because the well is located upgradient fiom the T3 and T4 trenches. No outliers were 

identified during exploratory statistical analysis for these compounds. 
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Carbon tetrachloride concentrations in Well 12191 range fiom 1 10 to 470 pg/L and appear to be decreasing with 

time (Figure 4.3-40). A trend analysis of the data indicates there is slight downward slope that is statiLically 

significant. This decline in carbon tetrachloride concentrations appears to be unrelated to removal of trench source 

material because the well is located upgradient of the trenches. 0 
Figure 4.3-40 Carbon Tetrachloride Trend Plot for Well 12191 

One low carbon tetrachloride data value was considered an outlier and removed fiom further analysis. Although this 

point fell between the lower inner and lower outer fences on the box and whisker plot (Figure 4-3-41), the value was 
deemed an outlier because it was detached fkom the main body of data on the histogram and departed significantly 

fi-om the best-fit line on the normal probability plot (Figures 4.3-42 and 4.3-43). 0 
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Figure 4.3-41 Box and Whisker Plot of Carbon Tetrachloride in Well 12191 
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Figure 4.3-42 Histogram of Carbon Tetrachloride in WeIl I2 I91 
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Figure 4.3-43 Probability Plot of Carbon Tetrachloride in Well 12191 

12 - 

11 - 

10- 
0 - 
0 2 

9 -  

. .  
8 -  

. I  

3 -2 I 0 1 2 
Nomral Mtutjrn 

4-44 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

L 

Methylene chloride in Well 12 19 1 has either been undetected or has been found in the laboratory blank indicating 

that the sample concentration is an artifact of laboratory contamination: 

In summary, concentrations of PCE, TCE, chloroform, and carbon tetrachloride downgradient of Trenches T3 and 

T4 in Wells 3687,05691,11891, and 12691 have remained essentially unchanged. Concentrations of PCE and TCE 

have either decreased slightly or remained the same in upgradient Well 12 19 1. Monitoring of performance wells 

near trenches T3 and T4 will continue until VOC concentrations decrease to below Tier I action levels. 

4.3.2 B-Ponds/East Trenches Plume 

The East Trenches Plume is located north of Central Avenue and east of the IA. This groundwater plume contains 

VOC contamination, which is believed to originate fiom the East Trenches and the 903 Pad, and extends to the north 

and northeast to where the plume discharges as seeps and subsurface flow into the South Walnut Creek drainage. 

Recent exceedances of the Tier I1 and Tier I action levels in an IMP performance Monitoring Well (23296) near 

South Walnut Creek and recent detections of VOCs in the B-ponds indicate that contaminated groundwater was 

reaching surface water. Figure 4-4 presents the site location. 

Most of the groundwater contamination in the East Trenches Plume is believed to derive from the trenches on the 

north side of the East Access Road, including Trenches T-3 and T-4 ( R M R S ,  1996c) (Plate 13). Upgradient 

monitoring wells indicate that a component of the contaminated groundwater in this area is derived from VOC 

contamination emanating from the 903 Pad. However, the VOC concentrations in groundwater increase by more 

than two orders of magnitude downgradient of Trenches T-3 and T-4, which reflects previous releases from the 

trenches. 

The component of the East Trenches plume derived from VOC contamination at the 903 Pad and Lip areas is 

associated with drums containing plutonium and uranium contaminated solvents, which were stored in the area fiom 

the summer of 1958 to January 1967 ( R M R S ,  1996d and 1997). 

Re-remedial investigations were conducted in the fall of 1997 and the spring of 1998 to determine the extent and 

configuration of the distal end of the East Trenches Plume in the vicinity of South Walnut Creek and to collect 

sufficient data to design a remedial action for the plume. A total of 32 Geoprobe boreholes were advanced and 25 

temporary monitoring wells installed. Wells that contained sufficient water were monitored for water table 

elevation and sampled for radionuclides and VOCs. Soil samples were collected fiom several boreholes and 

analyzed for VOCs and other analytes. 

Groundwater flow in the vicinity of the East Trenches Plume is to the north and northeast and discharges primarily 

as seeps, springs, and baseflow to South Walnut Creek. This is particularly apparent where the creek incises the 

water-bearing strata. There is a spring and seep complex on the south bank of South Walnut Creek, above Ponds B- a 
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1 and B-2, where the Arapahoe No. 1 Sandstone subcrops. Concentrations of VOCs above Tier I action levels were 

detected in this area during 1998. The presence of VOCs in the seep complex and Well 23296 indicates that 

contaminants have reached South Walnut Creek. The Arapahoe No. 1 Sandstone is present beneath the East 

Trenches source area and constitutes a preferential groundwater flow pathway towards South Walnut Creek. This 

unit is continuous in the subsurface fiom the East Trenches to the northern end of the East Trenches plume; much of 

the groundwater flow and contaminant flux is through this material. In addition, contaminated groundwater fiom 

the East Trenches plume flows into the Qrfunderlying South Walnut Creek. This deposit may also act as a- 

preferential pathway for contaminated groundwater ( R M R S ,  19998). 

During 1999, installation of a capture system along the southern edge of South Walnut Creek to intercept East 

Trenches plume contaminated groundwater was completed. The 1,200 foot long collection system, along with two 
zero-valence iron treatment cells, was completed in September 1999 and is similar to the collection and treatment 

system installed for the Mound Plume (Section 4.1). This passive East Trenches Plume Treatment System (ETPTS) 

system is designed to treat VOC-contaminated groundwater fiom the East Trenches Plume and remove 

contaminants to below surface water action levels. The downgradient capture system was chosen as the best 

remediation method, following an evaluation of more traditional options, because it effectively treats the existing 

VOCs to below action levels at a lower life cycle cost than the other treatment options. 

An impermeable barrier groundwater collection system was keyed into the underlying claystone or low permeability 

colluvium, depending on the elevation of the bedrock surface. The captured groundwater flows out of the collection 

system by gravity and into a series of cells containing zero-valence iron filings, which breaks down the VOCs. The 

treated water discharges to groundwater through an infiltration gallery; however, for added flexibility the system 

was designed to allow discharge directly to South Walnut Creek if necessary. 

Effluent concentrations of the primary contaminants of interest, carbon tetrachloride, TCE, and PCE, collected and 

analyzed fiom the East Trenches plume treatment system during 2001 were mostly below Tier I1 action levels. Two 

PCE samples collected in October 2001 and April 2002 were slightly above Tier I1 action levels at concentrations of 

5.3 p g L  and 12 p a ,  respectively. Methylene chloride was also detected in the effluent at 15 p a .  

Four monitoring wells are currently being sampled as performance monitoring wells for the ETPTS. These wells 

are 23296,95099,95199, and 95299. Wells 95199,95299, and 23296 are downgradient of the treatment system in 

the vicinity of the distal end of the East Trenches Plume. 

TCE has been detected in well 95199 at concentrations above Tier I1 action levels. The maximum TCE 

concentration in well 95 199 during 200 1 was 65 pgL. As shown on Figure 4.3-44, the upward trend line indicates 

an increase in TCE concentrations since sampling commenced. However, this upward trend is apparent and not 

statistically significant because the slope of the trend line cannot be distinguished fiom zero. 
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Figure 4.3-44 Trichloroethene Trend Plot for Well 951 99 
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PCE concentrations in Well 23296 have been consistently above Tier 11 action levels as shown on Figure 4.3-45. 

Trend analysis of these data prior to and post installation of the ETPTS indicates there has been statistically no 

change in PCE concentrations with time. No outliers were detected during exploratory statistical analysis. 

Figure 4.3-45 Tetrachloroethene Trend Plot for Well 23296 

TCE concentrations in Well 23296 have been consistently above Tier II action levels and occasionally above Tier I 

action levels (Figure 4.3-46). The maximum TCE concentration in well 23296 between 2001 and the 2'd quarter 

2002 was 700 &L. Trend analyses for these data show a flat slope both prior to and post installation of the ETPTS. 
I 
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Statistically, these trends indicate that TCE concentrations have not changed significantly with time. No outliers 
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were detected during summary statistical analysis. 

Figure 4.3-46 Trichloroethene Trend Plot for Well 23296 
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The maximum concentration of cis-1,ZDCE in Well 23296 during 2001 and up to the 2nd quarter 2002 was 150 

pgiL (Figure 4.3-47). Concentrations have been fiequently above Tier II action levels during the entire period of 

sampling. Trend analysis indicates a slight increase in concentrations with time before and after installation of the 

ETPTS. However, these trends are apparent and statistically not significant indicating that cis-1,2-DCE 

concentrations have remained unchanged. No outliers were detected during exploratory statistical analysis. 

Figure 4.3-47 Cis-I,2-Dichloroethene Trend Plot for Well 23296 
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Concentrations of these contaminants in Wells 95 199,95299, and 23296 are expected to decrease over time because 

the upgradient portion of the plume, which constitutes the supply of these VOCs, has been intercepted. a 
Very low concentrations of carbon tetrachloride (less than 1 pg/L), qualified with a “J,” have been detected in well 

95099. During 2001 and up to the second quarter 2002 no other VOCs were detected. Well 95299 has been dry 
since it installation and, therefore, could not have been sampled. 

Hydrographs of Wells 95099,95199, and 23296, all of which are located downgradient of the interceptor trench for 
the ETPTS, are included in Appendix C. Water levels in 95099 and 95 199 have remained relatively constant with 

time with no significant statistical trends present. A significant downward trend in water level has occurred in well 

23296, which is strongly controlled by the water level in Pond B-2. 

With the exception of two PCE and one methylene chloride samples that were slightly above Tier I1 action levels, 

the ETPTS is fully operational and treating contaminated groundwater to below the specified system performance 

requirements. Monthly sampling during CY 2002 will continue to verify the performance of the treatment system. 

A complete set of analytical data for CY 200 1 can be found in the RFCA Groundwater Quarterly Reports. 

4.4 881 Hillside French Drain 

The former OU 1, also referred to as the 88 1 Hillside Area, is located just south and east of Building 881 and north 

of Woman Creek. Building 88 1 was used for enriched uranium operations and stainless steel manufacturing. The 

laboratories in Building 88 1 also performed analyses of the materials generated in production. Building 881, at an 

elevation of approximately 6000 feet, lies approximately 170 feet above Woman Creek. Woman Creek and the 

South Interceptor Ditch (SID) are the two surface drainages that occur in the former OU 1. The SID crosses the 881 

Hillside flowing west to east just north of and parallel to Woman Creek. Figure 4-5 shows the site area. 

The former OU 1 included 1 1 IHSSs that historical information suggests could exhibit contamination of soil, 

groundwater, and/or surface water (DOE, 1992b). The IAG, signed in January 1991, provided guidance and 

direction for investigating the OU 1 IHSSs. During 1992, as an IM/IR4, a 1435-foot long French drain was 

constructed across a significant portion of OU 1 north of the SID to protect Woman Creek fiom the contaminated 

alluvial groundwater present in the OU (Figure 4-5). The French drain, along with an upgradient extraction well 

(89 ICOLWEL), constitutes the 88 1 Hillside groundwater collection and treatment system. The system collected 

VOC contaminated groundwater from within a plume that is potentially moving fiom OU 1 south towards Woman 

Creek. Groundwater collected fiom the 891COLWEL was transported, through CY 2000, to the Consolidated 

Water Treatment Facility (CWTF) that is located in Building 891. In July 1996, the final RFCA, which replaced the 

IAG, was signed. Pursuant to the Operable Unit Consolidation Plan, the OU is progressing through the Corrective 

Action DecisioniRecord of Decision (CADROD) process with the EPA as the lead regulatory agency (DOE, 

1997d). a I 
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The CADROD presented the selected remedy for addressing contamination in subsurface soil at IHSS 119.1, a 

former drum and scrap metal storage area (DOE, 1992b) and part of the former OU 1. Groundwater occurrence in 

the IHSS 119.1 area is limited and primarily found in the unconsolidated surficial materials and in isolated 

northwest-southeast trending paleochannels incised into the bedrock. Recharge to the unconsolidated surfcia1 

material is minimal and occurs primarily through infiltration of precipitation during spring and summer. Discharge 

occurs largely through ET and also at seeps, Woman Creek, the SID, and the 881 Hillside French drain. Residual 

contamination from past releases has contaminated soils and groundwater in the southwest portion of the IHSS and 

contributed to the degradation of groundwater quality in the immediate vicinity of the IHSS. 

The selected remedial action presented in the CADROD included excavation and treatment of VOC-contaminated 

soil by low temperature thermal desorption, extraction of groundwater entering the excavation, and treatment of the 

groundwater at the Building 891 treatment system (DOE, 1997d). Excavated soils were to be treated onsite and 

returned to the excavation. The contaminants of interest identified in the CADBOD at IHSS 1 19.1 are carbon 

tetrachloride; 1,l -DCE; PCE; 1,l , 1 -TCA; TCE; and selenium. 

Since the signing of the CADROD, new sampling and analysis results support the-need to significantly alter the 

remedy that was originally selected. The results of these samples showed that the actual soil concentrations of the 

contaminants of interest were well below the Tier I subsurface soil action levels (DOE, 1996b). Thus, excavation 

and treatment of these soils was not warranted. Based on these new sampling data and utilizing applicable 

provisions in the RFCA, CERCLA, and the National Oil and Hazardous Substances Pollution Contingency Plan 

(NCP), a modification to the CADROD was prepared for OU 1. The CADROD modification addresses and 

documents changes to the previous CADROD declaration and presents the information gained since the time that 

declaration was signed, along with the rationale leading to the modification. 

f 

Decommissioning of the 881 Hillside French drain began on August 3 1,2000 and was completed by September 30, 

2000. The decommissioning resulted in the elimination of groundwater being sent from the collection system for 

treatment in the CWTF, and eliminated the Collection Gallery (891COLGAL) as an IMP sampling location. 

891COLGAL was the collection sump at the 881 Hillside French drain downgradient of IHSS 119.1. As of April 

2002, pumping from extraction well 89 lCOLWELL was discontinued. 

Plate 13, the VOCs and nitrate composite plume map, has been updated to reflect sampling results from 2001 and 

early 2002. Groundwater sample results from the 891COLWEL for 2001 indicate no Tier I exceedances for.VOCs. 

However, VOCs, including TCE, PCE, and carbon tetrachloride, and metals such as selenium have been detected 

frequently above Tier 11 action levels. TCE has generally exhibited a steady decline in concentrations since July 

1994, as illustrated on Figure 4.4-1, by the significant downward trend line. Current TCE concentrations are 

substantially above Tier I1 action levels. 
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Figure 4.4-1 Trichloroethene Trend Plot for 891 COL WEL , 
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Exploratory statistical analysis of the TCE data indicates the presence of five potential outliers. These data are 

shown below the lower outer fence on the box and whisker plot on Figure 4.4-2 and also displayed as suspect data 

on the histogram and probability plot (Figures 4.4-3 and 4.4-4). 

Figure 4.4-2 Box and Whisker Plot of Trichloroethene in 891 COL WEL 

Figure 4.4-3 Histogram of Trichloroethene in 891COL WEL 
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Figure 4.4-4 Probability Plot of Trichloroethene in 891COL WEL 
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PCE in 891COLWEL has been consistently above Tier I1 action levels since June 1994. As shown on Figure 4.4-5, 
two trends appear to exist in the data set. Early data from the start of sampling until August 1993 exhibit one 

distinct trend while the later data appear to exhibit another. Based on the bi-modal nature of the data, two trend 

analyses were performed. These analyses indicate that statistically significant downward trends occur for both the 

early and latter data. No outliers were identified during statistical analysis of the PCE data. 

Figure 4.4-5 Tetrachloroethene Trend Plot for 89lCOL WELL 
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Carbon tetrachloride concentrations in 89 1 COLWEL (Figure 4.4-6) have generally been above Tier I1 action levels. 

However, current concentrations are only slightly above Tier I1 action levels. Based on the bi-modal nature of the 

data, two trend analyses were performed, one for data prior to August 1993 and the other for latter data. These 

analyses indicate no statistically significant trends have occurred. 
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Figure 4.4-6 Carbon Tetrachloride Trend Plot for 89ICOL WEL 
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One outlier was identified during statistical analysis and was excluded fiom the carbon tetrachloride data set. 

Although the low value fell between the lower inner and outer fences on the box and whisker plot (Figure 4.4-7), it 
was detached fiom the main data on the histogram (Figure 4.4-8) and lay a considerable distance fiom the best-fit 

line on the probability plot (Figure 4.4-9). 

Figure 4.4-7 Box and Phisker Plot of Carbon Tetrachloride in 89ICOLWEL 
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Figure 4.4-8 Histogram of Carbon Tetrachloride in 89 1 COLWEL 
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Figure 4.4-9 Probability Plot of Carbon Tetrachloride in 891COL WEL 
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89 I COLWELL samples collected during 200 1 and the fist half of 2002 showed slight Tier I1 exceedances of 1,l- 

DCE (Figure 4.4-10). Based on the bi-modal nature of the data, two trend analyses were performed, one for data 

prior to March 1995 and the other for latter data. These analyses indicate that a statistically significant downward 

trend occurs for the latter data. The early data exhibits an apparent upward trend, which is not statistically 

significant. No outliers were identified during exploratory statistical analysis of the 1,l-DCE data. 

Figure 4.4-1 0 1, I -Dichloroethene Trend Plot for 891 COL WEL 
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Except for several “J” values, methylene chloride in 891COLWEL has either been below the detection limit or has 

been qualified with a “B” indicating it was detected in the laboratory blank. 

Selenium in 891COLWELL has been generally one order of magnitude above the Tier I1 action level (Figure 4.4- 

11). There has been no statistical trend to selenium concentrations with time. No outliers were identified during 

statistical analysis. 
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Figure 4.4-I I Selenium Trend Plot for 89ICOL WELL 

No Tier I1 VOC exceedances for 881 Hillside French Drain Performance Monitoring Wells 10592, 10692, 10792, 

10992, and 1 1092 occurred during 200 1. 

Selenium in Well 10592 has historically been above the Tier I1 action level but has been decreasing with time since 

February 1996, as shown by the downward trend line in Figure 4.4- 12. The trend analysis was performed on data 

since February 1996 because prior to that time there was a considerable hiatus in sample collection. The one early 

data point from June 1993 would tend to skew the regression analysis. The downward trend is apparent and not 

statistically significant. No outliers are present in the selenium data. 

Figure 4.4- I2 Selenium Trend Plot for Well 10592 
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Selenium in Well 10792 has been decreasing since January 1999 and, as of January 2002, is below the Tier I1 action 

level (Figure 4.4-13). Although the trend analysis shows a slight increase in selenium concentrations, the slope of 

the trend line is statistically insignificant and cannot be differentiated fkom a zero slope. 

Figure 4.4- I3  Selenium Trend Plot for Well I0792 
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One highly suspect selenium data point for 10792 was identified as an outlier and was consequently dropped fiom 

further trend analysis. The high value fell above the upper outer fence on the box and whisker plot (Figure 4.4-14), 

was detached two class intervals on the histogram (Figure 4.4-15), and departed a significant distance fkom the best- 

fit line on the probability plot (Figure 4.4-16). 

< Figure 4.4-14 Box and E7zisker Plot of Selenium in Well I0792 
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Figure 4.4-15 Histogram of Selenium in Well I0792 
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Figure 4.4-1 6 Probability Plot of Selenium in Well 10792 
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Selenium concentrations in Well 10992 have been approximately one order of magnitude above Tier II action levels 

since sampling began in September 1996 (Figure 4.4-17). Long-term trend analysis indicates a statistically 

significant downward or negative slope. No outliers are present in the selenium daqi set. 
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Figure 4.4-1 7 Selenium Trend Plot for Well I0992 
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Monitoring Wells 10592, 10692, and 10792, which were previously installed to monitor the Hillside French Drain 

and the western edge of the 88 1 hillside, are no longer necessary since the French Drain and collection system have 

been decommissioned. Although it is stipulated in the OU 1 CAD/ROD, that once groundwater pumping ceases 

from collection Well 891 COLWELL, Well 10992 will be retained as a Plume Definition Well in accordance with 

the IMP. However, Wells 10592,10692, and 10792 have not been included as part of the plume monitoring and 

therefore, it is recommended that these wells be removed from the present monitoring program. 

A complete set of analytical data for CY 200 1 can be found in the RFCA Groundwater Quarterly Reports. Updated 

hydrographs for Downgradient Wells 10592,10692,10792, 10992, and 1 1092 are included in Appendix C. Water 

levels in Wells 10592 and 10992 have risen slightly as shown by the statistically significant upward trend line while 

water levels in Wells 10792 and 11092 have remained fairly constant since their installation in 1992. A slightly 

significant statistical downward trend has occurred in water levels in Well 10602. 

4.5 Ryans Pit Source Removal 

The Ryan’s Pit (IHSS 109) source removal was the first accelerated source removal action to remediate 

contaminated soils, which were contributing to the degradation of groundwater in the area. This Section evaluates 

performance of the source removal action per RFCA (RFCA, 1996) with regard to groundwater. Ryan’s Pit, also 

known as Trench T-2, is located directly south of the 903 Pad at WETS (Figure 4-6). Ryan’s Pit was ranked fourth 

on the IHSS Ranking and Prioritization List because of contaminant chemical concentrations in soil and a high 

potential for further release ( R M R S ,  1997a). 

Ryan’s Pit was approximately 20 feet long, 10 feet wide, and 5 feet deep. The source removal excavation was 32 

feet long, 18 feet wide, and varied in depth from 5.5 to 8 feet (RMRS, 1997a). Ryan’s Pit was used from 

approximately 1966 to 1970 for the disposal of liquid chemical wastes. The wastes were primarily solvents (PCE, 
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TCE, and 1 , 1 , 1-TCA), paint thinners (toluene, ethylbenzene, and xylenes), diesel fuel, and other construction related 

chemicals. Radiation screening of the wastes was performed and, if identified as non-radioactive, the liquids were 

, a  

PCE 
Toluene 

Ethylbenzene 
Xylene (total) 

dumped in the trench. 

250 
100 
28 
140 

The accelerated source removal action included the excavation and treatment of approximately 180 cubic yards of 

soil and debris contaminated with VOCs. The soil and debris was excavated in September 1995, treated in February 

1996 using low temperature thermal desorption treatment technology to remove VOCs, and the project was 

completed in September 1996 with the replacement of treated soil. The primary contaminants of interest in 

subsurface soil fkom Ryan’s Pit were PCE, TCE, and l,l,l-TCA along with additional contaminants summarized in 

the PAM (RMRS,  1995c). The Closeout Report for the Remediation of hdividud Hazardous Substance Site 109, 

Ryan’s Pit ( R M R S ,  1997a) summarizes the source removal action. Excavation boundary samples identified VOC 

contamination in the south wall that was below the Programmatic Preliminary Remediation Goals for the source 

removal at that time (RMRS, 1995 and 1997a), but were above the current Tier I subsurface soil action levels 

(RFCA, 1996). These results are summarized in Table 4-1. 

Table 4-1 Ryan ’s Pit Excavation Boundary Sample Results 
\ 

1 South Wall (West Side) 
4-methvl2-~entanone I 19 

Well 07391 is part of the IMP and the closest downgradient well to the source removal area. Contaminants of 

interest that are monitored as part of the IMP are 1,l , 1-TCA, PCE, TCE, chloroform, carbon tetrachloride, and 

methylene chloride. Carbon tetrachloride and methylene chloride are not discussed in this section because there 

were no detectable concentrations of these constituents observed in subsurface soils from Ryan’s Pit. However, 

carbon tetrachloride and methylene chloride are contaminants that are known to have originated fkom the 903 Pad. 

The concentration of PCE in Well 07391 has varied considerably since the well was first sampled in March 1992 

(Figure 4.5-1). These temporal variations appear to be directly related to seasonal fluctuations in groundwater 

levels, which are also shown on Figure 4.5-1. Trend analysis of data collected prior the removal of contaminated 

soil and debris indicates that PCE concentrations have remained fairly constant with time. Although there is a 

downward slope to the trend line, the slope is statistically insignificant and cannot be distinguished from zero. 

Likewise, the trend line for data collected after source material was removed exhibits a downward trend but is 

statistically insignificant because of poor fit of the data. No outliers were identified during exploratory statistical 

analysis. a 
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Figure 4.5-1 Tetrachloroethene Trend Plot for Well 07391 
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TCE concentrations in Well 07391 have varied significantly with time and have fiequently been two orders of 

magnitude above Tier I action levels. Some of the extreme variation in TCE concentrations may also be related to 

groundwater level fluctuations. Groundwater fluctuations are shown on Figure 4.5-2. Sampling in 2001 indicates 

the TCE concentration is still above 20,000 pg/L. Although a slight upward trend in the data prior to source 

removal is discernible, the trend is apparent with no statistical significance. Similarly, the downward trend in the 

latter data is also apparent indicating that TCE concentrations have remained essentially unchanged with time. No 

outliers were detected in exploratory statistical analysis. 

Figure 4.5-2 Trichloroethene Trend Plot for Well 07391 
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Detectable concentrations of 1,1,1 -TCA in Well 0739 1 have fluctuated with a maximum of 1700 pgL in September 

1998 (Figure 4.5-3). Except for a non-detect in August 2000, concentrations have been consistently above the Tier 

I1 action level since August 1997. However, despite considerable fluctuations, I,l,l-TCA concentrations appear to 

have remained constant. Because of the high proportion of non-detects (50 percent), a trend analysis was not 

conducted. 

Figure 4.5-3 1, 1,l-Trichloroethane Trend Plot for Well 07391 
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One l,l,l-TCA value was identified as an outlier during statistical analysis and was excluded from further analysis. 

This suspect value is plotted beyond the lower outer fence on the box and whisker plot (Figure 4.5-4) and is also 

shown as anomalous point on the histogam and probability plot (Figures 4.5-5 and 4.5-6). 

Figure 4.5-4 Box and Whisker Plot of I, I, I-Trichloroethane for Well 07391 
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Figure 4.5-5 Histogram of I ,  I ,  I-Trichloroethane for Well 07391 
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Figure 4.5-6 Probability Plot of 1,1, I-Trichloroethane for Well 07391 
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The chloroform concentration in Well 07391 has fluctuated substantially with time and has been consistently above 

the Tier I1 action level (Figure 4.5-7). Chloroform concentrations have remained fairly constant prior to and after 

the removal of source material fiom Ryan's Pit. The downward trend during both periods is app&ent and 

statistically insignificant. 
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Figure 4.5-7 Chloroform Trend Plot for Well 07391 
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One outlier was identified during statistical analysis. The low value (non-detect) is shown on Figures 4.5-8 through 

4.5-10. 

Figure 4.5-8 Box and Khisker Plot of Chloroform for Well 07391 
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Figure 4.5-9 Histogram of Chloroform for Well 07391 
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Figure 4.5-IO Probability Plot of Chloroform for Well 07391 
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In addition to the VOCs discussed above, elevated activities of U-235 (Figure 4.5-1 1) and U-238 (Figure 4.5-12) 

have been observed in Well 0739 1. Uranium-235 activities appear to exhibit a statistically significant downward 

trend up to September 1996 when the source material in Ryan's Pit was removed. However, post treatment data 

indicate increasing activities as illustrated by the statistically significant upward and positive slope to the trend line. 

Uranium-235 data collected in 2001 were below background activities (M2SD = 1.79 p C i ) .  However, data 
collected in the 2nd quarter 2002 exceeded background values. Exploratory statistical analysis indicates there are no 

outliers in U-235 data. 
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A similar trend occurs in the U-238 data where activities appear to decrease prior to the accelerated source removal 

action (Figure 4.5-1 I).' However, the significance level 0, value) for the slope of this trend line pre-source removal 

is greater than the prescribed error commonly set at 0.05 (i.e., equivalent to a 95% confidence level). Instead of 

being 95% confident that the slope is negative, the confidence level for this negative slope has been reduced to 

90%". With the exception of the first sample, U-238 activities during this time period have been below the U-238 

background level. 

Uranium-238 activities subsequent to the source removal action show an upward hcreasing trend that is statistically 

significant. In addition, activities during this time interval generally exceed U-238 background levels. No outliers 

were identified during statistical analysis. 

Figure 4.5-I I Uranium U-235 Trend Plot for Well 07391 With Error Bars (Note use of background M2SD 
for comparison-not Tier 11 action level) 
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Figure 4.5-I 1 Uranium U-238 Trend Plot for Well 07391 With Error Bars (Note use of background 
M2SD for comparison-not Tier 11 action level) 
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No activities above background levels were observed in well 07391 for U-233/234 and americium-241 isotopes. 

Plutonium-238/239 activities have been consistently below background levels since March 1995. 

In summary, concentrations of VOCs emanating from Ryan’s Pit and observed in downgradient well 07391 have 

generally remained constant with time. Statistical analysis of these contaminants indicates there has been no 

significant trend to the data either before or after removal of the contaminated source material. Monitoring of this 

well will continue until VOC concentrations decrease to acceptable levels. In contrast, sampling and analysis of 

uranium isotopes such as U-235 and U-238 indicates that uranium isotope activity concentrations have increased 

with a statistically significant upward trend. 
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5.0 

The DOE D&D process is the sequence of events that occurs in the disposition of surplus DOE facilities. D&D is 

primarily concerned with decontamination and dismantling, removal, or entombment of the surplus facilities. 

BUILDING D&D MONITORING THROUGH 2001 0 

The primary tasks associated with D&D are: 

0 Surveillance and maintenance; 
0 Assessment and characterization; 
0 Environmental review; and 

Close out. 

Building specific D&D activities involve three major steps: 

0 Deactivation of building processes; 
0 

0 

Demolition of building structures; and 
Remediation of building foundations and surroundings. 

Activities associated with these tasks involve the removal of fxed materials (including residual constituents of 

concern), equipment, piping, tanks, ducts, ceilings and other internal building structures, and the buildings 

themselves. In general, implementation of D&D will be performed in phases, allowing alternative interim use of 

most buildings before the final decommissioning of the buildings (DOE, 1994b). 

The IMP outlines the groundwater monitoring activities that have been established to determine whether building 

D&D activities inadvertently impact surface water by degrading groundwater beneath or in contact with the base of 

the demolished buildings. The required groundwater monitoring will provide the data necessary to determine if the 

precautions and actions taken during D&D have prevented or allowed migration of contaminants to groundwater. If 

existing information (generally a knowledge of historical building activity and use) regarding a proposed D&D 

activity indicates the potential to contaminate groundwater, then a pre-D&D groundwater baseline will be 

established for that building. 

- a 

Based on the IMP, a minimum of four groundwater sample results (per analyte, pre-demolition) are required to 

enable determination of a unique groundwater chemistry baseline for each building that will undergo D&D 

groundwater monitoring. Historically, two D&D groundwater monitoring rounds have been attempted per year at 

each building or building complex. The D&D groundwater monitoring schedule for a specific building may become 

accelerated if it is determined that the D&D schedule for that building has become accelerated, or because the area 

encompassing a specific building is known to have thinly saturated or seasonally unsaturated conditions. 

Baselines will be established for various analytes based on sampling results from individual D&D wells at specific' 

buildings. Baselines will generally be calculated for downgradient D&D wells, but may be calculated for upgradient 

wells in areas where upgradient contaminant concentrations, with respect to flowpaths beneath a particular building 

are a concern. The downgradient baseline before building demolition will be compared to the downgradient results 
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after demolition to ascertain whether building D&D may have caused any change in the downgradient water quality. 

Exceedance of a specific analyte baseline will be defined as a detected concentration greater than the mean plus two 

standard deviations (M2SD) above the baseline (K-H, 1998b). Depending on the location and the availability of 

groundwater, some buildings currently have more sample results for analytes that require a smaller sample aliquot 

(for example VOCs or nitrate) than for analytes which require a much larger sample volume (for example U- 
isotopes or WAm). Even if the required four samples, or more, have previously been collected, baselines will only 

be calculated when the aboveground portion of the specific building has been demolished. If a baseline for a given 

analyte were calculated immediately upon the collection of four samples, the baseline value might change before the 

building comes down based on subsequent analytical results obtained prior to demolition, especially considering the 

dynamic schedule for building D&D. At the time of the submission of this 2001 Annual Report, Building 886 is the 

only building with calculated analyte baselines (see Section 5.4). 

Monitoring is being accomplished by the installation of D&D monitoring wells adjacent to the specific buildings. 

These D&D specific wells, in conjunction with appropriately located and constructed preexisting wells, will provide 

the chemical data used to construct the baseline and will also be utilized for future D&D monitoring of the building 

specific impacts, if any, on downgradient groundwater quality. As long as time permits, baseline determination will 

be based on current and fbture data. If the D&D schedule for a given building becomes accelerated, preexisting 

monitoring wells in the vicinity of the building may be utilized, as the I M R A  suggests, for determination of the 

baseline using sampling data from the previous three years. If D&D activities force abandonment of existing D&D 

monitoring wells, replacement wells will be installed or selected from existing wells in appropriate locations. 8 
If a baseline cannot be established, water quality with respect to a given building will be evaluated in terms of an 

upgradientldowngradient comparison. Analytes will be screened in terms of concentrations relative to Tier I and 

Tier I1 groundwater action levels, which is an effective method for determining contaminants of concern. The Tier 

I and Tier II levels are used only as a screening tool in this application and, with regard to building D&D, are 

not RFCA or compliance driven. Occasionally, an analyte is discussed or listed in a table even though it has been 

detected in concentrations that are below Tier I1 action levels. This is done on a case by case basis for analytes that 

are contaminants of interest for specific buildings. 

Building demolition is described in terms of the fiscal year (FY) that the demolition is projected to take place. 

Building 123 and Building 779 have previously been demolished. Building 886 was demolished in April/May of 

2002. 

Following is the current estimated schedule, based on a May 2002 building D&D update, for demolition of buildings 

discussed in this section: 

0 

0 

Building 444 - late FY 2004 to early FY 2005; 
Building 771 complex - late-FY 2003 (Building 774)to-mid FY 2004 (Building 771); 
Building 707 - early FY 2005; 
Building 776/777 - mid FY 2004; 
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0 

0 

0 

0 

Building 371/374 -mid FY 2006; 
Building 865 - early FY 2003; 
Building 883 - mid FY 2003; 
Building 881 - late FY 2003 to early FY 2004; 
Building 991.- mid FY 2004 (vaults early FY 2004); and 
Building 559 - mid-to-late FY 2005. 

Many additional buildings will undergo D&D prior to Site closure. However, the preceding list includes the 

buildings with substantial environmental concerns, based on available historical information. 

Section 5.0 of the Annual RFCA Groundwater Monitoring Report is being expanded during each successive year to 

incorporate the additional buildings where D&D groundwater monitoring activities are taking place. The Section 

5.0 subsections are organized by the particular buildings, as described in various CDPHE and EPA approved 

Sampling and Analysis Plans (SAPS) for Building D&D Groundwater Monitoring. The subsections below discuss 

historical D&D activities through 2001 for Building 123 (Section 5.1), Building 444 (Section 5.2), Building 771 

(Section 5.3), Building 886 (Section 5.4), Building 779 (Section 5 . 9 ,  Building 707 (Section 5.6), Building 776/777 

(Section 5.7), Building 371/374 (Se~tion'5.8)~ Building 865 (Section 5.9), Building 883 (Section 5.10), Building 881 

(Section 5.1 l), Building 991 (Section 5.12), and Building 559 (Section 5.13). 

5.1 Building 123 

Building 123, used as a laboratory for bioassay, dosimetry, and water quality parameter analyses, was located on 

Central Avenue between Third and Fourth Streets at WETS. The building underwent D&D activities and was 

ultimately demolished in 1998. Subsequent to the building demolition, six monitoring wells (10098-10598) were 

installed with a Geoprobe rig immediately adjacent to the concrete building foundation. During the spring of 2002, 

the concrete building foundation was removed. 

Wells 10098 and 10198 are upgradient of the Building 123 location. The rest of the wells are downgradient except 

10598. Based on the current potentiometric data (Plates 5 and 6), well 10598 is situated in a cross gradient location. 

The purpose of these wells was twofold: First, to assess the potential impact of D&D activities on local groundwater 

quality and, second, to prepare an IHSS ranking for prioritizing the Building 123 site on the ER ranking list. This 

investigation is only concerned with the first of these two purposes. Figure 5-1 presents the location of Building 123 

and associated D&D monitoring wells. 

As described above, four sampling events are required to collect a data set to be used for determination of a unique 

baseline for each building which will undergo D&D groundwater monitoring. Unfortunately, the schedule for 

Building 123 D&D became accelerated and it was not possible to install wells or collect the required amount of pre- 

demolition data to derive baseline values for the site D&D wells. In addition, there were not an appropriate number 

or distribution of existing monitoring wells in the vicinity of Building 123 to use for baseline determination utilizing 

historic sampling data. Through 200 1, seven sampling rounds have been completed at the Building 123 D&D rl) 
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monitoring wells. One sampling round, post demolition, was completed at the Building 123 D&D monitoring wells 

during 1998. Two sampling rounds each, one in the 1" and 31d quarters, were completed during 1999,2000, and 

2001. 

Because a baseline cannot be established, water quality with respect to Building 123 must be evaluated in terms of 

an upgradient/downgradient comparison of water quality. Analytes at Building 123 have been screened in terms of 

concentrations relative to Tier I and Tier I1 groundwater action levels. 

Linear groundwater flow velocities were calculated for two Well Pairs at Building 123 utilizing 2nd quarter 2001 

water level data. Each of these Well Pairs lies in the same groundwater flowpath. Flow velocity was calculated 

between Well Pairs 10198/10498 and 10098/10298. Hydraulic conductivity for the Qrf and effective porosity 

values were used as described in Section 3.2 of this RFCA Annual Report. A linear groundwater flow velocity of 

112 Wyr (1.083E-04 cdsec)  was calculated between upgradient Well 10198 and downgradient Well 10498. A 

linear groundwater flow velocity of 149 Wyr (1.442E-04 cm/sec) was calculated between Upgradient Well 10098 

and Downgradient Well 10298. This flow velocity would allow groundwater to travel from Well 10198 to Well 

10498 in approximately 1.6 years, and from Well 10098 to Well 10298 in approximately 1.3 years. Actual 

contaminant travel times can be expected to be slightly longer for weakly retarded contaminants, such as VOCs, U- 

isotopes, and nitrate. 

The contaminants of interest for Building 123 are VOCs, metals, U-isotopes, Pu/Am, nitrate, cesium, and cyanide. 

Table 5-1 presents a summary of historical Building 123 D&D groundwater monitoring data. The only analyte 

concentrations greater than Tier I1 action levels for nitrate are in Downgradient Wells 10298 (31d quarter 2001) and 

10498 (31d quarters 1998 and 2000, 2nd quarter 1999). Uranium isotope U-233/234 and U-238 activity 

concentrations are greater than the Tier I1 action level in Upgradient Well 10098 for all sampling quarters to date; 

downgradient Well 10498 has activity concentrations greater than Tier I1 for five out of the seven sampling rounds 

to date. The only other U-isotope concentrations greater than Tier I1 were U-233/234 at Well 10398 (31d quarter of 

1999 and 2001) and Well 10298 (31d quarter 1998) and U-238 at Well 10398 (3rd quarter 1999) and Well 10298 (31d 

quarter 1998). All of the downgradient wells and one upgradient well (10098) have at least one result concentration 

greater than the Tier I1 action levels but below background M2SDs for U-isotopes. A concentration greater than the 

Tier I action level for PCE in Downgradient Well 10498 during the first quarter 2001 was followed by a less than 

Tier I1 concentration during the 31d quarter of 2001. The only concentrations greater than the Tier I1 action level for 

PCE at any Building 123 well (31d quarter 1998 through 1" quarter 2001) occurred in downgradient monitoring well 

10498. The results of the seven D&D grouhdwater sampling rounds completed at Building 123 to date indicate that 

prior to 2001, metals analyses have exhibited no results above Tier I1 action levels in any of the Building 123 wells. 

During 2001 there were some metals concentrations (thallium, cadmium) that exceeded Tier I1 levels. 

There are no Building 123 upgradient PCE or nitrate concentrations which are greater than Tier I1 action levels. 

This is compared to downgradient PCE concentrations (Well 10498) that are greater than Tier I action levels 

(seasonally, in the Is' quarter of 2000 and 2001) and downgradient nitrate concentrations (Wells 10298 and 10498) 
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' greater than Tier I1 action levels. For uranium isotopes U-233/234 and U-238, there were activity concentrations 

above Tier I1 but below background h42SDs in Upgradient Well 10098 that are similar to activity concentrations for 

these analytes in Downgradient Wells 10398 and 10498. Downgradient Monitoring Well 10298 has not shown 

elevated U-isotope concentrations (with respect to Tier 11) since 3rd quarter 1998. Monitoring Wells 10 198 

(upgradient) and 10598 (cross gradient) are unaffected to date by PCE, nitrate, and U-isotopes. Downgradient 

monitoring Well 10498 is the most impacted well to date at Building 123, although the 31d quarter 2001 samples 

from this well had no analyte concentrations greater than Tier I1 levels. 

Table 5-1 Historical Building 123 D&D Groundwater Monitoring Data 

0 

\ 

< 

10198 Upgradient 

8/98 u 
2/99 U 
8/99 U 
2/00 U 
8/00 0.1 
1/01 U 
710 1 U 
8/98 U 
2/99 U 
8/99 U 
2/00 U 
8/00 U 

1 -0210 1 U 
710 1 U 
8/98 U 
2/99 U 
8/99 U 
2/00 U 
8/00 U 
1/01 U 
7/0 1 U 
8/98 U 
2/99 U 
8/99 0.1 
2/00 U 
8/00 U 
1/01 0.1 
710 1 U 
8/98 15 
2/99 58.9 
8/99 i 24 
2/00 1400 

8-09/00 15 
1/01 980 

1.4 
4.9 
4.3 
3.4 
2.9 
0.84 
2.8 
1.5 

0.97 
. 2.4 

1.7 
0.75 
0.86 
0.98 
0.61 
0.84 

3 
1.8 
3 

. 7.5 
11 

INSW 
INSW 
INSW 

5.1 
4.1 
3.8 
3.5 
25 
17 
6.8 
6.9 
10 
7.2 

710 1 4.6 8.2 
8/98 U 3.7 

2/00 
8/00 
1/01 U 1.8 
710 1 U 0.097 

an Tier II shown in Bold. Concentrations meater than 
I I 

Notes: Concentrations greater - 
insufficient water available for sample collection, U = non detect 

1.13 
INSW 
1.32 
1.19 
1.21 
1.31 
1.26 

INSW 
INSW 
0.25 1 
0.393 
0.229 
0.544 
0.239 

1.0 
INSW 
0.40 
0.682 
0.976 
0.645 
0.79 

INSW 
INSW 
1.264 
INSW 
INSW 
MSW ' 

1.19 
1.08 
2.02 
0.964 
1.15 
1.14 
1.12 

0.797 
U 
U 
U 
U 
U 
U 

0.237 
:r 1 shown in Itali 

INSW 
1.103 
0.999 
0.920 
0.95 
1.06 

INSW 
INSW 
0.233 
0.35 1 
0.227 
0.422 
0.285 
1.10 

0.568 
0.763 
0.69 
0.671 
0.52 

INSW 
INSW 
1.007 
INSW 
INSW 
INSW 
0.508 
1.22 
1.51 

0.522 
1.19 
1.10 
1.26 

0.646 
0.236 
U 
U 
U 
U 

0.275 
U 

. INSW 

zed Bold, INSW = 
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A statistical comparison of upgradient versus downgradient wells has been undertaken for nitrate and U-233/234 

analytes for which there are enough sample results to justify the comparison. Although there is nothing in the IMP 

that specifies the rationale for the upgradient versus downgradient comparison, there should be at least four sample 

results available for a comparison that utilizes statistics. The upgradient versus downgradient comparison will 

involve two wells that lie in the same flowpath, based on current potentiometric data, as opposed to pooling all 

upgradient results versus all downgradient results. Pooling the upgradient data and comparing it to pooled 

downgradient data is unacceptable in the case of this building because the two Building 123 upgradient wells vary 

greatly in their concentrations of U-isotopes. As noted above, the Well Pairs discussed are 10198/10498 and 

10098/10298. Well 10598 is not considered because of its cross gradient location; Well 10398 is downgradient of 

Building 123, but, based on current potentiometric data, is not specifically in the flowpath of a Building 123 

upgradient well. 

