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EXECUTIVE SUMMARY 

This report, which is required annually according to the Rocky Flats Cleanup Agreement (RFCA, 

1996), summarizes the groundwater monitoring activities and results at the Rocky Flats 

Environmental Technology Site (WETS) for calendar year (CY) 1997. The report is presented in 

two volumes. Volume 1 presents text, tables, figures, and plates. Volume 2 presents appendices. 

Section 1 serves as a brief introduction to the report and summarizes the Site environmental history 

and the hydrogeologic setting. Section 2, Data Analysis, discusses the groundwater quality data 

collected in CY97 and contains a data quality assessment regarding the precision, accuracy, and 

representativeness of analytical data. In addition, Section 2 contains updated plume maps and 

discussion for five volatile organic compound (VOC) species, nitrate. manganese. nickel, sulfate, and 

total dissolved solids. Section 3 presents groundwater flow conditions during CY97, and compares 

them to groundwater flow conditions documented during CY96. Water levels during calendar year 

1996 are considered to represent a sitewide baseline to be used in assessing annual changes to the 

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

Section 4, 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 5 presents a summary of other CY97 groundwater characterization 

activities at WETS that involved groundwater issues. Section 6 serves to outline other groundwater 

program activities including well permitting, bladder pump installationsAow flow rate sampling, the 

real time groundwater monitoring network, well abandonment and replacement (WARP) activities, 

and a preliminary data quality assessment of historical groundwater data. Section 7 presents 

conclusions and recommendations for future groundwater characterization activities. Section 8 lists 

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

Volume 2 of this document contains six appendices. Appendix A consists of data quality assessment 

tables. Appendix B presents groundwater analytical data collected during CY97 for RFCA wells. 

Appendix C presents historical groundwater level data. Appendix D presents well hydrographs for 

water quality and background wells. Appendix E consists of two parts; Appendix E. 1 , geologic logs 

for wells installed in CY97, and Appendix E.2, well construction diagrams for the CY97 wells. 
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1 .O INTRODUCTION 

This Annual Groundwater Monitoring Report summarizes the groundwater monitoring activities and 

results at Rocky Flats Environmental Technology Site RFETS for calendar year 1997 (CY97), as 

required in the Rocky Flats Cleanup Agreement (RFCA), and outlined in the Integrated Monitoring 

Plan (IMP) (K-H, 1997). Section 1 serves as a brief introduction to the report. Section 2 discusses 

the groundwater quality data collected in CY97 and contains updated plume maps for selected 

volatile organic compounds and metals, nitrate, and general water quality indicator parameters, 

including sulfate and total dissolved solids. Section 3 presents baseline hydrogeologic data for the 

recently defined RFCA groundwater monitoring network. Section 4 discusses the groundwater 

evaluation activities that are in process. Sections 5 and 6 give a brief summary of pre-remedial 

characterization and other activities at RFETS in CY97 that involve groundwater. 

1 .I Site Description 

Rocky Flats Environmental Technology Site 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 of federally-owned land (Figure 1 - 1). Site ownership, 

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

initiated in 1951 and operations were begun in 1952. 

Prior to the current closure mission, RFETS 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 a 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 

I111 1/98 Page 1 
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Site, transmitting water for downstream agricultural, industrial, and municipal purposes. Three 

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

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). The geologic history of the Colorado Rocky Mountain region, which includes the 

Site area, has been summarized by Haun and Kent (1965). 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 I 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 

surface water diversion ditches. 

1.2.2 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. 

Bedrock formations from the uppermost Cretaceous Pierre, Fox Hills, Laramie, and Arapahoe 

Formations are present and exposed at the surface or lie beneath the Site. The Quaternary Rocky 

Flats Alluvium, and to a limited extent Verdos Alluvium, unconformably overlie the Cretaceous 

Arapahoe and Laramie Formations in the central portion of the Site. The unconsolidated surficial 

deposits, combined with the weathered portion of subcropping bedrock formations, form the 

sequence of rocks that have the greatest importance regarding groundwater flow and contaminant 

transport at the Site. 

--- I .2.2.1 Rocky Flats Alluvium 

Several Quaternary alluvial formation pediment covers have been identified in the vicinity of the Site 

by Scott (1975). The Rocky Flats Alluvium is 'an unconsolidated deposit derived from quartzites and 
a 
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granites of the Coal Creek Canyon provenance west of the Site. The deposit diminishes 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. 

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. 

1.2.2.2 Other Surficial Deposits 

In  addition to the pediment-forming 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 from Arapahoe and Laramie Formations 

and older alluvial deposits. 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 more commonly flank the Rocky Flats Alluvium. They are often bounded by 

headwall scarps and lobate toes at the downslope margins. Seeps issuing from 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 better sorted than the 

Rocky Flats Alluvium. 

I .2.2.3 Arapahoe Formation 

The Arapahoe Formation is composed of claystones and silty claystones with lenticular sandstones 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 

1111 1/98 Page 6 
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Formation at various locations on Site (EG&G, 1995a). This basal Arapahoe Formation sandstone, 

which is currently defined as the No. 1 Sandstone, is of concern as a potential contamination 

pathway, especially where it subcrops beneath the alluvial/bedrock unconformity. 

1.2.2.4 Laramie and Fox H i l l s  Sandstone Formations 

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

sandstone/claystone/coal interval and an upper, thick claystone interval. Within the upper claystone 

interval, thin, lenticular sandstone lenses (Le., Sandstones 2 through 5 in the 1991 Geologic 

Characterization Report (EG&G, 199 1 a)) 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 a fine-grained sandstone with thin siltstone and claystone 

interbeds and an approximate thickness of between 75 and 125 feet. The Fox Hills sandstone crops 

out and subcrops along a narrow, north-south trending pattern in the extreme western part of the Site 

upgradient from 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 Industrial Area and is protected from possible contamination by the intervening 

Laramie Formation claystones. 

1.2.2.5 Pierre Formation 

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. 

1.2.3 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 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 exposed west of the Site is the most significant surficial structural feature in the 

I 
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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). 

I .2.4 Hydrogeology 

This section presents the basic concepts about the 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, 1995c). 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. 

1.2.4.1 

The term aquifer 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 aquifer 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. 

Definition of the Uppermost Aquifer for the Site 

Beneath the surficial materials and the consolidated sandstones 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 
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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 and Fox Hills Sandstone Formations comprise a 

stratigraphically lower and third hydrostratigraphic unit beneath the Site. Groundwaters of the three 

hydrostratigraphic units are hydraulically separated beneath the IA. They do converge, however, and 

are in mutual contact immediately upgradient near the western margin of the Site due to monoclinal 

folding and erosional proximity. Initially, background geochemical characterization of the UHSU 

and LHSU revealed that these units have statistically different groundwater chemistry concluding 

with the delineation of separate hydrostratigraphic units (EG&G, 1993a). In addition, possible 

communication of the hydrostratigraphic units along other geologic structures is currently being 

assessed. More detailed differentiation of the LHSU will be achieved as new hydrogeologic and 

geochemical data are generated from Site investigations currently proposed or in progress. 

1.2.4.2 Groundwater Occurrence and Distribution 

The Site is located in a regional groundwater recharge area (EG&G, 199 1 a). Groundwater recharge 

occurs from the infiltration of incident precipitation and as base flow near the upgradient area of the 

Site drainage basin which extends west to Coal Creek. Groundwater recharge occurs from the 

infiltration of precipitation and from stream, ditch, and pond seepage. Much of the groundwater that 

discharges from the UHSU to streams and seeps evaporates as it is being discharged. Limited 

investigation of the former OU2 area during the period of July through October 1993 indicated that 

the precipitation component of recharge was lost to evapotranspiration demands (EG&G, 1993b). 

In the western part of the Site, where the thickness of the Rocky Flats Alluvium reaches 100 feet, the 

depth to the water table is 50 to 70 feet below the surface. The depth to water generally becomes 

shallower from west to east as the alluvial material thins and the confining claystones are closer to 

the ground surface. At the head of stream drainages and along valley sides, seeps are common at the 

base of the Rocky Flats Alluvium where it is in contact with claystones of the Arapahoe/Laramie 

Formations, and where the Arapahoe Formation sandstone crops out. In general, 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 

unconsolidated surficial deposits has been mapped and is shown on Plates 2 and 3. The periods 

illustrated represent the times of year when static water levels are expected to be both high and low. 
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Areas of unsaturated and seasonally unsaturated alluvium and colluvium are indicated east and 

northeast 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, 1991a). 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. 

Approximately 15 percent of the groundwater monitoring wells are commonly dry during at least one 

of the quarterly sampling events. Of the remaining wells, approximately half cannot yield sufficient 

water volume (4.5 gallons) specified for laboratory samples. Sampling crews must return later after 

wells have recovered to obtain additional sample volumes. e 
1.2.4.3 Groundwater Flow 

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

contours in Plates ,2 and 3. These maps indicate that groundwater flow is largely controlled by the 

topography of the bedrock surface. Groundwater in the ridge tops generally flows toward the east- 

northeast. In areas where the ridge tops are dissected 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. Shallow groundwater 

flow is primarily lateral due to the low permeability of the underlying claystone bedrock. 