Figures 5- 1 a and 5- 1 b show the upgradient versus downgradient comparison for well pair 10 198/10498 for nitrate 

and U-233/234, respectively. The nitrate plot for this well pair (figure 5-la) shows that all sampling results 

(including the mean) from downgradient Well 10498 are significantly higher than the M2SD (mean plus 2 standard 

deviations) of upgradient well 10198. This indicates that there is a statistical difference in the data and that the 

downgradient well is probably impacted from a source associated with the building. The same scenario is true for 

Figure 5-lb, a comparison of well pair 10198/10498 for U-233/234. All the sampling results (including the mean) 

for U-233/234 fiom downgradient Well 10498 are significantly higher than the h42SD of upgradient Well 10198; a 

statistically significant difference in the data exists and the downgradient well is probably impacted by a source 

associated with the building. 

Figures 5-lc and 5-ld show the upgradient versus downgradient comparison for well pair 10098/10298 for the same 

two analytes. The nitrate plot for this well pair (Figure 5-lc) shows that initially there was no significant difference 

in the data; however, since approximately the 3rd quarter of 2000, the nitrate concentration in downgradient well 

10298 has significantly exceeded the M2SD of the nitrate concentration of upgradient well 10098. Figure 5-ld 

compares U-233/234 data for well pair 10098/10298. This figure shows that the downgradient data are statistically 

less than the upgradient data, because none of the downgradient data is greater than the mean, much less the WSD, 

of the upgradient data. This figure suggests that the U-233/234 contamination along this flowpath originate fiom an 

upgradient source. 

'5.2 Building 444 \ 

The Sampling and Analysis Plan for the D&D monitoring of the Building 444 cluster was initiated during late 1998. 

The Final SAP (FWRS, 19990) was submitted to the Agencies in July 1999. The D&D monitoring wells associated 

with the building were installed before the end of 1999. The Building 444 complex is currently scheduled for 

demolition in late FY 2004 to early FY 2005. This will allow adequate time to collect enough samples for a 
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groundwater quality baseline to be constructed for these facilities. Baselines for contaminants of interest will be 

calculated when the building is demolished. 

Building 444 is located on the south side of Cottonwood Avenue between Fourth and Sixth Streets at WETS. The 

Building 444 cluster was used for the manufacturing of depleted uranium and beryllium components, and did not 

handle plutonium or enriched uranium. Major processes conducted in $e building included machining, welding, 

and cleaning. Building 444 also contained a.foundry and a laboratory where parts could be etched, electroplated, 

and coated. Uranium and beryllium are the major constituents that were used in the building. In addition, solvents 

from machining and cleaning, and other wastes associated with electroplating were generated. Figure 5-2 presents 

the location of the Building 444 cluster and the D&D groundwater monitoring wells associated with it. 

Six new D&D Monitoring Wells were installed at Building 444 during the fall of 1999 (40099,40499, and 41299). 

Wells 40099 and 40199 are upgradient wells, and the rest, in addition to preexisting Well P419689, are 

downgradient wells. Except for monitoring well P419689, Building 444 D&D monitoring wells had been sampled 

generally five times through CY 2001. Preexisting Well P419689 had been sampled several times before the other 

Building 444 D&D wells were installed. Until a baseline is established for groundwater in the vicinity of Building 

444, analytes will be screened in terms of concentrations relative to Tier I and Tier I1 groundwater action levels. 

The contaminants of interest for Building 444 are VOCs, metals, U-isotopes, tritium, nitrate, PCBs, cyanide,.and 

total petroleum hydrocarbons (TPH). Table 5-2 presents a summary of results of D&D groundwater monitoring at 

the Building 444 cluster to date. Earlier data from well P419689 are included for comparison to the recent D&D 

data. The historical results of the D&D sampling completed through 2001 indicate that the analyte most commonly 

detected in all the Building 444 DgLD wells is PCE. Five wells (40099,40299,40499,41299, and P419689) 

exhibited PCE concentrations greater than the Tier II'action level for all five D&D sampling rounds completed to 

date. The concentration of PCE in downgradient well 41299 is an order of magnitude higher than the other wells 

listed. This well was also the only other Building 444 D&D well to exhibit at least one result with a concentration 

greater than the Tier I1 action level for every one of the VOCs listed in Table 5-2. Wells 40199 (upgradient) and 

40399 (downgradient) had no detections of VOCs above Tier I1 action levels. All the VOC detections in these two 

wells were of very low concentrations. 

There have been no concentrations of nitrate greater than Tier I1 action levels. There have been concentrations of 

metals (thallium and chromium), especially in samples from downgradient well 4 1299, that exceed Tier I1 action 

levels. Beryllium is generally not detected with very few low concentration detections scattered throughout the 

historical data. Monitoring Well 40099, which is an upgradient well, has concentrations of TCE that exceed the Tier 

I action level for all five D&D sampling rounds completed through CY 200 1. This well also exhibits concentrations 

greater than the Tier I1 action level for 1,l-DCE; 1,2-DCE; and PCE for all five of the D&D sampling rounds 

completed to date. 
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Wells 40 199,4 1299, and P4 19689 exhibited activity concentrations greater than Tier I1 action levels but below the 

Site M2SD of 60.7 pCi/L for U-2331234. In addition, U-238 was detected at concentrations of 1.047 pCi/L, 0.787 

pCiiL, and 0.95 pCi/L in December 1999, May 2000, and July 200 1, respectively at well 4 1299. 

Table 5-2 Historical Building 444 D&D Groundwater Monitoring Data 

Upgradient 5/00 190 
12/00 538 
210 1 299 
810 1 190 

40 199 11/99 U 
Upgradient 5/00 U 

1 1/00 U 
210 1 U 

1 8/01 I U 
40299 I 11/99 I 2 

Downgradient 5/00 4 
12/00 3.6 
2lo 1 3 
710 1 2 

40399 1 1/99 U 
Downgradient 5/00 U 

12/00 U 
210 1 U 
810 1 U 

40499 1 1/99 0.2 
Downgradient 5/00 0.1 

1 1/00 U 
2/01 0.2 
810 1 1 

4 1299 1 1/99 16 
Downgradient 5/00 9 

P419689 
Downgradient 

12/00 
210 1 
710 1 

3-4/96 
9/96 
12/96 
1 1/99 
5/00 
12/00 
210 1 
810 1 

10 
9.1 
11 
1 
1 

N/A 
1 
1 
1 

1.1 
0.7 

780 
650 
1310 
741 
520 
U 
U 
U 

0.56 
U 
8 
11 

10.5 
10 
8.2 
0.5 
0.8 
0.92 
0.8 
0.7 
11 
4 

4.9 
5 
5 

48 
89 

31.4 
44.3 
54 
5 
4 

N/A 
7 
6 

7.1 
7 

4.3 

500 t! 1 1340 
24.8 726 

0.5 U 
0.74 U 
0.77 1.4 
1.2 U 
34 2 
37 13 

77.5 2.1 
78 2 
56 3 
0.5 0.2 
0.7 0.2 
0.69 1 

1 0.3 
U 1 
13 3 
7 2 

8.3 1.9 
7 1 

6.6 1.6 
290 33 
280 77 

216 27.2 
330 38.2 
260 54 
17 2 
12 1 

N/A N/A 
16 2 
17 2 

18.5 2.3 
18.8 1.7 
10 1.2 

None 
None 

Thallium 3.45 
None 
None 
None 
None 

Thallium 4.64 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

Chromium 213 
Chromium 370 
Thallium 537 
Chromium 470 
Chromium 330 
Chromium 260 

None 
Thallium 6.3 
Thallium 7.2 

None 
None 
None 
None 
None 

0.270 
0.268 
0.22 

INSW 
1.224 
0.512 
1.10 

0.674 
1.24 

0.410 
0.553 
0.250 
0.283 
0.47 
0.165 
0.187 
0.20 
0.196 

U 
0.381 
0.236 
0.091 
0.317 
0.21 
1.797 
1.891 

1.30 
'-1.47 

2 
1.315 
N/A 
1.174 
0.733 
0.888 
0.420 
0.759 
0.97 

Notes: Concentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected in the Method Blank, NA = Not Analyzed, INSW = Insufficient water 

In conclusion, although upgradient Well 40099 contains TCE in concentrations which are greater than the Tier I 

action level, and relatively high levels of other VOCs, downgradient Well 4 1299 appears to be the most impacted 

D&D Monitoring Well at the Building 444 cluster. In addition to VOCs, metals and U-isotopes have impacted well 
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41299. Downgradient Monitoring Well 40399 is the only well without a concentration of any analyte that is greater 

than a Tier I1 action level. At this point in time, nitrate and beryllium do not appear to be contaminants of interest in 

groundwater at the Building 444 cluster. 
a 

5.3 Building 771 

The Sampling and Analysis Plan for the D&D monitoring of the Building 771 complex was initiated during late 

1998. The Final SAP (RMRS, 19990) was submitted to the Agencies in July 1999. The D&D monitoring wells 

associated with the building were installed before the end of 1999. The Building 771 complex is currently 

scheduled for demolition in late FY 2003 (Building 774) to mid FY 2004 (Building 77 1). Depending on the 

availability of groundwater for sampling (see discussion below) this may not allow for construction of analyte 

baselines for the Building 77 1 complex. ' 

The Building 77 1 complex'is located in the former PA, at the northeast end of Sixth Street, immediately south of the 

PACS-3 entrance to the former PA. Building 771 was the plutonium component production facility at Rocky Flats 

fkom 1953 through 1957. After 1957 the building was used for the chemical recovery of plutonium and americium 

fiom manufacturing residues and scrap metal. The building also contained a laundry. Building 774 is part of the 

Building 771 complex and is located approximately 200 feet east of Building 771. Building 771C connects 

Buildings 77 1 and 774. Building 774 was used for the treatment of radioactive aqueous waste, waste oils, and non- 

radioactive photography solutions. Buildings 771C and 774 are to be decommissioned along with Building 771. 

Based on the research performed during completion of the SAP, plutonium, americium, and solvents are the major 

contaminants of concern. Figure 5-3 presents the location of Building 77 1, including Buildings 771 C and 774, and 
a 

the D&D groundwater monitoring wells associated with them. 

Six new D&D Monitoring Wells (40599 through 40899,41499, and 41599) were installed at the Building 771 area 

during the fall of 1999. Monitoring Well 40899 and preexisting Wells 18199 (associated with IHSS 118.1) and 

20998 are upgradient D&D wells. Wells 40599,40699,40799,41499, and 41599 are downgradient D&D Wells. In 

addition, preexisting well P219089 has been added to the Building 771 complex D&D Well List. 'This well, located 

on the north side of Building 774, will serve as an additional downgradient well; it was incorporated into the project 

as a D&D well through the IMP. 

The alluvial deposits are very thin in the vicinity of the Building 77 1 complex. The northern portion of the Building 

771 foundation is situated in weathered bedrock. In addition, a foundation drain encircles the entirety of Building 

771 and most of Building 774. These circumstances combine to allow for very little available groundwater for 

sample collection. Future groundwater availability combined with the actual D&D date for the Building 771 

complex will determine if analyte baselines are able to be calculated or if an upgradient versus downgradient well 

comparison will be the appropriate way to monitor building D&D impacts to groundwater, if any. Compounding 

this situation is the fact that, because of its unique location, the Building 771 complex D&D and regrading of the 

area surrounding the building is probably going to displace most of the currently utilized Building 771 D&D 0 
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monitoring wells. These wells will need to be abandoned and relocated or, as discussed above, preexisting wells in 

appropriate locations may be utilized. The Groundwater Program has evaluated existing wells, located farther away 

from the Building 77 1 complex, that can be used for D&D monitoring. Based on this evaluation, the existing wells 

that can be problematic (primary wells) and their alternates are listed below. As of the 4* quarter of 2001, D&D 

samples have been collected from the alternate wells when it has been determined that the primary well will not 

yield sufficient water. 

PRIMARY WELL 
40599 
40699 
40799 
40899 
41499 
4 1599 

ALTERNATE WELL 
20798 
20498 

P219189 
P209289 

22796 
20298 

Only preexisting Wells P2 19089 and 1 8 199 (associated with IHSS 1 18.1) have produced enough samples through 

CY 2001 for any baselines to be calculated. These wells have produced enough samples for analyte baselines to be 

calculated for VOCs, metals, U-isotopes, h-Am, tritium, and neptunium. In addition, Well P219089 has produced 

enough samples for a nitrate baseline. Preexisting Well 20998 has produced enough samples for a VOC baseline 

only. The six D&D monitoring wells installed in the fall of 1999 at Building 771 have failed to produce enough 

water for any analyte baselines to be calculated for them to date except for VOCs at Wells 40799 and 41499. These 

sampling event results are further evidence of the lack of groundwater in the vicinity of Building 771. Baselines 

will only be calculated when the building is demolished. 

The analytes of interest for the Building 771 complex are VOCs, metals, U-isotopes, WAm, tritium, nitrate, 

neptunium, and PCBs. Table 5-3 presents a summary of Building 771 complex D&D monitoring results to date for 

analytes in which at least one DBD well has concentrations exceeding Tier I1 action levels. Until a baseline is 

established for groundwater in the vicinity of Building 771, analytes will be discussed in terms of concentrations 

relative to Tier I and Tier I1 groundwater action levels. 

Eight sets of VOC samples have been collected from preexisting upgradient monitoring Well 18 199 since spring 

1999, The earlier sampling round data from Well 18199 is presented in Table 5-3 for comparison to the recent D&D 

data. This well has yielded carbon tetrachloride concentrations greater than the Tier I action level and chloroform 

concentrations greater than the Tier I1 action level for each of the eight sampling events. In addition, concentrations 

greater than the Tier I1 action level were observed for PCE in seven out of the eight events; the exception was a non- 

detect in March 2000. Other analytes detected above Tier I1 action levels at Well 18199 are listed in Table 5-3. 

There were no nitrate concentrations greater than the Tier I1 action level in any samples collected from Well 18199. 

VOC results from preexisting upgradient Well 20998 indicate carbon tetrachloride concentrations greater than Tier 

I1 in all five sampling rounds that sufficient water has been available, as well as chloroform concentrations greater 

than the Tier I1 action level in September 1998 and June 2000. Enough groundwater was available for only the five ' 
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VOC samples and one nitrate sample from this well. This well was replaced in 2002 with a larger diameter well that 

will assist in the collection of full sample suites. All VOC results for Well P219089 are below Tier I1 action levels. e 
The only concentrations greater than Tier I1 action levels in the six new Building 77 1 D&D wells and preexisting 

well P2 19089 are listed in the far right column of Table 5-3. Notable concentrations greater than Tier I1 action 

levels are TCE in all four samples collected to date from downgradient well 41499; 1,l-DCE in two of the three 

samples collected from downgradient Well 40699; and U-233/234 and U-238 in all four samples collected to date 

ffom downgradient Well P219089. These uranium results are below the U-233/234 and U-238 site M2SDs of 60.7 

pCi/L and 41.8 pCi/L, respectively. There was also a tritium detection of 437 pCi/L (below Tier 10 at Well 40799 

in May 2000. 

As stated above, upgradient monitoring Well 18 199 contains carbon tetrachloride in concentrations that are greater 

than the Tier I action level, and relatively high levels of chloroform. The source for this contamination is IHSS 

1 18.1, which is approximately sixty feet upgradient of Well 18 199. This IHSS is also the source for the carbon 

tetrachloride reported in samples from Well 20998. Carbon tetrachloride is not reported in concentrations greater 

than the Tier I1 action level in downgradient wells at Building 771. These wells consistently contain very little 

groundwater. It can be assumed that the extensive foundation drain systems for Buildings 77 1 and 774 are 

intercepting a large amount of upgradient groundwater, and may be diverting a significant amount of VOC 

contamination. * Table 5-3 Historical Building 771 D&D Groundwater Monitoring Data 

9199 
12/99 
3/00 
5/00 
12/00 
510 1 
1 010 1 

20998 Upgradient/ 9/98 
Cross gradient 4/99 

6/00 
510 1 
710 1 

40599 Downgradient 11/00 
410 1 

1 7/01 
40699 I Downgradient I 11/00 

40899 

Z4,OOO 
25,300 
39,000 
Z 7,000 
27,300 
18,000 
19,000 

42 
48 0.3 
150 
190 0.4 

2400 ' 
3790 
5200 
3900 
4110 
3300 
3300 
130 
28 
130 
54 

220 70 
4 4 6.8 
2 7 

4.5 I 1.9 I 6.3 

U 
U 
U 

Dry Dry Dry 
0.8 U U 

Hexachloroethane 17 
Vinyl Chloride 120 

None 
None 

Thallium 8.23 
TCE 6; 1,l ,ZTCA 63 

Thallium 2 3  
None 
None 
None 
None 
None 
None 

Nitrate 26 
None 

1,l-DCE 389 

1,l-DCE 200 
Dry 

None 
None 
None 
None . 

, 

Dry 
None 
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41599 

P219089 

11/00 
410 1 
710 1 

Downgradient 11/00 
410 1 
710 1 

Downgradient 11/00 

I 4'01 

U I 2.4 1 U 

U 4.5 0.42 TCE 74.4 
U I 2 1 0.4 I Nitrate 19rTCE 62 

None 
Dry 
0.29 

U 

U 

U 

U 

Dry Dry Dry 
0.77 0.34 None 
0.53 U u-2331234 9.10 

U U U-2331234 9.6 
U-238 7.3 

u-2331234 5.43 U U 
U-238 4.21 

U U Thallium 2.7 

U-238 6.40 

U-233/234 6.12 
U-238 3.32 

Notes: Concentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected in the Method Blank, CClr = carbon tetrachloride 

In conclusion, if the Building 77 1 complex were demolished in the near future, there would only be enough D&D 

groundwater monitoring samples collected through CY 200 1 to establish baseline concentrations for monitoring 

Wells 18199 and P219089 (most analytes), and VOCs only for Wells 20998,40799, and 41499. Upgradient versus 

downgradient well comparisons are not warranted yet at Building 771 because the building has not yet been 

demolished. If there have been enough samples collected, baselines will be calculated after the building is 

demolished. The challenge for the Building 771 complex is going to be the production of sufficient downgradient 

water for large sample aliquot analytes in order to construct analyte baselines when the building is finally 

demolished. Based on available sample data, nitrate, WAm, and PCBs do not appear to be contaminants of interest 

for Building 77 1. 

5.3.1 Bowman's Pond Groundwater Characterization 

The Bowman's Pond evaluation project was conducted in 1999 to evaluate the sediments in the pond for possible 

remediation (see the 1999 RFCA Annual Groundwater Monitoring Report). Surface water samples collected during 

the investigation fiom Bowman's Pond showed concentrations of carbon tetrachloride that ranged fiom 5 - 2 1 pg5. 

There are six outfall locations from Building 771/774 foundation drains (771 FD OUT #2, FD-774-1, FD-774-2, 

FD-774-4, FD-774-5, and FD-774-6). Efforts to determine the location and extent of the footing drains for Building 

771/774 have only provided partial information on where they discharge or exactly where the samples have been 

collected. A literature review and walkdown of the Bowman's Pond area has determined that there are four outfalls 

in d i s  area (Figure 5-3). Three of these outfalls are probably tied to Building 774 footing drains. The fourth outfall, 

which is the farthest west of the four, may receive contributions from Building 771 footing drains. 
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One footing drain for Building 77 1, location 77 1 FD OUT #2, is a footing drain outfall located west of Building 771 

(Figure 5-3) that produces minor amounts of water with relatively high levels of carbon tetrachloride (3 10 pgL and 

126 @I., in May 2001 and 2002, respectively). Grab samples (for the same analyte of interest suite as the Building 

771 complex) were collected from each’of the footing drain outfalls, with the exception of FD-774-2 and FD-774-6, 

in May 200 1 , November 2001 , and May 2002. The results of these samples showed carbon tetrachloride and 

uranium isotopes U-233/234 and U-238 in the westemmost footing drain outfall (FD-774-1) at 

concentrations/activities exceeding the Tier I1 action levels for those analytes. Location FD-774-4 had activity 

concentrations of U-233/234 and U-238 (May and November 2001 only) at concentrations greater than Tier I1 action 

0 

levels. Location FD-774-5, which did not provide a November 2001 sample, had May 2001 nitrate, U-233/234, and 

U-238 results and May 2002 U-2331234 and U-238 results greater than the Tier I1 action levels. Given that these 

drains provide a direct conduit to surface water, and based on the results obtained from these locations, outfall 77 1 

FD OUT #2 has been included in the IMP as a D&D monitoring location for the Building 771 complex. Foundation 

drain outfall FD-774-1 is proposed to be added to the IMP. 

5.4 Building 886 

The Sampling and Analysis Plan for the D&D monitoring of Building 886 was initiated during late 1998. The Final 

SAP (RMRS, 19990) was submitted to the Agencies in July 1999. Three Building 886 D&D monitoring wells were 

installed during fall 1999 (40999,4 1099, and 41 199) and are utilized along with an existing well (22996) for D&D 

monitoring. Well 40999 is utilized as an upgradient D&D well; Wells 41099,41199, and 22996 are utilized as 

downgradient D&D Wells. Building 886 has undergone D&D activities and was demolished in the spring of 2002. 

Monitoring Well 41 199 was subsequently destroyed during the D&D of Building 886. This well was replaced 

during August 2002; the new well is designated 41 102. 

0 ’ 

Building 886 is located on the south side of Central Avenue at WETS, approximately 300 feet southeast of the 

PACS- 1 entrance to the former PA. The building was first occupied in 1965 and housed the Critical Mass 

Laboratory that was used to conduct criticality experiments for nuclear safety research and development. Based on 

research of historical practices at the building, plutonium, uranium, and nitrate are considered to be the contaminants 

of interest. Figure 5-4 presents the location of Building 886 and the D&D groundwater monitoring wells associated 

with it. 

There has been adequate time and groundwater available to collect enough samples to construct a groundwater 

baseline for most of the analytes of interest at this building with the exception of plutonium. Plutonium analyses 

through 2001 for Wells 40999 (1 sample collected) and 41099 (2 samples collected) are the only ones lacking fiom 

the analytes of interest for Building 886. At least four D&D sampling rounds were completed at Building 886 

through CY 2001 for VOCs, metals, U-isotopes, and nitrate. Groundwater data have been collected from Well 

22996 twelve times since the 3‘* quarter of 1996. A geochemical baseline has been established for Building 886 and 

is contained in this section. 

0 
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The D&D sampling suite for Building 886 includes VOCs, metals, U-isotopes, PdAm, and nitrate. Table 5-4 

presents a summary of Building 886 D&D groundwater monitoring data collected through CY 2001. Monitoring 

Well 22996 data collected before commencement of D&D sampling at Building 886 is also presented in Table 5-4 

for comparison to the more recent D&D data. 

The results of the D&D sampling rounds completed at Building 886 through CY 2001 indicate there were no 

concentrations of any analytes greater than Tier I action levels. Activity concentrations greater than Tier I1 action 

levels were observed for U-233/234 and U-238 for all four Building 886 D&D monitoring wells for every sampling 

round that has produced enough water for a U-isotope sample. All of the U-isotope results are below the U-233/234 

and U-238 site background values (M2SDs) of 60.7 pCi/L and 41.8 pCi/L, respectively, although the concentrations 

in 41099 approach the M2SD values. In addition, U-235 activity concentrations greater than the Tier I1 action levels 

were reported in samples collected from Downgradient Well 41099 in 1999 and 2000. The U-235 activity 

concentration at well 41099 in November 1999 is above the site background M2SD value of 1.79 pCi/L. WAm 

results for the Building 886 D&D Wells have generally been non-detect; any detections have been below Tier I1 

action levels. 

Samples from Downgradient Well 41099 contained nitrate concentrations greater than the Tier I1 action level for 

every D&D sampling round completed to date. No other Building 886 D&D well has nitrate concentrations that 

approach the Tier I1 action level. There have been no VOC detections above Tier I1 action levels at any Building 

886 D&D wells, and most of the VOC results’have been non-detect. Metals results indicate that downgradient well 

4 1099 has been impacted by cadmium and thallium in concentrations greater than the Tier I1 action levels; 

Downgradient Well 22996 has been impacted by thallium in concentrations greater than the Tier I1 action levels. 

Concentrations of VOCs and PdAm are below Tier I1 action levels and are therefore not baseline contaminants at 

Building 886. The most impacted well at the Building 886 site is Downgradient Well 41099. This well has the 

highest U-isotope activity concentrations, and is the only Building 886 D&D well with nitrate and cadmium 

concentrations above their Tier I1 action levels. 

Based on the data presented in Table 5-4, analyte baselines have been calculated for the Building 886 downgradient 

D&D wells. Baselines were not calculated for any analyte that did not exhibit any concentrations greater than the 

Tier I1 action level. Should post-D&D monitoring results indicate, for example, that VOC concentrations have 

increased, then pre-D&D baselines will be constructed for the specific VOC(s) and it will be determined if a 

statistical increase in concentration has occurred. The pre-D&D analyte baselines are listed below in Table 5-4a. 

These means, standard deviations, and M2SDs will be used to compare to post-D&D Building 886 groundwater 

monitoring results. Should a post-D&D monitoring result for a specific analyte at a given well exceed the M2SD 

listed below, the appropriate parties will be notified, an attempt will be made to identify the source, and monitoring 

will continue as specified in the IMP. 

-. 

1 
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Table 5-4 Historical Building 886 D&D Groundwater Monitoring Data 

- 
?@ 
*,, 

_I_ 

40999 

4 1099 

41 199 

22996 

Downgradient 

Downgradient 

Downgradient 

1 1/99 
6/00 
1 1/00 
310 1 
710 1 
12/01 
1 1/99 
6/00 
1 1/00 

3/01 
710 1 
11/99 
6/00 
11/00 
3/01 
710 1 
8/96 
11/96 
3/98 
8/98 
2/99 
8/99 
11/99 
2/00 
6/00 
12/00 
310 1 
810 1 

8.883 
10.70 
10.0 
9.7 
9.0 
NS 

51.65 
45.50 
42.0 

27.4 
21.5 
10.74 
8.39 
8.60 
9.03 
9.2 

2.335 
2.325 
3.01 
2.86 
3.573 
3.38 
3.58 
3.598 
4.62 
2.30 
2.42 
1.64 

7.83 INSW 
8.30 INSW 
7.8 Cadmium 3.3 
6.6 Cadmium 0.3 
NS NS 

33.77 Cadmium 2.3 
27.10 Cadmium 5.4 
27.0 Cadmium 5.43 

Thallium 4.89 
17.7 Cadmium 4.6 
13.5 Cadmium 2.3 

3.997 Cadmium 1.6 
4.33 3.70 Cadmium 0.68 

3.34 Cadmium 0.61 
3.2 Thallium 0.75 

INSW 
2.13 
1.836 
2.68 
2.40 

3.011 
2.48 
2.399 
2.509 
3.02 
1.60 
1.87 
1.02 

Cadmium 0.71 
Cadmium 4.6 
Thallium 7.8 

NA 
NA 

Cadmium 0.17 
Cadmium 0.18 

Cadmium 0.1 

U 
0.54 

INSW 
0.26 
0.47 
NS 
47 
47 
36 

30 
22 
1.5 
5.6 

INSW 
1.2 

0.79 
1.9 

0.65 
NA 
NA 
NA 
NA 
3.3 

INSW 
4.2 
0.9 
2.4 
0.77 

VOCs U or a i e r  I1 
VOCs U or <Tier I1 
VOCs U or a i e r  I1 

v o c s  all <2 
v o c s  all <2 
v o c s  all u 

U-235 2.316 
U-235 1.41 
U-235 1.40 

VOCs U or <Tier 11 
U-235 0.977 

. U-235 0.783 
VOCs U or a i e r  I1 
VOCs U or a i e r  I1 
VOCs U or <Tier I1 

vocs all <2 
v o c s  all <2 

VOCs U or <Tier I1 
VOCs U or <Tier I1 
VOCs U, or <Tier I1 
VOCs U or <Tier I1 
VOCs U or -=l"ier I1 
VOCs U or q i e r  I1 
VOCs U or Qier 11 
VOCs U or a i e r  I1 
VOCs U or q i e r  I1 
VOCs U or <Tier 11 

vocs all <2 
vocs all <2 

Notes: Concentrations greater than Tier II shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected in the Method Blank,,NA =not analyzed, MSW =Insufficient water available for sample collection, NS = not 
sampled 

Table 5-4a Building 886 D&D Analyte Baselines 

5.5 Building 779 

Building 779, placed into service in 1969, housed minor production and plutonium recovery operations but was 

primarily a research and development facility. Some metal parts were assembled in this building and bulk 

plutonium residues were recovered (DOE, 1992a). The remainder of the operations conducted in Building 779 were 

5-15 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

research and development activities which included the following operations: pyrochemical technology, coatings, 

plutonium and non-plutonium physical metallurgy, chemical technology in support of plutonium recovery 

operations in Building 771, and product physical chemistry (DOE, 1992a). The building, located in the former PA 

approximately 200 feet south of the westemmost Solar Pond, was demolished in 1999. Figure 5-5 presents the 

building location and the associated D&D Monitoring Wells. 

Three D&D Monitoring Wells, 02297,02397, and 02497, were installed in 1997. Well 02397 is for upgradient 

D&D monitoring; Wells 02297 and 02497 were for downgradient D&D monitoring. However, during building 

D&D activities in late 1999, Monitoring Well 02297 was destroyed; it was replaced in 2000 with downgradient 

Monitoring Well 02500. Monitoring Well 02500 is similar in well construction to Well 02297 and, therefore, D&D 

monitoring data fiom that location includes previous data collected from Well 02297. In addition, at the request of 

CDPHE, another new D&D Well, 00100, was added to the program during 2000. This well, located near the 

northeast comer of Building 779, is a relatively deep well (approximately 32 feet below ground surface [bgs]) 

positioned to monitor groundwater quality downgradient of the Building 779 basement and sub-basement. The sub- 

basement is shown on Figure 5-5 as four small rectangular areas within the basement area. 

The alluvial deposits are very thinly saturated in the vicinity of Building 779. In addition, a foundation drain 

dewaters the northwest and northern foundation of the former building. These circumstances combine at drier times 

of the year to allow only minimal amounts of groundwater to be available for sample collection. No sampling 

rounds were completed during 1997 at the Building 779 D&D Monitoring Wells because of lack of water. 

Monitoring Well 02397 produced no samples during 1999 and only one set of samples during each of 2000 and 

2001. Sampling rounds were accomplished with varying success at the Building 779 D&D Monitoring Wells during 

the period of 1998 through 2000. Through CY 2001, Well 00100 had three complete sample sets. Wells 02397, 

02497, and 02297/02500 had at least four sample sets for VOCs and nitrate; fewer rounds have been completed for 

the other analyte groups, although wells 02497 and 02297/02500 have four samples each of U-isotopes. 

. 

A minimum of four sampling events are required to collect a data set to be used for determination of a unique 

chemical baseline for each building that will undergo D&D. Unfortunately, in addition to the construction of 

replacement D&D Well 02500 and additional D&D Well 00100, the schedule for Building 779 D&D became 

accelerated and it was not possible to collect the required amount of pre-D&D data to derive baseline values for the 

analytes of interest. This situation was compounded by the fact that there were not an appropriate number or 

distribution of preexisting monitoring wells in the vicinity of Building 779 to sample for collection of baseline data 

utilizing the previous three years sampling data. Because a baseline cannot be established, water quality with 

respect to Building 779 will be evaluated in terms of an upgradient/downgradient comparison. Analytes at Building 

779 have been screened in terms of concentrations relative to Tier I and Tier I1 groundwater action levels. 

The D&D analytical suite for Building 779 consists of VOCs, metals, U-isotopes, Pu/Am, and nitrate. Table 5-5 

presents summary results of all D&D groundwater sampling at Building 779 to date. These data indicate that there 

were no contaminant concentrations from any Building 779 D&D Monitoring Well greater than the Tier I action 

~ 
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levels for the specific analytes. All four Building 779 D&D wells have at least one analyte concentration greater 

than a Tier I1 action level. Until 200 1 , upgradient Well 02397 had the only nitrate concentrations which were 

greater than Tier I1 action levels and downgradient Well 00 100 was the only well that exhibited VOC concentrations 

(TCE and carbon tetrachloride) greater than Tier I1 action levels. During 200 1, Well 02297/02500 exhibited first 

time TCE and nitrate concentrations greater than Tier I1 action levels. Generally, Building 779 downgradient 

monitoring wells have produced samples with concentrations of U-2331234 and U-238 that are greater than the Tier 

I1 action levels for all sampling rounds in which there was enough groundwater available for a U-isotope sample. 

There have been a few exceptions; U-238 at Well 00100 in December 2000, and U-2331234 and U-238 at Well 

02497 in May 2001 were below Tier I1 action levels. Upgradient Well 02397 has not had any uranium isotope 

results above Tier 11. All the uranium isotope results were below Site background M2SD values. Well 02497 had 

an americium result of 0.233 pCiL in May 1999, and Well 00100 a plutonium result of 0.68 pCi& in December 

2000, which are greater than their Tier I1 action levels. There were no WAm activity concentrations fiom Building 

779 D&D wells greater than Tier I1 action levels during 200 1. Each of the three downgradient wells has had at least 

one thallium result greater than the Tier I1 action level. 

0 

A linear groundwater flow velocity of 66.2 Wyr (6.4E-05 cdsec) was calculated between upgradient Well 02397 

and downgradient Well 02500 utilizing 2"d quarter 2001 water level data. Hydraulic conductivity for the Qrfand- 

effective porosity values were used as described in Section 3.2 of this Annual Report. This flow velocity would 

allow groundwater to travel fiom Well 02397 to well 02500 in approximately 5.6 years. Actual contaminant travel 

times can be expected to be much longer for highly retarded contaminants such as plutonium and americium, and 

slightly longer for weakly retarded contaminants, such as VOCs, U-isotopes, and nitrate. The groundwater travel 

time from the sub-basement to well 00100, a distance of approximately 210 feet, would be about 3.2 years. 

In conclusion, nitrate concentrations upgradient of Building 779 and observed in Well 02397 are greater than Tier I1 

action levels and are similar to first time (2001) nitrate concentrations observed in Downgradient D&D Well 02500. 

There are no upgradient U-isotope, VOC, metals, or WAm concentrations to date that approach the concentrations 

of these analytes observed in downgradient Building 779 D&D wells. 

An upgradient versus downgradient statistical analysis will be performed once there are at least 4 sets of analytical 

results for Upgradient Well 02397 and Downgradient Well 00100. This analysis will be similar to the one 

performed for Building 123 (Section 5.1 of this report) and is anticipated for inclusion in the 2002 Annual RFCA 

Groundwater Monitoring Report. 
/ 
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Table 5-5 Historical Building 779 D&D Groundwater Monitoring Data 
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Am 0.233 
Cadmium 2.2 

Chloroform 12 
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Thallium 2.9 
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Pu 0.103 
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Thallium 7.4 
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SW085 is the surface water sampling station that is located at the outfall of the Building 779 foundation drain. This 

outfall was sampled in May and August of 2001 and May of 2001. Currently this location is not sampled as part of 

the IMP requirements for D&D sampling at Building 779 but was part of the previously concluded sump and 

basement sampling project (see Section 5.5.1 of the 2000 RFCA Annual Groundwater Monitoring Report). The 

recent samples collected from this location could not be collected earlier because the location only produces water 

during or following significant precipitation events. In addition, there are some inherent problems with the outfall 

itself as the water collected at this location comes out of the hillside (soil around the pipe) and not out of the outfall 

pipe. This leads to the question of whether the sample that is collected at this location is water that the foundation 

drain collects, water from some other origin seeping out of the hillside at this location because of a preferential 

flowpath, or some combination of the two waters. It is possible that samples from this location may contain analytes 

that do not originate at Building 779. 

The results of these three recent SW085 sample events indicate that carbon tetrachloride and TCE were not detected, 

nitrate results were all below the Tier I1 action level, and uranium isotopes U-233/234 and U-238 activity 
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concentrations were all above Tier I1 action,levels. The Pu/Am results for the May 2001 sampling event were above 

the Tier I1 action level for both analytes; the rest of the Pu/Am results were below the Tier I1 action levels, The 

three rounds of sampling have confirmed the results of historic surface water samples for this outfall. Additional 

sampling of this location is not planned. 

5.6 Building 707 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 707 ( R M R S ,  2000c) was prepared 

early in CY 2000 and submitted to the CDPHE and EPA in April 2000. Comments were received from the 

Agencies in early July 2000, and a meeting was held at WETS on July 19,2000, to resolve issues'pertaining to the 

investigation at this building. The Final SAP for this building was submitted to the Agencies in August 2000. 

Building 707 is currently scheduled for demolition in early FY 2005, which should provide adequate time to 

construct a chemical baseline for the D&D monitoring wells. . 

Building 707 is located on the north side of Central Avenue between Eighth and Ninth Streets in the former PA. It 

is just south of the Building 776/777'complex. Building 707 is a two-story building with a single story section on its 

eastside. The two-story portion is 72,240 square feet, while the single story section is 18,560 square feet. The main 

floor of the building is compartmentalized $to eight modules (A through H). There is a small basement (referred to 

as the C-pit) under Module C with an area of 1,000 square feet. During its operation, no significant changes were 

made to the building design. 
I 

Construction of Building 707 began in 1967 to support production of the Part V weapons design that could not be 

fully accommodated in Building 776/777. Because of a major fire at Building 776/777 in 1969, Building 707 

acquired additional plutonium foundry, casting, and machining functions that were moved from Building 776/777. 

After the fire in Building 776/777, Building 707 became the main plutonium components production facility at the 

plant. Plutonium manufacturing operations began in May 1970, and between 1970 and 1989, Building 707 provided 

metallurgical support for plutonium and was involved in final product assembly. Plutonium was cast into ingots in 

the foundry, then rolled and formed prior to being machined, cleaned, and assembled in various areas within the 

building. Plant operations involving radioactive and fissile material were discontinued in 1989. As of 1992, certain 

non-production operations had resumed in Building 707. 

Monitoring wells 60499,60599, and 60699, which were installed for the East Industrial Area Plume (EM) 
characterization project, are utilized as upgradient Building 707 D&D wells. Dur@g 2000, downgradient D&D 

Monitoring Wells 00200 and 00300 were installed and partially developed. EIAP Well 61499 and older Well 

P218089 are also utilized as downgradient D&D wells. Because P218089 was not sampled between May 1995 and 

December 2000, the previous three years of data is not available for baseline determination. Besides the monitoring 

wells, the Building 707 D&D SAP states that a VOC sample will be collected from the Building 707 foundation 

drain at FD-707-4, which is a manhole within Building 763 just southeast of the building. In addition, radionuclide 

and metals samples are routinely collected from a surface water location east of the 750 Pad, designated GS40, 
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where the outfall from the Building 707 foundation drain is located. Figure 5-6 presents the site location as well as 

the location of D&D Monitoring Wells and other sampling locations. 

Except for downgradient Wells 00200 and P2 18089, there has been little groundwater availabJe for sampling 

through CY 200 1. The alluvial saturated thickness in this portion of the site is very thin. This is compounded by the 

fact that Building 707 contains an extensive foundation drain that encompasses the entire building except for the 

northwest comer. At certain times of the year UHSU groundwater flow may be restricted to the weathered bedrock. 

Before 2001 , many of the Building 707 D&D wells only had enough water available for VOC analyses. 

Based on the research performed in support of the Building 707 D&D SAP, the most abundant potential 

contaminants associated with Building 707 are WAm, uranium isotopes, chlorinated solvents (TCE, TCA, and 

carbon tetrachloride), and a variety of metals including lead, chromium, and mercury. The D&D analytical suite for 

Building 707 is VOCs, metals, uranium isotopes, WAm, and neptunium. Table 5-6 presents a summary of 

Building 707 D&D groundwater monitoring data collected through CY 2001. Until a baseline is established for 

Building 707, immediately after the aboveground portion of the building is demolished, analytes will be discussed in 

terms of concentrations relative to Tier land Tier I1 groundwater action levels. 

The results of the D&D sampling rounds through CY 2001 indicate that there are no concentrations of any analytes 

that are above Tier I action levels. Upgradient Well 60599 has been impacted by PCE in concentrations greater than 

the Tier I1 action level during all four D&D sampling events to date. Downgradient Wells 61499 (PCE) and 00300 

(TCE) have been impacted by the listed VOCs at or slightly above Tier I1 action levels. There are no detections of 

TCA or carbon tetrachloride above Tier I1 action levels and most results are non-detect. Samples fiom all Building 

707 upgradient D&D wells have activity concentrations of U-233/234 and U-238 greater than their Tier I1 action 

levels, and at Well 60699, these isotopes approach Tier I action levels during all quarters where sufficient water was 

available for uranium isotope samples. At Well 60699, the activity concentrations of all uranium isotopes (including 

U-235) exceed Site M2SD background values. U-233/234 and U-238 activity concentrations from downgradient 

wells P2 18089 and 00300 are all above Tier I1 action levels. All historical results of neptunium have been non- 

detect; nor have there been any activity concentrations of PdAm above Tier I1 action levels at Building 707. Metals 

results indicate there have been some concentrations of thallium, mostly at downgradient wells, which exceed the 

Tier I1 action level. There have been no detections of beryllium at Building 707. Upgradient Wells 60599 and 

60699 and Downgradient Well 00300 appear to be the most impacted at this time. The impacts to the upgradient 

wells are probably not related to contamination from Building 707. Based on current potentiometric data, these 

three wells all lie in the same general flowpath. 

There have been no concentrations of any analytes above Tier I1 action levels fkom manhole FD-707-4 during 2000 

or 2001. Samples were collected at least monthly from surface water station GS40 during 2000 and 2001. The 

results of these analyses indicate that concentrations of U-233/234, U-238, and antimony are consistently found 

above their respective Tier I1 action levels in this water. The Tier I1 action level for antimony is 6 pgL. There were 

no antimony detections greater than 1 pg/L fkom any the Building 707 D&D monitoring wells and most results were 
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non-detect. No plutonium, americium, or beryllium was detected at concentrations above their respective Tier I1 
action levels in samples from station GS40. 

Table 5-6 Historical Building 707 D&D Groundwater Monitoring Data 
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5.7 Building 776/777 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 776/777 (RMRS, 2000c) was 
prepared early in CY 2000 and submitted to the CDPHE and EPA in April 2000. Comments were received from the 

Agencies in early July 2000, and a meeting was held at WETS on July 19,2000, to resolve issues pertaining to the 

investigation at this building. The Final SAP for this building was submitted to the Agencies in August 2000. 

Building 776/777 is scheduled for demolition in mid FY 2004. This should allow adequate time for construction of 

\ a chemical baseline for the D&D Monitoring Wells. a 
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The Building 776/777 complex is located in the former PA, between Eighth and Ninth Streets, just north of Building 

707. Buildings 776 and 777 share a common wall, utilities, and maintenance. All floors in the building are 

reinforced concrete slabs. The main floor has an area of 135,000 square feet. Metal processing facilities occupy 

62,000 square feet and waste handling occupies 63,000 square feet. The second floor contains 88,000 square feet 

and is almost entirely occupied by utilities. There are two sub-basement areas: a four bay area of approximately 

1,600 square feet and an elevator pit area which is adjacent to the tunnel connecting Buildings 776 and 77 1. 

Building 776/777 began operations in 1957 and has undergone several major production changes since then. 

Beginning in 1958 and continuing through 1969, Building 776 was the main manufacturing facility for plutonium 

weapons components and housed a plutonium foundry and fabrication operations. The main function of Building 

777 was assembly of parts. After a devastating fire in 1969, the majority of the Building 7761777 foundry and 

fabrication operations were transferred to Building 707. Limited production operations were resumed in Building 

776/777 several months after the fire; however, the main focus of the building moved towards waste and residue 

handling, disassembly of site returns, and special projects. Processes included waste size reduction, pyrochemistry, 

coatings operations, machining, and product assembly and disassembly (including testing and inspection). Post- 

1989 activities included waste handling and maintenance activities in Building 776, and a tritium surveillance 

laboratory and container repackaging operations in Building 777 (DOE, 1994a). 

During 2000, Upgradient Monitoring Well 00400, located between Building 778 and Building 777, and 

Downgradient Monitoring Wells 00500,00600, and 00700, were installed and developed, and sampled during the 

4" quarter. Preexisting Monitoring Well 60299, part of the EIAP investigation, is being utilized as a Building 

776/777 upgradient D&D well. Figure 5-7 presents the building location along with the locations of the D&D 

monitoring wells. 

e 

Based on the research performed in support of the Building 776/777 D&D SAP, the most abundant potential 

contaminants associated with the building are plutonium, americium, uranium isotopes, tritium, chlorinated solvents, 

a variety of metals including beryllium, and potentially nitrate. The analytical suite for D&D wells at Building 

776/777 includes VOCs, metals, uranium isotopes, PdAm, tritium, nitrate, and TPH. Table 5-7 presents summary 

Building 776/777 D&D groundwater monitoring data collected through CY 2001. Until a baseline is established for 

Building 776/777, immediately after the aboveground portion of the building is demolished, analytes will be 

discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action levels. 

Except for upgradient D&D well 60299, all of the Building 776/777 D&D wells produced full sample suites (VOCs, 

metals, uranium isotopes, Pu/Am, tritium, and nitrate) during the 2"d and 4" quarters of 200 1. Monitoring well 

60299 only produced enough water for VOC and nitrate samples during the 2"d quarter of 2001; the well was too dry 
to sample during the 4" quarter of 200 1. 

The results of the Building 776/777 D&D sampling to date indicate that the carbon tetrachloride concentration in 

Downgradient Well 00700 for the three sampling rounds completed to date is greater than the Tier I action level. 

5-22 



02-RF-018 73 
2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

There were no concentrations of any other analytes that were above Tier I action levels from Building 7761777 D&D 

wells. Well 00700 also contains chloroform; 1,l-DCE; 1,ZDCA; and PCE in concentrations greater than their 

respective Tier I1 action levels for all three sampling rounds to date. None of the other four Building 776/777 D&D 
0 

monitoring wells has had any VOC detection above the Tier I1 action levels. Upgradient well 00400 has been 

impacted by uranium isotopes, cadmium, and thallium in concentrations greater than their Tier I1 action levels. No 

other (Building 7761777 D&D well has exhibited activity concentrations of uranium isotopes above Tier I1 action 

levels. Downgradient Well 00500 exhibited manganese and thallium concentrations greater than their respective 

Tier I1 action levels. No other well has exhibited manganese concentrations greater than the Tier I1 action level, 

although downgradient well 00600 has relatively high manganese concentrations that are approaching the Tier II 
action level. Tritium was detected in Downgradient Well 00700 at an estimated activity concentration of 300 pCi/L 

in 4& quarter 2000 and at an activity concentration of 264 pCi/L in 4" quarter 2001 (both below Tier 11); tritium was 

not detected at all other wells. Beryllium i d  nitrate were either not detected or detected at a concentration below its 

Tier I1 action level at all wells for all D&D sampling rounds to date. 

Table 5-7 Hktorical Building 776/777 D&D Groundwater Monitoring Data . 
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Notes: Concentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, (B) = 
Analyte detected in the Method Blank, NA = not analyzed, INSW = Insufficient water available for sample collection, CCI4 = carbon 
tetrachloride 

5.8 Buildings 371/374 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 371/374 (RMRS, 2000c) was 

prepared early in CY 2000 and submitted to the CDPHE and EPA in April 2000. Comments were received fkom the 

Agencies in early July 2000, and a meeting was held at WETS in July 2000 to resolve issues pertaining to the 

investigation at the Building 371/374 area. The Final SAP for this building was submitted to the Agencies in 

August 2000. -It was anticipated that well installation and groundwater sampling activities would take place for this 

building during the summer and fall of 2000. D&D wells were not installed at Building 371/374 during CY 2000 

because of D&D scheduling changes, which allowed for delay of well installation. Building 3711374 D&D wells 

were installed during the spring of 2001 and the first round of groundwater samples were collected during the 31d 

, 

- quarter of 2001. Building 371/374 is scheduled for demolition in mid FY 2006, which will allow adequate time for 

construction of a chemical baseline for the D&D monitoring wells. 

The Building 3711374 complex is located in the northwestern portion of the former PA at WETS, and is the only 

building complex within the newly configured PA. The building is a four level, partially buried structure 

constructed of reinforced concrete. It contains approximately 186,000 square feet of floor space. The building 

contains a basement floor and'a sub-basement floor beneath the ground floor. Building 371 contains a glovebox 

system, a large central storage area, office areas, maintenance shops, and outside loading docks. Building 374 

contains office space and liquid waste processing facilities. Figure 5-8 presents a site location map of the Building 

371/374 complex and surrounding area along with the locations of the D&D monitoring wells. 

Building 371 was originally built to assume the plutonium recovery operations of Buildings 771 and 776 using 

advanced technology for plutonium handling, recoveiy, and safety. The projected operations for the building 

focused primarily on the recovery of plutonium fiom both solid and liquid wastes. Pilot scale recovery operations 

began in 1981 and continued until the mid-1980s when serious design and construction deficiencies were identified 

(DOE 1994a). The last recovery operations in the facility were terminated in 1986. Since that time, operations in 

Building 371 have focused mainly on waste and Special Nuclear Material (SNM) handling and storage and 

laboratory operations. The majority of Building 371 is used for handling and storing SNM and wastes. Wastes 

stored in the building include transuranic waste, transuranic mixed waste, low level waste, and low level mixed 

waste (DOE, 1994a). 
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Building 374 was constructed for the purpose of handling process waste generated in Building 371 and high level 

waste from Building 771. It began waste treatment operations in 1978 and began handling radioactive wastes from 

Building 371 in 1980 (DOE, 1994a). 

A complex foundation drain system is present beneath Building 371/374. The system operates by gravity flow, The 

perimeter portion of the drain is located at an approximate elevation of 5984 feet above msl. The inner, deeper, 

portion of the drain is located at an approximate elevation of 5967 feet above msl. The drain system impacts the 

localized water table in the immediate vicinity of Building 3711374, and creates convergence towards the building 

from all directions while the drains are in operation. The vicinity of Building 37 1/374 acts effectively as a 

groundwater sink as shown on Plates 5 and 6 and Figure 5-8. 

Well installation and groundwater sampling activities that took place at this building during CY 2001 include the 

installation and development of 7 monitoring wells (37101 through 37701). Monitoring Well 37401 was 

subsequently destroyed by activities related to the removal of a cement silo and replaced in 2002 with Well 37402 

(Figure 5-8). Because of the unique hydraulic scenario described in the preceding paragraph, monitoring wells at 

Building 371/374 are not currently described in terms of upgradient or downgradient locations. After D&D at this 

building complex, depending on the disposition and efficacy of the foundation drain system, wells may be assigned 

an upgradient or downgradient status. 

Based on the research performed in support of the Building 37 1/374 D&D SAP, the most abundant potential 

contaminants associated with Building 371/374 are plutonium, americium, nitric acid, and chlorinated solvents. The 

D&D analytical suite for the Building 371/374 complex consists of VOCs, metals, uranium isotopes, WAm, nitrate, 

and TPH. Table 5-8 presents a summary of Building 371/374 D&D groundwater monitoring data collected through 

CY 2001. Until a baseline is established for Building 371/374, analytes will be discussed in terms of concentrations 

relative to Tier I and Tier I1 groundwater action levels. 

. e 

All of the Buildings 371/374 D&D monitoring wells produced full sample suites (VOCs, metals, uranium isotopes, 

WAm, nitrate, and TPH) in the 3rd quarter of 2001. There were generally no detections of chlorinated solvents 

above Tier I1 action levels. The metals results of the 3rd quarter 2001 sampling round indicate that there was no 
beryllium (listed in the SAP as a potential metal of interest) in any samples. Manganese was observed above the 

Tier I1 level in well 37301 (8400 p a )  and thallium was observed in Well 37201 (3.9 p a )  at a concentration 

greater than the Tier I1 action level. Four wells (37201,37401, 37601, and 37701), the basement, and subbasement 

all had U-233/234 and U-238 concentrations that were higher than the Tier I1 action level in the 3rd quarter of 2001. 

There were no 31d quarter 2001 elevated concentrations of plutonium or americium; all results were non-detect 

except for americium in 37101 (0.019 pCi/L) and plutonium in 37401 (0.063 pCi/L). Nitrate was detected at 

concentrations less than the Tier I1 action level in all samples except those from Wells 37301 and 37701, the results 

of which were non-detect. Based on the limited sampling completed to date, uranium isotopes appear to be the 

contaminant of interest at Building 371/374. . -e 
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Table 5-8 Historical Building 3 71/374 D&D Groundwater Monitoring Data 

Notes: Concentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, 
(B) = Analyte detected in the Method Blank, NA =not analyzed, INSW =Insufficient water available for sample collection, CCI, = 
carbon tetrachloride 

5.9 Building 865 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 865 (RMRS, 2000c) was prepared 

early in CY 2000 and submitted to the CDPHE and EPA in April 2000. Comments were received from the 

Agencies in early July 2000, and a meeting was held at WETS in July 2000 to resolve issues pertaining to the 

investigation at the Building 865 area. The Final SAP for this building was submitted to the Agencies in August 

2000. It was anticipated that well installation and groundwater sampling activities would take place at Building 865 

during the summer and fall of 2000. D&D wells were not installed at the building during CY 2000 because of D&D 

scheduling changes, which allowed for delay of well installation. Building 865 wells were installed during the fall 

of 200 1 and the frst round of groundwater samples was collected during the 4* quarter of 200 1. Building 865 is 

scheduled for demolition in early FY 2003. This may allow adequate time for construction of a chemical baseline 

for the D&D monitoring wells. 

Building 865 is located immediately south of Central Avenue and east of Eighth Street in the south central portion of 

WETS. The building is due south and across Central Avenue from the previously existing Portal 1 entrance to the 

PA. The southwest comer of Building 865 is approximately 100 feet due east of the northeast comer of Building 

883. 

Building 865 was placed into service in 1972. This building was used for material processing and development 

work that included fabrication, processing, and testing of metal parts. Depleted uranium and beryllium were 

processed in this building (DOE, 1992b). Beryllium powder was mixed with other metals, placed in molds, and 

compressed into shapes. In addition, from 1983 through 1986, ultra-pure beryllium metal was produced 

I 
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electrolytically (ChemRisk, 1992). There is little available literature regarding the historic configuration of the 

building or the description and time line of historical operations at this buiiding. 

Well installation and groundwater sampling activities that took place at this building during 200 1 included the 

installation and development of upgradient monitoring Well 86501 and downgradient monitoring Wells 86601 and 

86701. Preexisting monitoring Wells 40999 and P3 17989 will be utilized as additional downgradient monitoring 

wells. In addition, surface water station BS-865-2, a foundation drain outfall, will be sampled. Figure 5-9 presents 

the location of Building 865 and the locations of the associated D&D monitoring wells. Preexisting Well P3 17989 

had no groundwater samples collected from it between 3/21/95 and 11/10/99; therefore, the previous three years of 

data are not available for D&D baseline consideration. 

Based on the research performed in support of the Building 865 D&D S A P ,  the most abundant potential 

contaminants associated with Building 865 are uranium isotopes, beryllium, and nitric acid. The D&D analytical 

suite for Building 865 is VOCs, metals, uranium isotopes, and nitrate. Table 5-9 presents a summary of Building 

865 D&D groundwater monitoring data collected through CY 200 1. Until a baseline is established for Building 865, 

analytes will be discussed in terms of Tier I and Tier I1 action levels. 

All of the monitoring wells used for D&D monitoring of Building 865 (except 86701) produced a full sample suite 

(VOCs, metals, uranium isotopes, and nitrate) for either the 31d or 4' quarters of 2001. Well 86701 could not be 

developed during 2001. Wells 40999 and P3 17989 were sampled for Pu/Am in addition to the previously listed 

Building 865 ~ a l y t e s .  The Pu/Am results for Well 40999, which is also an upgradient D&D well for Building 886, 

are available in Section 5.4. 

The results of the 31d/4* quarter 200 1 sampling round indicate that there were almost no detections of VOCs; the 

exception being a result of 0.4 pgL of TCE at foundation drain outfall BS-865-2. Metals results indicate that 

beryllium was not detected for all Building 865 D&D monitoring locations or historically in Wells 40999, P3 17989, 

or outfall BS-865-2. Lead, currently non-detect at all locations, has been observed historically above Tier I1 
concentration at outfall BS-865-2; selenium is currently and historically found in Well P3 17989 at concentrations 

above the Tier I1 action level (but at no other Building 865 D&D locations above detection limits). Uranium 

isotopes U-233/234 and U-238 are found at concentrations above Tier II action levels at all sampling locations. 

Nitrate concentrations at all sampling locations are below The Tier I1 action level. Based on the limited sampling 

completed to date, uraniuni isotopes appear to be the contaminant of interest at Building 865. 

i 
I 

I 
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Table 5-9 HistoricaC Building 865 D&D Groundwater Monitoring Data 
~ 

Notes 

8650 1 

86601 

8670 1 
40999 

P3 17989 

BS-865-2 

Downgradient 1 1101 T 7 Downgradient 

NEofB865 - 12/01 

Lead U U-235 1.1 
Selenium U U-238 26.5 
Beryllium U U U-233/234 17.4 U 

Lead U U-235 0.565 
Selenium U U-238 12 

------- --I___ ____-_- ------- 
Beryllium U* 0.47 U-2331234 9 U 

Beryllium U* 1.4 U-2331234 50.4 U 

Lead U* U-235 0.33 
Selenium 2.2* U-238 6.6 

Lead U* (historical U-235 2.3 
Selenium 96 range U- U-238 37.8 

(historical range 96-128) 5.9) 

Lead U (historical range (historical U-235 0.242 (all others 
Beryllium U* 6.7 U-233/234 4.2 TCE 0.4 

U-210) Selenium U* range U-238 3.23 U) I 3.13-6.7) I 
2oncentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect, (B) 

Analyte detected in the Method Blank, NA = not analyzed, INSW = Insufficient water available for sample collection, * = all historical results are 
U, NS = not sampled 

5.10 Building 883 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 883 (RMRS, 2000c) was prepared 

early in CY 2000 and submitted to the CDPHE and EPA in April 2000. Comments were received from the 

Agencies in early July 2000, and a meeting was-held at RFETS in July 2000 to resolve issues pertaining to the 

investigation at the Building 883 area. The Final SAP for this building was submitted to the Agencies in August 

2000. It was anticipated that well installation and groundwater sampling activities would take place at this building 

during the summer and fall of 2000. D&D Wells were not installed at Building 883 during CY 2000 because of 

D&D scheduling changes, which allowed for delay of well installation. However, the schedule was then accelerated 

and Building 883 wells were installed during the fall of 2001; the first round of groundwater samples was collected 

during the 4* quarter of 2001. Building 883 is scheduled for demolition in mid FY 2003. This may allow adequate 

time for construction of a chemical baseline for the D&D Monitoring Wells. 
’ 

Building 883, located approximately 300 feet south of the southeast comer of the intersection of Central Avenue and 

Eighth Street in the south central portion of RFETS, is a two story steel framed building that is connected to 

Building 88 1 (located 150 feet due south) by a tunnel. The tunnel connects the northwest comer of the second floor 

of Building 881 to the southwest comer basement of Building 883. Building 883 has a partial basement containing 

approximately 7,600 square feet, and a small second floor on the north and south ends. The building consists of 

76,500 square feet of space, most of which is taken up by a high bay metal working facility containing large 

equipment (DOE, 1994a). 

f 
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Building 883 was put into service in 1957. At that time there were two parallel uranium fabrication operations that 

involved the use of presses, rolling mills and annealing furnaces. One operation was for enriched uranium 

fabrication and the other was'for depleted uranium fabrication. The enriched uranium work was discontinued in the 
a 

mid 1960s. In addition, beryllium ingots were also rolled into sheet material and etched in this buildeg. Beryllium 

machining occurred in this building from the mid 1960s through the mid 1970s. Later, Building 883 served as a 

metals preparation area where parts were cleaned, rolled, formed, swaged, sheared, bent, and grit blasted before they 

were further used by other machining and production processes at various locations at the plant (DOE, 1992b). A 

major addition to Building 883 was completed in 1985 to support manufacturing of armor plates containing depleted 

uranium for the MlAl tank (DOE, 1994a). 
! 

Well installation and groundwater sampling activities that took place at this building during 200 1 include the 

installation, development, and sampling of Downgradient Monitoring Wells 83 10 1 and 83201. Preexisting 

Monitoring Wells 6 1099 and 6 1 199 are utilized as Building 883 Upgradient D&D Wells. Figure 5- 10 presents the 

building location along with the location of the D&D Monitoring Wells. 

\ 

Based on the research performed in support of the Building 883 D&D SAP, the contaminants of interest associated 

with Building 883 are uranium isotopes, beryllium, and nitric acid. The D&D analytical suite for Building 883 

consists of VOCs, metals, uranium isotopes, nitrate, PCBs, and TPH. Table 5-10 presents a summary of Building 

883 D&D groundwater monitoring data collected through CY 2001. Until a baseline is established for Building 883, 

analytes will be discussed in terms of concentrations relative to Tier I and Tier I1 action levels. 

New D&D Monitoring Wells 83 101 and 83201, and existing Wells 61099 and 61 199, produced full sample suites 

(VOCs, metals, uranium isotopes, nitrate, PCBs, and TPH) for the 4" quarter 200 1.  The results of the 4" quarter 

2001 sampling indicate that VOCs are observed in concentrations greater than Tier I1 action levels at all wells except 

Downgradient Well 83201. Uranium isotopes U-233/234 and U-238 are found in activity concentrations greater 

than Tier I1 action levels at Wells 6 1099,6 1 199, and 83 10 1 ; and at activity concentrations greater than Tier I action 

levels at Well 83201. In addition, the U-235 activity concentration at Well 83201 was greater than the Tier I1 action 

level. All of the uranium isotope activity concentrations at Well 83201 are greater than the Site Background M2SD 

values for those analytes. Beryllium was not detected at any locations. Nitrate was detected at all locations at 

concentrations below the Tier 11 action level. A few metals concentrations above Tier I1 action levels were noted; 

most were observed at Downgradient Well 83201. There were no detections of PCBs at any well. TPH was 

detected in low concentrations at Wells 61099 and 83201; there is neither an WETS action level nor a State of 
Colorado Drinking Water Standard for TPH. Given the low concentrations of TPH in Building 883 D&D wells, 

sampling for this analyte will be eliminated. Based on the limited sample results to date, uranium isotopes, PCE, 

and TCE appear to be the contaminants of interest at Building 883. 
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Table 5-1 0 Historical Building 883 D& D Groundwater Monitoring Data 

Downgradient 

Downgradient 

:eneations mater U 

NS 

U 

NS 
NS 

U 

U 

U 

wn in Bold. Cc 

.NS 

5.9 

NS 
NS 

4.9’ 

4 

0.56 

:eneation 

U-2331234 133  
U-235 0.067 
U-238 0.916 

U-233/234 1.19 
U-235 0.0527 
U-238 0.804 

NS 
U-2331234 2.75 

U-235 0.14 
U-238 1.59 

U-2331234 233 
U-235 0.165 
U-238 1.17 

U-233/234 8.14 
U-235 0.636 

U-235 7.19 
U-238 I27 

reater than Tier I show 

2 

0.92 

12 
17 

12 

8.6 

0.62 

n Italicizec 

26 

15 

220 
230 

160 

29 

0.63 

Thallium 2.2 

Cadmium 5.3 

Mercury 2.9 
Selenium 583 
Thallium 3.6 

n detect (B) = 
- \ ,  

ient water available for sample collection, * =all historical results are 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 881 ( R M R S ,  2001d) was prepared 

early in CY 2001 and submitted to the CDPHE and EPA in April 200 1. Comments were received from the 

Agencies in May 200 1 and DOE responses to Agency comments were submitted in late May 2001. The Final SAP 

for this building was submitted to the Agencies in July 2001. Well installation activities for this building took place 

during the fall of 200 1 , and the first round of groundwater samples were collected during the 4” quarter of 2001. 

Building 88 1 is scheduled for demolition in late FY 2003 to early FY 2004. This may allow adequate time for 

construction of a chemical baseline for the D&D Monitoring Wells. 

Building 881, a three-story reinforced concrete structure, is located immediately south of Building 883 in the south 
central IA at RFETS. As stated above, the northwest comer of the second floor of Building 881 is connected by a 

tunnel to the southwest comer of the basement of Building 883. The tunnel was originally used to convey enriched 

uranium parts and other materials between the two buildings (DOE, 1994b). The total Building 881 floor area of 

245,160 square feet generally consists of an 86,000 square foot first floor, an approximately 121,000 square foot 

second floor, and approximately 14,000 square foot second floor mezzanine, and an approximately 18,000 square 

foot basement (DOE, 1994b). 

During the early 1950s, the United States adopted a nuclear weapons defense policy that called for at least two 
installations to have the capability to produce any of the nuclear components for the national stockpile. Rocky Flats 
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Building 881was selected, along with the Oak Ridge Y-12 plant, to fabricate weapon parts fiom enriched uranium 

(ChemRisk, 1992). Operations producing uranium components began in the summer of 1952. The specific process 

operations involved in the fabrication of uranium components included heating and casting of parts, parts shaping 

and forming, machining, assembly and uranium recovery (ChemRisk, 1992). 

Enriched uranium fabrication operations were moved to Oak Ridge between 1964 and 1966 when the U.S. Atomic 

Energy Commission adopted a single mission policy and made the production of plutonium components the focus of 

operations at Rocky Flats. From this time until 1984, Building 88 1 housed the manufacturing process for precision 

stainless steel parts that were used in plutonium based weapons. After stainless steel manufacturing was moved to 

Building 460 in 1984, the role of Building 881 was expanded to a multipurpose facility for research and 

development, analytical support, and administrative and computer functions (DOE, 1994b). 

\ 

During the period of uranium and stainless steel production, most of the production related operations occurred on 
the second floor. Floors in the process areas were covered with stainless steel sheeting with welded seams to 

contain spills and facilitate cleaning (DOE, 1994b). In addition, some floors were covered with stainless steel 

sheeting to cover historic spills. Support functions such as laboratories, utilities, and maintenance were located on 

the first floor and in the basement (ChemRisk, 1992). 

Building 881 has a gravity flow foundation drain system at approximate elevations that range from 5973 feet above 

mean sea level (msl) at the north end of the building to 5949 feet above msl at the south end of the building. The 

drain is located around the exterior of the foundation at elevations that impact localized potentiometric contours 

based on the potentiometric surface of permeable units of the UHSU presented in Plates 5 and 6.  The foundation 

drain outfall, originally designated as sampling station FD-881- 1 and currently referred to as surface water station 

SW13494, is located immediately south of the security fence on the south side of Building 881. The potential exists 

that the foundation drains of Buildings 881 and 883 are connected. This may be a concern because, if true, it may 

allow passage of contaminants from Building 883 to surface water station SW13494. 

a 

Well installation and groundwater sampling activities that took place at this building during 200 1 include the 

installation and partial development of downgradient Well 88101. Preexisting Monitoring Wells 37791 and 39691 

will be utilized as upgradient D&D monitoring wells. Preexisting well 5 187 will be utilized as a downgradient 

D&D monitoring well for Building 881. In addition, data from surface water station SWl3494 (the outfall fkom the 

Building 881 foundation drain system), currently sampled quarterly, will be reviewed as part of the Building 881 

D&D groundwater monitoring. Figure 5-1 1 presents the location of Building 881 along with the D&D monitoring 

locations. 

Based on the research performed in support of the Building 88 1 D&D SAP, the contaminants of interest associated 

with Building 88 1 are uranium isotopes and chlorinated solvents. The D&D analytical suite for Building 88 1 

consists of VOCs, metals, uranium isotopes, PdAm, nitrate, PCBs, and TPH. Table 5-1 1 presents a summary of 

Building 88 1 D&D groundwater monitoring data collected through CY 2001. Until a baseline is established for 
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4D 
Building 881, analytes will be discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action 

levels. 

New Building 881 D&D well 88101 did not have any samples collected from it during the 4" quarter of 2001 

because it was still being developed. Existing Wells 39691 and 5 187 were dry during the 4" quarter 2001. Existing 

Well 37791 produced a full sample suite during the 4" quarter 2001. Well 83 101 also produced a full sample suite 

except that PdAm was mistakenly omitted during 4" quarter 200 1 sampling. The limited 4* quarter 200 1 results 

indicate that new upgradient D&D Well 83 101 (also associated with Building 883) is impacted with VOCs (PCE 

and TCE), uranium isotopes (U-233/234 and U-238), and cadmium at concentrations greater than their Tier I1 action 

levels. Existing upgradient D&D Well 37791 had U-233/234, U-238, and thallium at concentrations greater than 

their Tier I1 action levels. Surface water sampling station SW13494 had PCE, U-233/234, and U-238 at 

concentrations greater than their Tier I1 action levels. Beryllium, PCBs, and TPH were not detected at the three 

locations. There were no samples collected from any downgradient locations at Building 881 during the 4* quarter 

of 200 1 .  Based on the limited sample results to date, uranium isotopes, PCE, and TCE may be the analytes of 

interest at Building 88 1 .  

Table 5-1 1 Historical Building-881 D& D Groundwater -Monitoring Data 

lotes: Concentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier 1 shown in Italicized Bold, U = non dete 
(B) = Analyte detected in the Method Blank, NA = not analyzed, CCI., = carbon tetrachloride, * = all historical results are U, NS = not 
sampled 

5.12 Building 991 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 991 (RMRS, 2001d) was prepared 

early in CY 200 1 and submitted to the CDPHE and EPA in April 200 1.  Comments were received from the 

Agencies in May 200 1 and DOE responses to Agency comments were submitted in late May 200 1.  The Final SAP 

for this building was submitted to the Agencies in July 2001. Well installation activities for this building took place 

during the fall of 200 1 and the first round of groundwater samples was collected during the 4" quarter of 2001. 

Building 99 1 is scheduled for demolition in mid FY 2004. This may allow adequate time for construction of a 

chemical baseline for the D&D monitoring wells. 
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Building 991 is located in the southeast comer of the former PA at WETS. Building 991 is the center of a complex 

that includes a series of four underground storage vaults connected by tunnels.' The vaults, scheduled for demolition 

in early FY 2004, are referred to as Buildings 996,997,998, and 999. Building 991 encompasses 37,880 square feet 

on a f r s t  floor and basement. The four underground vaults have a total area of 20,940 square feet. The north half of 

Building 99 1 was used for shipping, receivbg, final assembly, storage of classified material and SNM, laboratories, 

and housing of the PA alarm maintenance system. Offices occupy the south side of the building (DOE, 1994b). 

8 

Building 991 was the first production building to be completed at the Rocky Flats Plant and was constructed 

between 1951 and 1952. At that time the building was designated as the "D" Plant and was used for shipping and 

receiving, and for the final assembly of plutonium, enriched uranium, and depleted uranium components received 

from onsite fabrication operations. In addition, components from Oak Ridge and Hanford were assembled into final 

products (ChemRisk, 1992). Building 991 also served to house Rocky Flats Plant administrative functions until 

Building 1 1  1 was completed. During 1957, when new weapon design began, final pit assembly took place in newly 

constructed Building 777. It is believed that assembly of the older uranium based weapon continued in Building 991 

until 1960. However, after 1957. the mission of Building 991 increasingly became one of a shipping, receiving, and 

storage facility. As of 1994, this building had the only shippingheceiving dock at the plant capable of handling 

offsite shipments of SNM and classified materials (DOE, 1994b). 

The current contamination status and ultimate disposition of the tunnels and vaults associated with Building 991 is 

not known at this time. It is known that radioactive waste has historically been stored in the vaults, and that the 

vaults have been characterized (or reported) as generally free of radioactive contamination with the exception of 

Building 996, which exhibits slight uranium contamination. Currently, the thinking is that the vaults and tunnels 

will either be filled with bentonite or grout, or imploded and filled with demolition debris (personal communication 

with Vem Guthrie, February 2001). 

a 

Well installation and groundm ater sampling activities that took place at this building during 2001 include the 

installation of Upgradient Monitoring Wells 99101 and 99201 and Downgradient Monitoring Wells 99301 and 

99401. Only Monitoring Well 99301 could be fully developed during 2001. The SAP specified a D&D sampling 

location for the foundation drain for Building 991 (FD-991-1) as a manhole approximately 35 feet south of the 

northeast comer of the building. The exact location of this manhole could not be identified and therefore it was not 

sampled; this D&D sampling location has been removed from the IMP. Figure 5-12 presents the building location 

as well as the locations of the D&D Monitoring Wells. 

Based on the research performed in support of the Building 99 1 D&D S A P ,  the contaminants of interest associated 

with Buiiding 99 1 are uranium isotopes and various chlorinated solvents. The D&D analytical suite for Building 

991 consists of VOCs, metals, uranium isotopes, Pu/Am, nitrate, and TPH. Table 5-12 presents a summary of 

Building 991 D&D groundwater monitoring data collected through CY 2001. Until a baseline is established for 

Building 991, analytes will be discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action * levels. 
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Only well 99301 had a relatively full sample suite (VOCs, metals, uranium isotopes, M A m ,  nitrate, and TDS; all of 

the 2AP specified analytes except TPH) in the 4" quarter of 2001. Monitoring Well 99101 was dry; Monitoring 

Wells 99201 and 99401 were in the process of being developed and were not able to be sampled during the 4" 

quarter 2001. Results of analyses performed on samples fiom well 99301 during the 4* quarter of 2001 exhibit 

concentrations of U-233/234, U-238, TCE, and selenium that are above the Tier I1 action levels for those analytes. 

The limited results from the 4" quarter of 200 1 indicate that uranium isotopes and TCE may be the contaminants of 

interest at Building 99 1. 

99301 

9940 1 

Table 5-12 Hisiorical Building 991 D&D Groundwater Monitoring Data 

Downgradient 12/01 Beryllium U 0.23 U-233/234 21.4 1.8 55 Pu 0.0123 
Selenium 164 U-238 16.2 Am 0.0445 

Downgradient 12/0 1 NS NS NS NS NS NS 

5.13 Building 559 

A Sampling and Analysis Plan for the D&D groundwater monitoring of Building 559 (RMRS, 2001d) was prepared 

early in CY 200 1 and submitted to the CDPHE and EPA in April 200 1. Comments were received from the 

Agencies in May 200 1 and DOE responses to Agency comments were submitted in late May 2001. The Final SAP 

for this building was submirred to the Agencies in July 2001. Well installation activities for this building took place 

during the fall of 2001 and the first round of groundwater samples were collected during the 4" quarter of 2001. 

Building 559 is scheduled for demolition in mid to late FY 2005. This should allow adequate time for construction 

of a chemical baseline for the D&D monitoring wells. 

Building 559 is located approximately 190 feet west of Building 707 and 175 feet southwest of Building 776/777. 

Building 559 was placed into service in 1968. The building contains laboratory facilities used to perform analyses 

of samples from production processes and products from all areas of the Rocky Flats Plant. Specific analytical 

techniques include mass spectrometry, residual gas analysis, gas chromatography, thermal analysis, x-ray 

fluorescence, infrared analysis, emissions spectroscopy, isotopic analysis, gamma ray spectroscopy, plutonium 

assay, carbon analysis, gallium analysis; uranium analysis, titration, specific ion electrode analysis, and Raschig ring 

analysis (DOE, 1992a). Analytical procedures performed on a non-routine basis include ion chromatography, 

plutonium oxide analysis, and iron and silicon analysis in plutonium metal (DOE, 1992a). Miscellaneous analyses, 

sample receiving and cutthg, maintenance, utilities, and custodial operations are also conducted in the building. 

Building 56 1 , located immediately south of Building 559, houses all of the ventilation and air filtering systems 

associated with Building 559. 
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ChemRisk (1992) provides the following description of Building 559. The Building 559 Laboratory (the Plutonium 

Analytical Laboratory) was one of the four original service laboratories at Rocky Flats. The laboratory conducted 

analyses to determine the purity of plutonium, what the impurities were and in what concentrations; and the 

concentrations of plutonium alloys, whether in metal, liquid, or oxide form. The laboratory also analyzed gases and 

organics. The primary purpose of the laboratory was to sample incoming plutonium site returns and feed material, 

and that which was recovered andor purified and cast at the Rocky Flats Plant site for the production of weapons. 

Well installation and groundwater sampling activities that took place at Building 559 during 200 1 include the 

installation, development, and sampling of Upgradient D&D Wells 56201 and 5630 1; the installation, development, 

and sampling of Downgradient D&D Well 56901; and the installation of Downgradient D&D Wells 56001 and 

56101. Monitoring Well 56001 could not be fully developed during the 4" quarter of 2001; Monitoring Well 56101 

was dry during the 4* quarter of 2001. Figure 5-13 presents the building location and the locations of the D&D 

monitoring wells. 

a 

Based on the research performed in support of the Building 559 D&D SAP, the contaminants of interest associated 

with Building 559 are plutonium and chloroform. The D&D analytical suite for Building 559 consists of VOCs, 

metals, uranium isotopes, Pu/Am, nitrate, and PCBs. Table 5-13 presents a summary of Building 559 D&D 

groundwater monitoring data collected through CY 2001. Until a baseline is established for Building 559, analytes 

will be discussed in terms of concentrations relative to Tier I and Tier I1 groundwater action levels. 

Three of the new D&D Monitoring Wells (55901,56201, and 56301) produced full sample suites in the 4" quarter 

of 200 1. The results of limited sampling completed to date at Building 559 indicate that plutonium and chloroform 

may not, as suggested in the SAP, be the contaminants of interest at Building 559. Chloroform was detected at each 

location that samples were collected, but at concentrations well below the Tier Il action level. Plutonium was not 

detected at Wells 56201 and 55901, and detected at low concentrations at the other locations that samples were 

a 

collected. Beryllium was not detected at any locations. VOCs including carbon tetrachloride; 1,l-DCE; and TCE 

were detected at concentrations greater than their Tier I1 action levels. PCE was also detected at all locations at 

concentrations greater than the Tier I1 action level, except well 56201. Uranium isotopes U-233/234 and U-238 

were detected at concentrations above the Tier I1 action level in upgradient well 56301. 

Table 5-13 Historical Building 559 D&D Groundwater Monitoring Data 

Am 0.00668 1 
U-238 0.152 1,l-DCE 8.2 

cc14 37 
PCE 3.6 
TCE 20 

U-2331234 2 3 7  Chloroform 23 
U-238 1.43 1,l-DCE 21 

cc14 44 
PCE 9.7 
TCE 16 

5-35 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitoring Report 

Notes: Concentrations greater than Tier I1 shown in Bold, Concentrations greater than Tier 1 shown in Italicized Bold, U = non detect, (B) 
= Analyte detected in the Method Blank, NA = not analyzed, INSW = Insufficient water available for sample collection, CC4 = carbon 
tetrachloride, NS =not sampled 
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6.0 PRESENT SANITARY LANDFILL - 2001 UPDATE 

This section presents the CY 200 1 groundwater quality data for the Present Sanitary Landfill (Landfill), previously 

known as OU 7, which is located in the Buffer Zone north of the IA. Throughout 2001, groundwater monitoring 

was conducted in accordance with the requirements of the RFCA (RFCA, 1996) as set forth in the IMP (K-H, 

2000a). The Present Sanitary Landfill occupies approximately 44 acres (including the Landfill and East 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 East Landfill Pond. The Landfill served as a former solid waste disposal facility for RFETS and 

is currently scheduled for cover and fhal closure beginning in March 2003 with completion estimated to occur in 

late 2003. 

6.1 Operating History of the Present Sanitary Landfill 

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

However, records indicate that, prior to 1986, some hazardous waste was disposed of at the Landfill. Therefore, in 

1986, the Landfill was classified as an RCRA-regulated unit and disposal of hazardous constituents in the Landfill 

was halted. 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. Currently, all WETS sanitary waste is transferred to an offsite Subtitle D sanitary waste 

landfill for disposal. The following paragraphs provide a brief summary of historical Present Sanitary 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, 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 (the East and West Landfill Ponds) immediately east of the Landfill, and the installation 

of a subsurface leachate-collection system and subsurface intercept system for diverting groundwater around the 

Landfill. Ditches were also constructed to control surface water. Groundwater diverted fkom the Landfill by the 

intercept system is directed eastward around waste materials and discharges either to the East Landfill Pond or 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, 

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

constructed, extending from the ends of the north and south groundwater-interceptor ditches. These s l u q  walls, 

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

became operational in early 1996 and was designed to treat Landfill leachate to eliminate FO39-listed wastes prior to 

discharge into the East Landfill Pond. 

The Annual RCRA Groundwater Monitoring Reports for WETS (DOE, 1990; 1991a, 19924 1993c, 1994c, 1995, 

and 1996a) describe chemical and physical aspects of groundwater for 1989 through 1995 at the Present Sanitary 

Landfill. The Phase I RCRA Facility InvestigatiodRemedial Investigation Work Plan for Operable Unit 7: Present 

Sanitav Land311 (DOE, 199 1 b) presents additional information regarding construction, operation, regulatory 

history, and site characterization. Subsequent groundwater monitoring activities conducted under the 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). 

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

accordance with the RFCA and applicable Colorado hazardous-waste regulations. Post-closure groundwater 

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

f 

\ 

6.2 Summary of Previous Investigations 

In 1992, groundwater from.surficia1 deposits within and around the Present Sanitary Landfill had concentrations of 

major anions, total dissolved solids (TDS), dissolved metals, and radionuclides that were elevated relative to mean 

background concentrations/activities. Some VOCs were also detected. The infrequent occurrence of VOCs in 

UHSU bedrock indicated that, at that time, the Landfill had not adversely impacted groundwater in UHSU bedrock, 

even though some contamination of groundwater had occurred in surficial materials overlying the bedrock. 

In 1993, the groundwater chemistry at the Present Sanitary Landfill was generally consistent with conditions of 1992 

(DOE, 1994c). The 1993 statistical comparisons of upgradient versus downgradient UHSU groundwater at the 

Landfill indicated statistically significant increases in downgradient concentrations of dissolved metals and major 

anions. Neither radionuclides nor VOCs showed a statistically significant difference in upgradient versus 

downgradient activities or concentrations, respectively. 

Analysis of 1994 data by ANOVA indicated statistically significant differences in upgradient,versus downgradient 

groundwater quality in the UHSU for radionuclides, dissolved metals, anions, and TDS (DOE, 1995). In the UHSU 

bedrock, there were statistically significant differences in upgradient versus downgradient groundwater quality for 

dissolved metals, anions, and TDS. For 1995 data, statistical comparisons of upgradient versus downgradient 

UHSU groundwater at the Landfill indicated statistically significant increases in levels of dissolved metals, uranium 

isotopes, anions, and TDS. Activities of total americium-24 1 , plutonium-239i240, and tritium did not show 

statistically significant differences between upgradient and downgradient UHSU groundwater. 
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Analysis of the 1996 data tended to confm the results of previous sampling (DOE, 19970. Detected analytes and 

concentration ranges during 1996 were generally consistent with corresponding data from prior years. Nitrate and 

tritium were evaluated using ANOVA techniques and were determined to be statistically similar in upgradient 
0 

versus downgradient samples. As in prior investigations, there was no indication of VOC contamination in 

downgradient wells. For 1997, statistical analyses of groundwater data indicated that the trends of potential 

contaminants detected in the downgradient wells did not 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, 1996b). In addition, previous reports indicate that the leachate collection trench was buried 

beneath waste during Landfill expansion (DOE, 1996b). 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. Landfili wastes do not extend to the surface-water interceptor ditch. 

6.3 , Current Groundwater Monitoring Program 

0 The Present Sanitary Landfill at WETS 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 

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 ALF for Surface Water, Groundwater, 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 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 Landfill. 

Changes to the Site groundwater monitoring program implemented in 2001 are outlined in the IMP (K-H, 2001a). 