A potential for vertical groundwater flow, although limited by the low permeability of bedrock 

claystones, is indicated by the presence of strong downward vertical hydraulic gradients between the 

UHSU and underlying bedrock units. This situation implies a condition of poor hydraulic 

communication. For example, vertical gradients on the order of 0.79 to 1.05 WFt have been 

calculated between colluvial and bedrock sandstones. The vertical groundwater flux through 

claystones is assumed to be small, on the order of 10-10 to 10-7 cm/sec, based on calculations 

provided in RMRS (1996a). Fracturing, where evident, is most abundant in the weathered bedrock 
e 
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zone, but is observed to decrease with depth in unweathered bedrock. Preferential vertical 

groundwater flow and contaminant transport along fractures or fault zones does not appear to 

represent a viable pathway for contaminant migration based on an assessment of available data 

(RMRS, 1996a). 

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, 1995c, Table G-2) indicate 

a range of 5.0 x 

Listed in order of decreasing geometric mean hydraulic conductivity, the relative ranking of 

individual units of the UHSU is presented as follows: valley-fill alluvium (2.5 x 10-3 cmhec); 

Arapahoe No. 1 sandstone (7.9 x 10-4 cmisec); Rocky Flats Alluvium (2.1 x 10-4 cm/sec); colluvium 

(9.3 x 10-5 cm/sec); weathered Laramie Formation sandstones (3.9 x 10-5 cm/sec); and weathered 

Laramie Formation claystones (8.8 x 10-7 cm/sec). 

cm/sec (3.0 x feet per year [Wyr]) to 3 x 10-8 cm/sec (9.3 x 10-1 Wyr). 

Hydraulic conductivities for LHSU materials are generally the lowest measured at the Site with 

geometric mean values for individual lithologic groups ranging from 1.6 x.10-7 to 5.8 x 10-7 cm/sec 

(EG&G, 1995c, Table G-2). The low permeability and 600+ foot thickness of the upper Laramie 

Formation claystones act as an effective aquitard that restricts downward vertical groundwater flow 

and contaminant transport to the Laramie-Fox Hills aquifer (RMRS, 1996a). 

\ 

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

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

(1,) Topography controls the surface waters of the upslope drainage basin which in part recharges 

groundwater and the three principal streams draining the Site. The majority of shallow 

groundwater is intercepted by these drainages. 

(2) The lithology and perheability of the unconsolidated surficial deposits permit meteoric waters 

to recharge the water table. The water table is contained in alluvium and weathered bedrock. 

(3) Paleotopography of the bedrock pediment, which is less permeable than the overlying 

unconsolidated surficial deposits, serves to focus groundwater movement along bedrock 

lows.” 6 6  
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(4) 

( 5 )  

1.3 

Paleoweathering of shallow bedrock materials has enhanced the permeability of the upper IO 
to 60 feet relative to unweathered bedrock. 

The permeability of bedrock units, composed primarily of claystone with lesser amounts of 

siltstone and sandstone, is generally several orders of magnitude less than for unconsolidated 

surficial deposits. The 600+ feet of unweathered bedrock between the shallow groundwater 

flow system and deep regional Laramie-Fox Hills aquifer provides an effective barrier to 

vertical groundwater and contaminant movement. 

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. however, in one building through 

the early 1990's. During operation, environmental protection measures were established that seemed 

consistent with prudent environmental management. However, some activities resulted in the 

environmental contamination of portions of the Site. Efforts to document the extent of Site 

contamination are in progress, 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 knowledge gained to date about contamination arising from past practices. 

The HRR is updated on an annual basis with the knowledge gained from ongoing monitoring and 

investigative activities on site. The additional information is submitted on an annual basis to the 

EPA and CDPHE as addenda to the original document. 

Documented areas of soil contamination have been designated as Individual Hazardous Substance 

Sites (IHSSs). Many of these IHSSs have been characterized as part of the Remedial 

Investigation/Feasibility 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 others are currently scheduled for excavation and treatment by the Environmental' 

Restoration Department in accordance with a Site environmental remediation priority ranking 

system. 

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 
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volatile organic compounds (VOCs). Plate 20 shows the distribution of VOC contamination in the 

UHSU. Plume definition is inexact however, because of limitations in well coverage, variability of 

hydrostratigraphic conditions, and local variations in groundwater transport velocity. Previously 

published plume maps for individual constituents can be found in the 1993 Well Evaluation Report 

(EG&G, 1994a), the annual RCRA Groundwater reports (EG&G, 1992, 1993c, 1994b, 1995d; 

RMRSKH, 1996) and in individual OU RI/RFI reports. 

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

to impact surface water, based on spatial distribution and concentration considerations. These 

plumes have been defined on the basis of concentration values above the RFCA Tier I1 Action Level 

for individual constituents. Action levels at RFETS are derived from and are similar to regulated 

maximum concentration limits (MCLs). To delineate areas of highly contaminated groundwater, the 

Tier I groundwater action levels of 100 x Tier I1 Action Levels were compared against all 

groundwater data for the most common VOCs in groundwater. Values above Tier I and Tier I1 

Action Levels were plotted and are shown on Plate 20. The most probable sources were identified 

using the results of recent field sampling programs and correlating this with our knowledge of Site 

processes (see RMRS, 1996b). A flow diagram (RMRS, 1996b) illustrates the method used to locate 

the contaminant plumes and corresponding sources, and to assist in determining which areas should 

be evaluated for potential remedial action. Other contaminants will also be addressed where there is 

a potential impact to surface water above action levels. 

e 

Six VOC groundwater contaminant plumes have been identified where contaminant concentrations 

are above Tier I Action Levels. These groundwater contaminant plumes include the IHSS 1 19.1 

Plume, Mound Plume, 903 Pad and Ryan’s Pit Plume, Carbon Tetrachloride Plume, East Trenches 

Area Plume, and Industrial Area Plume. In addition, there are two plumes with contaminant 

concentrations above Tier I1 Action Levels that have the potential to impact surface water. These 

plumes are the Present Landfill and the Property Utilization and Disposal (PU&D) Yard (RMRS, 

1996b). 

In addition to the VOC plumes, there are other constituents with concentrations above action levels 

in groundwater. This report will present updated plume maps for selected metals, sulfate, and total 

dissolved solids (TDS), as well as present individual plume maps for selected VOCs, including 

trichloroethene (TCE), tetrachloroethene (PCE), carbon tetrachloride. 1,2-Dichloroethene, and vinyl 

chloride. Evaluation of metals anomalies has been curtailed pending re-evaluation of background 

thresholds that will be done in FY99. 
0 
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1.4 

1.4.1 Rocky Flats Cleanup Agreement 

Regulatory Changes Affecting the Groundwater Monitoring Program 

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

the environmental cleanup agreement for RFETS. The RFCA outlines the goals, objectives, and 

strategies that will lead to the RFETS 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 and 

in other media. The IMP is required under RFCA to further define the monitoring programs for the 

Site. 

To align the groundwater monitoring program with the new RFETS mission and RFCA 

requirements, the monitoring nehvork 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 discussed below. 

1.4.2 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, 1997). To evaluate groundwater monitoring needs, one must know 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, 1998). 

Appendices A, B, C, and D of the groundwater section of the Background Document cover these 

previous topics. Appendix E of the groundwater section lists the wells that will be monitored for 

water quality or for groundwater flow. 

In the past, two plans have been 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 have historically been 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 RCRA for the interim status units on Site. This Plan is called 
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the Groundwater Assessment Plan (GWAP) (DOE, 1993a). Other monitoring plans have been 

developed to address groundwater monitoring requirements as outgrowths of various CERCLA 

Interim Measurehterim Remedial Action (IM/IRA) decision documents. The IMP will serve as the 

Groundwater Monitoring Plan for the Site; and it will replace the requirements found in the group of 

plans named above. It will also revise the requirements of the routine groundwater monitoring 

portion of the IA I M A M  decision document (DOE, 1994) and the French Drain Performance 

Monitoring Plan (DOE, 1992b). 

The original IMP was published in May 1997. The 1998/99 version of the IMP and Background 

Document will be published in September, 1998. 

The groundwater monitoring network, as defined in the IMP (K-H, 1997), has seven categories of 

monitoring wells. Table 1 - 1  lists the wells in the current monitoring program. Table 1-2 presents 

the analytical suites associated with each well in the program. 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: 

Boundnrv (B) Monitorinp Wells: These wells monitor groundwater leaving the eastern Site 

boundary. A reportable exceedance occurs if a measured concentration is above a Tier I1 action 

level and the background Mean plus 2 Standard Deviations (M2SDs). When there are no previous 

historical data, or a value is greater than the M2SD of the historical concentration in the well when 

there have been historical exceedances of 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. 

D&D fDD) Monitoring Wells: These wells monitor for releases to groundwater from deactivation 

and decommissioning (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. 

Plume Definition (PD) Monitorina Wells: These wells are located within known contaminant , 

plumes and 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 a Tier I action level, and the 
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background M2SD, and the M2SD of the historical concentration in the well. The required action is 

to reclassify as a Tier I reportable well and evaluate possible impacts to groundwater. 

Table 1-1 Groundwater Monitoring Wells 

WELL No. FREQUENCY WELL DRIVERS FORMATION DEClSlONlPURPOSE 
PLUME IMP 

CLASS AREA 

6486 Semiannual D 881 Hillside AL Drainage well monitoring the Woman Cr. drainage 
downgradient of the 881 Hillside Plume 

RFCA 

AL Drainage well monitoring the Woman Cr. drainage south 
of the 881 Hillside Plume 5587 Semiannual D 881 Hillside RFCA 

5387 Semiannual . PE 881 Hillside RFCA AL Plume Extent south of the 88lHillside Plume 
4887 Semiannual PE 881 Hillside RFCA AL Plume Extent south of the 881 Hillside Plume 
4787 Semiannual PE 881 Hillside RFCA AL Plume Extent south of the 881 Hillside Plume 

38591 Semiannual D 881 Hillside RFCA 
Drainage well in Woman Cr. Drainage below 881 Hillside 

AL Di, , rn~ 

AL Performance Monitorina for the French Drain 

iitorina for the French Drain 

I ,",,nu 

00797(35691) Semiannual PM 881 Hillside RFCA AL Performance Monitoring for 881 Footing Drain Sump 
<~ ~ ~- ~- 11092 ~ Semiannual PM 881 Hillside RFCA. IMllRA -FD . 

10992 Semiannual PM 881 Hillside RFCA. IMllRA -FD AL Performance Monitoring for the French Drain 
10792 Semiannual PM 881 Hillside RFCA, IMllRA -FD AL Performance Monitoring for the French Drain 
10692 Semiannual PM 881 Hillside RFCA, IMllRA -FD AL PerforrnanceMor ~ ~ ~ ~ ~ 

10592 Semiannual PM 881 Hillside RFCA, IMllRA -FD AL Performance Monitoring for the French Drain 
0487 Semiannual PD 881 Hillside RFCA AL Plume Definition well for the 881 Hillside Plume 

6586 Semiannual D 903 Pad RFCA 

6386 Semiannual PO 903 Pad RFCA 

6286 Semiannual PD 903 Pad RFCA 

3087 Semiannual PD 903 Pad RFCA 

2987 Semiannual PD 903 Pad RFCA 

23196 Semiannual PE 903 Pad RFCA 

23096 Semiannual PE 903 Pad RFCA 

22996 Semiannual DD 

AL 

AL 

BDIUSHU 

Drainage well monitoring the No. side Woman Cr. below 
903PadlRyans Pit Plume 
Plume Definition well monitoring pathway to Woman Cr. 
in the 903 PadlRyans Pit Plume 
Plume Definition well monitoring pathway to Woman Cr. 
in the 903 PadlRyans Pit Plume 
Plume Definition well monitoring pathway to Woman Cr. 
in the 903 PadlRyans Pit Plume 
Plume Definition well monitoring pathway to Woman Cr. 
in the 903 PadlRyans Pit Plume 
Plume Extent well monitoring the southward migration of 
the Ryans Pit/903 Pad Plume 
Plume Extent well monitoring the southern migration of 
the Ryans- O W  VOA Plume 

AL 

AL 

AL 

Bldg 886 RFCA, lM,lRA for v\ AL Building DBD well monitoring potential rad contamination 
n ~ s r  RRfi  Iah 
I ,I". -1- I"" 

AL Boundary Well - in the Walnut Cr. Drainage at the 
Indiana Street Boundary 41691 Semiannual B Boundary RFCA, AIP 

41591 Semiannual B Boundary RFCA, AIP AL Boundary Well - in small drainage near east access gate 
Boundary Well - in the Woman Cr. Drainage at the 

Boundary Well - in drainage below Pond D-2 in the 
southeast wmer of the Site 
Boundary Well - in small drainage east of the Site at 
Indiana St. 
Boundary Well - in small drainage north of the east 
access gate 

AL Indiana Street Boundary 

AL 

BDIUHSU 

BD,UHSU 

10394 Semiannual B Boundary RFCA, AIP 

10294 Semiannual B Boundary RFCA, AIP 

06491 Semiannual B Boundary RFCA, AIP 

0386 Semiannual B Boundary RFCA, AIP 

AL Plume I 
P219189 Semiannual PD Carbon Tet RFCA. RCRA ~ - . Definition well for VOC contarnination coming 

Plume Extent well monitoring the northem migration of AL the East Trenches Area Plume 
Plume Extent well monitonng the southem migrabon of 

AL the East Trenches Plume 
A,,BD Plume Extent well monitonng the northeast nugrabon of 

the East Trenches Plume 
AL Plume Extent well monitonng the eastward migrabon of 

the East Trenches Plume 
AL Plume Extent well monitonng the eastward rnigrabon of 

the East Trenches Plume 

AL Plume Extent well monitonng the southward migrabon of 
the East Trenches Plume 
Plume Extent well monitonng the northward migrabon of 

AL the East Trenches Plume 

23296 Semiannual PE East Trenches RFCA 

10194 Semiannual PE East Trenches RFCA 

06091 Semiannual PE East Trenches RFCA 

05091 Semiannual PE East Trenches RFCA 

04991 Semiannual PE East Trenches RFCA 

04591 Semiannual PE East Trenches RFCA 

04091 Semiannual PE East Trenches RFCA 

03991 Semiannual PE East Trenches RFCA AL Plume Definition well monitonng the East Trenches 
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Table 1-1 Groundwater Monitoring Wells 

IMP 

CLASS 
WELL No. FREQUENCY WELL PLUME AREA DRIVERS FORMATION DEClSlONlPURPOSE 

Plume 
Plume Extent IA VOA PlurnelOld Landfill Plume near 
Woman Cr. 
Plume Extent well monitoring IA Plume and Old Landfill 
Plume pathway in Woman Cr. 
Plume Definition of IA Plume south of Bldg. 664 along 
pathway to Woman Cr. 
Plume Definition of IA Plume south of 400 area along 
pathway to Woman Cr. 

south of Bldg. 440 

Plume near Bldg. 850 

AL 

AL 

Area RFCA, lMllRA for IA AL 

Ind. Area RFCA, lMIIRA for IA AL 

10994 Semiannual PE INOld Landfill RFCA 

7086 Semiannual PE INOld Landfill RFCA 

Semiannual PD 

Semiannual PD 

Area RFCA, lMllRA for IA AL Plume Extent to monitor southern migration of IA Plume P416689 Semiannual PE 

Area RFCA, lMllRA for IA AL Plume Extent to monitor the southem migration of IA Semiannual PE P314289 

P313589 Semiannual PE Ind. Area RFCA. IMllRA for IA AL Plume Plume near Extent Bldg, to monitor 881 the eastward migration of IA 

P114389 Semiannual PE Ind. Area RFCA 

P416889 

P416789 

Plume Extent well to monitor extent of PUBD yard plume 
AL pathway to Walnut Cr. 

Area RFCA, lMllRA for IA AL Plume Extent well monitoring eastward migration of IA 
Plume 
Plume Extent well monitoring southward migration of IA 

AL Plume 

61 86 Semiannual PE 

43392 Semiannual PE Ind. Area RFCA 

22896 Semiannual PE 

Semiannual PE 22796 

22696 Semiannual PE 

22596 Semiannual PE 

2186 Semiannual PE Ind. Area RFCA 

Area RFCA, lMIIRA for IA AL Plume Extent well monitoring the northward migration of 

Ind. Area RFCA, lMllRA for IA AL Plume Extent well monitoring the northward migration of 
IA VOA Plume 

Carbon Tet Plume 
Area RFCA, IMIIRA for IA AL Plume Extent well monitoring the westward migration of 

the Carbon Tet Plume 
Area RFCA, lMllRA for IA AL Plume Extent well monitoring the northern migration of 

the IA Plume 
Plume Extent well monitoring the northem migration of 
the ‘IA Plume 
Plume Extent well monitoring the northern migration of 

AL  the^^ Plume 
RCWPlume Extent well monitoring downgradient of 
Landfill Plume 

AL Plume Definition well monitoring the eastward migration 
of the PUBD Yard Plume 
RCWPlume Extent well monitoring downgradient of 

AL Landfill Plume 
AL RCWPlume Extent well monitoring downgradient of 

Landfill Plume 
AL RCRNPlume Extent well monitoring downgradient of 

Landfill Plume 
AL Drainage Well - below Pond 8-4 in South Walnut Creek 

Drainage 00997(3786) Semiannual D Mound/E. Trench RFCA 

AL Plume Extent well monitoring So. Walnut Cr. Drainage 
below Mound Site Plume 75992 Semiannual PE Mound/€. Trench RFCA 

AL Plume Extent well monitoring the southem migration of 
Mound and East Trenches Plumes 08091 Semiannual PE MoundlE. Trench RFCA 

001 97 Semiannual PE Old Landfill RFCA AL Plume Extent well monitoring the Industrial Area Plume 
00397 Semiannual PE PUBD RFCA AL Plume Extent well monitoring the PUBD Yard Plume 
02197 Semiannual PE PUBD RFCA AL Plume Extent well monitoring the PUBD Yard Plume 

00297 Semiannual PD Solar Ponds RFCA 

RFCA, RCRA 70493 Semiannual RCRA PUBD 

70393 Semiannual RCRA PUBD RFCA. RCRA 

RFCA, RCRA 70193 Semiannual RCRA PUBD 

5887 Semiannual RCRA PUBD RFCA. RCRA 

76992 Semiannual PE PUBDlLandfill RFCA. RCRA 

00197(6687) Semiannual PD PUBDILandfill RFCA, RCRA 

BDIUHSU 

Semiannual PE Ind. Area RFCA ’ ’ 