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 2001 reporting period, Upgradient Wells 5887,70193,70393, and 70493, and Downgradient Wells 

4087,52894,52994, and B206989 were sampled on a quarterly basis to determine compliance with RFCA, as set 

forth in the IMP. Table 6-1 summarizes sampling activities and shows the hydrostratigraphic unit monitored and 
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e material screened for these wells. 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. 

d 

Table 6-1 Well Completion Information and CY 2001 Sampling Summary for Present 
Sanitary Landfill Wetls 

I I I I I I 

Notes: V=Volatile organic compounds, W=Water quality parameters, N=Nitrate/nitrite, M=Metals, T=Tritium, U=Uraniurn isotopes 

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

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 160.11, sulfate [SW846], 

fluoride [EPA 300.01, and nitratehitrite [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 (see dry and lacked water [Lw] codes in Figures 6-2 through 6-5) imposed by slow recharge 

andor 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, ET through valley bottom vegetation consumes much of the available shallow groundwater in the 

No Name Gulch drainage during the summer months. For these reasons, it is normally not possible tocollect 

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

Some historical potential contaminants-of-concern (PCOCs), such as semivolatile organic compounds (SVOCs), r 

were not included in the sampling program as a result of PCOC screening conducted during the IMP DQO 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 Code of Colorado Regulations 6 CCR 1007-2. 
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Table 6-2 Chemical and Radiological Constituents Monitored at the Present Sanitary Landfill 

Arsenic Uranium-233/234 
Barium Uranium-235 

Beryllium Uranium-238 

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 Section 1 .O and in previous WETS reports 

(EG&G, 1995a; 1995b, and 1995~). At most of WETS, including the area of the Present Sanitary Landfill, the 

UHSU is composed of unconsolidated surficial deposits and weathered bedrock. The unconsolidated deposits 

consist of Qrf, Qc, Qvf, and artificial fill. The Qrf and artificial fill (landfilled wastes and soil-cover materials) are 

present upgradient of and within the Landfill; Qc and Qvf 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 
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geochemical data from the well, hydraulic conductivity measurements (where available), and geological information 

from borehole logs. 

The Qrfis 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 East Landfill Pond. Qc is 1 to 5 feet thick on the slopes around the East Landfill 

Pond and below the dam. The Qvfranges 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, 1996~). Weathered bedrock thickness varies 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). 

In the past, the average depth to groundwater ranged from 5 to 15 feet in surficial deposits, excluding artificial fill 

(EG&G, 1995b). Within the Landfill, groundwater was found at approximately 20 feet at the western end, 16 feet in 

the middle, and 33 feet at the eastern end (DOE, 1996~). 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 Qrf at the western end. The thinnest saturated sections are found in Qc and Qvf deposits east of the 

East Landfill Pond and in the Qrf along the south divide. EG&G (1995b) reported saturated thickness 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 surfcia1 

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 ET, 

surface water, or as lateral subsurface flow at the east WETS boundary. 
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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. 

6.4.3 Vertical Hydraulic Gradients 

The vertical hydraulic gradient is the ratio 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 recentyears in preparation 

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

results of historical vertical hydraulic gradient calculations at eight Landfill Monitoring Well Pairs (700931701 93, 

70193170293,70493170593,70693170893,72393172093, 108610986,078610886, and B206989A3207089) 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 72393172093, indicate a downward 

(recharging) component of flow, with values ranging from 0.022 to 1.099 Wft. The significance of downward 0 
gradients at Well Pairs 078610886 and B206989A3207089, 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 72393172093, situated within the center of the 

Landfill, groundwater had an upward (discharging) vertical gradient ranging fiom 0.020 to 0.026 Wft. 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 flowpaths in UHSU surficial 

deposits and three flowpaths 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. 0 
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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 lower 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 Landfill, and 

include results of historic slug tests (DOE, 1994~). Values of hydraulic conductivity used for flow velocity 

calculations are 1.1 x lo4 centimeters/second (cdsec) for surficial deposits (iflcluding landfill wastes) and 5.3 x 

lo-' cdsec  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 fiom 

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 Landfill ranged fiom 

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 Resent 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 VOCs and metals include only those analytes that were detected above 

the contract required detection limit (CRDL) in upgradient and downgradient wells. Analytes that were not detected 

during the entire sampling year have been omitted fiom the box plots. All data for radionuclides and water quality 

parameters are presented. 

6.5.1 Spatial Distribution of Groundwater Constituents 

6.5.1 .I 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 ahd 

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. 
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As shown in Figure 6-2, concentrations of the water quality parameters (fluoride, nitratehitrite, sulfate, and TDS) 

fall below 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 

below the CRDL. 

During 2001, alluvial Well 70393 yielded detections of seven chlorinated VOCs, including TCE (22.6 pgL 

maximum), PCE (7 pg/L maximum), carbon tetrachloride (0.54 pg/L maximum); l,I,l-TCA (19.4 pgL maximum); 

1,l-DCE (15.2 p g L  maximum), cis-1,2-DCE (0.1 pg/L maximum), and chloroform (0.26 p g L  maximum). 

Weathered Bedrock Well 70493, paired with Alluvial Well 70393, contained generally lower concentrations and 

less consistent detections of the types of VOCs found in the overlying alluvium. VOCs found in this well included 

TCE (1.3 p g L  maximum), PCE (0.2 pg/L maximum); l,l,l-TCA (0.54 pgL maximum); 1,l-DCE (0.3 pg/L 

maximum), and a single detection of methylene chloride (0.2 pa). Alluvial well 5887 contained only methylene 

chloride (0.32 pgL maximum). Weathered Bedrock Well 70193 contained only PCE (0.1 pgL maximum). 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 starus facility where existing physical obstacles prevent installation of wells at the 

boundary. 

In general, the sampling conditions experienced at downgradient well locations during 2001 were not characteristic 

of previous years, with groundwater availability limited by extremely dry conditions. Complete sample suites could 

only be collected from Wells 4087 (3 quarters collected; except for water quality parameters [WQPs] in 3rd quarter), 

52894 (1 quarter collected), and B206989 (2 quarters collected). Despite repeated visits to the well to obtain 

additional sample aliquots, no samples besides VOCs could be collected from Well 52994 (4 quarters of VOCs). 

Dry well conditions were prevalent at all wells during the remaining quarters. The statistical significance of these 

data relative to upbadient groundwater quality will be evaluated in Section 6.5.2. 

As shown in Figure 6-2, concentrations of some WQPs (fluoride, nitratehitrite, sulfate, and TDS) exceed the 

background concentrations of these analytes. Fluoride was above background concentrations in Wells 4087 (2 mg/L 

maximum) and 52894 (2.1 mgL maximum). Nitratehitrate exceeded background levels in B206989 (60 mg/L 
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maximum) along with sulfate (2800 mg/L maximum) and TDS (5200 m a ) .  TDS was also above background in 

well 4087. 

The majority of the metals were detected with a ‘‘W 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 samples. 

However, several metals were detected above background concentrations in two downgradient wells. Chromium 

(44.5 pg/L) and lithium (148 pg/L) were detected in well 4087; copper (16 pa), iron (390 pg/L), lithium (2140 

pa), selenium (303 pg/L), and strontium (6470 &L maximum) were detected in B206989 (Figure 6-3). 

Although several metals, including molybdenum, nickel, and vanadium are not shown on Figure 6-3, statistical 

comparisons were performed for these analytes in upgradient and downgradient wells. These metals are not shown 

on Figure 6-3 because they are mostly “B” qualified data. 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. 

Radionuclide analytes were all detected below background activities in downgradient monitoring wells (Figure 6-4). 

One VOC, methylene chloride, was detected in downgradient well 52894 at a very low concentration (0.93 p a )  

(Figure 6-5). 

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 ofGround- Water 

Monitoring Data at RCRA Facilities @PA, 1992b). An assessment of the 1999 individ2al 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 was due to 

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 1999 downgradient well data for comparison to the upgradient data. Because 

of the lack of groundwater availability during 200 1, this same approach to pooling downgradient well data had to be 

i 

utilized. 

Table 6-3 presents a sampling and detection summary for groundwater analytes that were detected at least once 

during 200 1.  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 analytes 

with less than four quantifiable results, as recommended by EPA guidance @PA, 1992b) for nonparametric analysis. 

A sufficient number of samples were collected from upgradient and downgradient well groups to perform pooled 
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statistical comparisons for all analytes with more than a 10 percent detection rate. VOCs 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 antimony, 

arsenic, barium, beryllium, cobalt, lead, silver, thallium, tin, zinc, tritium, and fluoride met the sample volume 

criteria, but either less than four quantifiable results were present or the upgradient sample means were equal to or 

greater than downgradient means. Mercury was not detected in any upgradient or downgradient wells. Thus, these 

analytes were excluded 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 

that defines the sole groundwater flowpath leading from the Landfill. Based on EPA guidance for statistical 

evaluations involving two data groups (EPA, 1992a), 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. The reader 

is referred to the EPA guidance document for hrther description of the statistical methods and parameters used in 

this section. 

Table 6-3 Groundwater Sample Summaifor DetectedAnalytes in Landfill Wells - CY2001 a 

Cadmium I 16 I 7 8 1 6 1  50.00% I 85.71%1 0.24 
Calcium I 16 I - 7  I 16 1 7 1  100.00% I 100.00%1 24287.50 

1.36 
17.93857 
1211.24 

2216.333 

3 1.60 
1.27 
1.46 

29.23 
0.54 
0.58 

248371.43 
10.59 
0.68 

. 5.46 
68.83' 
0.76 

693.57 
96285.71 

6.97 
0.05 
4.83 
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Downgradient groundwater quality monitored at Wells 4087,52894, and B206989 indicates that concentrations of 
several WQPs 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. 

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 sulfate, TDS , calcium, copper, lithium, magnesium, molybdenum, selenium, 

vanadium, U-2331234, U-235, and U-238. These results are similar to those reported in previous RCRA and Present 

Sanitary Landfill groundwater monitoring reports (see Section 6.2). 
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Table 6-4 Comparative Statisticsfor Groundwater Anabtes with <PO% $ample N O U ~  
Detections, Downgradient Sample Means Greater than Upgradient Sample Means, and More 
Than Four Quantifiable Results - CY 2001 

@ 

Antimony, arsenic, beryllium, cobalt, lead, molybdenum, silver, tin, vanadium, and zinc were all “B’ qualified 

indicating they were detected at low concentrations between the IDL iind CRDL. Mercury was not detected in either 

upgradient or downgradient wells. Aluminum (46.2 pg/L), barium (14 pg/L), cadmium (1.3 pg/L), manganese (30.9 

pg/L), and thallium (4.5 p a )  were detected in B206989 below background levels. 

6.5.3 Trend Plots and Data Interpretation 

Concentration plots of analytes in downgradient wells that exceed upgradient concentrations are presented on pages 

A-68 through A-71 at the end of Appendix A of this Annual Report. Trend lines (least square regression analysis) 

have been added for analytes that exhibit a noticeable upward trend. Concentration trends for most of the other 

analytes tend to fluctuate somewhat, but are generally flat or declining with no obvious trend. These concentration 
plots generally indicate that potentially contaminated groundwater from the Landfill is not currently migrating 3 

eastward past the East Landfill Pond dam at concentrations greater than in the past. Specifically, sulfate, TDS, 

calcium, copper, lithium, magnesium, molybdenum, selenium, U-235, and U-238 concentrations in all downgradient 

wells do not appear to be increasing. Although concentrations of calcium, lithium, selenium and U-238 appear to be 

increasing, statistical analyses of the trend lines indicate the upward slope is apparent and cannot be differentiated 

from zero. However, vanadium and U-233/234 concentrations in Well B206989 show evidence of a statistically 
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significant upward trend, making these analytes reportable occurrences under FWCA. The magnesium concentration 

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

action levels. 

Just because downgradient analyte concentrations do not appear to be increasing statistically over upgradient analyte 

concentrations, and upgradient versus downgradient analyte concentrations currently appear to be in a steady-state 

condition, does not mean that contaminated groundwater is no longer migrating past the East Landfill Pond dam. 

There is still a hydraulic gradient in the downgradient direction. 

The elevated concentrations of inorganic and radiological analytes in downgradient groundwater can be caused by 

several factors. Some potential causes include: 

0 

0 

Lateral underflow of Landfill leachate beneath the pond and dam through UHSU bedrock materials, 
and 
a secondary contaminant source that is upgradient.of the well, but is not associated with the Landfill or 
pond. 

Concentrations of several analytes in the Landfill leachate and pond water have historically been relatively low and 

as such do not appear to be Landfill related. For example, the mean concentrations of lithium (55 pa), and 

selenium (1.97 p a )  at surface water monitoring station SW097 (Landfill leachate), and lithium (82 p a )  at 

SW098 (East Landfill Pond) (DOE, 1996a; Tables 2-2 and 2-3), are significantly lower than concentrations found in 

well B206989 groundwater. In addition, concentrations of calcium, sulfate, TDS, U-233/234, U-235, and U-238 are 

also significantly lower in surface water monitoring stations SW097 and SW098 than concentrations of these 

analytes detected in B206989. However, concentrations of copper, magnesium, molybdenum, and vanadium are 

significantly higher at these surface water-monitoring locations than in groundwater samples collected from 

B206989. These results suggest that these constituents may be due to Landfillsleachate migrating beneath the pond 

and dam to downgradient areas. 

In addition, elevated concentrations of lithium (199 pa), selenium (504 pa), sulfate (1517 mgA), TDS (3633 

mg/l), U-233/234, U235, and U-238 have been detected in samples from UHSU bedrock well B206889, located to 

the south and upgradient of well B206989. Concentrations of these constituents are significantly above the 

concentrations in B206989. Elevated concentrations of some or all of these constituents have been found in other 

contaminant plumes, including the SPP and IHSS 1 19.1. 

As suggested above and reported in 1998 Groundwater Monitoring at the Present Sanitaiy Landfill (DOE, 1999), in 

addition to the Landfill, 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 

certain 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. 
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6.6 Conclusions 

Groundwater conditions at the Present Sanitary Landfill in 2001, appear to be generally consistent with the results of 

previous monitoring. Statistical comparisons of upgradient versus downgradient UHSU groundwater at the 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 percent level) in upgradient 

compared to downgradient groundwater quality were found for sulfate, TDS, calcium, copper, lithium, magnesium, 

molybdenum, selenium, vanadium, U-2331234, U-235, and U-238. VOCs were not evaluated statistically because 

the percentage of non-detections exceeded 90 percent or because contaminants were found only in upgradient 

samples. 

Although most analytes for which trend plots were constructed appear to be increasing in concentration in 

Downgradient Well B206989, these trends are apparent and not statistically significant. Only analytes U-233/234 

and vanadium have statistically significant increasing concentration trends calculated for Well B206989. No other 

downgradient wells have produced samples with increasing concentrations of the analytes discussed in this section. 

The increasing trends of vanadium and U-233/234 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 these analytes in Downgradient Well B206989. The geochemistry of the specific analytes and their 

spatial distribution with regard to mobility and retardation potential must be evaluated as part of this review. 
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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 is used to describe the portion of plume degradation that is 

brought about by biological degradation mechanisms. Biological degradathn 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, the 903 PadRyan’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 a1 (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 suggests that there is inadequate evidence of biodegradation. A score of 6 to 14 suggests that there is 

limited evidence of biodegradation, a score of 15 to 20 shows that there is adequate evidence and scores above 20 

show strong evidence of biodegradation. 
It ’ 

7.1.1 ElectronrDonors 

The main mechanism 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) samples were collected to ascertain the availability of carbon in the environment, which could then 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 andor 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 (Fe33 is reduced to ferrous iron 

(Fez? 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 2001 results of the IHSS 118.1 carbon tetrachloride plume degradation monitoring 

program. Additional sampling data from CY 2001 have been added to the data collected since 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 1 18.1 dense non- 

aqueous phase liquid (DNAPL) source. 
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Carbon tetrachloride is the main contaminant of concern at IHSS 1 18.1 and is,the result of spills related to a below 

ground carbon tetrachloride storage tank, which has been subsequently removed. Characterization work was 

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 the following: two wells upgradient (south) 

of the DNAPL source (1 8799 and 18899); three wells along an east-west line with two wells in the source and one 

well located cross gradient to the source (1 8499, 18599, and 18699); and three wells in an east-west line, 

approximately 60 -70 feet downgradient (north) of the source (1 8199, 18299, and 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 MSS 118.1 that was identified in the 1998 RFCA Annual Groundwater Monitoring Report. Figure 7-1 

shows the location of the wells and sampling locations. 

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

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

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

measure temperature, D,O, 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 Monitoring Report recommended a reduction in the number of wells used for 

determination of plume degradation’liat IHSS 1 18.1. Based on the approval of these recommendations, the 

monitoring project now samples Upgradient Well 18799, near Source Well 18499 and Downgradient Wells 18 199 

and 21098, which provide a reasonable cross section of the IHSS 1 18.1 area. Table 7-1 presents a s u y m a i y  of data 

from these wells. 

‘1 

/ 

I 

t 
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Table 7-1 Summary of Sample Results for Plume Degradation Wells: IHSS 118.1 

18499 
18199 
21098 

3/17/99 57800 8750 83.5 8.9 210 
3/17/99 15400 2200 12.6 2.5 7 4  
3/17/99 1200 110 0.09 U NA 

I I I I I I 

18499 I 3/17/99 I 21 I 0.05 I 0.7 64 1.6 1 4 1  U 
I 18199 I 3/17/99 I 35 I 0.041 I 2.15 I 69 I 011 

18499 
18199 
21098 

I I 

18499 I 9/20/99 16000 , 4900 380 5 50 
18199 I 9/13/99 14000 2400 130 5 12 

12/5/00 24200 7080 U U 195 
12/5/00 27300 3820 219 U 190 
12/5/00 959 348 22.4 U U 

I I I I I I 

18499 1 3/14/00 I 38 1 0.88 I NA 71 3.03 I 4 I .  6.8 
18199 I 3/14/00 I 29 I 0.004 I NA I 54 I 0.07 1 3 1  3 

~J 

1 

18499 12/5/00 35 0.013 0.85 100 NA 4 U 
18199 12/5/00 27 U 0.45 69 0.01 3 0.74 
21098 12/5/00 24 0.02 NA 190 NA 2 1.6 

18499 
18199 
21098 

5/9/01 17000 3500 660 U U 
5/9/01 18000 3300 200 U U 
5/701 2300 290 86 U U 
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18499 
1 8 199 
21098 

lO/3O/Ol 24000 5500 100 U U 
1 0/29/0 1 850 3300 U U U 
11/1/01 . 4300 230 U U U 

18499 
18199 
21098 

e 

10/30/01 30 6 0 035 2.74 144 0.23 4.5 U 

11/1/01 24.3 0 14 5.21 209 0.16 2.1 2 
10/29/01 24 2 0.0094 2.98 79.6 0.02 3.2 0.94 
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7.2.1 Electron Donors 

Figure 7-2 shows results for total organic carbon for the 6 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 

a1 (1 996) suggest that TOC values above 20 mg/L ensures 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 1 18.1. If biodegradation 

were occuning 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 data fiom 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 laboratory contaminant and was reported in the laboratory 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. 

I 

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 1 18.1 , 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 1 18.1. The nitrate 

concentration in Upgradient Well 18799 is 2.3 to 4.8 m a ,  which is above the RFETS background mean of 1.4 

mg/L for Qrf@OE, 1993b). In Figure 7-2, the nitrate concentration for CY01 data is seen to decrease at the source 

and then increase away fiom the source. Though nitrate values have been variable over time this trend is consistent 

with past findings. Low nitrate values in the source would favor biodegradation, whereas high values would tend to 

retard dechlorination. The Wiedemeier et a1 (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 
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typically low concentration of nitrate”in the vicinity of the IHSS (currently around 1 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 current sulfate concentration in Upgradient Well 18799 ranges from 38 to 42 mg/L (Figure 7-2), which is above 

the WETS background mean of 22 mg/L (DOE, 1993b), and slightly higher than previous values. Figure 7-5 shows 

the current concentrations of sulfate dropping near source well 18499, and remaining steady 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. I 

Wiedemeier et a1 (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 has averaged 48 mg/L 

in the source well over time, and levels higher than the 20 mg/L level away from the source, it can be deduced that 

sulfate may be retarding the biodegradation ofcarbon tetrachloride occurring at MSS 118.1. Because sulfate is a 

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

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

bacteria cannot function at DO concentrations above 0.5 mgiL and hence, reductive dechlorination cannot occur 

(Wiedemeier et al, 1999). Figure 7-6 shows that upgradient DO concentration at Well 18799 averages 4.8 mg/L, and 

decreases to below 2.4 mg/L in Source Well 18499. The DO value for the first sample round for Well 18499 is 

discounted as it looks high, given historic DO concentrations at the Site. DO values remain at similar levels in the 

source well, and in downgradient well 18199, and rise to approximately 5 mg/L in Well 21098. Taking the data at 

face value, it would appear that DO levels are detrimental for anaerobic degradation of organic compounds in the 

source area and downgradient of the plume. DO was measured using a DO probe housed inside a flow through cell. 

Accurate DO measurements have been difficult to attain due to the rigor that must be employed in collecting field 

samples. 

7.2.3 Metabolic By-Products 

Ferric iron (Fe33 is reduced to ferrous iron (Fez”) 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 the 2001 samples for ferrous iron are generally lower in concentration than 

previous measurements. Values for Fez+ data average 0.25 mg/L in the source well and are similar in concentration 

for background Well 18799. Values tend to decrease in downgradient wells. Wiedemeier et a1 (1996) believe that 

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

obtained in the two 2001 sampling rounds it is possible that reductive dechlorination is not occurring at the source, 

but the variability in concentrations over time makes conclusive determination difficult. Because ferrous iron is a 

key indicator of the efficacy of biodegradation on chlorinated solvents, continued sampling is advised. 
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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 a1 (1996) believe that sulfide above 1 

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 was undetected in samples collected in 2001 given a detection limit of .002 mgL. This is a 

decrease fi-om previous sampling results which ranged fi-om approximately 0.003 mg/L. to 0.20 mg/L in the source 

area, then decreased to very low values in downgradient wells. Wiedemeier et a1 (1996) believe that methane above 

0.1 mg/L would allow reductive dechlorination to take place. Methane values at IHSS 118.1 are currently low, 

suggesting that there is little methane production in groundwater. However, the minor 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 concentrations of 25 1 and 450 

mg/L were reported in the samples from 2001 for Upgradient Well 18799. These values are significantly higher 

than previous samples, which range from 50 to 100 m a .  Values for the source and downgradient wells tend to be 

similar to historic results. The WETS background mean concentrations for chloride in alluvial materia1s.k 8 to 18 

mgL (DOE, 1993b). The Groundwater Geochemistry Report for WETS (EG&G, 1995c) shows that chloride 

concentration increases fi-om west to east at WETS and that chloride concentrations in the IA range from 25 to 100 

m a .  Given the inconsistencies of the data and the lack of dramatic change in chloride concentration at MSS 118.1 

relative to both source and downgradient wells and the surrounding IA, 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. 
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7.2.4 Conclusions and Recommendations 

The 200 1 results are similar in most respects to the data collected at IHSS 1 18.1 in 2000. There is evidence of 

biodegradation at the IHSS 1 1  8.1 source. If the assumption is made that the breakdown products found at IHSS 

1 18.1 are not part of the original free product composition, then based on the scoring system discussed in 

Wiedemeier et a1 (1996)’ the source area rates a score of 9 (see Table 7-2). A previous score for the source area has 

been 18. 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. Given the downgradient score with respect to biodegradation, the 

decrease in composition of organic solvents away fiom 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 18 199 and 2 1098 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. 

Given the probable involvement of the Building 77 1 and Building 774 foundation 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 foundation drains from the buildings mentioned above exit at this location. An initial evaluation of these 

drains was performed in 2001; results are discussed in the Building 776/777 D&D monitoring section (Section 5-7). 

At the time of print of this 200 1 RFCA Annual Report, the two CY 2002 plume degradation sampling events for 

IHSS 1 18.1 had been completed. Should the results of the CY 2002 sampling verify the previous results for MSS 

118.1, then the plume degradation monitoring at this location will be reduced in 2003 to the collection of VOC 

species only. At such time as IHSS 1 18.1 is remediated, an evaluation will be conducted to determine the analytes 

of interest and location(s) for performance monitoring of this location. 

1 .  
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concentrations 

Table 7-2 Checklist for Determination of Biodegradation: IHSS 118.1 

FerrousIron I > 1.0 mg/L 

Oxygen > 1.0 mg/L Prohibits reductive dechlorination -3 -3 -3 
Nitrate < 1.0 mg/L Competes with reductive pathway at higher 2 2 0 

Reductive pathway possible 1 3 1  0 I 0 
Sulfate < 20 mg/L I . Competes with reductive pathway at higher I 2 1  0 0 

t concentrations 
Sulfide > 1.0 mg/L Reductive pathway possible 0 0 

7.3. 903 Pad/Ryan’s Pit Plume 

The 903 Pamyan’s Pit Plume is located south and southeast of the 903 Pad, north of Woman Creek at WETS. 

Two sources, the 903 Pad and Ryan’s Pit, contribute to this plume of contaminated groundwater. The primary 

analytes comprising the 903 PadRyan’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, in order 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 VOC 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 Pamyan’s Pit Plume area. 

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 in a 1998 study. The other three wells are downgradient of the 1998 Geoprobe Wells and 
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upgradient of the SID. These wells were installed to provide the necessary information to establish a trend in a downgradient VOC concentrations. 

1187 
90099 
90399 
11791 

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

in concentrations above Tier I1 action levels. Given the results of monitoring the new downgradient wells, the 

decision was made to collect additional samples in 2001 to fbrther 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 0987 was selected in mid-200 1 to represent upgradient conditions. Well 

1 1791 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 1 18.1, discussed above. The results 

will be presented and discussed in a similar format. 

3/9/01 65 84 46B U 3 
3/8/01 360 75 43B U U 
3/8/01 !30 23 2B U U 
3/9/01 250 68 22B , U 22 

Table 7-3 Sample Results for Plume Degradation Wells: 903 Pad / Ryan 's Pit Wells 

90099 
90399 
11791 

3/8/01 0.54J U U U 
3/8/01 0.32 U U U 
3/9/01 0.3J 0.3 U NA 

1187 
90099 
90399 
11791 

3/9/01 30 2300 U U - u  
3/8/01 24 880 10 U U 
3/8/01 4 110 2 U U 
3/9/01 79 54 40 U U 

1187 3/9/01 67 
90099 3/8/01 62 
90399 3/8/01 62 
11791 3/9/01 18 

0.029 4.2 62 NA 1.6 1.2 
0 028 NA 59 NA 2.1 3.8 
0.029 5.3 34 NA 1.1 2.7 
0.097 NA 51 NA 1.3 2 

7-1 1 

1187 8/27/01 340 
90099 8/22/01 780 
90399 8/27/01 290 
1 1791 8/22/01 390 

80 U U U 
100 U U U 
35 U U U 
72 U U U 
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90099 
90399 
11791 

8/22/01 40 1400 20 U 1 
8/27/01 U 220 U U 1 
8/22/01 9.3 61 46 U 1 

1187 
90099 
90399 
1 179 1 

7.3.1 Electron Donors 

I 

8/27/01 71 0.035 8.4 68 0.46 2.3 1.6 
8/22/01 64 0.08 8 45 0.03 1.5 3.2 
8/27/01 57 0.007 4.53 64 0.00 1.3 2.8 
8/22/01 19 0.009 6.7 71, 0.03 1.2 0.85 

Figure 7-8 shows results for TOC for 2001. TOC averages 12 mg/L near well 07391 but decreases to the 1-2 mg/L 

range in the downgradient wells. Wiedemeier et a1 (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 chain products, in 

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

in Well 07391 near the Ryan’s Pit Source, was present at a concentration of 130 pg/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 chloroform and methylene chloride, have very high concentrations at Well 07391 (1400 pg/L for 

chloroform and 3800 pg/L for methylene chloride). Unfortunately, methylene chloride blank contamination was 

ubiquitous in samples from 0739 1 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 carbon tetrachloride 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 concenktions averaging1000 &L at Well 07391, decreasing in a 

downgradient direction to just below Tier I1 action levels (5  p a )  in Well 90399. However, TCE occurs at an 
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. average concentration of 57,000 pg/L at Well 07391 and steadily decreases in concentration downgradient to reach 

an average concentration of 165 pg/L at Well 90399. Without process knowledge of the chemicals used at WETS 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 0739 1. However, there was extensive use of TCE at WETS and the high 

0 

concentration of TCE is probably because of its disposal in Ryan’s Pit. Additional evidence for this is the relatively 

low concentrations of the other PCEgdaughter products, cis-I,ZDCE, 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 andor sulfate were to exist in the groundwater in the vicinity 

of 903 P a d  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 averages 66 mg/L, which is far above the WETS background 

mean of 1.4 mg/L for Rocky Flats Alluvium’@OE, 1993b). In Figure 7-8, nitrate concentration is seen to decrease 

in concentration away fiom the source to a range of 1-4 m g L  Low nitrate values in the source would favor 

biodegradation, whereas high values would tend to retard dechlorination. Wiedemeier et a1 (1996) suggests 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. 

e 

The sulfate concentration in Well 07391 averaged 205 mgL, which is substantially above the WETS background 

mean of 22 mg/L (DOE, 1993b). Fighe 7-8 shows the concentration of sulfate leveling off downgradient of well 

07391 to 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. 
I 

Wiedemeier et a1 (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 PadRyan’s Pit. Because sulfate is a key indicator of the 

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

Figure 7-8 shows that DO concentrations at Well 07391 were approximately 4.5 mg/L and decreases to 4.2 mg/L in 

Well 1 187. The DO readings for the second sample round for wells 1 187 and 90099 were discounted because they 
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appear high compared to typical DO readings at the Site. The DO concentration at Well 90399 averaged 4.9 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. DO was measured using a DO probe housed inside a flow-through cell. Accurate DO 

measurement have been difficult to attain due to the rigor that must be employed in collecting field samples. 

7.3.3 Metabolic By-Products 

Ferric iron @e3? is reduced to ferrous iron (Fez? 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 Pamyan’s Pit area wells in the first quarter 

of 2001 because of a sampling oversight. The fourth quarter sample shows ferrous iron at 0.29 mg/L at source well 

07391, increasing to 0.46 mg/L in Well 1187 and decreasing to very low concentrations in wells farther 

downgradient. Wiedemeier et a1 (1996) believe that a ferrous iron concentration above 1 mg/L indicates that 

reductive dechlorination is taking place. Given the low concentrations obtained in the single 200 1 sampling round it 

is possible that reductive dechlorination is not 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 7-8 shows that sulfide is fairly consistent in the wells along the plume cross 

section at approximately .028 mg/L in the first round of sampling. The second sample round shows different results 

whereas sulfide is at .035 mg/L in Well 1187 and decreases to very low levels downgradient. Wiedemeier et a1 

(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 in the first sample round 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. The second 

sample round shows all non-detects for methane. Wiedemeier et a1 (1996) believes 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 not the complete breakdown of solvents to the methane end product. The high methane reading at well 

1 179 1 is suspect given the low reading in the second sample round. 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 
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releases chlorine in the process. Figure 7-8 shows that the concentrations of chloride seen in well 07391 are very 

high (average 420 mg/L). Chloride concentrations drop in Downgradient Well 1187 to the 30-60 mg/L range. Well 

11791 has similar values, averaging 64 mgL. The WETS background mean concentrations for chloride in alluvial 

materials is 8 to 18 mg/L (DOE, 1993b). The Groundwater Geochemistry Report for WETS (EG&G, 199%) shows 

that chloride concentration increaseqi fi-om west to east at WETS and that chloride concentrations in the Industrial 

Area range fi-om 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. The area is 

not in a location prone to salt application in the winter. 

7.3.4 Conclusions and Recommendations 

The results from the sampling in 200 1 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. Wiedemeier et a1 (1996) suggests a score of 

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

sampling data available for the 903 Pad/Ryan’s Pit Plume Wells. 

Table 7-4 Checklisf for Determination of Biodegradation: 903 Pad%Ryan’s Pit 
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Q 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. 

However, process knowledge of organic solvents used at the Site refutes the PCE-TCE transition as an explanation 

in this case because large amounts of TCE were used at WETS. 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 200 1, The Water Programs Group expanded upon a field investigation initiated in 1997 to evaluate the nature and 

extent of VOC groundwater contamhation in the PU&D Yard area. Section 8.4 of the 2000 Annual RFCA 

Groundwater Monitoring Report (SSOC, 200 1 a) discusses the groundwater evaluation project that was conducted. 

A map showing the location of the plume and the wells discussed can be found on Figure 7-13. 

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 located 

along the contaminant migration pathway. 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 7-5. 

In 2001, the source area for the PU&D Yard received an application of Hydrogen Release Compound@ (HRC@) to 

enhance the breakdown of the VOCs in source materials. The effects of this treatment would be manifested initially 

in well 30900, which is at the source. The compound was applied after the January sample round and before the 

second sample round found in Table 7-5. Therefore, differences seen in data between these two rounds should 

reflect the effects of the application. Section 7.4.5 provides detailed discussion of this in-situ treatability study at the 

PU&D Yard source. 

7-16 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(WCA) Groundwater Monitoring Report 

30900 

01497 
70693 

02097 

Table 7-5 PU&D Yard Sample Results 

1/17/01 0.3J 1 U U U 5 
1/24/01 7 U 0.1 U U 
1/24/01 2 0.8J U U U 
1/24/01 U 0.9J 0.2 U 17000 

30900 
01497 

70693 
02097 

1/17/01 U U U 2.5 
1/24/01 0.7J 0.7J U U 
1/24/01 38 0.3J U U 
1/24/01 13 4 U U 

30900 

01497 

70693 

02097 

1/17/01 120 9 1.2 U U U 
1/24/01 15 33 2 79 U U 

1/24/01 5 9 0.3 25 U U 
1/24/01 5 30 0.3 9 0.91 U 

30900 
01497 

70693 

02097 

1/17/01 15 ' 0.056 NA 6.4 NA 1.4 0.05 

1/24/01 23 0.08 5 11 N A 0.5 0.05 

1/24/01 24 0.031 NA 11 NA 0.62 ' 0.05 

1/24/01 32 0.002 NA 16 NA 8.2 0.5 

, 

7.4.1 Electron Donors 

30900 
01497 

70693 

02097 

Figure 7-14 shows results for TOC for 2001. The TOC concentration is approximately 0.57 mg/L in upgradient well 

01097. The TOC concentration increases from 1.4 to 6.5 mgL in Source Well 30900 from the fmt to the second 

sample round. The TOC values then decrease to approximately 0.5 - 0.6 mg/L in Wells 01497and 70693, then rise 

8/28/01 120 15 100 10 10 U U 
9/4/01 . 5.8 20 0.5 32 2 U U 
9/.5/01 3.2 8.8 0.5 L 15 0.5 U U 

1 

9/6/06 2.9 22 1.3 4 0.4 U 240 
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30900 

01497 

70693 

02097 

8/28/01 55 0.19 1.58 13 3.25 6.5 0.37 

9/4/01 24 0.021 , 5.41 12 0.02 0.5 6.9 
I 

9/.5/01 24 I 0.001 6.68 29 0.00 I 0.5 8 -  

9/6/06 30 0.008 2.67 13 0.01 1.1 4.5 
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e to a high of 8.2 m g h  in Well 02097. Wiedemeier et a1 (1 996) suggest that TOC values above 20 mg/L ensure that 

I enough carbon is present to drive dechlorination. Therefore, the limited amount of carbon A groundwater may not 

' be aiding the rate of reductive dechlorination in the PU&D Yard Plume. 

7.4.2 Electron Acceptors 

Tetrachloroethene is the predominant chlorinated organic compound found in the PU&D Yard source along with 

I trichloroethene. Fi&e 7-12 shows that there is no PCE or TCE in Upgradient Well 01097 and that PCE dropped in 

concentration in January 2001 from 120 pgL at the Source Well (30900) to 5 pg/L downgradient along the 

flowpath of the plume. There is only minor variation in PCE content in the second sample round, which took place 

approximately six months after HRC@application. Figure 7-12 also shows that TCE and 1,l-DCE increase in 

concentration downgradient of the source in Well 01497. This is also consistent with the second round of sampling, 

Downgradient of Well 01497; 1,l-DCE decreases in concentration to approximately 6 pgL at well 02097. Though 

the 1,l-DCE concentration in Well 30900 did increase in the second round, it decreased in downgradient wells. It is 

not thought that downgradient wells would be effected given the long distance and short time duration after the 

HRC@ application. TCE does not show much change in concentration between sample rounds, except for decreased 

concentrations at Wells 70693 and 02097. Again the short time period after the HRC@ application would probably 

not explain these fluctuations because the distance between the point of application and these wells is too great for 

groundwater to travel in six months. Significant differences can be seen in the values for cis-l72-DCE and vinyl 

chloride between the two sample rounds. Cis-l72-DCE increased fkom 1.2 pgL in Well 30900 in the first round to 

100 pg/L in the second round. Vinyl chloride increased fkom non-detect to 10 pgL in the second round. 

I 

-. 

Given the data available, it would appear that there is reductive dechlorination occurring in the vicinity of Well 

01497, which is causing the TCE and 1,l-DCE daughter products to be formed fiom the PCE found in the source. 

However, process knowledge of organic solvents used at the Site complicates the PCE-TCE transition because large 

' amounts of TCE were used at WETS and even if reductive dechlorination were occurring, one would expect to see 

more at the source well. Questions remain as to whether 1,l-DCE was used as a process chemical at the Site. Also, 

the plume maps in Section 8 of the 2000 RFCA Annual Groundwater Monitoring Report show that in addition to 

TCE and 1,l -DCE, carbon tetrachloride and 1 , 1,l-TCA increase downgradient of the source well. Since carbon 

tetrachloride and 1 , 1,l -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 -DCA, not 1 , 1-DCE, is predominantly a breakdown product of 1 , 1 , 1 -TCA. 

'Future evaluation of natural attenuation at the PU&D Yard will have to involve ascertaining the effects of the 

application of HRC@ to the source area. Clearly, Well 30900 is showing the effects of its application (see Section 

7.4.5) and it is probable that the downgradient portion of the plume will be affected to some extent. It will be 

important to document these changes and it is suggested that sampling for these compounds continue for a sufficient 

time period to establish a rate of breakdown or transformation occurring as a result of treatment of the source, and to 

determine whether the application of HRC@ released a slug of contamination that is now migrating downgradient. 

~ 
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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 andor sulfate were to exist in the groundwater in the vicinity 

of PU&D Yard source, the reductive dechlorination of PCE, TCE, carbon tetrachloride, and other chlorinated 

solvents and their by-products could be retarded. The graph on Figure 7- 1 1 shows the concentrations of nitrate 

along the five well cross section. The nitrate concentration in upgradient Well 01097 is approximately 3 m a ,  

which is slightly above the WETS background mean of 1.4 mg/L for Qrf(DOE, 1993b). In Figure 7-16, the nitrate 

concentration is seen to decrease in concentration downgradient of the source to non-detect in the first round, and 

increase in concentration relative to the source in the second round. It is not known why nitrate increased between 

the two sample rounds. Low nitrate values in the source would favor biodegradation whereas high values would 

I 

tend to retard dechlorination. Wiedemeier et a1 (1996) suggests 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 concentration in Well 0 1097 is approximately 18 m a ,  which is below the WETS background mean of 

22 mg/L (DOE, 1993b). Figure 7-1 1 shows the concentration of sulfate at the source well to be similar for the frst 

round of sampling but significantly higher in the second round. Downgradient of the source, the nitrate 

concentration remains in the 20 - 30 mg/L range for both sample events. 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 a1 (1 996) 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 at slightly higher levels away from the source, it can be deduced 

that sulfate may not affect 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. 

Figure 7-1 1 shows that DO concentrations at Well 01097 are approximately 4 mg/L. Methane is 5.8 mg/L in the 

source well, decreasing to 1.58 mg/L in the second round. DO values generally occur at values around 5 mg/L in 

downgradient wells. Taking the data at face value, it would appear that DO levels are unfavorable to anaerobic 

degradation of organic compounds upgradient and downgradient of the source. The change in DO values in source 

well 30900 may be reflecting treatment with HRC@, in which case conditions are becoming more favorable for 

biodegradation. Collecting accurate DO measurements has always been a problem due to the ease with which 

oxygen can get into the field sample. 

J 

' 

7.4.3 Metabolic By-Products 

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 the first 

round because of a sampling oversight. Ferrous iron analysis was performed in the second round with a result of 
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3.25 mg/L at the source area well. Wiedemeier et a1 (1 996) believe that ferrous iron above 1 mgL would suggest 

that reductive dechlorination is taking place. Given the concentrations obtained in the single 2001 (post HRC@ 

application) sampling round, it is probable 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 7-1 1 shows that sulfide concentration averages 0.90 mgL in Upgradient 

Well 01097. In Source Well 30900, the concentration increases from .05 in the first round to .19 mg/L in the second 

sample round. Sulfide concentrations are quite low in downgradient wells. Wiedemeier et a1 (1996) believe that 

sulfide above 1 mg/L would allow reductive dechlorination to take place. The low amount of hydrogen sulfide 

generated does not support 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 

in the first sample round and undetected in the second round. Methane is undetected in Wells 01497 and 70693. 

Well 02097 shows a very high methane concentration in the first sample round (17 m a )  and a much lower 

concentration (0.24 mg/L) in the second round. Wiedemeier et a1 (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 not the complete breakdown of solvents to the methane end product. 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 Sanitary 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 methane from the landfill could migrate along the fault to this 

location; however, additional investigation would be required to confirm this possibility. Because methane is a key 

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

Figure 7-1 1 shows that chloride concentrations are approximately 7.5 mgL at upgradient Well 01097. Values in 

source well 30900 range from 6 to 13 m g L  and values in downgradient wells range from 11 to 13 mg/L. The 

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

chloride concentration is, therefore, increasing slightly downgradient, which might 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, these data may be suspect as a key indicator of the efficacy of 

biodegradation on chlorinated solvents. 
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7.4.4 Conclusions and Recommendations 

NA = not analyzed Score 3 

The results from the sampling in 2001 suggest that, in general, conditions at and 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 

3 

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. 

Table 7-6 Checklist for Determination of Biodegradation: PU&D Yard Plume 

7.4.5 PU&D Yard Plume Treatability Study 

A plume of VOC-contaminated groundwater is derived from a contaminant source located in the PU&D Yard at 

WETS. Previous characterization results indicate that subsurface VOC contamination is present in only a few 

locations and that the primary contaminant is PCE (K-H, 200la). 

A treatability study was begun in 2001 to evaluate the effectiveness of HRC@ for enhancing natural attenuation of 

the VOCs in'the groundwater and soil at the PU&D Yard. HRC@ is a proprietary, environmentally safe, food 

quality, polylactate ester formulated for slow release of lactic acid upon hydration. The HRC@ is expected to 
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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 dechlorination. The HRC@ is expected to be 

a one-time application. According to Regenesis, the manufacturer of the product, the material is expected to 

stimulate contaminant degradation at the project site for approximately a year and a half. 

The product has been used at other sites to stimulate rapid degradation of chlorinated VOCs in groundwater and soil. 

This study is evaluating the effectiveness of HRC@ in the low-flow groundwater regimes common at RFETS (K-H, 
2001a). This project is a cooperative effort between WETS and the DOE Subsurface Contaminant Focus Area 

(SCFA). 

7.4.5.1 Project Events 

The treatability study is located within the source area and that portion of the PU&D Yard Plume exhibiting the 

highest PCE concentrations (Figure 7-13). Monitoring Well 30900 was installed in this area immediately adjacent 

to borehole 17497, where the highest concentrations of VOCs in soils were detected in a 1997 characterization 

effort. An additional Monitoring Well (31001) was installed slightly downgradient of the source area in January . 
200 1 as part of this study. Baseline samples were collected from these two monitoring wells prior to insertion of the 

HRC@. 