RFCA, RCRA 

77392 Semiannual PD Landfill RFCA, RCRA 

52994 Semiannual RCRA Landfill RFCA, RCRA 

52894 Semiannual RCRA Landfill RFCA, RCRA 

4087 Semiannual RCRA Landfill RFCA, RCRA 

1986 

8206989 Semiannual RCRA Landfill 

AL Plume Definition well monitoring the southern migration of 
the Solar Ponds Plume 
RCRA upgradient/Plume DefiniCon well monitoring the 
edge of the PUBD Yard Plume 
RCRA upgradient /Plume Definition well monitoring the 
edge of the PUBD Yard Plume 
RCRA upgradient/Plume Extent well monitoring the 
PUBD Yard Plume 
RCRA upgradient! Plume Extent Well monitoring the 
PUBD Yard Plume - LF 
Plume Extent well monitoring the eastward migration of 
the PUBD YadLandfill Plume 
Plume Definition well monitoring the LandfilUPUBD yard 
Plume 
Plume Extent well m i to r ing  the northem migration of 
the SEP Nitrate Plume P219489 Semiannual PE Solar Ponds RFCA 

P218389 . Semiannual PE Solar Ponds RFCA AL Plume Extent well monitoring the northem migration of 

AL 

AL 

AL 

AL 

AL 
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Table 7-7 Groundwater Monitoring Wells a - 
IMP 

CLASS 
WELL No. FREQUENCY WELL DRIVERS FORMATION DEClSlONlPURPOSE 

the SEP Nitrate Plume 
Plume Extent well mondonng the northeast migration of 
the SEP Nitrate Plume 
Plume Extent well monitonng the southem migratron of 
the SEP Nitrate and Carbon Tet Plumes 
Plume Definition well monitonng the migration of the SEP 
Nitrate and Carbon Tet Plumes 
Plume Definition well monitonng the migration of the SEP 
Nitrate and Carbon Tet Plumes 
Plume Extent well monitonng the northeast migratlon of 
the SEP Nitrate Plume 
Performance Monitonng on the Mound Source 
remediation 
Performance Monitonng on the Mound Source 
remediation 
Performance Monitonng well monitonng effects of 
remediation downgradient of Ryans Pit 

Performance Montonng well monitoring effects of 
remediation downgradient of Trench T-3 
Performance Monitonng well monitoring effects of 
remediation downgradient of Trench T-4 
Performance Monitonng well monitonng effects of 
remediation downgradient of Trench T-4 
Performance Monitonng well monitoring effects of 
remediation downgradient of Trench T-4 

Plume Extent well tracking migration of Solar Ponds 

8208289 Semiannual PE Solar Ponds RFCA 

3386 Semiannual PE Solar Ponds RFCA 

1786 Semiannual PE Solar Ponds RFCA 

1386 Semiannual PE Solar Ponds RFCA 

8208789 Semiannual PE Solar Ponds RFCA 

02291 Semiannual PM Mound RFCA 

00897 Semiannual PM Mound RFCA 

07391 Semiannual PM 903 Pad RFCA 

00491 Semiannual PD 903 Pad RFCA BDlUHSU Plume Definition well monitonng the 903 Pad VOC Plume 

11891 Semiannual PM East Trenches RFCA 

3607 Semiannual PM East Trenches RFCA 

12691 Semiannual PM East Trenches RFCA 

05691 Semiannual PM East Trenches RFCA 

AL 

AL 

AL 

AL 

ED,UHSU 

AL 

P209489 Semiannual PD Solar Ponds RFCA BDlUHSU Plume Definition well for the Carbon Tet Plume 

3586 Semiannuat PE Solar Ponds RFCA AL nitmtn Dli6-n 

Acronyms used in Table 1-1: 
AIP Agreement In Principle 
AL Alluvial 
B Boundary 
BD Bedrock 
D Drainage 
DD Decontamination 8 Decommissioning 
FD French Drain 
IA Industrial Area 
IMllRA Interim Measuresllnterim Remedial Actions 
LHSU Lower Hydrostratigraphic Unit 
PD Plume Definition 
PE Plume Extent 
PM Performance Monitoring 
PU&D 
RCRA 
RFCA Rocky Flats Cleanup Agreement 
UHSU Upper Hydrostratigraphic Unit 

Property Utilization & Disposal Storage Yard 
Resource Conservation and Recovery Act 
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Table 1-2 Groundwater Sample Analytical Suite 
~ 

WELL No FREQUENCY PLUMBAREA VOC Suite TRITIUM PUIAM SR 89/90 URANIUM NITRATE FLUORIDE SULFATE 

6486 Semiannual 881 Hillside X X X X X 
5587 Semiannual 881 Hillside X X X X X 
5387 Semiannual 881 Hillside X X X X X 
4887 Semiannual 881 Hillside X X X X X 
4787 Semiannual 881 Hillside X X X X X 
38591 Semiannual 881 Hillside X X X X X 
35691 Semiannual 881 Hillside X X X X X 
11092 Semiannual 881 Hillside X X X X X 
10992 Semiannual 881 Hillside X X X X X 
10792 Semiannual 881 Hillside X X X X X 
10692 Semiannual 881 Hillside X X X X X 
10592 Semiannual 881 Hillside X X X X X 
0487 Semiannual 881 Hillside X X X X X 
6586 Semiannual 903 Pad X X X X X 
6386 Semiannual 903 Pad X X X X X 
6286 Semiannual 903 Pad X X X X X 
3087 Semiannual 903 Pad X X X X X 
2987 Semiannual 903 Pad X X X X X 

23196 Semiannual 903 Pad X X X X X 
23096 Semiannual 903 Pad X X X X X 
22996 Semiannual Bldg 886 X X X X 
41691 Semiannual Boundary X X X X X X X 
41591 Semiannual Boundary X X X X X X X 
10394 Semiannual Boundary X X X X X X X 
10294 Semiannual Boundary X X X X X X X 
06491 Semiannual Boundary X X X X X X X 
0386 Semiannual Boundary X X X X X X X 

P219189 Semiannual Carbon Tet X X X X X X X X X 
P209389 Semiannual Carbon Tet X X X X X X X X X 
P209289 Semiannual Carbon Tet X X X X X X X X X 

23296 Semiannual East Trenches X X X X X 
10194 Semiannual East Trenches X X X X X 
06091 Semiannual East Trenches X X X X X 
05091 Semiannual East Trenches X X X X X 
04991 Semiannual East Trenches X X X X X 
04591 Semiannual East Trenches X X X X X 
04091 Semiannual East Trenches X X X X X 
03991 Semiannual East Trenches X X X X X 
10994 Semiannual INOld Landfill X X X X X X 
7086 Semiannual IAlOld Landfill X X X X X X 

P416889 Semiannual Ind Area X X 
P416789 Semiannual Ind Area X X 
P416689 Semiannual Ind Area X X 
P314289 Semiannual Ind Area X X 
P313589 Semiannual Ind Area X X 
P114389 Semiannual Ind Area X X 

6186 Semiannual Ind Area X X 
43392 Semiannual Ind Area X X 
22896 Semiannual Ind Area X X 
22796 Semiannual Ind Area X X 
22696 Semiannual Ind. Area X X 
22596 Semiannual Ind Area X X 
2186 Semiannual Ind Area X X 
1986 Semiannual Ind Area X X 

8206989 Semiannual Landfill X X X X X X X 
77392 Semiannual Landfill X X X X X X X 
52994 Semiannual Landfill X X X X X X X 
52894 Semiannual Landfill X X X X X X X 
4087 Semiannual Landfill X X X X X X X 
3786 Semiannual MoundlE Trench X x x x  
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Table 7-2 Groundwater Sample Analytical Suite 

WELL No. FREQUENCY PLUMWAREA VOC Suite Mzr TRITIUM PUlAM SR 69/90 URANIUM NITRATE FLUORIDE SULFATE 

75992 Semiannual Mound/E. Trench X X x x x  X 
08091 Semiannual Mound/E. Trench X X x x x  X 

02291 Semiannual Mound X X 
00897 Semiannual Mound X X 
07391 Semiannual 903 Pad X X X X X 
00491 Semiannual 903 Pad X X X X X 
07391 Semiannual 903 Pad 
00491 Semiannual 903 Pad 

02291 Semiannual Mound X X 
00897 Semiannual Mound X X 

X X X X X 
X X X X X 

11 891 Semiannual East Trenches X X X X X 
3687 Semiannual East Trenches X X X X X 
12691 Semiannual East Trenches X X X X X 
05691 Semiannual East Trenches X X X X X 

P209489 Semiannual Solar Ponds X X X X X X X X 
3586 Semiannual Solar Ponds X X X X X X X X 

05391 Semiannual East Trenches X X X X X 
12191 Semiannual East Trenches X X X X X 
02297 Semiannual Blda 779 X X X X " 
02497 Semiannual Bldg 779 X X X X 
02397 Semiannual Bldg 779 X X X X 
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Plume Extent fPE) Monitorine Wells: These wells are located at the edges of known groundwater 

contaminant plumes, along pathways to surface water. These wells 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 M2SD. When there are no previous 

historical data, or a value is greater than the M2SD of the historical concentration in the well when 

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. 