Beginning in February 2001, a Geoprobe was used to create 16 boreholes in a 10-foot by 6-foot grid immediately 

surrounding Borehole 17497 (Figure 7-14). These boreholes were used as material insertion points (MIPS) in the 

placement of over 800 pounds of HRC@ into the subsurface. HRC@ insertion was completed on March 1,2001. 

Subsurface conditions were allowed to stabilize for two months and monthly groundwater sampling was initiated 

I April 30,2001. 

Groundwater samples were to be collected from the northwest and southwest comers of the insertion grid, if 

possible, prior to material insertion (K-H, 2001a). Sufficient groundwater was present at the southwest comer 

(MIP3), but not the northwest comer (MIPl), for a groundwater sample. 

7.4.5.2 Treatment Effectiveness 

Results fiom the initial baseline samples and the monthly sampling events through late November 2001 are reported 

in Table 7-7. For completeness, the previous samples fiom the pre-existing monitoring well (30900) in the source 

area and results from the groundwater sample from MIP3 are also included. 
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MIP3 
30900 

Table 7- 7 Preliminary Treatability Study Results 

2/20/01 4.9 ND ND ND ND ND 
10/21/00 96 7.4 53.1 ND * ND ND 
21710 1 120 7 78 0.5 0.5 ND 

31001 

~ 

I 4/30/01 I 180 11 110 0.1 0.4 ND 
350 23 210 ND ND ND 

1/7/02 18.5 2.92 88.6 0.2125 ND ND 
2/7/01 18 5.5 1.2 ND 2.6 ND 

413 010 1 130 20 52 0.1 4 ND 

ND = not detected; results in pg/L 

As shown in Table 7-7 and on Figure 7-15, concentrations of PCE, TCE, and cis-1,2-DCE in the source area well 

(30900) increased after insertion of the HRC@, then decreased. TCE and cis-lY2-DCE are common degradation 

products of PCE. According to Regenesis, approximately 70% to 80% of project sites see an initial increase in VOC 

concentrations before a downward trend is observed. As shown on Figure 7- 15, this downward trend appears to be 

continuing. Additional sampling will be performed to monitor VOC concentrations in this well. 
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Figure 7-15 Concentration of PCE and degradation products versus time in 30900 
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Data from well 3 1001 (Figure 7-16) show a similar pattern with the exception of the sample taken on May 30,2001 

(Day go), which had lower than anticipated volatile organic concentrations. The initial increases in groundwater 

concentrations of PCE at Wells 30900 and 3 1001 were most likely the result of one or a combination of the 

following conditions: 

A change in the surface tension of fkee phase solvents in the pores that would cause more solvent to be 
released fkom the pores. 
A change in the relative solubility of the individual VOCs because of the presence of the lactic acid in the 
aqueous phase that would allow more VOCs to go into solution. 
Other changes in liquid and organic phases caused by changes in pH, temperature, oxidation-reduction 
potential, etc. that occurred as a result of the addition of lactic acid, increases in biological activity, and/or 
the physical disturbances of the subsurface related to the 16 closely spaced boreholes (localized aeration, 
increased permeability, etc.). 
A seasonal increase because of the rising water table and release of additional contaminants fiom the 
vadose zone. 
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0 Figure 7-16 Concentration of PCE and degradation products versus time in 31001 
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As shown in Table 7-7, the presence of other degradation products such as trans- 1,2-DCE; 1,l -DCE, and vinyl 

chloride demonstrates that degradation is occurring; these contaminants were not associated with releases at the 

PU&D Yard. Vinyl chloride is the last degradation product generated prior to its degradation to ethene. Although 

ethene is an analyte in samples fkom these wells, the small quantities of ethene produced are expected to offgas 

rather than be detected. 

The increase in the ratio of degradation products relative to PCE concentrations confirms that degradation is 

occurring. Figure 7-17 shows the relative changes of mole fiactions of PCE and its degradation products in 3 1001. 

This trend, in combination with the overall reduction of PCE, indicates that even though additional PCE was 

liberated to the aquifer, much of this has been degraded. Sampling will continue to determine if there is a further 

decrease in these degradation products & well. 

I 
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Figure 7-17 Mole fraction of PCE in well 31001 relative to its degradation 
products over time 

7.4.5.3 Conclusions and Work Planned 

The initial increases in VOC concentrations indicate that VOCs are being transferred &om the soil to an aqueous 

phase, potentially accelerating both soil and water remediation. Typically, the VOCs trapped in the saturated zone 

have been the most difficult phase to remediate and continue to act as a contaminant source. If these are being 

mobilized and then biologically degraded along with the dissolved phase, this will prove to be a much more robust 

treatment methodology than simply biologically degrading the dissolved fraction. 

Alternatively, VOCs may be mobilized and not degraded; wells located downgradient will continue to be monitored 

to determine whether this is occurring. 

The continued decrease in PCE concentrations and concurrent increasing concentrations of its byproducts provides 

direct evidence that the contaminant plume is being degraded. Monitoring was reduced to quarterly after the May 

2002 sampling event, and will continue until sufficient data are collected to establish the effectiveness of HRC" as a 

component of groundwater treatment. Evaluation will also continue to assess whether these VOCs are being fully 

degraded or are merely being transformed into chlorinated daughter products. 

A treatability study report was completed in October 200 1 and provides additional information on the treatability 

Study (K-H, 200 1 b) 
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Figure 7- 2 
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Figure 7- 3 
Carbon Tetrachloride and Chloroform Concentrations at IHSS 118.1 
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Figure 7- 4 
Methylene Chloride, Chloromethane and Methane Concentrations at IHSS 11 8.1 
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Figure 7- 5 
Chloride and Sulfate Concentrations at IHSS 118.1 
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Figure 7- 6 
Dissolved Oxygen and Ferrous Iron at IHSS 11 8.1 
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FIGURE 7- 8 
Sulfate, Sulfide, Nitrate, Chloride, TOC and Dissolved Oxygen for Ryan's Pit Plume 

Degradation 
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FIGURE 7 - 9 
Carbon Tetrachloride Breakdown Chain, Ryans Pit Plume Degradation 

sr " 
0 
0 

D 

D 
B 

u 
n 
0 

D 
0 

. . -0..  

4-  -:e-.'. . 

' - + - -CARBON TETRACHLORIDE 1 st Qtr 01 
-D- CHLOROFORM 1st Qtr 01 

e C H L O R M E T H A N E  1st Qtr 01 
-m- METHANE 1st Qtr 01 
. - - -CARBON TET 4th Qtr 01 
--I- CHLOROFORM 4th Qtr 01 
- METHYLENE CHLORIDE 4th Qtr 01 
- CHLOROMETHANE 4th Qtr 01 
- -0- - METHANE 4th Qtr 01 

METHYLENE CHLORIDE 1st Qtr 01 

07391 1187 90099 90399 11791 

Wells 



FIGURE 7 - I O  
Tetrachloroethene breakdown chain, Ryan's Pit Plume Degradation 
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FIGURE 7 - 11 
Sulfate, Sulfide, Nitrate, Chloride, TOC and Dissolved Oxygen: PU&D Yard Plume 

+SULFATE 1 st Qtr 01 
-c- SULFIDE 1 st Qtr 01 

*CHLORIDE 1st Qtr 01 
+TOC 1st Qtr 01 
+NITRATE 1st Qtr 01 
+e SULFATE 4th Qtr 
-SULFIDE 4th Qtr 
- DISS. OXYGEN 4th Qtr 
+CHLORIDE 4th Qtr 
4 - T O C  4th Qtr 

DISSOLVED OXYGEN 1st Qtr 01 

NITRATE 4th Qtr 

01097 30900 01497 70693 02097 

Wells 



” 
FIGURE 7 - 12 

Tetrachloroethene Breakdown Chain: PU&D Yard Plume Degradation 
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8.0 GROUNDWATER EVALUATIONS 

8.1 Groundwater ICPIMS Sampling Project 

The ICPMS project is ajoint venture between CDPHE and RFETS to accurately determine the concentration of 

uranium isotopic species for areas with relatively high uranium at the Site. The project is an outgrowth of a smaller 

investigation done as part of the SPP investigation, which was completed in 1998 ( R M R S ,  1999f). The ICPMS 

analysis is more accurate in determining uranium species than the standard alpha spectrometry analysis done at 

RFETS. ICPMS calculates an isotopic mass as opposed to an activity, which is measured by alpha spectrometry, 

and is therefore less influenced by count time and masking effects. The goal of the ICPMS sampling is to 

determine where anthropogenic uranium contamination is occurring at WETS as opposed to natural uranium. 

The 2000 Annual RFCA Groundwater Monitoring Report discusses the results from Uranium ICPMS analyses that 

were received &om July 1999 through August 2000. Table 8-1 in that report lists the wells that were sampled and 

the concentration of isotope species. Sample locations were chosen based on the known areas with high uranium 

concentrations as plotted on plume maps in the 1996 RFCA Annual Groundwater Monitoring Report ( R M R S ,  

1997e) 

Figures 8-1 and Figures 8-2a-c have been updated with the new ICPMS sample results. Figure 8-1 is a plot of U- 

235/U-238 vs. U-236/U-238. A horizontal line denotes the .0072 ratio point for U-235/U-238. The vertical line 

denotes the zero point for U-236/U-2381\ As can be seen from the Figure, most wells plot near the .0072 point and 

suggest that natural uranium is represented in the majority of wells sampled. The ratios that occur to the right of the 

zero point for U-236/U-238 suggest that some U-236 may occur in these wells. Those wells that occur in the 

northeast or southeast quadrants of +e Figure also show the effects of either enriched or depleted uranium. Figure 

8-2a shows the locations of the wells sampled along with symbols that denote whether an enricheddepleted 

signature is present, andor the presence of U-236. Figure 8-2b focuses in on the areas of the Site with anomalous 

U-236/U-238 ratios. Figure 8-2c shows anomalous U-236/U-238 ratios for the same area. 

In 2002, twenty-seven additional wells and the discharge gallery from the Solar Ponds Plume Treatment System 

were sampled. These new locations received one round of sampling and are listed in Table 8-1. Figure 8-1 shows 

the new locations with anomalous signatures for U-235/U-238 andor U-236/U-238 in red. Well 05193 showed a 

relatively strong enriched signature with a U-235/U-238 ratio of .0118. Well 41099 was near the mean +1 standard 

, deviation line, suggesting a slight enriched uranium signature at .008 1. Well 0 179 1 was very close to the mean - 1 

standard deviation line and suggests a slight depleted uranium signature of .0060. Well 05093 showed a U-235/U- 

238 ratio that was near the normal signature at .7646, but had a relatively strong U-236/U-238 signature at .000065. 

This is one of the highest U-236/U-238 values recorded from the ICP/MS sampling done to date. The Solar Ponds 

Treatment Discharge Gallery showed a minor signature for U-236/U-238 with was just above the mean + 1 standard 

deviation line and had a value of .000024. 
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Wells 05 193 and 05093 are located in the vicinity of the Solar Ponds and the signatures are consistent with other 

wells in the area, which may show either enriched or depleted uranium affinities. The Solar Ponds Plume Discharge 

location is where the results from the Solar Ponds Plume Treatment System discharge to the Walnut Cr. Drainage. 

Well 01791 is near Trench T1 (IHSS 108) and the Mound Site (IHSS 113). Trench T1 had drums of depleted 

uranium buried in it and may be the reason for the slightly depleted U-235/U-238 value in this well. 

In conclusion, it appears that the resent results from the ICPMS sampling are consistent with previous sampling 

events and the anomalous U235N238 and U236/U238 signatures are reasonable given their location with respect to 

known IHSSs that have contained anthropogenic uranium. Also similar to previous results some wells that had high 

total uranium concentrations did not necessarily show anthropogenic uranium signatures. Wells 99401 (650 pg/L 

uranium), 8320 1 (400 pg/L uranium), and 8650 1 (123 pg/L uranium) were wells that had high uranium 

concentrations and were near former uranium production buildings. Well 99401 is adjacent to Building 991, Well 

83201 is adjacent to Building 883 and Well 86501 is adjacent to Building 865. These wells all had natural uranium 

signatures even though they appeared to be likely candidates for anthropogenic uranium contamination. 

Table 8-1 Additional ICPRMS Sample Locations 
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8.2 industrial Area Plume Investigation 

The Industrial Area Plume (IAP) is a broad area of chlorinated hydrocarbon contamination that has been previously 

identified and delineated from sampling data collected during the 1990s. The constituent organic compounds that 

comprise the plume include PCE, TCE, cis- 1,2-DCE, carbon tetrachloride, and vinyl chloride. Existing sampling 

data were insufficient to accurately define the lateral extent of the interior regions of the plume and whether the 

highest concentration areas were related to single or multiple sources. 

A groundwater evaluation was proposed in the early part of 2001 to identify potential source areas of groundwater 

contamination in the IAP and to refine the definition of the interior and higher concentration portions of the plume. 

This evaluation was designed to help assess future monitoring needs, to evaluate the potential for plume 

degradation, and to provide data for possible remediation of the IAP. The proposed investigation is described in a 

SAP (Rh4RS,  2001 f )  that was submitted to state and federal regulatory agencies for review and comments. The 

SAP was reviewed by the CDPHE and the EPA and was approved .@I October 2001. The SAP incorporates 

information and data interpretation fiom previous investigations conducted in this area. 

The hydrogeologic site evaluation proposed in the SAP encompasses most of the area in the IAP and is bounded 

approximately by Cactus Avenue on the south, the former PA on the north, Eighth Street on the east, and Fourth 

Street on the west. The SAP proposed installing 14 wells to monitor groundwater quality in the IAP area and 

utilizing existing wells within the area that have not been sampled since the mid-1990s. Proposed monitoring well 

locations were selected along groundwater flowpath(s) associated with higher concentration areas to determine 

whether these areas have impacted downgradient portions of WETS, and whether a uniform concentration gradient 

exists along the flowpath(s). 

8.2.1 Industrial Area Plume Investigation Results 

Monitoring wells proposed in the SAP in 200 1 were installed in the early part of 2002. These wells were sampled in 

the 2nd quarter 2002 along with existing wells that have not been sampled since the mid-1990s. The data used to 

generate Figures 8-3 through 8-7 are the most recent data available in S W D  from 1997 to 2002. The reader is 

referred to Plates 5 and 6 of this Annual Report for most currently mapped (through CY 2001) IA potentiometric 

data. Based on these plates, &e configuration and direction of flow in the IA, as shown, appears to be consistent 

with the spatial distribution and configuration of the IA VOC plumes. 

PCE Plume 

Sampling data collected as- part of the IAP investigation indicates that the lateral extent and configuration of the PCE 

plume has changed considerably from the configuration depicted in the October 2001 SAP ( R M R S ,  20010. This 

earlier version of the PCE plume map assumed there was lateral continuity in PCE concentrations over interior 

portions of the plume emanating from four major “hot spot” areas (ie., having a concentration greater than Tier I 

action levels). However, while recent data suggest that the hot spot areas are essentially the same, these data also 
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show these potential source areas have caused the formation of two separate non-contiguous plumes (Figure 8-3). 

Recent (July 2002) data indicate that the larger of the two PCE plumes, elongate and north-south in orientation on 

Figure 8-3, eliminates a previously uncontaminated area along Cottonwood Avenue at Well 40199 (a D&D Well for 

Building 444). 

The source area for the northern portion of the elongate north-south PCE plume appears to be centered near the west 

side of Building 55 1. The spatial distribution and configuration of this elevated concentration area suggests that the 

PCE is probably migrating from the area around Wells P115589 and 84702 toward the northeast. PCE data from 10 

years ago appear to support this conclusion since PCE concentrations were substantially higher then than they are 

now. The northernmost edge of this high concentration area does not extend much farther to the north-northeast, as 

wells in that area show PCE concentrations only slightly above Tier I1 action levels. The apparent source for the 

southern portion of this plume is located at the southeast comer of Building 444 (Well 41299). 

A similar phenomenon may also be occurring in the southeast portion of the IAP in an area west of Building 883. 

Data presented on the SAP plume map indicated that PCE concentrations are approximately two orders of 

magnitude greater in well P320089 than current values. The highest concentrations presently exist farther east in 

Well 61 199. These temporal and spatial changes suggest that the center of contaminant mass is migrating toward 

Building 883, possibly because of the groundwater sink created by the drain system around this building. Recently 

installed Well 84202, located between Wells P320089 and 61 199, confirms the lateral continuity of this plume area 

fiom the area around P320089 toward Building 883. 

Another area where significant change appears to have occurred is along the western edge of the plume in the area 

of Building 123. In this area, PCE concentrations in Well 10498 have decreased markedly ftom an average value of 

255 pg/L as shown on Figure 2-3 of the SAP to 4.6 pg/L (Figure 8-3). While there is no known explanation or 

reason for this change, it should be noted that PCE concentrations in this well have exhibited unusual variation (with 

a range of 4.6 pg/L to 1400 pa) fiom the time of initial sampling in 1998 to the present. These periods of PCE 

variation appear to be inversely related to water level fluctuations; high PCE values appear to coincide with low 

water levels. Conversely, low PCE concentrations appear to occur when water levels are at there highest. This 

phenomenon suggests that dilution and the amount of groundwater available for mixing with contaminant 

concentrations are impacting concentrations. 

The lateral extent of the plume along the northeastern edge in the area of Building 68 1 has also changed. 

Previously, the 5 pa contour line extended to the east of Well P215789. Data fiom newly installed Wells 84502 

and 84402 and previously existing wells show that PCE concentrations are below Tier I1 levels in this area. 

I 

TCE Plume 

Recent data presented on Figure 8-4 indicate that the lateral extent and configuration of the TCE plume has also 

changed in a similar manner to the PCE plume. Although concentrations have increased in several known hot spot 

’ 
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‘ areas, the overall sue  of the plume has diminished substantially. In addition, an extensive uncontaminated area 

occurs along Cottonwood Avenue that divides the larger northern TCE plume from the smaller TCE plume centered 

on the west side of Building 444. In the SAP, this smaller plume area was shown as coalescing with TCE 

concentrations present in the northern areas near Building 55 1. 

Data fiom newly installed Monitoring Wells 84002, 84102, and 84302 indicate that the lateral extent of TCE 

concentrations to the south of the B55 1 plume is limited and isolated, as illustrated by concentrations slightly above 

Tier I1 in the area of Wells 84202 and 61 199. While the overall shape and configuration of the TCE plume has 

changed, the apparent source areas have remained the same. One of these areas is located on the west side of 

Building 444 in the vicinity of Well 40099. Recent TCE concentrations have declined in comparison to values 

shown on the earlier SAP plume map. TCE concentrations have also decreased in the hot spot area located at well 

P215789 from 758 pgL to 512 pgL. 

The most noticeable change in concentrations has occurred in the area of newly installed well 85002 located 

north/northeast of Building 552. TCE was detected in this well at 1120 pg/L, indicating that this area may be a 

previously unknown contammant source. Justification for placing Well 85002 in this location was to delineate the 

northernmost extent of contamination that presumably originated on the west side of Building 55 1. While the area 

“on the west side of Building 55 1 may be the source of localized contamination, historical concentrations of TCE in 

Well P115589 have been significantly less than the concentration in Well 85002. Hence, contamination of the area 

around Building 55 1 is not a likely source of the TCE contamination found farther to the north. 

In addition to the hot spot at Well 85002, current sampling at Building 559 D&D Wells has revealed that the extent 

of the TCE contamination is continuous to the northeast through Wells 22896 and 60299. Wells 55901,56201, and 

56301 (Building 559), all exhibit TCE concentrations greater than the Tier I1 action level. 

Cis 1,2 DCE Plume 

Recent data fiom the L4P investigation indicate that the cis-1,ZDCE contamination (Figure 8-5) is not as 
widespread as previously depicted on the SAP plume map ( m S ,  20010. While an area of relatively elevated 

concentrations appears to exist in the area’of Building 55 1 , its western extent is limited by the low concentration 

(much less than Tier 11) detected in new well 85 102. A low concentration in Well 84802 also indicates that the 

plume does not extend continuously to the contaminated area in the vicinity of P114889 as was previously thought. 

Cis-1,2-DCE concentrations in this well appear to be appreciably less than the values noted on the S A P  plume map. 

A potential source area located on the west side of Building 444 has not changed except that the cis-1,2-DCE 

concentration has decreased from 913 pg/L to 520 p a .  

\ 

Vinyl Chloride 

The configuration of the vinyl chloride plume, as drawn on Figure 8-6, is similar to the shape of the plume in the 

SAP (RMRS, 20010. However, new monitoring Wells 85102 and 84602 indicate that the size of the plume is 0 
8-5 



02-RF-01873 
i 2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitoring Report 

significantly smaller than that previously mapped. The plume does not extend as far to the west and also appears to 

be confined to the southern portion of Building 55 1, as noted by the lack of contamination found in Well 84602. 

Recent data show that vinyl chloride has increased in Well P115689 from 70 clgn to 108 pgL. 

Carbon Tetrachloride I 

The carbon tetrachloride plume as shown on Figure 8-7 is also considerably smaller and focused more to the 

northeast than the plume drawn in the SAP. The present plume appears to be rather localized and confined to the 

area centered around Well PI 14689. Previously, the plume extended as far south as Well P115589. 

Conclusions 

The results of the IAP investigation indicate that VOCs such as PCE, TCE, and cis- 1,2-DCE are not as prevalent and 

widespread as previously thought, and that multiple source areas have created several individual plumes that are not 

necessarily continuous with each other. With the exception of two areas, most of the source areas shown in the SAP 

are retained on Figures 8-3 to 8-7. 

A new source area is located just north of Building 552 and west of Building 223A. A high concentration of TCE 

was detected in newly installed Well 85002. The magnitude of this concentration indicates that it cannot entirely be 

attributed to sources further south, specifically in the vicinity of Building 55 1 (near Well P115589). If contaminant 

transport of TCE occurred fiom this area in the past, the concentration of TCE or its parent product PCE here would 

have had to exceed the current TCE concentration in Well 85002. Instead, TCE concentrations in Well PI 15589 are 

more than one order of magnitude less than the level found in 85002. Historical data from Well P115589 also 

indicate that TCE and PCE concentrations have always been significantly lower than TCE levels reported h new 

Well 85002. However, a portion of the high TCE concentration noted in 85002 may be attributed to TCE, as a 

daughter product of PCE, migrating from a potential source in the area of Well 84702 or Building 552, which 

manages compressed gasses for the Site. This possibility is based on the configuration of the PCE plume centered 

around Well 84702 that shows PCE may be migrating to the northeast toward Well 85002. 

Another area, which displays a noticeable change from the SAP plume map, is near Building 123. This area 

previously exhibited rather high concentrations of PCE, extending the plume farther west. The most recent 

sampling data indicate that PCE concentrations are below Tier I1 levels and the western edge of the plume has 

receded eastward toward Building 443. 

Both the vinyl chloride and carbon tetrachloride plumes have also decreased in size and tend to be confined to 

relatively small and localized areas. 
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8.3 Discussion of Volatile Organic Compound and Nitrate Plumes 

Composite VOC and nitrate plume maps have been included in each previous Annual RFCA Groundwater 

Monitoring Report. These are most accurately considered “distribution” maps rather than true “plume” maps. This 

is because the different VOCs that are included in the map are grouped together and contoured, regardless of 

differing contaminant sources. “Plume” outlines depicted in the composite VOC map may therefore group multiple 

discrete analyte plumes into a single contoured shape on the map. 

It is critical that the reader view the maps with this in mind, and that these maps not be used improperly. The 

purpose of the composite VOChitrate plume maps (such as the current Plate 13) is to define areas impacted by VOC 
contamination in order to assist in the definition of the WETS groundwater monitoring program. This map may not 

be appropriate for other purposes. For example, it would not be appropriate to use this map to support decisions 

such as the design and location of groundwater intercepvtreatment systems, except in a general sense. The 

composite map could be used to identify areas with VOC contamination in groundwater, but more detailed and 

compound-specific maps should be constructed to support the objectives and requirements for the planning and 

design of a groundwater intercepvtreatment system. 

The current composite plume map, Plate 13, does not reflect soil data, borehole data, soil gas data, etc. It is based 

solely on groundwater data, Those data are obtained predominantly from groundwater monitoring wells; however, 

data are also collected from footing drain outfalls, temporary well points, and occasionally from opportunistic grab 

samples (e.g., of groundwater that may be intercepted via borings through the foundation of a building). 

, 

, 

Finally, it should be noted that Plate 13 reflects subjective interpretation of groundwater data and other information. 

The predominant forms of information used to construct this map include analytical VOC data, groundwater levels, 

building designs, geologic conditions, and Site history. 

8.3.1 Composite VOC Plumes 

For the 200 1 Annual RFCA Groundwater Monitoring Report, new methods have been developed in an attempt to 

more accurately reflect the current configuration of the composite VOC and nitrate plumes and to show how the 

understanding of these plumes has changed over time. In previous Annual RFCA Groundwater Monitoring Reports 

from the 1990s ( e g ,  RMRS, 1997e; DOE, 1998a; RMRS, 1999m; and RMRS, 2000d), the composite VOC and 

nitrate plumes were based on averaged data. In most cases, data from 1991 through the reporting year were 

averaged, then contoured. In some instances (e.g., RMRS, 1997e), contours that would result from averaged data 

were modified using data from the reporting year; in such cases, modifications predominaritly refined plume edges. 

For the 2000 Annual Report (SSOC, 2001a), no data were averaged. Instead, *e most recent data for each well 
were considered. This presented problems for some readers because data fiom wells that had not been sampled 

since the mid- 1990s were posted and contoured alongside data from nearby wells generated during the reporting 

year. Changing programmatic and fmancial objectives brought this situation about; the groundwater sampling a 
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program was sharply reduced in the years after 1995 and targeted pathways to surface water, resulting in many VOC 

contaminated wells not being sampled after 1995. 

Carbon tetrachloride 
PCE 
TCE 

Vinvl chloride 

The use of these older data along with the newer data to create the composite plume map in the 2000 Annual RFCA 

Groundwater Monitoring Report may allow some readers to draw erroneous conclusions from the map. The 

methodology used to create the composite plume map was therefore changed again, both to improve the product and 

decrease the potential for erroneous conclusions. 

Carbon tetrachloride 500 5 
PCE 500 5 

' TCE 500 5 
Vinvl chloride 200 2 

8.3.2 Methodology Used in the 2001 Annual Report 

To rectify issues resulting from the methodology employed in previous Annual Reports, and to illustrate how 

knowledge and the configuration of the VOC and nitrate plumes has evolved, the 2001 Annual RFCA Groundwater 

Monitoring Report treats available data differently from previous Annual Reports while not excluding valid results 

gathered in previous years. The averaged data used to produce the VOC and nitrate plume maps included in the 

1997 Annual RFCA Groundwater Monitoring Report (DOE, 1998a) were selected for inclusion as a background on 

the current composite plume map. That 1997 map was chosen because it represented the earliest RFCA Report that 

included a map based solely on averaged data; the previous Annual Report (1996) contained plumes based on 
averaged 1991-1995 data but which were then modified to reflect the 1996 reporting year. 

1,l -DCE 
1,l ,I-TCA 
1 , 172-TCA 

Chloroform 
Methvlene chloride 

Modification of 1997 Plume Map 

700 7 
20,000 200 

500 5 
10,000 100 

500 5 

The outlines of the 1997 composite VOC plumes published in the 1997 Annual RFCA Report (DOE, 1998a) were 

not changed or reinterpreted for this report, with two minor exceptions. 

While the 1997 Annual Report used five VOCs to map the plumes, the 2001 Annual Report includes ten VOCs 

(Table 8-3). The five additional VOCs are included to be consistent with the box plot map (Plate 8), which 

addresses the same ten VOCs. Another reason for including additional VOCs is that the group of VOCs mapped in 

the 1997 Report omitted 1,l , 1 -TCA and its degradation products. Because this compound has been detected in 

monitoring wells at WETS, inclusion of it and/or some of its degradation products is critical to obtaining a more 

complete understanding of groundwater contamination at the Site. 

Table 8-3 VOCs Used for Composite Plume Maps and their RFCA Action Levels 
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The 1997 map was reviewed along with the data for the five omitted VOCs to determine whether the plumes would 

have been different had all ten VOCs been mapped. Results for the compound 1,l-DCE from two Wells, P219189 

and P115589, did cause minor adjustment of the plume outlines. At P219189, located north of the B771/774 

complex, 1,l-DCE was consistently detected above Tier 11; therefore, the plume contours were expanded to include 

this well. At P115589, which is adjacent to the main Site warehouse, this VOC was consistently reported above Tier 

I; therefore, the Tier I portion of the plume was enlarged to include that well. In both cases, the affected plume 

boundaries underwent only minor changes. 

Boundaries from the nitrate plumes presented in the 1997 Annual Report were included without change. The 1997 

plumes, modified as discussed above, are shown on Plate 13 in outline form. The contours represent RFCA Tier I1 

and Tier I Action Levels. 

Apart from the exception noted above, no modifications to the 1997 plume map were made. This is a critical point: 

if it is not hl ly  understood, erroneous conclusions and interpretations may result from inspection of Plate 13. To 

clarify, the 1997 plume outlines were not modified to indicate areas in which those plume outlines were inferred. 

The 1997 plume outlines were not modified where later data contradicted the 1997 contours, nor were they adjusted 

where a reinterpretation was warrsufted, or for any other reason. The 1997 plumes were left as published except 

where the additional VOCs forced the changes described above. Data from 1998 through early 2002 were used to 

11 

provide a second, updated set of plumes as described below. In areas lacking such later data, the older (1997) plume 

outlines were honored because there are no groundwater data supporting a change. Different well symbols are used 

on Plate 13 to indicate data availability, and show areas in which the lack of post-1997 data was a factor. 

Use of Current Data in the Plume Map 

Plate 13 includes color-filled plume outlines that are shown as overlays on the 1997 base map. These plumes are 

based on averaged data from 1998 through early 2002. By comparing the outlines of the 1997 plumes with those 

based on more current data, changes in the groundwater conditions and the understanding of groundwater 

contamination at WETS can be appreciated. Changes in groundwater conditions may result from source removal 

actions, the installation of groundwater treatment systems, and degradation of VOCs. The understanding of 

groundwater conditions has improved mainly through the installation of additional wells, but also through additional 

research into products historically used at the Site and their storage and disposal. 

Wells monitoring the LHSU were not considered for this evaluation because previous studies have shown the LHSU 

to be unimpacted by VOCs or nitrates (EG&G, 1994a). 

Analytical data were handled as follows. Results for the ten VOCs listed in Table 8-3 from 1998 to 2002 were 

extracted from S W D  for the entire Site. The following criteria were used to develop the VOC data set: 

0 Invalid data (qualified with “R”) were not used nor were QA/QC data such as matrix spikes and matrix 
spike duplicates.VOCs that were not detected at least once were eliminated from the data set by 
comparing the total number of samples collected to the total number of detected results; a 
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0 

0 

Duplicate data were found by running a duplicate query; 
Duplicate data were manually removed from the data set; 
For VOCs with at least one detected value, non-detect results qualified with “U” were replaced with 
one half the detection limit; and 
For instances where “real” and “field duplicate” data were reported, the highest of the two was retained 
in the data set and the lower result was omitted. 

The remaining data were used to calculate the minimum, maximum, average, and ratio of the average to Tier I1 
levels at every sampling location for each of the ten VOCs. 

Finally, the highest average concentrations, with respect to their corresponding Tier I and Tier I1 levels, were plotted 

and contoured to create the current composite VOC plume map (Plate 13). 

8.3.3 Discussion of VOC Plumes 

The collection of additional data in 2001 and early 2002 has improved the quality of Plate 13. Specifically, 

sampling of the southern IAP in 2001, the main body of the IAP in early 2002 (which included many new wells), 

and wells around the SEPs in early 2002 generated useful data for areas that had not been thoroughiy sampled for 

several years. Sampling of wells on and adjacent to the 903 Pad, which were subsequently abandoned, occurred too 

late in 2002 for data to be received and included in this Annual Report. 

Expanding the list of VOCs to ten compounds did not result in large-scale changes to the map. The VOCs that were 

most commonly detected above Tier I1 levels continue to be TCE, PCE, and carbon tetrachloride. However, the 

additional analytes did affect plume configuration in a few localized areas of the Site. 

As with previous composite VOC plume maps, three main plumes and several smaller plumes are evident on Plate 

13. The three dominant plumes are the IAP, 903 PacURyan’s PitEast TrenchesMound Plume (for convenience, 

referred to collectively as the OU2 Plume), and the PU&D YardPresent Landfill Plume. These plumes are 

discussed in that order below; discussion of the smaller plumes is presented last. 

8.3.3.1 Industrial Area Plume 

The IAP shows significant changes between the new interpretation and that presented in previous Annual Reports. 

These changes are due to the combination of samples from additional wells (both newly installed and pre-existing), 

the addition of analytes to the composite plume map (Plate 13), and perhaps to some extent the revised 

methodology. The IAP is now shown as three separate plumes; there is a larger northern plume, a smaller southern 

plume, and a Solar Ponds area VOC plume. 

A line of wells, each of which reported below Tier I1 average concentrations of the ten VOCs mapped, separates the 

northern and southern portions of the IAP. Only one of these wells (84302) is newly installed to investigate the IAP; 

the other four (10598,40199, P218289, and P414189) have been in place longer, but the latter two were not 

routinely sampled. The strip of land separating the two plume components, based on averaged data, runs along 
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Cottonwood Avenue on the west and then trends slightly north of east to the intersection of Central Avenue and 8" 

Avenue. 

Southern Component of the U P  

The southern component of the IAP includes part of the southern 400 Area, Building 664 and much of the 600 Area, 

part of Building 883, and extends south almost to Woman Creek. This plume contains only one well that 

consistently exceeds Tier I concentrations: well 40099, located upgradient (west) of the Building 444 complex. 

Samples from this well consistently exceed the Tier I action level for TCE and Tier I1 action levels for 1,l-DCE; 

1,2-DCE; and PCE. This well is located within or in the immediate vicinity of several IHSSs that may explain these 

contaminants. In particular, as discussed in the HRR (DOE, 1992a), the location now occupied by Building 460 was 

identified in aerial photographs from 1965 as a drum storage area (pqt of IHSS 157.2); a cooling tower pond was 

present in an area immediately west of the well (IHSS 136.1); spills and leaks with possible soil and groundwater 

impacts occurred immediately south of the well (IHSS 1 16.1); and a drum storage area immediately east of the well 

(II-ISS 182) showed an area of heavy dark staining in 1982 aerial photographs. 

. 

Wells in the 1997 Tier I portion of the plume that extends into this southern component of the IAP did not produce 

samples averaging Tier I concentrations for the 1998-2002 data. 

The Tier I1 plume contours have been modified with respect to those presented in 1997, largely due to data from 

wells installed after that Annual Report was issued. Well 40099, on the western margin of the plume, is discussed 

above. Wells installed in 1999 as part of the EIAP investigation (61099 and 61 199), together with wells installed in 

support of the D&D of Building 883 (83 101) and the IAP investigation (84102), have produced samples supporting 

slight adjustments to the eastern margin of this plume. The southern and southwestern margins are unchanged. 

Results from the mid-200 1 sampling of numerous wells around the southern tip of this plume, in the Woman Creek 

valley, did not support changes to the plume configuration in this area. 

Several sampling locations have reported elevated concentrations of VOCs that may be related to the southern IAP. 
In particular, the Building 881 foundation drain sump, SW13494, is shown as an isolated location exceeding Tier II. 

Most likely, the source of this contamination (mostly PCE) is that portion of the southern IAP that extends to 

Building 883. Foundation drains foilBuilding 883, for the tunnel between Building 883 and Building 881, and for 

Building 881 overlap and may be connected, providing a pathway for contaminants to reach sampling location 

SW13494. 

Well 86701 , located on the southern side of B865, produces samples that exceed the Tier 11 concentration for TCE. 

Because that portion of the IAP that is closest to this well is predominantly composed of PCE, the contamination at 

well 86701 is drawn as isolated from the plume. 

Two wells (60993 and 61093) on the hillside south of B460 are shown as exceeding Tier I1 in the 1997 plume 

outline. More recent data (Le., from the 1998-2002 time period) are not available to confirm or deny this condition. 
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Northern Component of the IAP 

The northern component of the IAP includes part of the northern 400 Area, the 500 Area, and IHSS 1 18.1, and 

extends northeastward to include the western portion of Building 771. Several wells, in three separate areas of this 

northern component, produce samples exceeding Tier I concentrations of one or more of the ten VOCs examined for 

this section. 

The largest Tier I area is in the southern part of this component of the plume, and includes three wells (85002, 

P114689, and P215789). Although grouped together, the contamination in these three wells varies’ from TCE in 

wells 85002 and P2 15789 to carbon tetrachloride in PI 14689. The extent of this Tier I area is sharply reduced 

relative to that published in the 1997 Annual Report. The change is almost entirely due to wells installed in 1999, 

2001, and 2002, along with newer data from some wells previously mapped within the Tier I boundary causing them 

to be excluded fiom the current Tier I boundary. 

Average concentrations fiom two wells (84702 and P115589) near the western and southwestern margin of the Tier 

I contour approach Tier I action levels. One new well (84602) located just south of this Tier I area produces 

samples with VOC concentrations below Tier I1 action levels. 

Another area of groundwater contamination exceeding Tier I concentrations is located in the vicinity of IHSS 118.1, 

once the site of a carbon tetrachloride tank with documented spills. The primary contaminant here is carbon 

tetrachloride. Investigations and well installations in 1997 through’2000 support significant change to the 

configuration of this area of Tier I contamination relative to that mapped in the 1997 Annual Report, including 

separation of the Solar Ponds area VOC plume as discussed below. 

Investigation of IHSS 118.1 and well installations within and immediately adjacent to it have produced groundwater 

samples having the highest VOC concentrations to date at RFETS. DNAPL is present in wells in the source area 

(the IHSS and locations just to the east), with carbon tetrachloride concentrations as high as 69 percent (690,000,000 

&I) obtained from some samples. A well installed in 1998 (21098) shows Tier I concentrations of carbon 

tetrachloride are present in groundwater northwest of the IHSS, and a well installed in 2000 (00700) indicates Tier I 

levels of this compound are present at the northern side of Building 776. (Well 21098 was replaced in mid-2002 

with a 2-inch diameter well, the identification of which is 21002, and which will be reported on in the 2002 Annual 

Report.) Migration of the carbon tetrachloride plume is strongly affected by the B771 foundation drain north of 

IHSS 118.1. Wells installed east of the IHSS do not contain Tier I1 concentrations of carbon tetrachloride or any 

G other of the ten VOCs examined for this section. 

A third Tier I area focuses on well 22896, which is located between the Building 559 laboratory and Building 566 

laundry facilities. TCE is the primary groundwater contaminant at this location. TCE concentrations were routinely 

measured in the thousands of pg/L here until after July of 2000; the next sample event, in January 200 1, produced 

samples with 1550 pg&; and the following events, which were in September 2001 and March 2002, have been 
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under 200 p a .  The cause of this decrease is unknown, but may relate to the ongoing closure of the Building 559 

laboratory or increasingly dry conditions. Note that because averaged data are mapped, rather than most recent 

concentrations, this well is still shown as exceeding Tier I action levels. 

The western margin of the northern component of the LAP is significantly different fiom the 1997 version. 

Installation and sampling of wells 84902 and 10498 on the western edge of the plume have caused slight adjustment 

to these margins. Installation and sampling of the North Protected Area Plume (NPAP) line of wells along Sixth 

Street west of the 700 Area and the North Patrol Road north of the Building 771 complex has shown that Tier I1 

concentrations of various VOCs (predominantly TCE and carbon tetrachloride, with vinyl chloride in two wells and 

1 , 1-DCE ip another) extend west and north beyond the previously mapped plume boundary. Installation and 

sampling of wells supporting the D&D of the Building 771 complex have allowed the eastern portion of the 

Building 771 complex to be omitted ffom this plume. The western portion of Building 771 is retained within the 

plume, however, based on data ffom groundwater samples collected through penetrations of the building floor. 

Installation and sampling of wells supporting the EIAP investigation and D&D of Building 776/777 and Building 

707 have reduced the size of this portion of the northern IAP. 

One well, 00300, is contaminated with Tier I1 levels of TCE but is shown separate of the northem component of the 

IAP. This well is located on the southeastern comer of Building 707. While the contaminant characteristics support 

linking this well with the Tier 11 area near well 84502 to the southwest, other factors suggest it is a separate area of 

contamination. In particular, wells between 84502 and 00300 (most notably 60699 and 60799) are below Tier I1 

action levels. Subsurface conditions, especially a narrow strip of deeper bedrock and correspondingly deeper water 

levels extending in a line ffom Well P2 15789 to Well 6 1399 and farther northeast (RMRS, 1 9 9 9 ~ ) ~  and the presence 

of foundation drains at Building 707, and many utility corridors between Wells 84502 and 00300, further support 

separation of Well 00300 fiom the main plume. 

Solar Ponds Area VOC Plume 

As noted above, installation and sampling of wells east of IHSS 1 18.1 support the display of VOC contamination in 

groundwater at the Solar Ponds area as a separate plume. Samples from the two easternmost IHSS 1 18.1 wells 

(1 8699 and 18899) and from Building 776/777 D&D Wells 00500 and 00600, produce data that average below Tier 

I1 for all ten VOCs examined for this section. These wells are directly between the carbon tetrachloride plume 

source (IHSS 118.1) and the well showing highest levels of VOC contamination at the Solar Ponds (Well P210189). 

Well P2 10 189, which is not in the routine monitoring program but was sampled in early 2002 to support the Solar 

Ponds investigation (see Section 9.3), produces groundwater samples with Tier I concentrations of carbon 

tetrachloride and TCE (6600 pg/L and 3000 p a ,  respectively, in March 2002). Wells in IHSS 118.1 do not 

contain similarly high concentrations of TCE, further supporting separation of the Solar Ponds area VOC plume 

from the IAP. Other wells within the Solar Ponds area VOC plume fiom which data are available for 1998 through 

early 2002 are all contaminated with Tier I1 levels of TCE. 
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Causes for the high VOC concentrations reported at location P2 10 189 are not known, and can only be theorized at 

this time. One possible explanation is that this contamination relates to the fact that this well is installed in a 

location that was once occupied by the original, unlined evaporation ponds (the predecessors of the current Solar 

Ponds), which were situated in the general area now occupied by Pond 207C and the Building 779 slab. Unlined 

ponds probably would have leaked, and could have received a large variety of liquid wastes that might cause the 

elevated concentrations of VOCs present in groundwater at this well. While only low concentrations of VOCs are 

reported to have been disposed in these original ponds, the possibility remains that higher concentration liquids may 

have been inadvertently dumped there. 