Drainape (0) Monitorinp Wells: These wells are located in stream drainages, downgradient of 

contaminant plumes. They have the same programmatic requirements as PE wells under the IMP. 

A value is reportable when a measured concentration is above the Tier 11 action level and the 

background M2SD. When there are no historical data, or a value is greater than the M2SD of the 

historical concentration in the well when 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 Monitorinp (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 Monitorinp Wells: These wells monitor 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. 

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. This RFCA Annual 

Groundwater Report is also required to summarize all actions taken for groundwater compliance 

within each calendar year. 

0 
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For documented values above action levels and Site background in the designated monitoring wells 

in the program, 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 do the impacts 

analysis. Section 4.0 of this report discusses the status of the current evaluations that were 

implemented based on elevated concentrations in 1996. 

1.4.3 Changes to the Groundwater Monitoring Program 

Plume DeEradation Monitoring Wells: A new decision element has been added to the groundwater 

program in the 1998/99 IMP. This decision element is for plume degradation monitoring. It is 

possible that natural attenuation and degradation of contaminants in groundwater may be a 

significant factor influencing the nature and extent of contaminant migration. Plumes (and their 

potential sources) that have been evaluated under the IMP evaluation criteria and show evidence of 

natural attenuation, may need additional characterization or monitoring to establish attenuation 

characteristics. Degradation monitoring would involve the placement and sampling of wells for use 

in decision making with respect to the methodology of source and plume remediation and will aid in 

assessing the priority for remediation. 

Additions to the Groundwater Monitoring Network: Wells have been added to the Site monitoring 

network based on the results of groundwater evaluations and remediation activities. Plate 1 shows 

the locations for these monitoring wells. 

The Mound source was removed as part of an accelerated action in 1997. Well 0229 1 was added to 

the program and a new well, 00897, was installed for performance monitoring of the effects on the 

mound plume from the remedial action. Both wells are believed to be in the path of the mound VOC 

plume and will be monitored to determine changes in concentration of VOCs with time. 

An investigation of the source of the PU&D Yard VOC plume was conducted in 1997 along with an 

evaluation of the nature and extent of the plume itself. Based on the results of the investigation, it 

was determined that a discreet source did not exist so that no accelerated action is planned. It was 

also decided that the plume would receive additional monitoring based on likely pathways to surface 

water. Plume Extent wells 00397 and 02197 were installed at the locations most likely to detect 

migration of the PU&D Yard plume. Please refer to Section 4.3 for additional information on this 

investigation. 

I I/I 1/98 Page 23 



R F / W - 9 8 - 2  73. W 
Final I997 Annual RFCA Groundwater Monitoring Report 

An investigation of the southern extent of the IA Plume was conducted in 1997. Based on the results 

of the investigation it was deemed appropriate to install Plume Extent monitoring well 00197 near 

Woman Creek in the potential downgradient pathway to surface water. Please refer to Section 4.2.1 

for additional information on this investigation. 

Plume Definition well 00297 was installed south of the Solar Ponds Nitrate Plume to better define I 

the southern extent of this plume. This well was the result of CDPHE comments prior to approval of 

the original Integrated Monitoring Plan for Groundwater. 

D&D monitoring wells were installed at Building 779 that is undergoing decommissioning prior to 

demolition. One upgradient well was installed (02397), and wells 02297 and 02497 were installed 

directly east and north of the building, respectively, in the downgradient direction. 

Another addition to the monitoring network was instituted in response to CDPHE comment 

resolution on the Integrated Monitoring Plan. A real time water level monitoring network was 

initiated to help qualify the affects of storm events and other recharge events on groundwater flow 

and transport. Twenty-five wells originally identified for water level measurements in the IMP were 

converted to real time monitoring stations that will record water levels six times per day. Please 

refer to Section 6.3 for additional information on this activity. 
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2.0 DATA ANALYSIS 

2.1 Methods 

Groundwater analytical data for calendar year 1997 were retrieved by a query of the WETS Soil & 

Water Database (SWD). Results for 78 of 94 RFCA monitoring wells were obtained. The sixteen 

wells with no data for 1997 were either dry or were added to the groundwater monitoring program as 

a result of changes made late in the year (see Section 1 .O). Eight of these wells were successfully 

sampled during the first quarter of 1998. Wells 00197,00297,00397, 77392, and B208289 were dry 

throughout 1996 and the first quarter of 1997. Table 2-1 summarizes sample collection activity, by 

quarter, for RFCA wells sampled in 1997. 

Analytical results for groundwater were imported into an ACCESS database for analysis. Data with 

the Quality Control (QC) identifiers “REAL” (actual analysis), ”DUP” (duplicate sample), and 

“RNS” (rinsate blank) were tabulated and graphically examined for consistency. Duplications, 

mismatches, and laboratory QC data were excluded. Field QC samples were identified for use in the 

data quality assessment (discussion provided in Section 2.2). 

Detections (results without a “Uy’ qualifier) for analytes having Tier I and Tier I1 criteria were 

matched with the background M2SD for inorganic analytes and radionuclides. Three ratios were 

used to identify elevated results for each sample result with a detection. The ratios calculated were: 

1. Sample result to Tier I ALF; 

2. Sample result to Tier I1 ALF ; and, 

3 .  Sample result to Background M2SD for inorganics. 

Background values presented in the Background Geochemical Characterization Report (DOE, 

1993 b) were used: with the exception of americium-24 I ,  plutonium-239/240, and the uranium 

isotopes 233/234,235, and 238. Background values for these radionuclides were taken from the 

draft Background Comparison for Radionuclides in Groundwater report (DOE, 1997a). 

Results for organic compounds above Tier I or Tier I1 ALFs were compared to well-specific historic 

M2SD calculated for the five year period 1991-1995. No values have been calculated for wells 

installed in 1996 or 1997 in order to maintain comparability of M2SDs and trend charts for a given 

compound. The M2SD calculations were performed for last year‘s RFCA annual groundwater 

monitoring report (RMRS 1997a), and have not been modified for this report. 
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Table 2-1 Summary of Analytical Results from RFCA Groundwater Wells in 
1997 

, 
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Table 2-1 Summary of Analytical Results from RFCA Groundwater Wells in 
1997 
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2.2 Groundwater Data Quality Assessment 

The quality of the analytical data was evaluated in terms of five data-quality parameters: precision, 

accuracy, representativeness, completeness, and comparability (PARCC) (EPA, 1992). This section 

summarizes the types of data available to assess the PARCC parameters, presents the results of data- 

quality evaluations for each analyte type, and evaluates the overall quality of the groundwater 

monitoring data for the calendar year 1997. 

QC samples for all groundwater sampling of RFCA wells were included in the assessment. Field 

duplicate and equipment rinsate sample data used to assess precision and representativeness were 

obtained from the SWD analytical data tables. 

Precision: Precision is a measure of the reproducibility of analytical results. Precision is expressed 

quantitatively by the relative percent difference (RPD) between duplicate field samples as defined by 

the following equation: 

RPD= ICS-D)[ x 100 
(S+D)/2 

a 

where: 
S = fmt sample 
D = duplicate sample 

For organic compounds, RPD was not calculated for duplicate samples for which the analytical result 

for either member was qualified with “U”, “B”, or “J” by the laboratory. The “B” and “J”-flagged 

data were included in RPD calculations for the inorganic analytes. The data flag “U” indicates that 

the analyte was not present above the detection limit. The data flag “B” for organics indicates that 

the value is larger than the instrument detection limit, but less than the method detection limit. 

Results in this category have inherently poor reproducibility and are described qualitatively. 

Individual RPDs can be found in Appendix A, Table A- 1. The QC criterion for RPDs is 20%. 

(EG&G, 199 1 b). 

Accurucv: Accuracy is a measure of how closely an analytical result corresponds to the “true” 

concentration in a sample. Accuracy is expressed quantitatively by the percent recovery (%R) 

obtained from spiked samples as derived by the following equation: 

%R= JSSR-SR) x 100 
SA 

where: 
SSR = spiked sample result 
SR = sqnple result 
SA = spike added 
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Percent recoveries for individual spiked samples are reported in the data set and are shown in 

Appendix A, Table A-2. The QC criterion for YO R is adopted from EPA (1988a and 1988b) and is 

'75% to 125% for all analytes. 

Representativeness: The discussion of 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 collection and handling. Other aspects of representativeness such as numbers of samples and 

spatial distribution are addressed in the IMP for groundwater monitoring. 

Possible introduction of contamination is evaluated by examination of the analytical results for 

equipment rinsates (Appendix A, Table A-3). Equipment rinsates are used to assess the effectiveness 

of the decontamination process and the possibility of cross-contamination between environmental 

samples. Rinsate samples consist of volatile free American Society of Testing and Materials 

(ASTM) Type I1 water that has been poured over or through decontaminated sampling equipment 

and subsequently handled in the same manner as environmental samples. 

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 and are, 

consequently, also good indicators of possible introduced contamination during any of these steps. 

Completeness: As of this report, data were not yet validated by a third party, or were not received. 

Thus, a determination of completeness based on validated samples cannot be performed. However, 

all samples specified in the groundwater IMP (K-H, 1997) were collected unless well disposition was 

prohibitive (Le., dry or went dry during sampling). All groundwater analytical results for 1997 were 

retrieved from SWD. Additional 1997 analytical results are not expected. Table 2- 1 presents a 

summary of sample collection by quarter for 1997. Completeness will not be addressed with respect 

to individual analyte groups. 

Comparability: Analytical methods and sampling techniques remained consistent for each analyte 

group over the sampling period. Laboratory analyses were performed according to standard CLP 

protocols and results should be comparable to data produced by similar methods. Therefore, it is 

unnecessary to discuss comparability in terms of individual analyte groups e 
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2.2.1 Metals 

2.2.1 .I Precision 

There were 168 records for duplicates in the data set for dissolved metals in 1997 (frequency = 1 in 

20). There were 18 instances of detections in both samples of a REAL-DUP pair for which an RPD 

could be calculated. These included Ba, Li, Mg, Mn, K, Si, Na, Ca, and Sr. No RPD values were 

above the 20% QC criterion, indicating that the laboratory precision for metals was very good 

(Appendix A, Table A- 1). 

2.2.1.2 Accuracy 

There were 3 19 spike recovery records for dissolved metals (1 in 10). Recovery for 18 records was 

reported as 0% (Ca, Na, K, Mg, Si). This is believed to be an artifact of laboratory reporting. Of the 

remaining 301 records, three results of 70 percent (Se, Pb: Fe) fell below the lower QC criterion 

(75%). One result (K) at a reported value of 135% was above the upper QC criterion (125%). 

Approximately 93% of results were within the QC criteria indicating an acceptable overall laboratory 

accuracy for 1997 metals data. A listing of the rinsate results is presented in Table A-2 in 

Appendix A. 

2.2.1.3 Representativeness 

There were 1 14 equipment rinsate records for metals in 1997 (1 in 29). All were “U” or “B” 

qualified. All equipment rinsate results were below detection limits for metals indicating that cross- 

contamination of groundwater samples from sampling equipment was not a significant concern for 

1997. 

2.2.2 Radionuclides 

2.2.2.1 Precision 

The data set for dissolved radionuclides contains 30 records for duplicate samples in 1997 (1 in 16). 

All contained detectable concentrations and could be matched with detectable REALDUP pairs for 

which an RPD could be calculated. Thirteen of the pairs (43%) had RPD greater than 20%. Three 

pairs (~‘XO) had RPDs above 100% and one (1%) had an RPD greater than 200% (Appendix A, Table 

A-I). Due to the inherently poor reproducibility of results for radionuclides at the low 

concentrations typically found in WETS groundwater, 20% is believed to be an unattainable QC 

criterion for radionuclides. RPDs of 100% or greater are not uncommon for data of this type, even 
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under ideal field and laboratory conditions (DOE, 1993a). Exceedance of the 20% RPD criterion 

occurred for all analytes. 

2.2.2.2 Accuracy 

There were 49 laboratory control sample results (1 in 10) for radionuclides in 1997. All were within 

the 75- 125% QC criterion indicating good laboratory accuracy for radionuclide analyses in 1997 

(Appendix A, Table A-2). 

2.2.2.3 Representativeness 

There were 3 1 equipment rinsate records (1 in 15) for radionuclides of which 29 (94%) were “J” 

(estimated) or “U” qualified indicating they were below detection limits. The analyte U-238 was 

detected a 0.158 pCi/L at RFCA location 5887 during the first quarter. Pu-239/240 was detected at 

0.0074 pCi/L at RFCA location P209489 during the third quarter sampling. (Appendix A, Table 

A-3). 

2.2.3 Volatile Organic Compounds 

2.2.3.1 Precision 

There were 349 duplicate records for organic compounds in 1997 groundwater samples (1 in 25), 

with over 92% reported as non-detects. Of the 25 pairs having detects for both the REAL and DUP 

sample, 13 were identical (RPD = 0%). RPDs for five pairs were above the QC criterion of 20% 

(Appendix A, Table A-1). Four of the five pair that were above the QC criterion had at least one 

result that was either “J” qualified or at the detection limit (1 pg/L). One sample contained 

methylene chloride, a typical lab contaminant, found at just above the detection limit. Values near 

the detection limit have inherently poor precision (DOE, 1993a). As such the result may not be a 

representative comparison of identical sample aliquots. Based on the fraction of pairs with true 

detections above the QC criterion, precision is good for organic compounds. 

2.2.3.2 Accuracy 

There were 40 matrix spike and 104 matrix spike duplicate sample results for volatile organics in 

1997 (1 in 23). Matrix spike duplicate samples had percent recovery values between 81% and 132% 

(QC criterion is 75%-125%). TCE (126%) and hexachlorobutadine (132%) were the only two matrix 

spike duplicates outside of the QC criterion. 
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Of the matrix spike sample results, 17 fell below the 75% minimum QC criterion and 4 were above 

the 125% maximum QC criterion. Overall, 95% of the matrix spike samples are within the QC 

criterion. These results demonstrate an acceptable overall accuracy for these compounds 

(Appendix A, Table A-2). 

a 

2.2.3.3 Representativeness 

There were 333 rinsate records (1 in 10) for volatile organic compounds in 1997 (Appendix A, Table 

A-3). Three hundred and thirty-one of these (>99%) were “U” qualified non-detects. An additional 

record was “J” qualified (<1 pg/L). The two detections were for the common laboratory 

contaminants chloromethane (1.2pg/L) and methylene chloride (1.9 pg/L). Thus, there is no 

evidence of organic contamination introduced during sampling activities for 1997. 

2.2.4 Water Quality Parameters 

2.2.4.1 Precision 

There were 18 duplicate sample records (1 in 14) for water quality parameters in 1997. All 

REAL/DUP pairs had detections for both samples and RPDs were calculated for each pair. All RPD 

values were less than the QC criteria of 20% (Appendix A, Table A-I). Based on the percentage of 

RPDs falling within the QC criterion, precision for water quality parameters is good. 

2.2.4.2 Accuracy 

There were 10 matrix spike sample results (1 in 25) for water quality parameters in 1997. Analytes 

spiked included nitratehitrite, sulfate, chloride, and fluoride (Appendix A, Table A-2). All percent 

recovery results were within the QC criteria indicating good laboratory accuracy for water quality 

parameters. 

2.2.4.3 Representativeness 

There were 19 rinsate records (1 in 18) for water quality parameters. Of these, 16 (84%) were “u” or 

“By’ qualified (Appendix A, Table A-3). The three detections were from a sample collected in July 

1997 at monitoring well 5887, and consisted of TDS (1 0 mg/L), sulfate (1 < mg&) and fluoride (0.1 

m@). Because concentrations are low, and because detections in the rinsate samples occurred one 

time at one well, with no rinsate detections for VOCs, rads, or metals, the minor contamination 

introduced during sample collection is considered a single anomalous event. 
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2.3 Data Summary for RFCA-Designated Wells Sampled in 1997 

Thirty of the 94 RFCA-designated wells yielded no results above Tier I1 action levels. Those wells 

are shown in Table 2-2. A listing of all analytical results from RFCA-designated wells is provided in 

Appendix B. 

Sixty-four RFCA-designated monitoring wells had concentrations of one or more analytes above 

Tier I1 action levels. All reported results greater than the.Tier I1 action levels are presented in Table 

2-3 and are summarized in the following discussion. Also provided on Plates 4 through 7 are box 

plots that display the results of all analytes (i.e., metals radionuclides, VOCs, and water quality 

parameters) at monitoring wells that had at least one analyte above Tier I1 action levels. 

Historical trends for performance monitoring and D&D wells with analyte concentrations above 

Tier I or I1 action levels are shown in Figures 2-1 through 2-90 at the end of this section. Historical 

trends are also shown for all wells with concentrations of organic compounds above Tier I1 action 

levels, and for wells with any analyte above Tier I1 action levels and background M2SD. 

Background values for inorganics are adopted from the 1993 Background Geochemical 

Characterization Report (DOE, 1993b) and from the draft Background Comparison for 

Radionuclides in Groundwater (DOE, 1997). Values above action levels have been previously 

reported in the 1997 RFCA Quarterly Groundwater Monitoring Reports (RMRS, 1997b, 1997c, 

1998a, 1998b). In the following sections is a compilation of the data and information first provided 

in the quarterly reports. 

a 

In  the sections that follow, values above Tier I and Tier I1 action levels are summarized, and those 

qualifying as reportable are discussed. The decision rules described in Section 1.4 define the 

conditions under which values above action levels become "Reportable". 

2.3.1 Values Above Tier I Action Levels 

There were eleven values Tier I at five performance monitoring wells and one plume definition well 

during 1997 (Table 2-3). The elevated values are described below. . 