While this is a simple explanation, other wells in the area once occupied by the unlined ponds do not show similar 

levels of VOCs, nor do soil samples collected4during Solar Pond characterization activities. If liquid wastes dumped 

in unlined ponds were the reason for the high concentrations at P210189, one might expect to find similar levels in 

the soils and at nearby Wells 02497 and 00100, both of which are less than 100 feet south of Well P210189 (within 

the general area of the original ponds), and are represented by data from the 1998 through early 2002 timeframe. 

Instead, samples fiom Well 02497 do not exceed Tier I1 and those from 00100 are in the low Tier I1 range (average 

40.9 pg/l TCE). 

An alternate source for the contamination detected in samples from P210189 is leaking lines (such as process waste 

lines) or the buildings in the vicinity. However, one might reasonably expect such a source to have more of an 

impact on other nearby wells. At this point, the source for the contamination detected in P2 10189 is not known. 

One possible factor in the contamination detected here is that the screened intervals and materials are different for 

these three wells. Well P2 10 189 is screened in shallow bedrock, 02497 is screened almost entirely in alluvium, and 

00 100 screened in the lower alluvium and upper bedrock. The bedrock screened by Well P2 10 189 is described as 

sandstone, while that at 00100 is predominantly siltstone with minor sandstone. But the bedrock contact at Well 

P2 10 189 is significantly deeper than at the wells immediately south. The deeper bedrock may indicate the presence 

of a bedrock scour or paleochannel that exposed subcropping sandstone at this location. Neither the original 

topography at and around well P2 10 189 nor the extent of the apparent bedrock scour at this location are known. 

(Aerial photographs that predate the Site indicate the area was probably relatively flat.) None of wells west, south, 

and east of P210189 appear to be affected by such high concentrations of VOCs as Well P210189, so if a scour is 

present and exerts a control on these elevated concentrations it may extend to the north (currently occupied by Pond 

207-C). Newly installed wells along the northern side of the Solar Ponds may assist in determining the northern 

extent of the Tier I contamination, and will be included in the 2002 Annual Report. 

The configuration of the Solar Ponds area VOC plume, aside f?om its separation from the IAP, is different fiom that 

shown in the 1997 contours in that it extends farther towards the east to include Wells 41693 (in the berm separating 

Pond 207A and Pond 207B-North) and 05 193 (at the base of the eastern berm of Pond 207B-South). The Tier I core 

of this plume is reduced to include only well P210189. 

e 

\ I 
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The Solar Ponds are currently undergoing closure activities. In support of those activities, numerous wells on and 

adjacent to the berms were abandoned during the summer of 2002. W i l e  pre-abandonment sampling for selected 

analytes was performed, those data are not yet available and will represent the last data for the affected wells. Also 

in support of closure activities, several new wells were installed as mentioned above along the northern and eastern 

sides of the Solar Ponds and, together with two pre-existing wells, will be monitored routinely. Results of the pre- 

abandonment and new monitoring will be presented in the 2002 Annual Report. Because routine sampling in the 

vicinity of the Solar Ponds has been sharply reduced over the past several years, results of this monitoring combined 

with pre-existing data should provide additional information on the Solar Ponds area VOC plume. 

8.3.3.2 OU2 Plume 

As noted above, the term “OU2 Plurpe” is used to refer to the 903 Pad/Ryan’s PitEast TrenchesMound Plumes. 

While outlines of the Tier I portions of the OU2 Plume have changed somewhat, the overall configuration of this 

plume shows few changes between the newer (1998 through early 2002) plume outlines and the older (pre-1998) 

outlines. This is largely due to a lack of new data for the vast majority of wells in this area, as is evident from well 

symbols used on Plate 13. Components of this plume will be discussed in the order listed in the previous paragraph. 

903 Pad 

Sampling of 903 Pad wells (those on and immediately adjacent to the 903 Pad) in 1998 provided new data on this 

source area. According to these data, the Tier I portion of the plume at the 903 Pad is smaller, excluding several 

wells previously enclosed within the Tier I contour. Data from additional pre-abandonment sampling of 903 Pad 

wells conducted in summer 2002 are not yet available, but will add to the clarification of groundwater conditions at 

the 903 Pad,that will be presented in the 2002 Annual Report. Data more recent than 1997 are not available to 

indicate whether the Tier I core still exists east and northeast of the 903 Pad to merge with the East Trenches portion 

or the SID portion of the Ryan’s Pit Plume. However, VOC data from well 11791, which is located on the hillside 

east of the 903 Pad and is primarily contaminated with carbon tetrachloride, do not exceed Tier I concentrations, 

causing adjustment of the Tier I contours in this area. 

a 
< 

Groundwater contamination in 903 Pad wells is predominantly in the form of carbon tetrachloride and, in some 

wells, PCE. TCE is occasionally present but in significantly lower concentrations (only in Well 0669 1 does it 

exceed Tier I concentrations; in some wells where it is detected, it is below Tier I1 concentrations). Methylene 

’ 

chloride andor 1,2-DCE are also present in some wells. 

Two wells were installed in 2002 that, together with four pre-existing wells, will be monitored in support of closure 

activities at the 903 Pad. Data fiom those wells and from the pre-abandonment sampling of wells removed prior to 

the start of these closure activities will assist in the evaluation of 903 Pad groundwater contamination in the 2002 

Annual Report. 

0 
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Ryan’s Pit 

Routine sampling of wells in the vicinity and downgradient of the Ryan’s Pit source area, together with the 

installation and routine sampling of several additional wells in 1999 along the SID, has provided data for this area in 

the 1998 through early 2002 timeframe. 

The Tier I core of the Ryan’s Pit portion of the OU2 Plume has been enlarged to include two wells near the SID 

(1487 and 90099). This link is somewhat tenuous, and is based in large part on the contaminant characteristics of 

samples from Wells 1487 and 90099. However, those characteristics also support linkage to the southward- 

extending tongue of 903 Pad Tier I contamination. 

Wells nearest the Ryan’s Pit source area (Wells 07391,1287,09691, and 1187) produce groundwater samples with 

greater than Tier I concentrations of TCE. Wells 1287 and 09691 contain no other VOCs (of the ten examined for 

this section) at concentrations above Tier 11. Well 07391 also produces Tier I concentrations of PCE, chloroform, 

and 1,l , 1-TCA; Well 1 187 also produces Tier II concentrations of carbon tetrachloride and PCE. This “chemical 

fingerprint”, loosely defined as predominantly TCE and minimal carbon tetrachloride, distinguishes Ryan’s Pit 

groundwater Contamination from the predominantly carbon tetrachloride and secondary PCE groundwater 

contamination seen in 903 Pad wells. 

Wells 90099 and 1487 at the SID appear to reflect mixing of these two differing plumes. Samples from Well 90099 

exceed Tier I for TCE, indicating a Ryan’s Pit source. However, samples are high in carbon tetrachloride also, 

generally in the Tier II range but on occasion exceeding the Tier I level. Low Tier I1 concentrations of PCE are also 

reported from this well. This indicates some component of 903 Pad groundwater contamination. Conditions at well 

1487, which has only been sampled once in the 1998-2002 timeframe, are reversed; results exceed Tier I for carbon 

tetrachloride, indicating a potential 903 Pad source, and are slightly less than Tier I for TCE, indicating potential 

Ryan’s Pit contribution. The east-west line of wells installed in 1998 along the SID has not been resampled and 

therefore contributes little to the analysis of groundwater chemistry in this area. 

The chemical fingerprint data may be taken as evidence, but does not establish proof for the mixing of 903 Pad and 

Ryan’s Pit groundwater. There is a potential for degradation products to be at least partly responsible for the 

observed contamination. Even so, the evidence for mixing was used to support the linkage of the 903 Pad and 

Ryan’s Pit Tier I plumes in the 2000 Andual Report. But because there are no wells or data to conclusively support 

changing the 1997 Tier I contour, this link is not drawn on Plate 13. 

The Tier 11 outline of this portion of the OU2 Plume has been updated in several areas. First, it is expanded to 

include Well 6286, which has produced groundwater with Tier I1 average concentrations of carbon tetrachloride. It 

is also expanded to include Wells 90099 and 90399, and is adjusted to reflect one-time sampling data from the line 

of Geoprobe wells installed in 1998. It is adjusted to exclude wells farther east along the SID (east of Well 90199) 

and the eastern members of the 1998 line because average VOC data from those wells do not exceed Tier 11. 
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East Trenches 

Interpretation of groundwater conditions around the East Trenches area of OU2 is strongly hampered by a lack of 

data (Plate 13). As a result, few updates to the 1997 contours can be made. 

The 1998-2002 Tier I portion of this area of the plume is adjusted to exclude several wells previously included 

within the Tier I contours. Wells 12 19 1, 1 189 1, 1269 1, and 0569 1 are all represented by Tier I1 average VOC 

concentrations. In the case of Wells 11891 and 12691, both occasionally exceed Tier I for carbon tetrachloride but 

the average values are below the Tier I concentration of 500 &1. The Tier I contour still encloses Well 3687 

because averaged data exceed Tier I for TCE.' 

. 

Wells 95 199 and 23296, north and downgradient of the ETPTS, produced samples that averaged less than Tier I for 

the ten VOCs of interest for this section, and therefore the northernmost extent of the Tier I contour has been 

adjusted to end at the ETPTS. 

Because of a lack of data, updates io the Tier I1 contours in the East Trenches area are not supported by 1998-2002 

data. Wells east and south of the eastern lobe of the East Trenches portion of the OU2 Plume continue to produce 

samples that are below Tier I1 for the ten VOCs examined'for this section. Wells within the Tier 11 contours are not 

sampled. Well 95099, located near the eastern end of the ETPTS, produced samples that were below Tier Jl for the 

ten VOCs, causing the Tier 11 contour in this area to be updated to exclude that well. 

Mound 

Post-1997 VOC data support few updates to the 1997 contours of the VOC plume at the Mound area. This is due in 

part to a lack of data, and in part to unchanged geochemical conditions. The Tier I portion of the plume is still 

shown as extending northward from'wells 1987 and 2087, south of well 00897, even though the source, which was 

in the same area, has been removed. Because those wells have not been sampled in the 1998-2002 timefiame, it is 

not known whether concentrations have decreased below Tier I levels here. 

The northern tip of the Tier 1 contour has been updated based on data generated since the installation of the MSPTS, 

which captures waters that had emanated from seep SW059. The seep, which was responsible for the western curl 

to the 1997 portion of the Tier 1 contour. no longer exists. The well closest to the seep, 15599, produces 

groundwater samples that do not exceed Tier I for the ten VOCs of interest to this section. However, the next well 

to the east, 15699, produces samples with average concentrations of TCE and PCE that exceed Tier I action levels. 

Of the seven MSPTS wells (1 5 199 through 15799), only those located downgradient of the MSPTS intercept trench 

(15599 through 15799) are monitored, so contours on the upgradient side of the trench are unchanged. 

The Tier I1 contour is only slightly modified by the inclusion of data fiom 1998 and later. Because groundwater 

samples fiom MSPTS well 15799 average below Tier I1 action levels, the contour was updated to exclude this well 

and the easternmost limit of the MSPTS trench area. 
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8.3.3.3 PU&D YardIPresent Sanitary Landfill Plume 

Study of the PU&D Yard/Present Sanitary Landfill Plume has continued since the 1997 plume map was issued. The 

source area and margins of the plume were studied in 1997 via collection of soil samples and installation of 

monitoring wells, and associated investigations continued in 2000 and 200 1. Additional wells were installed in two 

source areas and along the perimeter of the plume in 2000, and a treatability study of one source area was launched 

in 2001. (See Section 7.4.5 for a discussion of the treatability study.) 

Contamination in the PU&D Yard area appears to take on different contaminant characteristics along the southern 

margin of the Landfill. In the PU&D Yard source area (wells 30900,3 lOOl), contamination is predominantly PCE. 

As the groundwater flows eastward, its characteristics change; at wells 01497 and 70693, the main contaminant is 

1 , 1-DCE; and in the distal, eastern end the main contaminant is TCE. While plume degradation may account for 

some of the changing character, it is an unlikely that this is the only cause, as discussed in the 2000 Annual Report 

(SSOC, 2001a). 

The general outline of the PU&D Yard/Present Sanitary Landfill Plume is smaller, based on available post-1997 

VOC data, than the outline presented in 1997. Upgradientwell 01297 and near Source Well 01397 are now 

excluded from the plume contours. The 1997 plume shows a Tier I area at Wells 30900 and 31001, those wells, 

installed since the plume was so mapped, show that post-1997 average concentrations of VOCs are below Tier 11. 
Therefore, the 1997 Tier I contour is not reflected in the post-1997 contours. 

. 

Tier I1 conditions within the Landfill cannot be confirmed because wells no longer exist in that area. However, 

VOC data from Well 00597 on the southern margin of the Landfill shows VOCs in groundwater there average 

below Tier I1 concentrations, causing the contour to be adjusted here. The easternmost portion of this plume is 

reduced relative to that shown in 1997 due to the addition of new wells in 2000 and because average VOC 

concentrations in Well 77392 have decreased to below Tier I1 levels. 

Additional wells and data along the southern margin of the PU&D YardPresent Sanitary Landfill Plume support 

expansion of the plume to the south. The Tier LI contour now includes Wells 01697,61595, and 30100. A new well 

was installed in 2002, southeast of Well 30100, to monitor the pathway to surface water; analytical data for this well 

should be available for the 2002 Annual Report. 

The treatability study at the PU&D Yard source area may be partially responsible for the decreasing concentrations 

shown at Wells 30900 and 31001. As noted in Section 7.4.5, groundwater contaminant levels in these wells 

increased sharply immediately following initiation of the study, then decreased. It has not been determined whether 

this represented liberation of contaminants followed by degradation, or liberation of a slug of contaminated 

groundwater that has since moved downgradient (to the east). The nearest well (01497) is monitored routinely and 

if the latter is the case, itLshould be evident in future sampling data. 
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8.3.3.4 Other Small VOC Plumes and Point Sources 

As described above in the discussion of the IAP, isolated plumes exist at SW13494 south of Building 881, well 

86701 south of Building 865, and Well 00300 southeast of Building 707. Each of these was reviewed in the 

discussion of the IAP and will not be addressed here. Similarly, there will be no further discussion of potential 

plumes within the Present Sanitary Landfill; see the preceding discussion of the PU&D YarDresent Sanitary 

Landfill Plume. 

The configuration of the 881 Hillside Plume, located in the IHSS 119.1 area, has changed to some degree from its 

1997 depiction. The Tier I portion has shrunk considerably due to decreasing concentrations of VOCs in the 

collection well, 89 1COLWEL. However, Tier I VOC contamination has not been eliminated, as confirmatory 

sampling conducted in 2002 at Wells 32591 (located about 90 feet southeast of 891COLWEL) and 4387 (located 

about 20 feet northeast of 89lCOLWEL) has shown. Those two wells each produced samples with VOCs 

exceeding Tier I action levels. At Well 32591, TCE exceeds Tier I. At Well 4387; 1,l-DCE; PCE; and TCE exceed 

Tier I; and 1 , 1 , 1 -TCA; 1,1,2-TCA; and 1,2-DCE exceed Tier I1 concentrations. 

Contaminants at 891COLWEL that exceed Tier I1 levels include TCE and lesser amounts of PCE, carbon 

tetrachloride, &d 1,l -DCE. Because 1 , 1 , 1 -TCA and 1,1,2-TCA are part of a separate degradation chain, that is, 

they are not related to degradation of PCE, TCE, or carbon tetrachloride, it implies the presence of a source other 

than that monitored by 891COLWEL. Sampling of other wells in the immediate area has not been conducted. Even 

so, well 0487, located less than 150 feet downgradient of Wells 891COLWEL, 32591, and 4387, and routinely 

monitored, does not indicate this contamination is migrating toward surface water. 

J 

,, 

Isolated contamination is indicated by samples from Building 991 monitoring well 99301 (TCE at Tier I1 levels) and 

from drain outfall SW056 located south of Building 991 (Tier I1 concentrations of 1,2-DCE; TCE; PCE; and vinyl 

chloride). Contamination at Well 99391 is most likely a result of Building 991 operations, although there is a 

possibility it is from the Solar Ponds area VOC plume via the extensive foundation drain system supporting 

Building 99 1. Hampering a conclusive determination as to the source of this contamination is the lack of data from , 
wells between 99301 and the Solar Ponds area VOC plume. The source of the contamination observed at SW056 is 

not bown. 

8.3.4 Recommendations , 

As more and more wells are abandoned across the Site, the ability to address questions about the configuration and 

sources of plumes is reduced. Rather than install many new wells to serve this purpose, it would be much more 

efficient to sample wells already in place before they are abandoned, and if necessary, install only a few new wells 

in critical locations. However, it is critical that these evaluations be based on sampling that is conducted within a 

relatively short time frame for each plume area; having data from different wells stretch across months or years and 

across varying potentiometric conditions will only hamper efforts to understand the groundwater quality in a given 

area. As part of this requirement, the seasonal behavior of wells in the various areas discussed below should be 

1 
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accounted for such that areas that are typically dry are sampled in the wettest times and areas that generally produce 

more groundwater can be sampled when other wells are not producing. 

The OU2 Plume is represented predominantly by data from the early to mid 1990s. As noted in the discussion of 

this plume above, sampling of the 903 Pad area wells was recently conducted and should improve knowledge of that 

portion of the plume. More work at the Ryan’s Pit portion of the OU2 Plume needs to be done. Specifically, 

installation of two to three temporary wells, equally spaced from a point between Wells 1 187 and 90099 eastward to 

a point slightly west of Well 0049 1, would assist in the determination of whether the 903 Pad contamination and 

Ryan’s Pit contamination mix as postulated earlier. Assisting this determination would be opportunistic sampling 

(i.e., during wetter conditions) of the line of wells installed in 1998 along the SID and the well points in the vicinity 

of Well 11791, together with the several wells located generally west of Well 07391. Also helpful in this evaluation 

will be data from newly installed well 90402, located a short distance southeast of the 903 Pad, and other 903 Pad 

Performance Monitoring wells. 

x 
Additional sampling of wells in the Mound and MSPTS area would assist in the understanding of that portion of the 

OU2 Plume. Those wells include 01 791, 1987,2087,02091,02491, and wells and well points around and 

upgradient of the MSPTS. 

The East Trenches area is the most poorly understood component of the OU2 Plume. Dozens of wells exist in this 

area and could contribute greatly to understanding of this plume, yet only five within the main body of the plume are 
routinely sampled. It is therefore recommended that all UHSU wells within and adjacent to the East Trenches 

portion of the OU2 Plume be evaluated for viability and then be sampled for VOCs. As it is possible that all the 

wells not in the routine monitoring program will all be abandoned within the next year or two, it is critical that a 

thorough resampling of these wells be conducted in the near future. I 
In contrast to the OU2 Plume, the IAP and PU&D YardRresent Sanitary Landfill Plume have been fairly well 

characterized in recent years. For the most part these plumes are represented by recent data. An exception to this 

. statement concerns the Solar Ponds. Though investigated in early 2002 (see Section 9.3), this effort was very 

selective and focused on uranium and nitrate, not VOCs. The Solar Ponds are currently undergoing closure, which 

has included abandonment of many wells. Additional abandonments will be scheduled within the next year or two. 

Therefore, before these wells are eliminated a more thorough evaluation of the Solar Ponds VOC contamination 

should be undertaken. It is recommended that all UHSU monitoring wells and well points at the Solar Ponds that 

are not part of the routine monitoring program be evaluated for viability and then be sampled for VOCs. And 

because many of the monitoring wells shown at the Solar Ponds are actually well points that are typically 0.25 

inches in diameter, there may be a need to install temporary wells to fill data gaps. 

Another area in which understanding of groundwater contamination could be improved is the 881 Hillside. Though 
contaminant transport appears to be limited, numerous wells around the source area have not been sampled in many 

years. To c o n h  this condition, the wells should be evaluated for viability and a selection should be sampled to 
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allow the configuration and components of this plume to be understood better. As with previous recommendations, 

sampling should be conducted within a short time fiame. 

Finally, wells in and around the Old Landfill (IHSSs 115 and 196) should be sampled for VOCs and other analytes 

as necessary. There are three main reasons to sample these wells. First, the single well (7086) that is routinely 

sampled in this area is insufficient to adequately characterize groundwater quality in and around the Old Landfill. 

Second, conditions shown as representing the 1991-1997 average concentrations at this location (Plate 13) need to 

be confirmed. The outline of one of the 1997 plumes is within IHSS 11 5.  The 2000 plume map (SSOC, 2001a) 

includes a VOC plume that encompasses the same wells plus two others. However, with the exception of well 7086, 

no post-1997 data are available for these wells or any others in the vicinity of IHSS 115 or IHSS 196 to confirm 

current conditions. Third, the proposed closure strategy for the Old Landfill, which includes capping the landfilled 

materials, would presumably require removal of all the wells in the area of the proposed cap. Many of these wells 

are represented by little or no groundwater data and, as groundwater quality in and around the Old Landfill is poorly 

understood, this may be the best and final opportunity to collect the necessary groundwater data. 

8.3.5 Nitrate Plumes 

Nitrate plumes,have also been redrawn using the methodology described above. As noted, no changes were made to 

the 1997 contours. Instead, as with VOCs, post-1997 data are used to show how and where conditions have 

changed. In areas lacking post- 1997 data, the 1997 contours are assumed to be representative of post- 1997 

groundwater conditions. 

Plate 13 shows the estimated extent of Tier I (1 000 mg/L) and Tier I1 (1 0 mg/L) nitrate contamination in 

groundwater. For comparison, the background concentration of nitrate in groundwater at RFETS is 4.7 mg/l (DOE, 

1993b). As with previous nitrate plume maps, the Solar Ponds are the source of the main nitrate plume at RFETS, 

with isolated occurrences elsewhere. 
I 

Solar Ponds Nitrate Plume 

The 2001 Solar Ponds Nitrate Plume is similar in extent and configuration to that depicted in previous plume maps, 

with some notable adjustments. The Tier I portion of the Solar Ponds Nitrate Plume is reduced on its southeastern 

side but enlarged on its southwestern side relative to that shown in the 1997 contours. The reduction is due to a 

single 2002 result for Well 05093 and the enlargement is due to a single 1998 result for Well 42993; these results 

comprise the entire data set for those wells over the time period from 1998 through early 2002. 

On the northern side of the Tier I contour, nitrate concentrations in Well 3086 have decreased below Tier I due to a 

single result fiom early 2002. The lobe extending to the northeast cannot be updated because of a lack of data. 

Tier I1 contours have been updated in several areas across the Solar Ponds. On the southwest, the contour was 

extended to include Well 02397, though it is arguable whether the elevated average nitrate concentrations in this 
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well are continuous with wells at the Solar Ponds as drawn. The contours were adjusted to omit Wells 2586 and 

P207589 on the south of the Solar Ponds and several wells and sumps in the Building 783 foundation located 

southwest of the SEPs. Wells on the southwest comer and farther west and northwest of Pond 207C caused some 

adjustment of the contour mainly to reduce the size of the plume. Most of the wells on the immediate western edge 

of this pond are not represented by data over the 1998 through early 2002 timefiame. 

North of the Solar Ponds, a well point within the ITS and wells farther north in the North Walnut Creek drainage 

were represented by data below Tier I1 concentrations for nitrate, supporting a small reduction in the size of the 

plume in this area. Farther east, available data from 1998 through early 2002 support the 1997 contour, though data 
are sparse in some areas. 

903 Padmyan’s Pit 

Four wells at the 903 Pad and one well at Ryan’s Pit produced groundwater with elevated average concentrations of 

nitrate. Though not shown on the 1997 map, this distribution is similar to that shown on the 2000 plume map except 

that two distinct localized areas of elevated nitrate are apparent this year, as opposed to the connected plume 

presented in the 2000 Annual Report. 

Isolated Occurrences of Elevated Nitrate , 

Several isolated occurrences of nitrate exceeding Tier I1 concentrations are scattered across the Site. Three occur in 

the general area of the PU&D YardPresent Sanitary Landfill, at Well 01697 on the south side of the PU&D Yard; at 

well 00597 on the south side of the Landfill; and at Well B206989, east of the East Landfill Pond. 

Six isolated occurrences of elevated average nitrate concentrations in groundwater are seen in the general IA area. 

Causes for each can be attributed to an adjacent facility, though this is by no means definite. One location, including 

wells 40599 and 41499, is on the northwestern comer of Building 771 and presumably is related to operations in the 

Building 771 complex. Another is at Well 22896, between the Building 559 laboratory and the laundry, and could 

reasonably be associated with operations in Building 559. Elevated nitrate has also been reported in samples from 

well 10598, on the southeast side of Building 123, another (now demolished) laboratory facility. In the case of well 

10598, the elevated nitrate may be attributed to Vault 18, located a short distance upgradient, which has been the 

source of nitrate contamination in the past (RMRS, 1998g). Well PI 15489, near the Fire Department and S E T S  

gas station, also reported average concentrations of nitrate above Tier 11, as did well P2 15789 near an electrical 

substation, and well 41099 on the north side of Building 886. 

Elsewhere, Wells 10994 in the Woman Creek drainage south of the now demolished Building 850 and 10992 south 

of the 88 1 Hillside Plume show average concentrations of nitrate exceeding Tier 11. The 881 Hillside occurrence 

may be explained by activities in the vicinity, such as in IHSS 1 19.1, though one would expect other wells in this 

area to reflect similar concentrations of nitrate. The reason for the elevated concentrations in well 10994 is not 

known. 
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9.0 GROUNDWATER CHARACTERIZATION ACTIVITIES 

9.1 Actinide Migration 

9.1 .I Introduction 

During CY 2001, work continued on the Actinide Migration Evaluation (AME) pathway analysis with the 

evaluation and interpretation of data from actinide transport pathways (air, biological, surface water, and 

groundwater) at WETS. In April 2002, two final documents were issued: the Actinide Migration Evaluation 

Pathway Analysis Summary Report (K-H, 2002a) and the Actinide Migration Evaluation Pathway Analysis Report 

Technical Appendix (K-H, 2002b). This section summarizes the portion of the AME project that pertains to the 

groundwater transport pathway. 

' 

9.1.2 Background 

The effects of the potential for the migration of plutonium and americium fi-om surface soils to groundwater have 

been considered by DOE, the K-H Team,'and the AME group in the long-term remedial strategy for Site closure. 

Existing data on actinide migration at RFETS was summarized for the development of a conceptual model designed 

to gain an understanding of active actinide transport pathways at the Site (DOE, 1997a). Over 30 monitoring wells 

at RFETS have had groundwater Pu-239/240 and Am-24 1 activity-concentrations that exceeded RFCA Tier I1 

action levels (0.15 p C f i  and 0.145 pCUL, respectively) for these contaminants (DOE, 1997a). Groundwater 

interactions with surface water at RFETS are inevitable as virtually all shallow groundwater flows toward the major 

drainages and is eventually discharged to surface water via seeps, streams, and reservoirs. Consequently, 

groundwater was characterized as representing a potential long-term threat to surface water based on a preliminary 

review of the available data. 

The presence of PU-239/240 and Am-241 in groundwater samples at RFETS has been the subject of much 

speculation and study (EG&G, 1995e; CDPHE, 1996; DOE, 1997a; Harnish et al, 1994 and 1996; and Litaor et al, 

1996). These contaminants are usually considered to be relatively immobile in the soil and groundwater 

environment because of their low aqueous solubility and tendency to strongly sorb on soil media (Cleveland et al, 

1976; and Honeyman and Santschi, 1997). Most wells with exceedances of these actinides are located near potential 

source areas, such as the 903 Pad, but some are located at great distances fi-om sources, including monitoring wells 

located at the east Site boundary along Walnut Creek. Colloid facilitated transport of radionuclides in groundwater 

has been reported in the literature as being a potentially important mechanism for radionuclide mobility in the 

subsurface. Alternatively, it has been speculated that well completion zones may have been cross contaminated 

when drilling through radionuclide bearing surface soils or sediments found near source areas. In addition, sample 

handling in the field and laboratory contamination have been raised as possible mechanisms of cross contamination. 
(1 
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Because a significant disparity exists between observed versus expected Pu-2391240 and Am-24 1 groundwater 

contaminant distributions, further evaluation of historical groundwater Pu-239/240 and Am-24 1 data and potential 

transport pathways was undertaken in 1998 to assess the significance of groundwater action level exceedances 

reported for WETS monitoring wells (RMRS, 19980. This analysis concluded that much, if not all, of the 

pU-239/240 and Am-24 1 contamination detected in groundwater probably occurs from residual surface soil 

contamination introduced to the borehole during drilling and well installation operations (drilling-artifact 

contamination). Groundwater samples collected from these wells using historical RFETS sampling techniques (i.e., 

bailing) have the unavoidable effect of suspending contaminated drilling-artifact soil materials, thus creating 

artificially high contaminant levels. Under these circumstances, existing groundwater sampling results are 

unreliable indicators of groundwater contaminant concentration and transport. 

Well drilling and installation using special surface isolation casing (aseptic) techniques offer a means to minimize 

drilling-artifact contamination as a source for pU-239/240 and Am-241 detections in groundwater samples. When 

paired with existing monitoring wells containing Pu-239/240 and Am-24 1 contamination, monitoring wells installed 

with aseptic surface casing techniques can 1) provide a basis for assessing the effects, if any, of drilling-artifact 

contamination on groundwater sample quality, and 2) allow for the collection of groundwater samples that more 

accurately represent contaminant concentrations and transport conditions. Aseptic monitoring wells were installed 

in 1994 to evaluate elevated Pu-239/240 and Am-241 activity-concentrations in the lower Walnut Creek drainage 

and to upgrade boundary monitoring well integrity in other WETS drainages (EG&G, 1995e). No Pu-239/240 and 

Am-241 contamination above Tier I1 groundwater action levels was detected in any of the wells installed under this 

program. Until 1999, monitoring wells installed with aseptic surface casing techniques were not paired with 

existing monitoring wells to validate or invalidate radionuclide detections found in the original well. 

Four monitoring well locations (50099, 50199,50299, and 50399) were chosen to evaluate actinide groundwater 

quality associated with Pu-239/240 and Am-241 surface soil contamination areas. These locations are adjacent to 

existing wells 1587,06991, 11791, and P313489, respectively, all of which have a history of elevated groundwater 

Pu-239/240 and Am-241 activity-concentrations. Three of these wells (1587,06991, and 1 1791) are associated with 

wind-blown soil contamination from the 903 Pad and Lip Area. The fourth well is associated with surface soil 

contamination in the IHSS 160 area (Building 444 parking lot). A detailed description of drilling techniques, well 

installation activities, and sampling results can be found in the 2000 Annual RFCA Groundwater Monitoring Report 

(SSOC, 2001a) and additional details on project approach and sampling strategy and methodology were presented in 

the Actinide Drilling-Artifact Contamination fioject Sampling and Analysis Plan (Rh4RS, 1999~). \ 

9.1.3 Methodology for Quantifying Actinide Transport 

Calculating actinide quantities transported offsite each year in shallow groundwater requires quantifying 1) the 

volume of shallow groundwater flowing offsite, and 2) h e  concentrations of different actinides in the shallow 

9-2 



02-RF-01873 
2001 Annual Rocky Flats Cleanup Agreement 

(RFCA) Groundwater Monitorinn Report 
~ 

groundwater. The volume of shallow groundwater flowing offsite, or shallow groundwater flux, was calculated 

using the Site-wide Water Balance (see Section 9.2) model that utilizes the “MIKE SHE” computer code. This 

hydrologic model simulates all of the significant integrated hydrologic flow processes including overland flow, 

channel flow, and subsurface flow in the saturated and vadose zones. Lateral offsite shallow groundwater flow was 

computed for saturated conditions within the unconsolidated alluvial and weathered bedrock lithologies. For 

actinide transport analysis, offsite shallow groundwater flux volumes were estimated for water year 2000 (October 

1999 through September 2000) for the Walnut Creek and Woman Creek groundwater basins. In addition to using 

model results for a normal precipitation year, shallow groundwater flux was estimated using precipitation data from 

the frrst half of 1995 when approximately twice the normal amount of precipitation fell. The model results using the 

1995 data provide insight into shallow groundwater flows during wet conditions. 

Shallow groundwater actinide measurements, collected from alluvial wells near Walnut Creek and Woman Creek at 

the eastern boundary of WETS, were used to determine the concentration of actinides in shallow groundwater 

leaving the Site. The estimated annual shallow groundwater flux volumes for the Walnut and Woman Creek basins 

were multiplied by the average actinide concentrations within each basin to estimate the actinide loads transported 

offsite in shallow groundwater. 

9.1.4 Plutonium and Americium in Shallow Groundwater 

Soil samples collected near the soil surface (3 to 4 inches below original grade) at locations 50099 through 50399 

confirm that shallow soils were contaminated with actinides (2.8632 to 489.2946 pCi/g Pu-2391240 and 0.6885 to 

104.5068 pCi/g Am-241). Soil activity-concentrations at the base of the aseptic casing were below the target 

activity-concentration of 1 pCi/g in Wells 50199,50299, and 50399, but exceeded the criteria at Well 50099 (6.0409 

pCi/g pU-239/240 and 1.0666 pCi/g Am-241). The presence of above target Pu-239/240 and Am-241 concentrations 

in this sample indicate that some shallow soil contamination was present when drilling was initiated through the 

aseptic casing. For this reason, the deeper soil samples collected from soil cores in this borehole were subsequently 

submitted for analysis. These cores represented undisturbed subsurface soils more closely than borehole wall or soil 

cutting materials. In all of the deeper soil samples, Pu-239/240 was not detected. While these core data imply that 

relatively clean drilling conditions were maintained below the base of the aseptic casing, there remains a potential 

for contaminated cuttings to have been brought downhole by the auger bit and/or flights. Therefore, although the 

pU-239/240 or Am-24 1 contamination detected in groundwater samples collected itom these wells may be the result 

of contamination by natural processes, the drilling and well installation processes continue to be potential 

contributors to contamination, as well as sample handling and laboratory procedures. 

0 

The results of 3‘*/4& quarter 1999 groundwater sampling for all paired wells and 903 Pad Hillside wells are 

summarized below. Pu-239/240 activity-concentrations in groundwater ranged fiom below detection to 0.060 1 
pCin  in the new wells and from below detection to 0.1067 pCin in the existing wells. Am-241 activity- e 
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concentrations were lower than Pu-239/240 in all wells except well 06991. Generally, Pu-239/240 and Am-241 

activity-concentrations were lower for the new wells compared to the existing wells. From these results, it is clear 

that the actinide activity-concentrations at these locations are significantly lower than found in previous years, as 

reported in DOE (1997d). The results of groundwater sampling for the 2"d quarter 2000 event indicate that, 

generally, the data for bailed samples are consistent with the results of the 3Id/4" quarter 1999 bailed sample data. 

However, Pu-239/240 and Am-241 activity-concentrations detected in the new wells compared with the existing 

wells are more similar. Of the bailed samples, Pu-239/240 activity-concentrations in groundwater ranged from 

below detection to 0.148 pCi/L in the new wells and fiom 0.02 17 pC& to 0.176 pCi/L in the existing wells. The 

difference in initial sample (0.148 pC&) versus duplicate sample (0.0179 pC&) Pu-239/240 values reported for 

well 50099 indicates that a potential for sample heterogeneity or analytical error or sample contamination (field or 

laboratory) exists in the data. Am-241 activity-concentrations were lower than Pu-239/240 in only a few bailed 

samples; the majority had either equivalent or slightly higher values with a maximum result of 0.126 pC& reported 

for well 1587. 

9.1.5 Uranium in Shallow Groundwater 

Samples collected at Site wells from July 1999 to August 2000 were analyzed using ICPMS. Most samples 

indicated that uranium that was detected was from natural sources. However, alluvial groundwater samples 

collected near the Site boundary in both the Walnut and Woman Creek groundwater basins had U-235AJ-238 mass 

ratios slightly less than the 0.0072 ratio found naturally. In addition, the same Walnut Creek boundary location had 

detectable levels of U-236, an isotope that only comes fiom a man-made uranium source. The presence of U-236 

and the small variation fiom the natural ratio, though potentially related to analytical uncertainty, indicates that the 

shallow groundwater found in these basins may have a small fraction of man-made (depleted) uranium as part of the 

total uranium concentration. 

9.1.6 Summary of Groundwater Pathway Analysis I 

Pu-239/240 and Am-241 are relatively immobile in unsaturated soils. Soil profile data collected at the 903 Pad over 

the past three decades demonstrate that movement is limited mainly to the uppermost 20 cm of soil. Small amounts 

of these actinides have penetrated deeper into soil presumably via macropores, which occur to a depth of about 100 

cm below ground surface. Considering that over three decades have passed since these actinides were first released 

to 903 Pad area soils, the low activity-concentrations ( 4  pCi/g) in soil and groundwater at and below 70 cm 

indicate that the actinide flux to shallow groundwater is expected to be greatly attenuated and therefore very small. 

Pu-239/240 and Am-241 are found in low activity-concentrations (cO.15 pCi/L) in UHSU wells associated with 

surface and near-surface soil contamination areas. Pu-239/240 and Am-241 'groundwater contamination is not 

generally found in areas outside of surface soil contamination areas, including the RFETS IA. This situation 

indicates that contamination from potential underground IA actinide sources, such as process waste lines and 
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buildings, is not present in the UHSU. The only contamination found that was not attributable to surface soil 

contamination occurs at the Present Sanitary Landfill, where low level radioactive wastes were buried soon after 

landfilling operations began (see Section 6.0). Additional areas of localized contamination may still be discovered 

as environmental remediation activities and D&D monitoring programs for individual building closures are 

implemented during Site closure. 

Recent sampling results from the actinide drilling-artifact contamination investigation indicate that trace activity- 

concentrations of these actinides found ini UHSU groundwater are associated with locations of surface-contaminated 

soils. However, the Pu to Am ratios and presence of contamination in old and new wells does not totally tie the 

contamination to drilling artifacts. These results are generally below Tier I1 action levels and are significantly lower 

than activity-concentrations previously reported for older, paired, monitoring wells. The significance of these 

detections is still subject to uncertainty until analytical andor sampling variations are better quantified and 

understood. Consequently, further investigation may be necessary to refine analytical and sampling techniques for 

the reliable measurement of low activity-concentrations of these actinides. 

On the basis of uranium isotope high resolution ICPMS analyses, anthropogenic uranium isotope contamination 

associated with Site activities has been detected in UHSU groundwater at various areas in the IA. However, much 

of the high uranium isotope activity concentrations observed are natural and not associated with contamination. 

Naturally occurring uranium isotope activity concentrations are observed to increase by approximately an order of 

magnitude from the west Site boundary to the east Site boundary. This trend indicates that a natural concentration 

gradient exists across WETS, which must be considered when evaluating groundwater uranium isotope data. Other 

than anthropogenic uranium isotope levels in the SPP, the highest uranium isotope activity concentrations at the Site 

I 

occur in background areas. Except for a few locations in the IA, anthropogenic groundwater uranium isotope 

contamination has not been detected in the UHSU. 

9.2 Site-Wide Water Balance 

9.2.1 Introduction and Objectives 

During CY 2001, work continued on the SWWB project and culminated in spring 2002 with the completion of The 

Site-wide Water Balance Model Report for the Rocky Flats Environmental Technology Site (K-H, 2002~). 

The WETS is being closed and will eventually be converted into a National Wildlife Refuge. Anticipated closure 

activities will involve reconfiguring portions of the existing Site. These modifications will impact the current Site 

surface and subsurface hydrology. A comprehensive approach, incorporating mechanisms that govern the current 

Site hydrology, was required to understand and predict the potential hydrologic changes caused by anticipated 

closure activities. The hydrologic system is strongly influenced by surface water-groundwater interactions because 
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of the semiarid climate that exists in the Front Range of Colorado. This complex regional hydrologic system is 

complicated locally by man-made modifications within the IA that impact both surface and subsurface flows. 

The primary objective of the SWWB study was to create a decision tool to quantitatively assess the integrated 

hydrologic conditions at the RFETS. This section of the Annual Report summarizes the development and 

application of a fully integrated hydrologic model that was developed as a management tool. Specifically, this 

integrated model was used to: (1)  comprehend and simulate current Site hydrologic conditions; and (2) assess the 

hydrologic impacts caused by hypothetical modifications to the current Site configuration during closure activities. 

The integrated model was designed to simulate important drainage-basin scale processes that control WETS 

hydrology. It was not designed to simulate localized flows in features such as individual pipes or culverts, nor to 

model contaminant transport or evaluate engineering designs. However, the model was developed so that its input 

and output could be used to facilitate contaminant transport evaluations or engineering design calculations. 

9.2.2 General Approach and Conceptual Flow Model 
I 

To achieve the SWWB objectives, the following tasks were identified and conducted: 

0 Site-specific data were collected to support development of the conceptual and numerical hydrologic 
models (data included hydrologic, surface and subsurface IA, structural, topographic, geologic, soil, 
and vegetative); 
The conceptual hydrologic model was developed based on existing and collected Site knowledge; 
The modeling approach appropriate for the Site (including code selection and verification) was 
developed; 
The numerical model was developed based on a selected computer code; 
Model performance (including calibration, validation and sensitivity analysis) was evaluated; 
The model was applied to two hypothetical Site closure scenarios; and 
The model results were assessed for implications to Site closure. 

0 

0 

0 

6 

In order to develop the numerical model kamework, a conceptual model was developed for the flow system at the 

Site. The WETS conceptual model considered the relevant surface and subsurface flow processes and their 

interactions, and Site features affecting flows. Separate conceptual flow models were developed for the IA and 

Buffer Zone. This was necessary to assess the different observed flow responses in each area. The fully integrated 

hydrologic model simulates the combined flow characteristics of both areas. Analyzing available Site information, 

including (1) past studies; (2) hydrologic and geologic data; and (3) engineering plans and details supported the 

conceptual model development. 
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9.2.3 Numerical Model Approach and Design 

The complex surface water-groundwater,interactions within the WETS hydrologic flow system required using a 

fully integrated computer code to create a flexible, yet comprehensive,.management tool. After a detailed 

comparison of available integrated models, the MIKE SHE computer code was selected for the SWWB modeling. 

Details of the code selection process are presented in the Model Code and Scenario Selection Report (K-H, 2001~). 

Semiarid conditions also compound the complexity of the Site hydrology, which requires using a transient modeling 

approach within this fully integrated system. Steady state models cannot reliably replicate the observed conditions 

at the Site, nor could a combination of non-integrated, media-specific transient model codes. Subregional scale 

models of hydrologic processes were developed to understand basic flow processes prior to simulating the fully 

integrated site-wide model. Model code verification results showed MIKE SHE was the most appropriate code for 
' this application, capable of simulating the important WETS hydrologic processes and their complex interactions. 

Specific parameters and targets were identified and prioritized for the model calibration. Specific focus areas were 

specified where key decisions or Site hydrology would likely change in response to the hypothetical Site 

reclamation scenarios. Focus areas included: (1) the regional flow system; (2) major surface water drainages; (3) 
I) 

detention ponds; (4) specific contamination areas including the 903 Pad and Lip Area, the Original Landfill, and the 

Present Sanitary Landfill; (5) in situ groundwater treatmentkollection systems; and (6) vegetation and animal 

habitat areas. Within the focus areas, additional effort was made to minimize the difference between model- 

simulated results and field measurements of the hydrologic system. The highest priority was given to accurately 

simulating surface water discharge from the IA to Woman and Walnut Creeks and from those drainages to the 

eastern Site boundary. 

The integrated numerical model consisted of surface flow, vadose zone, and saturated zone components at discrete 

points on a grid. A 200 x 200-foot (approximately 61 x 61-meter) regularly spaced model grid was selected as the 

most suitable compromise between numerical efficiency and the solution accuracy required to meet the project 

objectives. In addition, time step ranges were used in the model to capture the rapid dynamics of the surface 

hydrologic system (0.5 minute time step) and slower response of the groundwater flow system (six hour maximum 

time step). Spatial precipitation distributions were specified from ten Site gauging stations every fifteen minutes, 

while potential evapotranspiration (PET) was specified every two hours based on a calculation from observed Site 

meteorological data. 

The surface flow model simulates two-dimensional overland flow and one-dimensional channel flow. The channel 

flow network included both Walnut and Woman Creeks and most tributary branches. The A, B, and C series ponds 

and the East Landfill Pond were also incorporated into the channel network. Both channel flow and pond water 

interact directly with saturated zone flow. ,Drainage basin boundaries were used to define overland flow areas 

within the model, and detailed cross sections defined the channel flow network. 
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The subsurface model simulates one-dimensional unsaturated zone flow and three-dimensional saturated zone flow. 

The unsaturated zone model accounted for the spatial distribution of soil types. Effects of the time varying, spatially 

distributed vegetation were simulated kough the unsaturated zone as ET. The saturated zone model uses four 

model layers to describe flow within unconsolidated material and weathered bedrock units. The top two layers 

simulate the unconsolidated material, allowing for separate specification of building basements and subsurface 

utilities. The bottom two layers simulate the weathered bedrock material, allowing for separate specification of 

Arapahoe Sandstone features. Average hydraulic characteristics and properties of subsurface remediation systems, 

utility trenches and drains, water supply lines, and building basements in the IA were incorporated into the saturated 

zone model. I 

9.2.4 Model Performance and Scenario Evaluations 

After completing the numerical model design, the fully integrated model was calibrated. Calibration was achieved 

by adjusting model parameters (within reasonable natural ranges) until the simulated model results compared well 

with observed data. The calibration data set period was water year 2000 (October 1999 through September 2000). 

Observed site-wide flow conditions at WETS were well simulated by model results. Key findings of the calibrated 

model included: 

For the current Site configuration, the water balance differs greatly in the IA as compared to the 
Buffer Zone. For the water year 2000 climate, roughly 90 percent of the Buffer Zone precipitation 
was lost through ET, with less than 1 percent running off to streams. In contrast, for the IA, roughly 
60 percent of the precipitation was lost to ET, with 15 percent running off to streams; 
ET dominated groundwater levels adjacent to streams, which in turn strongly affected streamflows. 
During high ET, groundwater levels declined near Walnut and Woman Creeks at the eastern Site 
boundary. In Woman Creek, this effectively eliminated stream flow in late spring and summer. 
During times of the year with low ET, groundwater levels increased. This causes increased baseflow 
contributions to Woman Creek with resulting increases in the total flow and peak flow rates in that 
drainage; 
In Walnut Creek, flows were dominated by pond releases. However, during’periods with no pond 
discharges, precipitation events rarely caused streamflow in Walnut Creek because of high soil 
infiltration rates and low groundwater levels adjacent to streams; 
Groundwater level changes were affected most by vertical processes, such as ET and direct recharge 
from precipitation, and to a lesser extent by lateral groundwater flow. Groundwater flow directions 
were strongly influenced by local topographic and bedrock surfaces; and 
IA surface flows were comprised of fast runoff, baseflow, and drain inflows. The fast runoff causes 
rapid hydrograph peaks, while baseflow and drain inflows produced continuous low flow rates exiting 
the IA as surface water. 

The performance of the calibrated model was further assessed through a sensitivity analysis and model validation. 

The purpose of the sensitikty analysis was to identify key parameters to which the model was most responsive. The 

most sensitive modeling parameter was saturated hydraulic conductivity. The largest component of the water 

balance was ET. The model validation performance was demonstrated using pre- and post-calibration climatic 
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conditions. These simulations showed that the model performed well in simulating the hydrologic conditions of 

spring 1995 and water year 200 1. 

Model simulations were conducted for two hypothetical Site scenarios to evaluate changes based on water year 2000 

hydrologic conditions. In the first scenario, the No Imported Water Scenario, imported water fiom offsite was 

discontinued. The Site normally purchases an average of approximately 420,000 cubic meters (1 10 million gallons 

or 340 acre-feet) of water annually fiom the Denver Water Board. The second scenario, the Land Configuration 

Scenario, also discontinued imported water and included the hypothetical regrading of topography in the IA, the 

Present Sanitary Landfill, and the Original Landfill. In the second scenario, IA changes included removal of all 

paved surfaces and foundation drains. Basement walls and slabs were left in place, with the exception of Building 

771. Subsurface utilities were simulated as grouted, leaving backfill material in place; however, backfill material 

was simulated as removed for a subset of the process waste lines identified as having failed pressure tests. 

For each hypothetical scenario, three climate conditions were applied to develop a range of simulated hydrologic 

responses. The three climate conditions represent average, wet, and dry years of precipitation for the Site. Finally, a 

Monte Carlo type of uncertainty analysis was conducted on the second scenario to assess the range of uncertainty in 

predicted output given uncertainty in sensitive model input parameters. 

Several key findings about the change in hydrologic conditions fiom the present to the hypothetical Land 

Configuration Scenario were identified. These are summarized as follows: 

0 Regionally, most of the hydrologic system changes occurred within the regraded IA, the two 
modified landfill areas (Original and Present Sanitary Landfills) and to Walnut Creek, east of the 
IA; 
Surface discharge in Walnut Creek was substantially reduced, while flows in Woman Creek were 
largely unaffected; 
Walnut Creek discharges decreased for the following three reasons: (1) Waste Water Treatment 
Plant contributions to Walnut Creek were eliminated; (2) impervious surfaces in the IA were 
removed, thereby eliminating fast runoff; and (3) drain discharges to IA streams were eliminated; 
The number of required terminal pond discharges decreased in the hypothetical Land 
Configuration Scenario because of decreased flow fiom the IA; 
Average groundwater levels in the IA rose. Removing drain discharges and impervious areas 
caused groundwater to rise, whereas removing leaky water supply lines caused groundwater levels 
to decrease. The net effect of these changes was to increase IA groundwater levels; and 
Simulated discharges fiom groundwater remediation systems slightly decreased. 

0 

0 

0 

0 

0 

9.2.5 Implications to Site Closure and Potential Applications 

Modeling results suggested that significaqt impacts to Site hydrology will occur for the hypothetical scenarios 

tested. These modeling results provide valuable insight into Site hydrology that will influence the WETS closure e 
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strategy and long-term stewardship. Implications based on the simulated scenario results are summarized as 

follows: 

0 Surface and subsurface flows in Woman Creek will be largely unaffected. Therefore, vegetation 
along Woman Creek will generally not be affected by the Site reconfiguration. (Note: the SID 
was not altered or removed in the scenarios.) An exception to this may occur in the area south of 
the Original Landfill. This area may experience some localized diminished flows from 
hypothetical covers and cutoff walls. A more detailed analysis of this area should be performed; 
and 

diminished surface flows, future hydrologic conditions in Walnut Creek downstream of the IA 
will be dominated by pond operating protocols and any pond discharge routing or structural 
modifications. An additional effect of reduced flows in’ Walnut Creek is the possible impact to 
vegetation downstream of the ponds caused by lower groundwater levels along the stream channel. 

0 Surface and subsurface flows in Walnut Creek will be substantially reduced. As a result of the 

Additional applications of the fully integrated hydrologic model developed for WETS may include evaluating 

additional Site configuration scenarios. Other model uses could involve local scale modeling, contaminant transport 

evaluations or more detailed assessments of potential hydrologic impacts to vegetation and wildlife habitat (K-H, 

2002c). 

9.3 Current Solar Ponds Plume Investigation 

In early 2002, Water Programs supported an investigation of the groundwater plume at the Solar Ponds. The 

objective of this investigation was to determine the current configuration of the uranium and nitrate plume in that 

area, and to collect additional data on metals. 

The 2001 IMP includes several routinely sampled monitoring wells in the general area of the Solar Ponds, but 

because of their geographic separation, data from these wells are insufficient to determine the plume configuration. 

Therefore, to support the upcoming closure of the Solar Ponds, a more detailed survey of groundwater 

contamination was desired that would allow a “snapshot” of groundwater conditions, including an up-to-date plume 

map. 

This section describes the investigation and summarizes its results. Because the topic of nitrates in groundwater is 

addressed in Section 8.3 (which includes Solar Ponds groundwater data), it will not be repeated here. 

9.3.1 Description of Investigation 

The Water Programs group supported the needs of.the Environmental Remediation (ER) group to perform this 

study. Those needs were driven by data needs supporting decisions on Solar Ponds remediation and closure. 
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A list of wells to sample was developed that comprised a selection of wells from the immediate vicinity of the Solar 

Ponds, the nearby surroundings, and more distal portions of the known groundwater plume. The ER group 

determined the analytical suite and the priority of the various analytes within the suite, based on their closure 

decision needs. 

'Table 9-1 lists the wells that were selected for sampling and summarizes the results of sample collection efforts. 

The analytical suite was as follows, with the sampling priority in the order listed: 

1. Filtered Uranium; 

2. Filtered Metals; 

3. Nitratemitrite; 

4. Unfiltered Uranium ; and 

5. Unfiltered Metals. 

Table 9-1 Solar Ponds Investigation Sample Collection Summary 

Sample requested but there was insufficient water to collect it. 
X Sample requested and successfully collected. 
-- Sample not requested. 
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The list of wells sampled for the current investigation purposely omitted wells in the current sampling program as 

well as some that had been more recently sampled (e.g., since 2000), instead focusing on wells that had not been 

sampled in years. Analytical results fiom this study were then grouped with data from those recently sampled wells 

to provide a more complete data set for the plume. 

The focus of this section is on uranium, one of the main components of the SPP. Due to its much more complete 

data coverage, as explained below, only filtered uranium samples will be addressed. Metals results are discussed 

briefly at the end of this section. Nitrate and VOC data generated through this Solar Ponds investigation are part of 

the discussion in Section 8.3. 

9.3.2 Data Handling 

Uranium 

Uranium data for wells in the area of the Solar Ponds were retrieved fiom the SWD. Only data from 1997 and later 

were retrieved. This is because an extensive nitrate/uranium sampling effort at the Solar Ponds was conducted in 

1997 and 1998, including as many wells and well points as was then feasible. The current investigation was much 

more limited in scope. Therefore, in order to maximize the data coverage, results fiom this earlier sampling effort 

were included in the current evaluation. 

Similarly, because samples for the analysis of uranium and metals are typically field-filtered, more data are available 

for filtered samples than for unfiltered samples. Current data fiom unfiltered samples typically do not exist for 

routinely sampled wells, except those few that are sampled using micropurging techniques. Therefore, to make the 

most of the available (and comparable) data, this section focuses on data from filtered samples. (The reason for 

filtering these samples is to generate data that more accurately represent groundwater conditions. Analytical results 

for unfiltered samples collected using bailer methods can be strongly affected by sediments contained within the 

sample, which are not actually part of the groundwater regime. The effect of sediments can be especially important 

in a high background-uranium environment such as WETS, or for areas such as the Solar Ponds that may exhibit 

metals contamination in soils. Using such unfiltered sample data for groundwater evaluations can lead to an 

incorrect understanding of groundwater conditions and to erroneous conclusions.) 

For a given well, uranium isotopic data were managed as follows. Any rejected data were deleted from the data set. 

At wells reporting both filtered and unfiltered data for a particular date, the unfiltered data were deleted. At wells 

from which multiple results were available for each isotope on a given date (e.g., both “Real” and “Duplicate” 

samples were collected and analyzed), the highest value for each isotope was retained in the data set, the others for 

that date were deleted. 
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Following these procedures, the data set contained a single result for each routinely analyzed isotope (U-233/234, 

U-235, and U-238), on each sampling date after 1/1/1997, at each well for which data exist over that time fkame. 

The remaining data were then grouped into two data sets: 1997 through 2000, and 2001 to the most recent 2002 data 

available. Within each group, and for a given well, the results fkom each individual sampling event for U-233/234, 

U-235, and U-238 were summed. All the date-specific sums for that well were then averaged. This process gave an 

estimate of the average total uranium at the given well for the given time period. (This is only an estimate because 

the listed isotopes are not the only uranium isotopes that exist. However, these isotopes are by far the most 

predominant uranium isotopes, and therefore the averaged value is essentially equal to the total uranium.) 

These average total uranium values were posted and contoured (Figure 4-3b) for each time period so that any major 

trends that might exist could be detected. Contour intervals were selected to reflect RFCA and background levels: 

the 2.847 pCi/L and 284.7 pCi/L values correspond, respectively, to a sum of the Tier I1 and Tier I activity- 

concentrations for the isotopes analyzed in groundwater (as listed above). The 50 pCUL contour is used for display. 

The 104.29 pCi/L contour represents a sum of the background activity concentrations for these isotopes. 

Metals 

Because the most prominent groundwater contamination at the Solar Ponds consists of uranium and nitrate, other 

analytes have received less scrutiny in recent years. Sampling around the Solar Ponds for metals in groundwater has 

not taken place except at the few routine program wells in the area, and the 1997- 1998 investigation omitted metals 

from the analytical suite. As a result, the amount of data available for metals at the Solar Ponds is greatly reduced 

compared to that for uranium and nitrate. 

Further reducing the data set, available groundwater data for metals of interest from the early to mid- 1 9 9 0 ~ ~  when 

the Solar Ponds still contained sludge, are of questionable relevance to current groundwater conditions. These older 

data were therefore removed from the data set. (To review those older metals data, see the RCRA Reports issued in 

the 1990s: DOE 1990, 1991a, 1992d, 1993c, 1994c, 1995,1996a.) 

After evaluating available data, those predating 200 1 were eliminated and only 200 1 through early 2002 data 

exceeding Tier I1 for metals were posted. These metals data are not conducive to contouring. Instead, these data are 

presented as a box-plot map rather than a contour map. Both filtered and unfiltered samples are represented in box 

plots. Where both forms of sample data exceeded Tier Il at a well, the highest value was selected for inclusion on 

the map. 
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9.3.3 Results and Discussion 

Uranium 

Lack of data for the vast majority of groundwater monitoring locations in this area (Figure 4-3b) hampers a 

thorough, detailed understanding of uranium groundwater contamination in the vicinity of the Solar Ponds. 

Regardless, some general conclusions may be drawn. 

As shown on Figure 4-3b, the uranium content of groundwater at the Solar Ponds has changed somewhat between 

the two time periods depicted on the figure. However, many of these changes are slight and are not readily apparent 

on the figure. Table 9-2 presents a summary of data from wells that are represented by averaged "total" uranium 

results (sum of filtered U-233/234, U-235, and U-238) for both periods of time. 

The highest activity concentrations of uranium in groundwater continue to exist at and immediately adjacent to the 

Solar Ponds. Isotopic signatures indicate an anthropogenic source for this contamination (see Section 8.1). Levels 

of uranium are also elevated downgradient of the Solar Ponds, particularly in the area of the SPPTS discharge and 

the now obsolete pump house that received ITS waters, but these locations show natural uranium isotopic signatures. 

These downgradient levels may start to decrease due to modifications made to the SPPTS in late 2002. (The 

modifications are designed to minimize the potential for contaminated groundwater to bypass the treatment system, 

said bypass being one possible explanation for the elevated uranium activity concentrations in this downgradient 

area). 

Table 9-2 Comparison of Averaged Total Uranium ResulkF in Groundwater 
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are farther from the source area. 
**These locations are not strictly downgradient, but are grouped with downgradient wells for convenience. 

. I  
Total uranium activity concentrations have decreased significantly in many wells in the source area (i.e., installed 

within the berms or immediately adjacent to the Solar Ponds) that were monitored for both time periods of interest. 

For example, the highest uranium activity concentrations in both the 1997-2000 and 2001-early 2002 data sets are 

from well 41693, located in the berm between Pond 207A and Pond 207B-North. In the earlier data set, the average 

total uranium was 1157.9 pCi/L; in the later data, it is 572.2 pCiL  (Well 42993 showed average total uranium of 
101 1 pCi/L in the later time period, but is not represented by data in the earlier time period.) 

> 

Conversely, many wells that are downgradient of the source area, especially those closest to it, show an increase in 

average total uranium. Perhaps the best example of this is fiom well 45693, which is north of Pond 207C and near a 

small seep area. The average total uranium over the 1997-2000 time period at this well was 103.74 pCi/L. This 

increased more than two-fold to 239.35 pCi/L in the 2001-early 2002 data set. 

The simplest explanation for the decreasing activity concentrations in the source area and increasing activity 

concentrations a short distance downgradient is that now that the source (the Solar Ponds fluids and sludge) has been 

removed, uranium is being flushed from the area. Under this scenario, a slug of water with elevated uranium 

activity concentrations is moving downgradient and the downgradient wells nearest the source are reflecting this. 

Uranium is relatively mobile in groundwater, especially compared to other actinides found at WETS (in particular, 

plutonium and americium), so this would be expected. However, more data and a more thorough evaluation are 
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required before such an explanation can be definitively concluded. One problem with this conclusion is the paucity 

of data upon which it is based; because most of the wells in this area are not routinely sampled, many wells - 
including those used as examples above - are represented by only one or two sample events in either data set. In 

addition, the standard deviations for locations represented by several samples (Table 9-2) generally show there is 

significant overlap in the averaged values fiom the two time periods. Finally, wells located farther downgradient 

from the source area vary in an apparently random fashion. Data gaps also exist here; for example, well 10594 is 

only represented by data during the early (1997-2000) time period. 

Metals 

Given the small data set representing current metals concentrations in groundwater, as discussed above, few 

conclusions can be derived and most of those that are evident are to be expected. However, some aspects of the 

data, as presented on Figure 9-1, warrant discussion. 

The most notable feature of Figure 9- 1 is the frequency with which thallium is reported above its Tier I1 

concentration (2 pa). An increase in thallium concentrations has been reported for a large number of wells in the 

routine monitoring program, and does not seem to relate to any source. The Water Programs group is currently 
~ investigating the large increase in results reported above Tier 11. Possible explanations include recent changes in 

laboratories analyzing metals samples; a detection limit of 4 pa, well above the Tier I1 action level; and the fact 

that the background concentration of thallium is reported as 4.9 pg/L (EG&G, 1993a). 

Aside from thallium, selenium, lithium, and cadmium appear to exceed Tier I1 concentrations most frequently. 

Samples from wells in the vicinity of the Solar Ponds generally contain more Tier I1 concentrations of metals than 

those from distal wells. 

Well 41693 appears most affected by elevated metals in groundwater. This well is located in one of the berms, and 

as noted in the preceding discussion on uranium, it also consistently contains the most elevated uranium activity 

concentrations. A sample collected in early 2002 from well 41693 shows Tier II levels are exceeded here for 

aluminum, beryllium, cadmium, lead, lithium, manganese, and nickel. None of these are present at Tier I 

concentrations. 

Distal wells - those in the North Walnut Creek drainage - also have produced samples with metals concentrations 

above Tier II. Aside from thallium, elevated concentrations of lithium and selenium are each present in groundwater 

in this area. 
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9.3.4 Recommendations 

Further examination of uranium activity concentrations is warranted for the Solar Ponds area to determine whether 

contamination inventory or mobile contaminant levels are truly decreasing at the source area, with a slug of 

groundwater containing elevated uranium activity concentrations moving downgradient. This has implications for 

the SPPTS, given the difficulties reported for that system (K-H, 2002d), and remedial actions for the Solar Ponds. 

The quality of the groundwater at the Solar Ponds with respect to metals remains poorly understood. Similar to 

recommendations in Section 8.3, additional sampling is necessary from UHSU wells around the Solar Ponds in 

order to address uranium and metals questions. Samples should be collected even ffom wells represented by 

plentiful data, especially for evaluation of contamination and migration of uranium. If possible, sampling should be 

scheduled to occur during a period of higher water levels so that as many data gaps as possible may be filled. 

Attempting to sample during periods of lower water levels has met with minimal sampling success in the past, so it 

may not be worth repeating these attempts. 

Finally, it should be noted that many of the ‘‘wells’’ mapped around the Solar Ponds are actually 0.25-inch diameter 

tubing installed in a small diameter borehole and used in the early 1990s for potentiometric data. While attempts to 

collect samples from these may be made, the probability that they will be able to supply sufficient volume to satisfy 

all sample needs is low. Sample needs may include a I-liter bottle each for metals and uranium, several 40-ml vials 

for the analysis of VOCs, and potentially other analytical samples. A backup plan may need to be implemented to 

either accept the existing monitoring well coverage as sufficient (which may be warranted, especially given the 

additional wells installed in 2002 downgradient of the Solar Ponds) or install a number of temporary wells to collect 

the required analytical samples where well coverage and/or design is determined to be insufficient to meet the 

objectives of the study. 
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10.0 OTHER GROUNDWATER PROGRAM ACTllVlTlES e 

In-place abandoximent 
In-place abandonment 
Destroyed during D&D for Building 371/374; unable to locate to abandon 

10.1 Well Abandonment and Installation 

Two WETS wells were abandoned in 200 1. These wells are identified in Table 10- 1 and displayed on Figure 10-1. 

These abandonments were performed in support of Building 776/777 D&D activities. Both wells were abandoned 

in place. Casings were cut three feet below grade and the remaining casing was filled with bentonite grout. The 

casing was then capped and buried in granulated bentonite prior to backfilling the remaining hole with clean soil. 

The area of these wells was then paved to support Building 776/777 D&D activities (movement and storage of D&D 

wastes). 

\ 

A third well, which was installed in the spring of 2001 and destroyed a few months later as a result of D&D efforts 

at Building 371/374, could not be located in order to be abandoned. That well was replaced in January 2002. 

During calendar year 2001,22 monitoring wells were installed at WETS. Table 10-2 lists these wells and 

summarizes their purpose. Figure 10- 1 presents the locations of the 200 1 monitoring well installations. Boring 

logs and well construction diagrams for these wells are presented in Appendix D. More detailed discussion of the 

purpose of these wells and sampling locations is presented elsewhere in this Annual Report. 

An extensive WARP project began in FY02 and is anticipated to continue through CY06. During the WARP, most 

of the wells currently in place aiRFETS will be abandoned. A few wells will be abandoned because of D&D 

activities and replaced immediately or as soon as possible after those activities have concluded. Additional wells 

will be installed to fill gaps in the network or replace wells that are not located or designed appropriately for their 

post-Closure purpose. These efforts will culminate with the fmal, post-Closure network of groundwater monitoring 

wells. 

Activities performed as part of the WARP during calendar year 2001 consisted of planning and other support work; 

actual abandonments and replacements were not performed under the WARP in 200 1. 

I 

Table 10-1 Calendar Year 2001 Monitoring Well Abandonments 
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Table IO-2 Calendar Year 2001 Monitoring WelI Installations 

~ ~~~ * Well was installed in CY 2002, but because of its relevance to 2001 projects and activities it is listed here. 

10.2 Potential Residential Use of Shallow Groundwater at RFETS 

This section presents the text and figures from a White Paper that was published by the Water Programs Group 

during 200 1. The text and graphs have been edited slightly to better mimic the format of this Annual Report. The 

original paper is titled Potential Residential Use of Shallow Groundwater at RFETS (RMRS, 2001e). 

Introduction 

The feasibility of using shallow groundwater for residential water supply was evaluated as part of an overall risk 

assessment associated with future land use and redevelopment of RFETS. The evaluation included a drawdown 

analysis of site groundwater data to determine whether a hypothetical domestic well, completed in the 

unconsolidated surficial and upper weathered bedrock deposits at RFETS, could sustain a well yield great enough to 

support a family of four persons. The analysis was conducted using an analytical groundwater model that simulates 

drawdown in a pumped well. These simulations were performed independently on 140 existing monitoring wells at 

WETS that are completed in the Quaternary alluvium/colluvium and/or the upper Cretaceous sandstone of the 

Arapahoe and Laramie Formations. These wells, shown on Figure 10-2, had previously been tested (by pumping or 

10-2 
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slug tests) for their hydraulic properties. Simulated drawdown was compared to the actual measured saturated 

thickness at the monitoring wells to ascertain whether it was physically possible to lower water levels to a 

reasonable fraction of the existing saturated thickness. 

Residential Water Requirements 

Drawdown simulations for a hypothetical residential well were based on the premise that indoor water use for a 

family of four is 260 gallons per day (gpd). This value was obtained via oral communication from the Denver Water 

Department and was determined from a study conducted in 1997 by the American Water Works Association. The 

study concluded that the average daily per capita water usage in the Denver Metro area is 65 gallons. The value was 

calculated from a total per capita water usage of 176.88 gallons (that includes both indoor and outdoor,use) minus an 

outdoor water usage of 1 1 1.88 gallons. 

The discharge rate used in the model simulations was based on the average pumping rate of nine monitoring wells 

that were pump tested at WETS and which were completed in the Quaternary surfcial deposits andor the upper 

Arapahoe and Laramie sandstone. Nine wells fit these criteria and were used to calculate the average pumping rate. 

Pumping rates for these wells varied significantly from 0.07 to 12.06 gallons per minute (gpm). Histograms of the 

pumping rates were generated as part of a descriptive statistical analysis to ascertain which distribution best fit the 

data and also to indicate if any outliers were present. Both the raw data (Graph 1) and the natural log-transformed 

data (Graph 2) were plotted. Although discharge rates from only nine wells were used in this analysis, the data 

appear to more closely fit a lognormal distribution than a normal distribution. The histogram of the log-transformed 

data also indicated that the low value (0.07) was probably an outlier with respect to those wells that had pump tests 

performed. Thus, this value was excluded from further analysis. 

I 

Based on the lognormal nature of the data, the geometric mean was used to estimate the mean of the pumping rates. 

The geometric mean of the pumping rates was calculated to be 2.03 gpm. To conservatively estimate pumping rates 

at the Site, the lowest rate that statistically fell within the 95 percent confidence limit of the mean was used. This 

rate (1.83 gpm) was calculated using a one-sided lower confidence limit for a lognormal distribution (Land, 1971 in 
Gilbert, 1987). The equation used to calculate this limit and the summary statistics for the pumping rates is 

presented below: 

- ',Ha 
Iln-1 LLa = exp(y + 0.5S2y + -) 

where: 
LL, = Lower confidence limit 

y =  Mean 
sZy = Sample variance 
Sy = Standard deviation 
I& = 
n = 

- 

1.633 (Statistic from Table A13 in Gilbert, 1987) 
Number of samples = 8 

c 
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Model Input Parameters 

The length of time of pumping was calculated to be 2.4 hours which was the time required to pump 260 gpd at a rate 

of 1.83 gpm. The specific yield was assumed to be 0.20 and was based on information presented in the 

Hydrogeologic Characterization Report for the WETS (EG&G, 1995b) for the unconsolidated surficial deposits. 

The radial distance fkom the pumping well was assumed to be 1.0 foot. 

The hydraulic conductivity (K) was obtained from a database file of 140 wells that were previously pump or slug 

tested at the site. K values ranged from 4E-08 to 5E-02 cdsec.  Many of the wells that were field tested for K were 

analyzed using several different techniques. For example, wells that were slug tested were analyzed with Bouwer 

and Rice, and Hvorslev methods. Wells that were pump tested were analyzed using Theis, Cooper/Jacob, Neumann, 

and Thiem techniques. K values from each of these analyses were averaged for each well. 

Transmissivity (T) values for each well were calculated fkom the average hydraulic conductivity and fiom the 

average saturated thickness. The average saturated thichess was calculated from depth to water measurements that 

have been historically recorded during periodic monitoring events and fiom the total depth of casing data recorded 

during well construction. Water level measurements were obtained from the S W D  and were average for the total 

record of measurement. Total depth data were obtained fkom a master database file and were joined in database 

query with the average water level depth to calculate the average saturated thickness for each of the 140 wells. 

Drawdown Calculations 

Drawdown in each well was simulated in an Excel spreadsheet (see Appendix F) using the Theis equation. Due to 

the limitations of the Theis equation for low T values ( 4 . 5  gpdft) which equates to a K value of 4E-05 c d s e c  for 

10 feet of saturated thickness, drawdown in wells with this T value or less were assumed to exceed the total depth of 

the well. At T values c8.5 gpd’ft, the corresponding well function value, W(u) becomes small enough to cause the 

drawdown value to decrease. This phenomenon is illustrated in Graph 3, which shows that as T values decrease, 

drawdown increases up to a point. It is at this inflection point, where T = 8.5 gpdft, that drawdown begins to 

decrease and the equation can no longer realistically predict drawdown in a well. 

A reasonable amount of drawdown was assumed to be 1/3 of the available saturated thickness at each well. This 

value was considered reasonable in light of limitations in the Theis equation and potential well losses attributable to 

well inefficiencies. Without compensating for these well losses, the Theis analysis would tend to underestimate 

actual drawdown values. Available drawdown is also reduced by the depth at which the pump is set and by 

inaccuracies and limitations in the theoretical Theis equation when it is applied to an unconfined groundwater 

system. A relatively large drawdown with respect to a thin water-bearing zone implies that flow is not horizontal, 

thus violating a primary assumption inherent in this equation. 

Although the Theis equation was developed primarily for confined groundwater conditions, under certain limitations 

it may also be used for unconfined systems. These limitations are related to the percentage of drawdown in the well 
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compared to the total thickness of the aquifer. Generally, if the drawdown exceeds 25 percent of the total thickness, 

the equation should not be used. However, in this analysis, a drawdown of 1/3 of the available saturated thickness at 
each well was considered a threshold value and physical limit to pumping a water supply well. In almost all wells ( 

that could sustain pumping, drawdown was less than 25 percent. 

To account for inaccuracies in using the Theis equation for unconfined conditions, a correction factor was applied to 

calculated drawdown values. The correction factor was derived by C.E. Jacob and is usually used to modifying 

pumping test data. However, in this situation, it was necessary to predict the actual or observed drawdown that 

would occur in a well. Hence, the above equation was solved for “s”. The equation is as follows: 

s’=s-s2/2M 

where: s’ = corrected drawdown from pump test data (ft) 
s = observed drawdown (ft) 
M= saturated thickness (ft) 

The results of the simulation indicated that 46 wells, or 33 percent of the total of 140 wells, could sustain pumping 

and supply a family of four persons with water. The spatial distribution of these 46 wells is shown in blue on Figure 

10-2. The figure indicates that the wells are uniformly distributed over a wide area at RFETS and do not appear to 

be clustered in any one location. The wells used for this evaluation represent approximately 13 percent of the total 

number of monitoring wells installed at RFETS. 
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Graph 3 
Drawdown Versus Transmissivity Using Theis Equation 
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10.3 Evaluation of Mining Potential at RFETS 

This section presents the text and plates fiom a White Paper that was published by the Water Programs Group 

during 2002. The text has been edited slightly to better mimic the format of this Annual Report. The original paper 

is titled Evaluation of Mining Potential on Rocky Flats Environmental Technology Site Property (Safe Sites, 2002a). 

Plates 16 and 17 are associated with this section of the Annual Report. 

Introduction 

An investigation has been performed regarding the potential for future mining on land owned by the DOE that could 

be transferred to the U.S. Fish and Wildlife Service in the future. A literature search was performed, as well as an 

evaluation of borehole and well logs to determine the thickness of alluvial deposits. The Lafarge Gravel Mine was 

visited and the Mine Supervisor, Mr. Kunkel, was interviewed. The clay workings in Section 16, which is adjacent 

to RFETS and owned by the State of Colorado, were also visited. There are three commodities that exist on RFETS 

land that will be discussed: coal, clay, and sand & gravel. In addition to a brief description of each resource, a rough 

estimate was performed of the amount of each resource available. 

Coal 

Coal seams occur in the base of the Cretaceous Laramie Formation. The coal is of sub-bituminous grade and is 

associated with the clay deposits that will be discussed later. The base of the Laramie Formation subcrops within 

the Site boundaries where the rocks are steeply dipping at an angle of approximately 50' or'more to the east. The 

area of coal corresponds, closely with the line of clay pits that extend fiom T2S, R70W, Section 16 (owned by the 

State of Colorado) through Sections 9 and 4 (partially owned by DOE). The coal seams occur very close to the 

contact between the Laramie Formation and Fox Hills Sandstone. 
/ 

Only general information is known about the coal seams in this area. The Capitol Mine (also referred to as the 

Caprock Mine) was a coal mine that occurs in Section 16 and appears to have worked a 14-foot thick seam that 

occurred at the contact between the Fox Hills Sandstone and the Laramie Formation. Smaller seams ranging in 

thickness from 1 to 4 feet may also be present in this zone. The coal at the Capitol Mine was worked for 630 feet 

down-dip and for approximately 2600 feet along the strike of the seam. This mined area extends from Rocky Flats 

Lake due north to within 100 feet of the Site boundary. The mine shut down in 1953. Based on a mine map of the 

Caprock Mine, the mined workings were limited to the area where the coal seam was' steeply dipping in Section 16, 

and did not extend under the Site boundary. 

There is reference to another location where mining was attempted that is in the NW % of the SW ?4 of Section 4, on 

DOE property, in the area of the Lafarge gravel pits. Little information exists about the coal in the area other than a 

verbal reference to a 4-fOOt seam that was worked and a 14-foot seam that was found in borings. 0 
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The general conclusion is that a 14-foot coal seam that subcrops near the surface exists for approximately 8000 feet 

along strike on DOE property. The coal seams are steeply dipping at these near surface locations and would 

probably preclude open pit mining. The seams would extend down-dip and become sub-horizontal at a depth of 

approximately 800 feet and continue below the rest of the Site. This depth would also preclude any attempts at open 

pit mining. 

As a simple estimation of the available tonnage of coal available for mining, the following computation was 

performed: 

0 

0 

0 

0 

0 

0 

Length of coal seam on DOE property: 8000 feet; 

Width of coal seam: 14 feet; 

Depth of mining: 100 feet; 

Total volume of coal = 1.12E7 cubic feet; 

Tonnage factor: 22.85 cubic feet/ton using a specific gravity for coal of 1.4 g/cm3; and 

Estimated short tons of coal available: 1.12E7/22.85 = 490,000 tons of coal. 

Clay 

Clay deposits occur in the lower part of the Laramie Formation in close association with the coal beds discussed 

earlier. The clay overlies and underlies a sandstone bed in the Laramie near its contact with the underlying Fox 

Hills Sandstone and dips approximately 50" to the east. The clay is predominantly kaolinite and is used in 

manufacturing building brick or refractory brick products, depending on the quality. Two clay layers appear to exist 

in the zone that has been mined and the layers appear to be about 25 feet thick. Three areas have been mined on or 

near the Site. 

There is a clay pit in Section 16, which appears to have been most extensively mined. The pit extends 

approximately 2000 feet along strike, is approximately 30-40 feet wide, and 30-50 feet deep. The strike of the 

mined clay bed is N5-15$, it dips 30-5O0E, and underlies a moderately silicified sandstone bed in the lower 

Laramie. Discontinuous three- to ten-foot wide clay stringers also occur in the overlying sandstone but do not 

appear to be the primary mining target. A northwest undulation of the clay bed can be mapped in the hanging wall 

stringers along the northern half of the pit. The actual mined clay seam is currently underwater and the water 

elevation in the pit is consistent with the local potentiometric surface. 

There is reference to another clay pit that occurs in the NE ?h of the SW ?4 of Section 4 on RFETS property. The 

second clay pit at RFETS occurs just north of the West Access Road in Section 9. The pit is approximately 1500 

feet long and is actively being mined. The sign on the access road suggests that Lakewood Brick and Tile may be 

the lessee, but Charlie Mckay is believed to be the mineral rights holder. In addition, there were two small pits, one 

approximately 100 x 25 feet and the other 150 x 50 feet, which occur in the area of active gravel mining by Lafarge. 

The deepest pit was 25 feet deep. In terms of future mining potential, the clay beds are currently being mined, 
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which suggests that the resource occurs in economic quantities and is of acceptable quality to be mined profitably. 

The literature suggests that these clay beds can be discontinuous and that the quality varies along strike, making a 

valuation of both tonnage and grade difficult. For resource estimation purposes, it is assumed that the clay zone is 

continuous over an 8000-foot strike length on DOE property. Historic m-ining for clay in the Front Range area has 

tended to occur on hogbacks where the clay could be obtained without significant layback of overburden. Given the 

approximate 60-foot thickness of Qrf covering much of the clay beds and the need to lay back the bedrock to mine 

the clay to deeper levels, future mining would probably be limited to shallow surface cuts in areas where gravel 

mining may have already removed the overburden. 

As a simple estimation of the available tonnage of clay available for mining, the following computation was 

performed: 

0 

0 

Length of clay layer on DOE property: 8000 feet; 

Width of clay seam: 25 feet; 

0 

0 

0 

0 

Depth of mining: 100 feet; 

Total volume of clay = 2.OE7 cubic feet; 

Tonnage factor: 13.3 Cubic feedton using a specific gravity for clay of 2.4 g/cm3; and 

Estimated short tons of clay available = 2.0E7A3.3 = 1,503,759 tons of clay. 

Grhvel mining has occurred historically in Section 16, (owned by the State of Colorado) and Sections 9 and 4 
(partially owned by DOE). The gravel mining occurs in the Qrf, which is an unconsolidated formation that was 

deposited on top of the bedrock formations at WETS. In Section 16, the gravel mining may have been incidental to 

the clay mining that was conducted there, as the gravel pit dimensions closely approximate that of the clay layers. 

The gravel pits that occur just north of the West Access Road, in Section 9, are currently being mined for clay, but it 

appears that past gravel mining has also occurred in the area. 

The most substantial gravel mining activity is the Lafarge ‘Bluestone’ operation with occurs in the SW % of Section 

4 on DOE property. The Lafarge operation occurs in the area where clay and possibly coal mining have taken place 

historically. Lafarge is only interested in exploiting the gravel resources at present. The Lafarge lease is part of a 

larger lease parcel that is called the Spicer Lease. According Mr. Kunkel, there is apparently a twenty-year 

moratorium on gravel expansion to the east of the current operation. The next area that the company plans to mine, 

in the western part of Section 9, is on DOE property and lies west of the clay mining operation on the A1 Frei Lease 

from McKay. Mr. Kunkel also stated that they have the lease for Section 16, which will be mined at a later date. 

Based on additional discussion with Mr. Kunkel, the gravel pits are approximately 20 to 25 feet deep because the 

mining permit does not allow excavation below the water table. The Site’s limited well coverage in the area 

confirms that the water table is about 25 feet below ground surface in this area. The mined products from the pits 
a 
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range fiom sand to boulders less than 10 inches in diameter. Mr. Kunkel said that an average price for the gravel 

products would be about $8.00 per ton. 

Plate 16 is an isopach map of gravel thickness, which was updated fiom the 1995 Geologic Characterization Report. 

This map shows the total alluvial thickness on Site. However, the areas with mineable gravel are those areas 

delineated by the solid line denoting the extent of the Qrf. Using the information from the Lafarge visit, Plate 17 

was created showing the areas at WETS that would be potentially mineable for sand and gravel. One assumption 

that was made with this map is that the IA would never be mined because the gravel is thin in this area (it averages 

10-20 feet thick) and there would be building basements and other utilities still buried in this area after Site closure. 

The other key assumption is that future mining activities would be under the same constraints as current mining, and 

that the water table could not be encountered. As such, the Qrf was contoured using a twenty-foot contour interval, 

which would show all areas that could be mined to a depth comparable to what is being done at Lafarge. Based on 

these assumptions, there is a significant portion of the west side of the Site that would be amenable to gravel mining. 

In addition, the long plateau to the north of the IA may also be attractive to mining. The area in the former OU2 

may also be of interest for mining; however, the presence of IHSSs in the vicinity suggests that administrative 

controls may be advisable in this area. Because there are no wells or boreholes in Section 4, an accurate mineable 

thickness can only be postulated as similar to that found to the south in Section 9. 

As a simple estimation of the available tonnage of gravel available for mining, the following computation was 

performed: 

0 

0 

0 

0 

0 

0 

Area of gravel: 20 foot mining depth: 34,498,292 f? X 20 feet deep = 689,965,840 cubic feet; 

‘kea  of gravel: 40 foot mining depth: 13,652,085 ftz X 40 feet deep = 546,083,400 cubic feet; 

Area of gravel: 60 foot mining depth: 4,601,128 ftz X 60 feet deep = 276,067,680 cubic feet; 

Total volume of gravel = 1,512,116,920 cubic feet; 

Tonnage factor: 17.78 cubic feet/ton using a specific gravity for gravel of 1.8 g/cm3; 

Estimated short tons of gravel available: 1,512,116,920/17.78 = 85,045,945 short tons of gravel; and 

Estimated resource using $Ikon (FOB) of gravel: $680,367,560. 

This estimate does not take k t o  account the waste silt and clay that occurs in the gravel deposit, which is variable 

but could be as high as 25%. As such it was not factored into the estimate. 
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11.0 GROUNDWATER DATA QUALITY ASSESSMENT FOR 2001 

This section evaluates the quality of the groundwater data collected in 2001. Tables associated with Section 

1 1 .O are found in Appendix E. Tables 2- 1 , 2-2, and 2-3 also provide information that is pertinent to this 

discussion. 

I 1  .I General Sampling Summary 

The WETS Groundwater Monitoring Program, as established in the 2001 IMP (K-H, 2000a and 2000b), 

consists of 188 locations that are sampled on a quarterly or semi-annual frequency. Included in this 

discussion are data from 21 D&D wells installed in 2001 (after publication of the IMP list) and 6 building 

footing drains used as D&D sampling sites. Analytical results for drain location SW085 (not in the IMP) 

are included because they aid evaluation ofthe Building 779 and SPP area. Rinsate analyses from well 

3 100 1 (not in the IMP) are also considered here because they are associated with sampling events at IMP 

wells. Table 2-1 presents a sumrhary of sample collection and well disposition. Table 11-8 gives a 

summary of sampling success by well throughout the year. 

There were 383 sampling events required in CY 2001, (Table 1 I-8), many of which entailed multiple visits 

due to dry conditions or limited recharge. All samples specified in the IMP were collected unless the well 

was dry or went dry during sampling. During 2001,2651 samples were scheduled for collection; the actual 

number collected was 1923, two of which represented sampling errors. 

11.2 Quality Control Assessment 

Analytical data are assessed in this section in terms of the five data-quality PARCC parameters: precision, 

accuracy (bias), representativeness, completeness, and comparability as outlined in the Quality Assurance 

Program Plan For The Groundwater Monitoring Program Rocky Flats Environmental Technology Site 

( R M R S ,  200 1 c). Precision and accuracy are quantitative measures. Representativeness and comparability 

are qualitative measures. Completeness is a combination of both quantitative and qualitative measures. 