Performance Monitorinp Wells: Monitoring well 07391, with four values above Tier I action 

levels, continued during 1997 to have elevated concentrations of PCE (Figure 2-33) and TCE 

(Figure 2-44). Because the concentrations remained below historic M2SD levels and are not 

increasing, the values are not considered reportable. a 
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001 97' 

00297' 

00397' 

Table 2-2 RFCA-Designated Wells with No Analytes 

PLUME EXTENT 

PLUME DEFINITION 

PLUME EXTENT 

Above Tier I1 Action Levels 

00797' PERF MONITORING 

08091 

21 86 
23196* 

3087 

00897 I PERF MONITORING 

PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 

PLUME DEFINITION 

00997 I DRAINAGE 

5387 

61 86 

701 93 

70493 

021 97' I PLUME EXTENT 

PLUME EXTENT 

PLUME EXTENT 
RCRA 

RCRA 

02291 I PERF MONITORING 

02297' I D&D 

02397 I D&D 

02497 I D&D 
04991 I PLUME EXTENT 

3386 I PLUME EXTENT 

38591 I DRAINAGE 
4087 I RCRA 

-43392 I PLUME EXTENT 

4787' I PLUME EXTENT 

52994' I RCRA 

77392 I PLUME DEFINITI~N 
8208289 I PLUME EXTENT 

P209289' I PLUME DEFINITION 

P416789 I PLUME DEFINITION 

I I/I 1/98 

Indicates well was dry throughout 1997 
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Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels & Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 

11 0294 I 19-Aug-97 1 U-2331234 1 26.6 I pCiil I B I 1.07 1 24.86 I 60.70 I 0.44 1 I I I I I 

141591 I 29-Jul-97 ]U-233/234 I 7.86 1 pCi/l I I 1.07 1 7.35 1 60.70 I 0.13 1 I I I I I 
(41591 I 29-Jul-97 lU-238 I 6.47 1 pCiil I I 0.768 I 8.42 I 41.80 I 0.15 I I I I I I 
(41691 1 14-Od-97 1U-233/234 I 1.59 1 pCiil I 1 1.07 I 1.49 I 60.70 I 0.03 I I I I I I 

107391 1 08-Sep-97 (1.1.1-Trichloroethane i 270 1 vqlL I 1 200 1 1.35 1 I ! 1 2724.6 1 0.10 I n 
107391 I 08-S~P-97 11.1.2-Trichloroethane i 25 I vqlL I I 5 1 5.00 1 I .’ I I 1519 I 0.02 1 I I 
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Table 2-3 7997 Groundwater Values Above Tier 11 Action Levels & Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 

107391 I 08-Sep-97 Il,l-Dichloroethene I 200 I PSIL I I 7 I 28.57 I I 1450 I 0.14 

07391 I 11 -Feb-97 I Chloroform I 1400 1 PSIL 1 J I 100 I 14.00 I I 4439.22 I 0.32 1 
107391 I 08-Sep-97 I Chloroform I 1600 1 PUL I 100 I 16.00 I I I I 4439.22 1 0.36 I I II 

107391 I 11-Feb-97 /Thallium I 6 I PUL I B I 2 ' I 3.00 I 4.90 I 1.22 I YES I 19.88 I 0.30 I I II 
107391 I 11-Feb-97 ITrichloroethene I 96ooo I PUL I I 5 I 19200 I I 1 I 158351 1 0.61 1 I II 
107391 I 08-Sep-97 ITrichloroethene I 93ooo 1 PSIL 1 I 5 I 18600 I I I I 158351 I 0.59 I I II 
107391 I 08-Sep-97 I U-233/234 I 18.4 1 PCin 1 B I 1.07 1 17.20 I 60.70 I 0.30 I I I I I II 

110592 I 12-Feb-97 111-238 I 9.83 1 pCin 1 10.768 1 12.80 41.80 \ 0.24 1 12.9 1 0.76 I I 

111891 I 22-Jan-97 lU-238 1 2.103 I pCin ~ I 0.768 1 2.74 I 41.80 I 0.05 I I I I I 
(11891 I 12Sep-97 IU-238 I 1.52 I pCin I 8 I 0.768 I 1.98 I 41.80 1 0.04 I I I I I H 
112191 1 17-Jan-97 ICarbonTetrachloride I 140 I PSR I I 5 1 28.00 1 I I 1 435.97 1 0.32 I I I 
(12191 I 11-Sep-97 (CarbonTetrachloride 1 280 1 PSIL I I 5 I 56.00 I I I I 435.97 I 0.64 I I I 
/12191 j 17-Jan-97 ITetrachloroethene 1 200 1 LISR I I 5 I 40.00 I I I II 1 I 486.46 1 0.41 1 
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Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels & Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 
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P209489 

Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels 8, Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 

31-Jan-97 U-234 29.96 pCiA 1.07 28.00 60.70 0.49 

I I I I I YES I 
12987 I 22-Jan-97 \Nickel I 536 1 pg/L I I 100 I 5.36 I 21.37 i 2508 1 YES I 1741.6 1 0.31 I I II 

I I 12987 1 23-May-97 /Nickel I 1080 I p s / ~  I I loo I 10.80 I 21.37 i 50.54 I YES I 1741.6 I 0.62 I 
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Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels & Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 

u I I I 

5 P209489 9-Dec-97 U-238 1 3 4  1 pCVl 0768 1745 41 80 032 

P209489 24-Sep-97 U-238 1 5 4  j PCVI B 0768 2005 ' 4180 037 

P219189 04-Feb-97 1 1-Dichloroethene 26 1 udL 7 371 468 osfi 
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Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels & Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 
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Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels & Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 
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Table 2-3 1997 Groundwater Values Above Tier I1 Action Levels 8, Standard Framework 
Criteria (ALF) in RFCA - Designated Wells 
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Well 12691 had one sample with a concentration of CT above the Tier I action level. The 

concentration was below historic M2SD, and as shown on Figure 2-15, there has been no upward 

trend in concentration. As a result, the value is not reportable. 

Well 3687 had two samples with concentrations of TCE above Tier I, though they do not constitute 

reportable values. As with the other two wells with values above Tier I, concentrations have not 

been increasing (Figure 2-50), nor have they been above the historic M2SD. 

Well 00897 was installed during the third quarter of 1997 as a RFCA-designated performance 

monitoring well. A sample collected from the well in September, 1997 indicated PCE at a 

concentration of 8,300 p a ;  and TCE at a concentration of 890 j&L; above the Tier I action levels 

of 500 pg/L for both compounds. 

Plume Definition Well: Well 22896 was installed and first sampled in the third quarter of 1996. 

The well is located in the IA, and was installed as a plume extent well with the intent of monitoring 

the leading edge of the IA VOC plume in an area considered at the time to contain groundwater with 

concentrations below Tier I action levels. Results of the initial sampling, reported in the 1996 Third 

Quarter RFCA Groundwater Monitoring Report (RMRS, 1997d), indicated levels of TCE above the 

Tier I action level. Monthly sampling from January 1997, to March 1997, confirmed the elevated 

TCE concentrations from the initial sampling (RMRS, 1997e). Based on the confirmed reportable 

values, the well was reclassified to a plume definition well. The sampling results of well 22896 have 

shown the area of Tier I contamination to be further north than originally estimated. An evaluation 

of the possible impacts to surface water was initiated during the third quarter of 1997, the results of 

which will be evaluated in 1998. 

2.3.2 Values Above Tier I1 Action Levels 

Boundary Wells: Six RFCA designated boundary wells were sampled in 1997. Sulfate was detected 

in well 10294 above the Tier I1 action level and the background benchmark for two sampling events. 

Although the values are reportable, concentrations have remained below historic M2SD, and trends 

have not been upward (Table 2-3 and Figure 2-90). 

There were values for the uranium isotopes of U-2331234, U-234, U-235, and-238 above the Tier I1 

action levels in all six boundary wells. All of the uranium isotope analytical results were below the 

background benchmarks, and are not considered reportable values. Well 10394 also contained tritium 

at a concentration above the Tier I1 action level and background M2SD (Table 2-3). Because there 
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had been no historical elevated values for this well, monthly confirmation sampling was initiated 

during the fourth quarter of 1998. 

D&D Wells: One D&D well was sampled in 1997. Well 22996 was sampled during the second 

quarter, and yielded U-234 and U-238 at levels over the Tier I1 action level but much lower than the 

background M2SD benchmark. (Table 2-3). The values are not at reportable levels, and aside from 

RFCA-required semi-annual sampling, no further action is required. 
'1 

Three D&D wells, wells 02297, 02397, and 02497, were installed in the third quarter of 1997 but 

were dry or lacked sufficient water for sampling following their installation. 

Drainage Wells: Three drainage wells were sampled in 1997. Nickel was reported above the Tier I1 

action level, and both the background M2SD and historic M2SD for two samples from well 6586 

(Table 2-3). Evident on Figure 2-63 is an increasing trend for nickel beginning in the third quarter 

1996 and continuing through 1997. As such, the values are reportable. 

There were reported results of uranium-233/234 and uranium-238 above the Tier I1 action levels in 

all three of the sampled Drainage wells. However, the results were below the background 

benchmarks and are not reportable values. 

Performance Monitoring Wells: Performance monitoring wells monitor the effect of a remedial 

action or source removal on downgradient groundwater quality. As such, contaminant trends over 

time are the basis for determining reportable values. In considering results for performance 

monitoring wells, Tier I1 action levels and background benchmarks are applied only to determine 

which analytes are to be monitored using trend charts. Twelve performance monitoring wells had 

analytes with concentrations above Tier I1 action levels (Table 2-3). As shown on Table 2-4, historic 

trends are summarized, and the trend plots are referenced for each organic compound above Tier I1 

and for each inorganic analyte above both Tier 11 and background M2SD. 

Elevated values from the initial sampling of the two RFCA-designated performance monitoring wells 

installed in 1997 consisted of PCE and TCE in well 00897 (Table 2-3). As indicated on Table 2-4, 

there is insufficient data to plot a trend for that well. 