Section 1 1 .O summarizes the types of data available to assess the PARCC parameters. Groundwater data 

evaluated via the PARCC p-eters are presented in the Quarterly Groundwater Monitoring Reports 

(RMRS, 2001f; SSOC, 2001b; and SSOC, 2002a and 2002b). 

The K-H Analytical Services Division (ASD) performs its own data quality assessment prior to the 

evaluations made in the Quarterly Groundwater Reports. They evaluate metals, radionuclide, VOC, PCB, 

and WQP results that are derived from groundwater at WETS. Dissolved gases are not evaluated because 

they are analyzed under specially written contracts. The scope of what are termed verification or validation 

activities (defined below) are based upon program and customer specified requirements and requirements 

of K-H ASD to evaluate contract laboratory performance against Statement of Work (SOW) requirements. 

Verificationhalidation criteria are generally based on government published standards and guidelines, 
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primarily EPA Contract Laboratory Procedures (CLP) and SW-846 method guidelines for organic and 

inorganic data evaluation and review. Verificatiodvalidation are graded processes to assess both 

compliance of the data package with the SOW and acceptability of the data using parameter specific 

guidelines. Verification is an assessment process used to ensure that data meet certain specified criteria; it 

is a check of the data based on a review of the summary sheets provided by the laboratory. Validation 

provides the same review with the addition of an examination of rhe raw data and calculations that go into 

the summary sheets; it is a more thorough assessment process than verification. 

Laboratory generated components of this PARCC evaluation (such as matrix spikes, laboratory control 

samples, and detection limits) are also considered in generating the verification and validation qualifiers. 

The quality of the verificatiodvalidation process exerts a major influence on the quality of the PARCC 

assessment. 

1 I .2.1 Quality Control Samples 

j Quality Control (QC) samples consisting of reayduplicate pairs were collected from 20 locations and 

reaYrinsate pairs were collected from 19 locations. The frequency for field duplicate sampling of 1 in 9.4 

(10.6%) locations exceeded the target rate of 1 in 20 (5%) locations for the 2001 sampling program. 

Similarly, the frequency for field rinsate sampling of 1 in 9.9 (10.0%) locations exceeded the target rate of 

1 in 20 (5%) for 2001. The reason for the more than required frequency of quality control samples is that 

these samples are assigned assuming all wells will contain enough water to produce the required analytical 

suite. In calculating the ratios of duplicate and rinsate samples to actually sampled locations, uncollected 

samples due to dry wells or wells with poor recharge are not counted; this acts to increase the frequency of 

quality control samples. 

11.2.2 PARCC Parameters 

Analysis of 2001 groundwater data in terms of the PARCC parameters is presented in the following 

sections. 

Precis ion 
The precision of a measurement is an expression of the mutual agreement between duplicate measurements 

of the same property taken under similar conditions. Precision can be expressed quantitatively by the 

relative percent difference (RPD) between real and duplicate field samples for metals, VOCs, PCBs, and 

WQPs as defined by the following equation: 

RPD = I(S-D)I x loo(%) where S = Concentration of analyte in Real Sample 
(S+D)/Z D = Concentration of analyte in Duplicate Sample 
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The following Duplicate Error Ratio (DER) equation can be used to express the precision of radionuclide 

analyses. 

DER = IS-DI Where S = Activity of the Real Sample 

d(TPU2 + TPUD') D = Activity of the Duplicate Sample 
TPUs = Total Propagated Uncertainty of the Real 

TPUD = Total Propagated Uncertainty of the Duplicate 
Sample 

Sample I 

Because total propagated uncertainty (TPU) is seldom reported for radionuclides in the laboratory data 

records, the 2-Sigma Error or random counting error has been substituted for TPU in the uranium, 

americium/plutonium, strontium, and tritium DER calculations completed for this report. 

A compilation of RPD/DER calculations for 2001 can be found in Tables 11-1 (RPDs) and 11-2 (DERs). 
The overall QC criterion for groundwater RPDs is 130%; for DERs the QC criterion is 11.96. Table 11-3 

gives a summary of the Overall Precision Compliance for FVDs and DERs for each quarter and the year as 

a whole. 

Accuracy 
Accuracy is the degree of agreement of a measurement with an accepted reference or true value, and is a 

measure of the bias in a system. The closer the measurement to the true value, the more accurate the 

measurement. The validatiodverification process, by assigning a qualifier, is the principal means by which 

the accuracy of analytical results is evaluated. 

For this PARCC evaluation. the accuracy assessment is based on the Evaluation of Data for Usabiliy in 

Final Reports (RMRS, 1998e). The PARCC analysis compares the actual analytical methods used to the 

required analytical methods and compares the CRDLs for each analyte to the achieved detection limits. 

Table 11-4 gives the CRDLs for the various analytes. With respect to analytical results retrieved from 

electronic files (and the few hand entered ones), detection limits are readily available. . 

Additional information on the accuracy of laboratory analyses is given by matrix spike and laboratory 

control samples (LCS). Matrix spike recovery data for metals, VOCs, PCBs, and WQPs are given in Table 

11-5 and LCS recoveries for radionuclides are given in Table 1 1-6. These tables include all matrix spike 

and LCS data for 200 1. 

Criteria for evaluation of matrix spikes and LCSs were modified in the 4" quarter of 2000. Matrix spikes 

were acceptable within a range of 80-120% recovery (RMRS, 2001~).  K-H ASD pointed out that matrix 

spike recoveries are acceptable over a wider range depending on the analyte, method, and individual 
> 

laboratory. Currently matrix spikes are considered acceptable if they are within the 75-125% range used in e 
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validatiodverification process. If they are outside this range, they are discussed briefly in the 2001 

Quarterly Reports. a 
Acceptable LCS criteria were also broadened from those in the Quality Assurance Project Plan (QAPP) 

(80-120% recovery) to those used in validatiodverification (75125% recovery). According to K-H ASD, 

laboratories will occasionally accept LCS values in the range of 70-130 %. LCS percent recoveries 

between the 70-130 % laboratory range and the 75-125 % QC range required by the K-H ASD laboratory 

contracts are examined by the validators for acceptability on an analyte by analyte basis. K-H ASD 

believes that this is an acceptable practice. Results outside the QC range are mentioned but the focus of 

this discussion is on whether the results meet the QC range criterion. 

Remesentativeness 
Representativeness in this section is limited to an evaluation of whether analytical results for field samples 

are truly representative of environmental concentrations or whether they may have been influenced by the 

introduction of contamination during their collection and handling. The potential introduction of 

contamination is evaluated by examination of the analytical results for equipment rinsates or field blanks 

(Table 11-7). Equipment rinsates are used to determine the efficacy of the decontamination process and 

assess possible cross contamination between environmental samples. They are samples collected of 

distilled or deionized water that has been poured over andor through decontaminated sampling equipment 

and subsequently handled in the same manner as environmental samples. Rinsate collection is performed in 

the field at the sampling location, immediately following decontamination of the sampling equipment. 

Although rinsates are used specifically as indicators of cross contamination during decontamination of 

equipment, they are carried through the entire sampling, shipping, and laboratory process. Therefore, they 

are also good indicators of potential contamination introduced during any of these steps. Because rinsate 

samples have been deemed adequate to assess potential introduced Contamination, the groundwater 

program does not use trip blanks. 

Other aspects of representativeness, such as numbers of samples and spatial distribution, are fried in the 

IMP (K-H, 2000a and 2000b). All well visits that were required by the IMP were completed in 2001. Plate 

1 presents the locations sampled thereby indicating the spatial distribution of the samples. 

Completeness 
In part, completeness is measured by the relative ability to draw water from a location and collect samples 

fi-om it. Table 1 1-8 compares the actual number of samples collected in 2001 to the required number of 

samples. Because of locations that were dry or had low water production, the completeness goal of 90% 

was only met by analyte groups with relatively low numbers of required samples (dissolved gases, 

cesium, alkalinity, chloride, total cyanide, nitrite or nitrate [versus nitratehitrate combined as nitrogen], 137 

sulfide, and TPH). 
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Completeness is also a quantitative measure of data quality expressed as the percentage of valid or 

acceptable data obtained from a measurement system. Table 11-9 summarizes the validation completeness 

evaluation. Detailed validation and verification data for all analytes and samples are provided in the 200 1 

Quarterly Reports ( R M R S ,  200 1 f ;  SSOC, 200 1 b; and SSOC, 2002a and 2002b). A completeness metric 

was calculated using the following formula: 

Completeness = Dp, = DP, - DP, x 100 (%) (The completeness criterion is > 90%) 

Where: 

- 
DPt 

Dp, = Percentage of usable data points 
DP, = Non-usable data points 
DP, = Total number of data points 

Corn para bil ity 
Comparability is a qualitative parameter. During 2001, planned analytical methods for metals, 

radionuclides, dissolved gases, PCBs, and WQPs remained consistent over the entire year. Refer to the 

discussion below for VOCs and the description of a nomenclature change for metals. Laboratory analyses 

were performed according to standard CLP protocols and results should be comparable to data produced by 

similar methods. Consistency in the acquisition, handling, and analysis of samples is necessary for 

comparing results. Table 11-4 lists the required analytical methods for the various analytes. Samples for 

the groundwater program are collected, preserved, and handled in accordance with RFETS standard 

operating procedures (SOPS), transported following both RFETS SOPs and US Department of 

Transportation (DOT) shipping regulations, and analyzed using standard EPA or nationally recognized 

analytical methods to ensure comparability of results with other analyses performed in a similar manner. 

Based on a suggestion by the CDPHE at the start of the 2nd Quarter 2001, the technique for the analysis of 

VOCs was changed from the EPA 524.2 Drinking Water to the EPA SW-846,8260 method. The change 

was made because the SW-846 me,thod requires a pre-screening analytical run that helps laboratories 

determine appropriate levels of dilution, when needed. The list of analytes for SW-846 includes all 

analytes in the EPA 524.2 list with the addition of (detection limits are in parentheses in pg/l) 1,1,2- 

trichloro-l,2,2-trifluoroethane (l), acetone (lo), carbon disulfide (l), 2-butanone (1 0), 2-hexanone (IO), 

and 4-methyl-2-pentanone (10). The detection limit for the remaining VOCs (1 pg/l) is unchanged. 

Because both the EPA 524.2 and SW-846 methods use gas chromatography as the basic analytical method, 

and detection limits have not changed, results gathered using either method should be comparable to one 

another. 

,I 

A change in nomenclature for metal analyses was initiated at the start of the 3rd quarter of 2001. The 

nomenclature for the test method was changed fiom CLP-SOW to EPA 600. Because only the name that is 

entered into the S W D  has changed (and not the method), all past, current, and future analytical results 

should remain comparable. 
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11.3 Discussion of Analyte Groups 

11.3.1 Metals 

Precis ion 
There were 25 duplicate sampling events compared with 244 real sampling events in the data set for metals 

in 2001 (1 in 9.8, 10.2%). For the 25 duplicate sampling events, there were 691 analytical records. 

Relative percent differences for metals are displayed in Table 11-1; criteria for display are given in Table 

11-3. Of the 691 records, 593 of the calculated RPDs were within the RPD-QC criterion of 530% (Table 

11-3). With 85.8% of the RPDs meeting the QC criterion, precision for metal analyses was just above the 

goal of 85% and is, therefore, acceptable. 

The recommended frequency for duplicate samples 2 1 in 20 on a per-well basis. In 2001, 18 of 169 wells 

sampled were analyzed for metals as reavduplicate pairs, a ratio of 1 in 9.4 (10.6%). Thus, duplicate 

sample kequency was within the requirements on both a per-well and per-analyte basis. 

Accuracy 
All metal analyses were performed using contract required methods during 200 1. The contract required 

methods, as indicated in Table 11-4, stipulate that the CLP-SOW (EPA 600) method be used for analysis of 

dissolved and total metals. Total metals analyses were run as necessary in support of various groundwater 

evaluations, and to analyze samples collected with dedicated pumps using low flow (micropurging) 

techniques. Based on the requirements summarized in Table 11-4, the methods used during 2001 for 

analysis of metals meet or exceed the criteria described in Evaluation of Data for Usability in Final Reports 

(RIvIRS, 1998e). 

Table 11-4 also presents a summary of the CRDLs for metals analyses. Detection limits for 19 of 28 

metals met criteria for CRDLs for all the analyses performed in 200 1 (see thallium subsection below). 

Nine metals had detection limits for which some analyses were above CRDLs. These metals were 

aluminum, with acceptable detection limits in 99% of the analyses, antimony (99%), arsenic (99%), 

beryllium (98%), chromium (99%), copper (98%), lead (89%), selenium (99%), and vanadium (99%). In 

52 analyses that did not meet CRDL requirements 44 were non-detections and only one result was above 

Tier 11. Selenium in 891COLWEL was 590 pgL in the 31d quarter (Tier I1 = 50 pa), which is typical for 

the location. Discussion and data accuracy evaluations for specific samples and analyses are available in 

the quarterly reports. 

Table 1 1-5 gives ma& spike results for metals analyses in 2001. There are 2932 matrix spike records in 

the table; 71 records are below a percent recovery of 75% and 37 records are above 125%. Thus, 3.7% of 

the matrix spikes for metals were outside the quality control criteria. In general, these matrix spike results 

were well outside the 75125% acceptable range. Instances where metal matrix spike analyses had low 

percent recoveries and were not covered by a duplicate analysis within the matrix spike quality control 
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criteria included, aluminum (2), barium (2), calcium (2), iron (3), magnesium (2), manganese (l), mercury 

(2), potassium (2), silver (2), sodium (3), and vanadium (1). Metal matrix spike analyses with high percent 

recovery and no duplicate within the criteria included, aluminum (5 ) ,  iron (l), lead (2), lithium (6 )  and 

selenium (1). The cases where a second acceptable matrix spike was not present indicate where matrix 

spike criteria were not met. Metal matrix spike analyses did meet the quality control criterion in 96.3% of 

the records. This and the lack of a consistent pattern of analytes falling outside the QC criterion indicate 

8 

that there is no matrix interference problem for metals in groundwater for 2001. Also note that metal 

analyses were not rejected in validatiodverifications due to matrix spike analyses (see below). Metals 

analyses for 2001 are accurate with respect to matrix interference. 

Thallium Accuracy 

The accuracy of thallium analyses and presence of thallium as a contaminant at WETS in 200 1 warrant a 

special discussion. In the past, thallium has not been a contaminant of concern in groundwater at RFETS 

and has not regularly detected above Tier I1 Action Levels. In 2001, numerous wells had their first ever 

thallium detections or first ever thallium detections at concentrations greater than Tier 11. The Groundwater 

Program is concerned that many of these thallium detections reported by laboratories in 200 1 may be 

inaccurate. 

The presence of thallium at levels greater than Tier I1 is suspect because according to the K-H ASD 

measuring small concentrations (for example 2.0-4.0 pg/l, see below) of thallium in RFETS samples is 

technically difficult. (The practical quantitation limit listed for thallium in the ALF table is 12 &l.) 

A complicating factor in thallium measurement occurs for the following reason. The Tier I1 Action Level 

for thallium is 2.0 &1. The Basic Ordering Agreement (BOA), the contract that specifies what is expected 

of an analytical laboratory, has a CRDL of 4.0 pg/l for thallium. Because the CRDL was greater than the 

Tier I1 Action Level many thalli? analyses have detection limits above the Tier 11. This mean that the 

CRDLs for thallium analyses could be met, but that accurate measurement of low concentrations of 

thallium at or above Tier I1 may be questionable. Thallium accuracy in 200 1 depended on laboratory skill 

and the laboratories adherence to contractual agreements or whether they were able to achieve, at the 

request of the K-H ASD, detection limits below those stipulated in the BOA. The range of detection limits 

fiom various laboratories for thallium was 0.013 pg/1 to 3.88 pgA. 

Thallium trend plots for several wells displayed in Appendix A illustrate the problem caused by attempting 

to measure small concentrations of thallium and the conflict between CRDLs and Tier I1 action level ' 

measurement criteria. The trend plots have a similar thallium pattern that extends from mid-2000 through 
mid-2002. These trend plots typically show multiple consistently low (below Tier 11) thallium analyses 

prior to mid-2000. This is followed by a single high value (above Tier 1I) in mid to late-2000, then a single 

low value (below Tier II) in early to mid-2001, another single intermediate to high value in mid to late- 

2001 (above Tier 11), and finally another low value (below Tier 11) in early to mid-2002. This pattern may 
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not reflect true thallium concentrations and may be an artifact of the particular laboratories that analyzed 

the sample. 

In many cases, Laboratory “A” performed metal analyses prior to the middle of 2000 (see sketch below). 

Laboratory “B” was brought into the BOA program and reported high mid- to late-2000 values. Largely 

because of data package reporting problems and in secondarily because of the high thallium values, 

Laboratory “B” was dropped fiom the program. Samples collected in early to mid-2001 were again sent to 

Laboratory “A” and thallium concentrations returned to levels similar to those reported prior to the middle 

of 2000 by laboratory “A”. In mid to late-200 1, Laboratory “C” was added to the BOA program and 

reported another group of thallium concentrations greater than Tier 11. These are generally intermediate 

between those reported by Laboratories “A” and “B”. The early to mid-2002 data that is available was 

processed by Laboratories “C” and “D’, laboratory “D’ being a fourth laboratory added to the BOA. Data 

values fiom this time interval are generally low and similar to those reported by Laboratory “A”. Initially it 

was assumed that data fiom Laboratory “B” was unreliable, especially after subsequent samples sent to 

Laboratory “A” came back with values similar to ones initially reported by Laboratory “A”. Based on the 

concentrations reported by Laboratory “C”, the Groundwater Program is closely scrutinizing all thallium 

data to ascertain whether the low values fiom Laboratory “A” may in fact be spurious and the higher values 

f?om Laboratories “B” and “C” may reflect actual thallium concentrations. 

The following sketch depicts the recent general thallium concentration trend in groundwater at WETS. 

Labs “C” and “D” 
Early to mid-2002 
Dotted lines show data 
generally not included in 
trend plot. 

.............. f .............. 
Lab “A” before mid to late-2000 

1 

Low High LowhIrmcdi.te Low Pattern 
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Representativeness 
There were 664 rinsate records versus 5229 real and duplicate sample records combined for metals in 2001 

(1 in 10.6,9.4%). Most metals rinsate results were either “U” (non-detect) or “B” qualified (the result was 

less than the CRDL but greater than the IDL), indicating that in general no metal contamination was 

introduced during sampling and/or shipping activities. Table 11-7 presents 164 metal rinse results during 

2001 that were not U-qualified. Of these 157 were “B” qualified by the laboratories. In general these 

results are two or more orders of magnitude less than the associated Tier I1 action levels indicating little 

introduced contamination. One aluminum detection at 19.4 pg/l was well below Tier I1 (36500 pg/l). Two 

aluminum results were “N” qualified indicating associated that matrix spike results were outside of control 

limits. These results were verified as “Jl” estimates were also well below Tier I1 (61 and 58 pg/l). One 

silver result deserves the “B” laboratory qualifier based on the CRDL from Table 1 1-4 (1 pg/l) and the 

reported detection limit (0.01 pg/l). The only results greater that Tier I1 were four thallium analyses and 

the accuracy of these is questionable, as discussed above. In general, 2001 rinsate detections for metals 

were well below both Tier I1 and Background W S D  levels. 

Completeness 
The 2001 IMP (K-H, 2000a and 2000b) required that 334 samples be collected for metals. Sampling was 

attempted at all required locations during 200 1 (Table 1 1-8). Ninety-three locations were dry or went dry 
during sampling, such that metals samples could not be collected. Of the 334 metal sample events required 

by the IMP, 241 were successfully completed during 2001, a success rate of 72.2% (Table 1 1-8). The goal, 

which assumes adequate groundwater production from the monitoring locations, is to have at least 90% of 

the wells successfully sampled. 

All metals sampling records were either validated or verified in 2001. Updated validatiodverification 

results are presented in Table 11-9. Of 8079 metals analyses, 153 were rejected (1.9%). Therefore, 7926 

analyses (98.1%) were judged acceptable. The rejections were related to laboratory activities, primarily 

outdated instrument calibrations and calibration blank errors. Details of the rejections are contained in the 

Quarterly Reports ( R M R S ,  2001f; SSOC, 2001b; SSOC, 2002a and 2002b). 

Validation (as opposed to verification) of metals records was performed on 10.0% (807 of 8081 analyses) 

which falls below the 25% criterion defined in the IMP. The K-H ASD group measures the 25% validation 

criteria against the total number of FUNS they process at WETS (individual RINs ffom all groups 

collecting samples are selected randomly). By this process, 15.1% of 2001 RINs for metals in the 

Groundwater Program were validated, which is still below the 25% criteria. 

Comparability 
No changes were made to analytical procedures during 200 1. Thus, analyses from 200 1 are comparable to 

previous analyses. 
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The data set for radionuclides (americium-24 1, cesium- 137, neptunium-237, plutonium-239/240, uranium 

isotopes w-233/234, U-235, and U-2381, tritium, and strontium-89/90) contains 75 duplicate sampling 

events versus 708 real events (1 in 9.4). Duplicate samples were collected at 19 of 106 locations sampled 

for radionuclides (1 in 5.5). Duplicate Error Ratios for reavduplicate analytical record pairs from analyses 

qualified by the laboratories as detections are shown in Table 1 1-2. Table 11-3 presents the display criteria 

for Table 1 1-2. Duplicate Error Ratios for 123 of the 125 reavduplicate analytical pairs were acceptable 

(DER < - 1.96). One plutonium-239/240 from the first quarter (well 22996) and one from the second quarter 

(well 00100) exceeded the 5 1.96 criterion. As shown in Table 11-3, the precision metric was met in 

98.4% of radionuclide reayduplicate samples. 

Accuracy 
All radionuclide analyses were performed using the proper contract required methods during 200 1 (Table 

11-4). Required detection limits for the 1460 radionuclide analyses performed during 2001 were met 

except for 14 analyses; six americium-241, six plutonium-239/240 and two strontium-89/90 were 

performed with detection limits greater than those specified in’the contract. Four of the americium-241 and 

two plutonium-239/240 results were non-detections where the CRDL was barely exceeded. Two of the 

remaining plutonium analyses were associated (“B’ lab ‘qualified) with method blank activity that exceeded 

the minimum detectable amount. This indicates that there may have been laboratory contamination of the 

method blank and the samples. The remaining 2 americium and 2 plutonium analyses simply failed to meet 

the CRDL criteria. The strontium detection limits unlike the 4 americium and 2 plutonium samples above 

were significantly higher than their CRDL although the results were below their reported detection limits 

and the laboratory should have “U” qualified these results. Including the six “IT’ qualified americium and 

plutonium analyses discussed above 1452 of 1460 (99.4%) analyses were performed within the required 

detection limits in 200 1. The accuracy of radionuclide analyses was good in 200 1. 

Table 1 1-6 presents LCS results for radionuclide analyses performed in 200 1. One U-235 (0% recovery) 

failed to meet the ’75-12940 recovery LCS criterion. Although permitted, there is no second LCS analysis 

associated with this result the analysis fails the LCS criterion. Four sample results associated with the 0% 

recovery U-235 were assigned ‘‘7’ qualifiers (estimated quantifications) by the laboratory and were verified 

as fully acceptable values. All of the remaining 275 LCS results are within the 75-125% recovery QC 

criterion. Except as noted, each combination of RlN and analytical method sent out has a corresponding 

LCS analysis that is within the criteria. With respect to LCS samples, radionuclide analyses in 200 1 are 
accurate. 
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Representativeness 
Rinsate samples were collected at 18 different locations in 2001 (1 in 5.9). There were 1 18 rinsate records 

for radionuclides compared to 1344 real and duplicate records in 2001 (1 in 1 1.4,8.8%). Fourteen rinsate 

analyses yielded detectable values (Table 11-7), eleven of which were estimates (“J” laboratory qualified). 

Detections included four americium-24 1, five plutonium-239/240, one U-233/234, two U-235, and two 

U-238 samples. All of these results were valid and were below Tier I1 action levels. One hundred four of 

118 (88.1%) rinsate results were non-detections. While there is little indication that introduced 

contamination during sampling activities is a concern for 2001 radionuclide data, sampling crews have 

been cautioned to make sure that established procedures are followed during equipment decontamination. 

Note: Nine additional rinsate analyses had results that were less than or equal to stated detection limits but 

did not have the ‘‘U” laboratory qualifier. This was assumed an error on the laboratory’s part. Because the 

detection limits were below the CRDLs and no problems were detected in validatiodverification these 

results were considered to be “U” non-detections. 

Completeness 
As shown in Table 11-8,234 WAm, 346 U-isotope, 134 tritium, 12 cesium-137,46 strontium-89/90, and 

47 neptunium-237 samples were scheduled for collection and analysis. All the required samples were 

collected or attempted. The success rate varied because of dry wells or wells’that went dry during 

sampling. The percentages of successful sample collection were 67.5% for MAm, 72.5% for U-isotopes, 

65.7% for tritium, 100% for cesiq-137,54.3% for strontium-89/90, and 34.0% for neptunium-237. The 

goal is 90%, groundwater availability permitting. 

Of the 1462 radionuclide results 1460 were either validated or verified; the exceptions were 2 cesium-137 

samples. Of the 1460 validatedverified results, 24.9% (364) were validated and 75.1% (1096) were 

verified. The percentage for validation is essentially equal to the 25% QC criterion required for 

compliance. 

As shown in Table 11-9, 100% of the americium, plutonium, uranium, tritium, strontium-89/90, and 

neptunium-237 radionuclide analyses are usable and therefore meet the 90% quality control criterion. 

Eighty-three percent of the cesium analyses are usable which failed to meet the 90% QC criterion. 

Comparability 
No changes were made to analytical procedures during 2001. Thus, the radionuclide analyses presented 

here are comparable to previous analyses. 
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11.3.3 Volatile Organic Compounds and Dissolved Gases 

14 (CY 2000 = 17) 

9 (CY 2000 = 4) 

6 (CY 2000 = 11)  

Precision 
For VOCs and dissolved gases (methane, ethane and ethene), there were 27 duplicate sampling events and 

20 (CY 2000 = 37) 50-800 &I, Probably Not 

15 (CY 2000 = 6) 800-6800 Probably 

13 (CY 2000 = 21) > 10000 p a  Definitely Yes 

333 real sampling events. This represents a ratio of 1 in 12.3 events (8.1%), which is greater than the 

required 1 in 20. For VOCs alone, there were 26 duplicate sampling event compared to 305 real sampling 

events (1 in 11.7). Relative percent differences for 1585 of the 1616 reayduplicate analytical record pairs 

(98.1%) met the QC criterion of 30%. Table 11-1 lists those pairs with detections as defined in Table 11-3. 

Sixteen RPD record pair were less than the QC criterion of 30% (Table 11-1) and another 15 were rejected 

in validation. The rejected values are most commonly due to problems with instrument calibration. The 

analyses of VOCs for 2001 meet the overall precision compliance goal of 85%. 

Accuracy 
All VOC and dissolved gas analyses performed in 200 1' employed contract-required methods. In the First 

Quarter the methods used were EPA 524.2 for VOCs and SW-846 Method 8015 for dissolved gases (Table 

11-4). As discussed above, results from each method should be comparable. 

For VOCs in 2001 there were 52 analyses (not counting dilution runs) out of 358 reaYduplicate/rinse 

analyses (1 in 6.9) that did not meet the 1 pg/L CRDL. (There were no dilution problems associated with 

dissolved gas analyses.) These 52 analyses represent 3 1 different sampling locations. Four locations (4 

analyses) contained little or no evidence of contaminants of concern and did not warrant detection limits in 

excess of the CRDL (concentrations were less than 50 pg/L). Fourteen locations (20 analyses) contained 

concentrations of contaminants (principally carbon tetrachloride, PCE and TCE) that, while elevated, may 

not warrant detection limits set in excess of the CRDL. In general, concentrations in these sampling 

locations were under 800 p a .  Nine locations (1 5 analyses) contained concentrations of contaminants that 

probably did warrant exceeding the CRDL; concentrations in these cases were between 800 and 6800 pgL. 

Six locations (13 analyses) had contaminants with concentrations greater than 10,000 pg/L. Meeting the 

CRDL in these six locations is essentially impossible. The following table summarizes the figures 

discussed here. 
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Switching to the SW-846 Method 8260 which requires a pre-screening run to aid in the determination of 

the appropriate dilution in early 2001 (see Section 11.2.2 Comparability above) appears to have helped 

reduce the number of excessive dilutions in CY 2001 comparedto CY 2000. 

Despite some problems with dilutions and detection limits, VOC and dissolved gas analyses in 200 1 are 

acceptable with respect to accuracy.' 

I 

Matrix spike data for VOC and dissolved gas analyses for 2001 are presented in Table 1 1-5. Of the 956 

VOC results in Table 11-5,26 matrix spike records were below and 14 were above the 75-125% recovery 

criteria. Thus, 4.2 % of VOC matrix spikes do not meet the QC criterion of 75125% recovery and 95.8% 

did meet the criterion. Only three analytical results were rejected in validatiodverification because they 

did not meet the criterion, none were contaminants of concern. Examination of Table 11-5 indicates that no 

one compound dominates results outside the QC criterion. Sixteen different compounds had either one or 
both the Matrix Spike (h4Sl) and Matrix Spike Duplicate (MD1) record out of compliance. Eight of the 16 

compounds that do not meet the criterion are not contaminants of concern. There were 10 pairs of MS1- 

MDI records for these 8 analytes and in 9 pairs only the MS 1 or MD 1 (not both) is out of compliance. 

TCE was the most common compound out of compliance. There were 8 pairs of MS 1-MD1 records for 

TCE and a single MS 1 record. At least six of the paired matrix spikes were associated with contamination 

in the sampled well (one spike location was not reported by the laboratory). Three TCE matrix spike 

records out of compliance were paired with a MSl or MDl that was within compliance. There were 5 pairs 

of TCE MS 1-MD1 records where both were out of compliance plus the single MS 1. 

Where the analyte was one of the following contaminants of concern: 1,1 -dichloroethene, carbon 

tetrachloride or PCE, contamination of the host well may have caused the matrix spike analysis to be 

outside the QC criterion. There does not appear to be matrix spike interference for VOC analyses in 2001. 

Accuracy of VOC analyses with respect to matrix spikes is good. Further discussion and additional data 

are provided in the Quarterly Reports ( R M R S ,  200 1 f; SSOC, 200 1 b; SSOC, 2002a and 2002b). 
I 

For the 56 dissolved-gas matrix-spike analgical records shown in Table 11-5, 12 (21.4%) were out of 

compliance with the 75-125% recovery criterion. The 12 analyses represent 9 MS1-MD1 pairs. In 6 of the 

pairs either the MS 1 or the MD 1 was out of compliance not both. The pair therefore meets the recovery 

criterion. The three pairs where the MS 1 and MD 1 failed to meet the criterion were for ethane (1) and 

ethene (2). This is less critical because the reason dissolved gas analyses are performed is to gather 

methane data for use in the Plume Degradation evaluations found in Section 7. All pairs of matrix spike 

analyses for methane met the recovery criterion. Therefore, there does not appear to be matrix interference 

for dissolved gas analyses in 2001. 
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Representativeness 
There were 27 rinsate-sampling events from 19 wells for VOCs and one for dissolved gases in 2001. Of 

the 1799 resulting records (1 796 for VOCs), 10 rinsate analyses contained VOCs at detectable ‘ . 

concentrations are shown in Table 11-7. Table 11-7 includes only the actual rinse detections for the year. 

The majority of 2001 VOC rinsate results are not shown in Table 11-7 because they do not indicate 

contamination due to inadequate decontamination of sampling equipment. Records for 1746 non- 

detections (97.0% of the VOC rinsate records), including three dissolved gas analyses are not shown in 

Table 11-7. One detection-record was rejected in validation is not shown. Twenty-four laboratory 

qualified “J”’ analyses in which the result and detection limit for the analysis were equal to or less than 1 

pg/l, the Contract Required Detection Limit (10 pgA in the case of 2-butanone and acetone) are not shown. 

These estimated results imply no induced contamination due to decontamination activities. Eighteen 

analyses with “JB” or ”JB1” validatiodverification codes and where the Validation Reason Code indicated 

that the method blank contamination was significant are not included. Except in one case these analyses 

are also lab qualified as “JB”. The blank contamination compromises these results as indicators of induced 

contamination. (“J” laboratory or validatiodverification codes indicate the result is estimated. “ B  codes 

indicate method blank contamination.) 

- 

In Table 11-7, rinsate results for five chloromethane analyses were detections below Tier I1 action levels. 

The associated real and duplicate samples for these records do not contain chloromethane. This implies 

that the chloromethane in the rinse is due to laboratory contamination. (These results are not “ B  qualified 

which would indicate method blank contamination at the lab.) Chloromethane is not a primary 

contaminant of concern. ’ It is a degradation product of carbon tetrachloride. 

Tetrachloroethene and trichloroethene rinsate results in Table 1 1-7 containing significant contamination 

came fkom two wells on four occasions. These results indicate that decontamination of sampling 

equipment was not effective. The tetrachloroethene and trichloroethene results were discussed with the 

sampling crews at the time the data arrived from the laboratories. The crews are making a special effort to 

perform thorough decontamination of their sampling equipment. This effort was noted in the first through 

third 2001 Quarterly Reports (RMRS, 2001; SSOC, 2001; and SSOC, 2002a). 

Considering that more than 97.0% of 2001 VOC (and dissolved gas) rinsate results from 17 of 19 locations 

yielded nonrdetects (1 746 of 1799), in general, analyses are representative of environmental conditions. 

The 56 VOC results that were not classified as non-detections included 24 where the result was less than 

1 pg/l and 18-22 that were compromised by lab contamination. Extra care in decontamination at all 

locations, not just those with known contamination, has been taken by sampling crews since the discovery 

of contamination of rinsate samples beginning in the first quarter 200 1. 
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Completeness 
During 2001, the required 383 VOC and 28 dissolved gas sample sites were visited (Table 11-8). From 

these, 305 VOC and 28 dissolved gas samples were collected and analyzed. The sampling success rate for 

VOCs was 79.6% and for dissolved gases 100%. Dry well conditions precluded VOCs meeting the 

completeness goal of 90.0%. 

There were 22592 VOC analytical*records returned in 2001 (Table 11-9). All VOC records were either 

validated or verified. Based on a count of sampling events, 29.5% of 2001 analyses were validated and 

70.5% were verified. These percentages meet the required criterion for a minimum of 25% validation. 

Of the 22592 analyses, 1.2% (274) were rejected (validatiodverification code = R or R1) and are 

considered unusable data. The rejected compounds are not contaminants of concern at WETS, 1,2- 

dibromoethane (1 0 rejections), 2-butanone (94), acetone (83), bromochloromethane (lo), dibromomethane 

(10) and 1,2-dibromo-3-chloropropane (67). Rejection of records was due to laboratory problems. One or 
both of the following validation reason codes applied to all rejected VOC analyses. Requirements for 

independent calibration verification were not met, or continuing calibration verification criteria were not 

met. Overall, 98.8% of VOC analyses are usable. VOC analyses are complete with respect to validation 

and verification. 

Because dissolved gas analyses are performed under special contracts, they are not validated or verified at 

this time. 

Comparability 
At the start of the 2nd Quarter 200 1, the technique for the analysis of VOCs was changed fi-om the EPA 

524.2 Drinking Water to the EPA SW-846,8260 method. The change was made because the SW-846 

method requires a pre-screening analytical run that helps laboratories determine appropriate levels of 

dilution, when needed. Because both the EPA 524.2 and SW-846 methods use gas chromatography as the 

basic analytical method. and detection limits have not changed, results gathered using either method should 

be comparable to one another. 

Analysis of dissolved gases remained consistent throughout the year. VOC q d  dissolved gas analyses for 

200 1 are comparable to previous analyses. 

11.3.4 Water Quality Parameters 

Precision 
The following WQPs were collected in 2001 : alkalinity, chloride, total cyanide, fluoride, nitrate, 

nitratehitrite, TOC, TDS, TPH, sulfate, and sulfide. 
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There were 67 duplicate sample records versus 75 1 real sample records collected during 2001 (1 in 11.2, 

8.9%). All 67 of the WDs calculated from the real/duplicate pairs were less than the QC criterion of 30% 

and, are therefore, acceptable (Tables 11-1 and 1 1-3). Overall, the data indicate good precision for water 

quality parameter analyses. 

Accuracy 
All water quality parameter analyses were performed using the proper contract required analytical methods 

(Table 11-4). Analytical data indicate that the CRDLs were met for 97.3% (796 of 818 records) of water 

quality parameter analyses (Table 11-3). Those analyses that did not meet CRDL requirements included, 6 

chloFde, 1 fluoride, 1 nitrate, 4 nitratehitrite, 8 sulfate, 1 sulfide, and 1 TDS. Except in the case of the 

fluoride (see below), all analyses were detections and presumably warranted a detection limit/dilution 

above the CRDL. Chloride, sulfide, and TDS do not have Tier I1 action levels. The sulfide result, noted 

above, was rejected in validation because it did not meet matrix spike requirements. The fluoride was 

above the Tier Il action level (4 m a )  at the detection limit (5 m a ) .  The nitrate and nitratehitrite 

analyses were all above the Tier I1 level (10 m a ) .  One of the eight sulfate analyses (2760 m a ,  

detection limit = 10 ma, dilution = 100) was above Tier I1 (500 m a ) .  Except for the sulfide analysis, 

the other 21 analyses in this group were verified as either estimates (J1 qualified, 2 records) or as usable 

with no problems (V1 qualified, 19 records). In general, with respect to methods and detection limits, 

water quality parameter results for 2001 are accurate. 

Matrix spike sample results for alkalinity, chloride, total cyanide, fluoride, nitrate, nitratehitrite, sulfate, 

sulfide, and TOC are given in Table 11-5. Of 301 records, 9 are outside the 75-125% recovery range. All 

records for alkalinity (3 records), total cyanide (16), sulfate (68), and TOC (16) were within the 75-125% 

QC range. Chloride (23 records total, 1 outside the range), fluoride (35/1), nitrate (23/1), and nitritehitrate 

(104/4) had paired matrix spike results (MS1-MD1) where one member was outside the criteria but the 

second result was acceptable. For sulfides there were 13 matrix-spike records (including one MS1-MDl 

pair). Five of the single matrix spikes (MS1) failed the criteria 75125% recovery criterion. Five sulfide 

analyses associated with the failed matrix spike analyses discussed here were rejected in validation due to 

low predigestion, matrix-spike recoveries. Except for sulfide, there does not appear to be any matrix 

interference affecting WQPs. b 

Representativeness 
There were 60 equipment rinsate analyses for water quality parameters in 2001 : chloride (l) ,  total cyanide 

(2), fluoride (4), nitrate (l), nitrate/nitrite (23), sulfate (3), sulfide (l), TDS (23) and TPH (2). Forty-nine of 

the analyses (81.7%) were non-detects. As shown in Table 11-7, 1 total cyanide, 1 nitrate, and 9 

nitratelnitrite rinsate analyses had detectable concentrations. The results for these analyses are low and 

none of the results exceeded a Tier I1 action level. Introduced contamination is not indicated by these 

results. 
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Comdeteness 
As shown in Table 11-8, 8-alkalinib, 28-chlorideY 26-total cyanide, SO-fluoride, 2S-nitrateY 310- 

nitratelnitrite, 148-sulfateY 28-sulfideY 342-TDS, 28-TOC, and 23-TPH samples were to have been collected 

for analysis. All of the required visits for sampling were made. The success rate varied because of dry 

wells or wells that went dry during sampling. Two TDS samples were missed because of errors in labeling 

and chain of custody (Table 11-8). The percentages of successful sample collection were 100% for 

alkalinity, 100% chloride, 100% total cyanide, 58.8% fluoride, 100% nitrate, 76.5% nitratehitrite, 68.2% 

sulfate, 100% sulfide, 69% TDS, 100% TOC, and 65.2% for TPH. The QC goal is 90%, groundwater 

conditions permitting. 

I 

All of the 915 water quality parameter records from 2001 were validated or verified (Table 11-9). 

Validation was done on 16.5% ofthe results (151 records) and verification was done on 83.5% (764 

records). Based on counting records the number of CY200 1 validations is less than the desired annual 

25%. Note that the K-H ASD keeps track of the percent of validations versus verifications based on a site- 

wide count of the number of Report Identification Numbers sent out. “RINs” essentially represent batches 

of samples sent out for analysis. As defined in the Groundwater Quality Assurance Program Plan (RMRS, 

2001c) the K-H ASD is responsible for validation of 25% of the RINs sent out for analysis. 

As shown in Table 11-9, only six of 915 WQP analyses failed to provide usable data points. Five sulfide 

analyses and one nitratehitrite analysis were rejected because of low, predigestion matrix-spike recoveries. 

Comparability 
As stated above, no changes were made to analytical procedures for WQPs during 2001. Water quality 

parameter analyses for 2001 are comparable to previous analyses. 

I I .3.5 Polychlorinated Biphenyls 

Precision 
A duplicate sample for polychlorinated biphenyls (PCBs) was collected from one of the sixteen PCB 

sampling locations in 2001. There are seven different PCB constituents analyzed for. Because all 

duplicate and real analyses were non-detections at the detection limits, all seven RPDs are equal to zero. 

Therefore, there are no PCB-RPD results shown in Table 1 1 - 1. PCB analyses are included in summary 

Table 11-3. PCB analyses are acceptable with respect to precision during 2001. 

Accuracy 
Contract required detection limits were met for all PCB analyses in 2001, except in one case (Table 11-4). 

Due to a lack of recharge in the well, the sample container at well 56301 was not completely filled, and it 

was not possible for the laboratory to meet the CRDL on that sample. All PCB analyses carried out in 2001 

utilized the SW-846 Method 8082 as required. With respect to detection limits and analytical methods, 

PCB analyses in 2001 are acceptable. 
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As in 2000, no matrix spike analyses were performed for PCBs during 200 1. While accuracy 

quantification for PCB analyses could have been better, analyses for PCBs are judged accurate for 2001 

because all the results were non-detects. 

Representativeness 
A rinsate sarhple was collected at one of the sixteen sampling locations. The seven rinsate results for PCBs 

were all non-detects. There is no evidence of introduced PCB contamination because of the sampling 

procedures in 200 1. Real and duplicate analyses are considered to be representative for 2001. 

Completeness 
Because of a lack of water, only 16 of 38 wells could be sampled for PCBs (42.1%). All of the 126 results 

returned were classified as usable data points. Validations were made on 38.9% (7 of 18 records) of the 

records and verifications were made on the remaining 61.1% of the records. Sampling was incomplete 

because of dry conditions; however, it was complete with respect to gathering usable data. 
\ 

Comparability 
Calendar year 2001 PCB analyses are comparable to previous analyses (1999 and 2000). Analytical 

methods and sampling procedures have remained the same over the sampling period. 
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