Well 0569 1 with methylene chloride, and well 1269 1 with nitratehitrite are the only performance 

monitoring wells with contaminants displaying upward trends (Figures 2-25 and 2-84, respectively). 

The upward trend for nitratehitrite appears to have begun in 1995 and has persisted since that time. 

Therefore the presence of nitratehitrite in well 1269 1 constitutes reportable values. 

( a 
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000897 ITetrachloroethene 

Table 2-4 Performance Monitoring Wells With Organic 
Compounds Reported Above RFCA Action Levels and 
Inorganic Analytes Above RFCA Action Level and the 
Background M2SD. 

NP NP 

Well 

000897 ITrichloroethene 

Analyte 

NP NP 

~~ 

Trend Figure No. 

05691 I Carbon Tetrachloride Down 2-1 1 

05691 
05691 

05691 ]Methylene Chloride I UP I 2-25 
Tetrachloroethene Down 2-32 
Thallium NP NP 

07391 
07391 
0739 1 

05691 ITrichloroethene I Down I 2-43 
No 2-6 
No 2-7 

1 ,1 ,1-Trichloroethane I 
1 , I  ,ZTrichloroethane I 
1 ,I-Dichloroethene I No I 2-1 

07391 
07391 
07391 

07391 IChloroform I No I 2-22 
Cis-I ,2-Dichloroethene No 2-20 
Nitrate/Nitrite No 2-82 
Tetrachloroethene Down 2-33 

07391 
07391 
10592 

Thallium No 2-74 
Trichloroethene UP 2-44 
Selenium No 2-66 

10992 
10992 
11891 
11891 /Methylene Chloride I No I 2-26 

Nitrate/Nitrite No 2-83 
Selenium NP , NP 
Carbon Tetrachloride No 2-13 

11891 
11891 
12191 
121 91 

Tetrachloroethene UP 2-34 
Trichloroethene No 2-45 
Carbon Tetrachloride No 2-14 
Tetrachloroethene No 2-35 

12691 1 NitrateINitrite I UP I 2-84 

121 91 
12691 
12691 

12691 ITetrachloroethene I No I 2-36 

Trichloroethene Down 2-46 
Carbon Tetrachloride Down 2-15 
Cis-l,2-Dichloroethene Down 2-21 

12691 ITrichloroethene 

3687 1 Carbon Tetrachloride 1 Down 1 2-17 

Down 2-47 

3687 IChloroform I Down I . 2-23 

3687 11 .I-Dichloroethene No 2-2 

Note: NP indicates insufficient data to plot trend chart. 

3687 
3687 

I I/I 1/98 

Tetrachloroethene Down 2-38 
Trichloroethene Down 2-50 
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The plot for methylene chloride in well 05691 shows a similar response during 1997 as the other 

plots for that compound (Figures 2-24 through 2-30). As a group, the plots suggest the 

concentrations of methylene chloride above Tier I1 in 1997 are not representative of in situ 

conditions, but rather are related to laboratory contamination during sample preparation and analysis. 

Consequently the results are not considered to be reportable. 

a 

Plume Definition Wells: Plume definition wells are located in areas of known or suspected 

groundwater contaminant plumes and generally have one or more analytes above the Tier I1 aLtion 

levels. Well 22896 was reclassified in 1997 from a plume extent to a plume definition well based on 

sampling results during 1996 and on confirmatory sampling in the first quarter of 1997 (RMRS, 

1997b). 

Twelve plume definition wells had analytes at concentrations above Tier I1 action levels during 

1997. From those wells, 85 results were greater than Tier I1 action levels (Table 2-3). Only well 

22896, with three results for TCE over the Tier I action level, are considered reportable. Discussion 

of well 22896 is presented in Section 2.3.1. 

Well 00597, a replacement well for well 6687, was installed and sampled for the first time in fourth 

quarter of 1997. Analytical results indicate the presence of TCE and 1,l -dichloroethene (1,l -DCE) 

at concentrations equal to the Tier I1 action levels. As such, the results are not reportable. 

a 
Concentration trends in plume definition wells are presented in Table 2-5 for organic compounds 

above Tier I1 action levels and for inorganic analytes above both Tier I1 action levels and background 

M2SDs. 

Plume Extent Wells: In 1997, 28 of the 41 plume extent wells in the RFCA monitoring program 

produced 14 1 analytical results with concentrations over Tier I1 action level criteria. Seventy-two 

results in 24 wells fit the criteria for being reportable; that is, organic compounds at concentrations 

above Tier I1 action levels, and inorganic constituents above Tier I1 and background M2SD (Table 2- 

3). All of the values above action levels were reported in the 1997 quarterly RFCA groundwater 

monitoring reports (RMRS, 1997b, 1997c, 1998a, 1998b). 

Three RFCA-designated plume extent wells were installed in 1997 (00197, 00397, 02197). These 

wells were dry following installation. 
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00491 

00491 

Table 2-5 Plume Definition Monitoring Wells With Organic 
Compounds Reported Above RFCA Action Levels and 
lnorganics Analyfes Above RFCA Action Level and the 
Background M2SD. 

Tetrachloroethene Down 2-31 

Thallium UP 2-71 

Well Analyze Trend Figure No. 

00491 (Carbon Tetrachloride 1 Down I 2-8 

00597 

0487 

00491 /Methylene Chloride I No I 2-24 

Trichloroethene NP NP 

Selenium Down 2-65 

05391 

22896 

00491 ITrichloroethene I Down I 2-41 

Carbon Tetrachloride No 2-10 

Thallium NP NP 

00597 11 ,I-Dichloroethene I NP I NP 

2987 

6286 

Selenium UP 2-69 

Carbon Tetrachloride UP 2-18 

0487 ITrichloroethene I No 1 2-42 

~209389 

P209489 

~209489 

I ,I -Dichloroethene Down 2-4 

Carbon Tetrachloride No 2-19 

Nitrate/Nitrite Down I 2-87 

22896 ITrichloroethene 1 UP I 2 4 9  

P209489 

~ 2 1 9 1  89 

P219189 

2987 I Nickel I UP I 2-62 

Tritium No 2-80 

1 ,I-Dichloroethene No 2-5 

Tritium Down 2-81 

6286 lseleniurn I UP 1 2-70 

~209489 (Trichloroethene I No I 2-53 

P ~ I  6889 ITetrachloroethene I Down 1 2 4 0  

Note: NP indicates insufficient data to plot trend chart. 
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Concentrations above Tier I1 action levels occurred during 1997 for both organic and inorganic 

compounds at wells 03991,06091,22796,23296,3586,75992, P313589, and P416689. Elevated 

concentrations of only inorganic constituents occurred at wells 10994, 1386, 1786, 1986,22596, 

22696, 7086, B208789, P114389, P218389, and P219489. There were no instances in which a plume 

extent well had concentrations above Tier I1 for only organic compounds. 

CT was detected in well 06091 at a concentration of 6.3 pg/L; above the Tier I1 action level and 

historical M2SD (Table 2-3). The well is located northeast of trenches T-3 and T-4 and historical 

data indicate an upward trend consistent with a possible advancing plume front (Figure 2-12). 

Monthly sampling initiated in January, 1997, confirmed the presence of low concentrations of CT in 

excess of the Tier I1 action level, (RMRS 1997~).  

Well 23296 is located in the South Walnut Creek drainage below the Pond B-2 drain. The well was 

installed in 1996 as a plume extent well. It had been thought at the time that the East Trenches 

Plume had not reachedthe drainage and the well was intended to detect increasing concentrations of 

plume contaminants as they migrated toward the drainage. The results of the first sampling in 1996 

contained three organic compounds at concentrations above Tier 11 criteria suggesting the plume had 

reached the drainage (RMRS, 1997a). Results of monthly sampling during the first quarter of 1997 

confirmed concentrations above Tier I1 action levels for CT, PCE, and TCE (RMRS, 1997b). The 

concentration of CT appears to be increasing, while concentrations of PCE and TCE remain static. In 

addition, 1,2-dichloroethene (1,2-DCE) occurred in one sample at a concentration equal to the Tier I1 

criterion (RMRS, 1997b). An impacts evaluation was conducted during 1997 based on the 

confirmed reportable values at wells 06091 and well 23296. Discussion of that evaluation is 

presented in Section 4.1. 

In terms of inorganic constituents, well 22596, installed in 1996, had concentrations of dissolved 

manganese above the Tier I1 action level. Subsequent monthly confirmatory sampling which took 

place during the first quarter of 1997 confirmed these results. Dissolved nickel concentrations 

occurred in well 1386 above Tier I1 action levels. The concentrations have been highly variable over 

the last four years (Figure 2-61) and do not exhibit a definite trend. Selenium concentrations in well 

1786 were above the Tier I1 action level, and appear to have increased in the last two years (Figure 2- 

68). It is recommended that semi-annual sampling of this well continue, pending reevaluation of the 

background benchmarks for metals. 

’. 
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RCRA Wells: Four RCRA wells had 13 values above Tier I1 action levels in 1997 (Table 2-3). No 

RCRA wells contained inorganic constituents at concentrations above Tier I1 and background M2SD. 

In terms of organic compounds, well 70393 is the only RFCA-designated RCRA well with 

concentrations above the Tier I1 action levels. PCE, TCE, and 1,l -DCE were above the action levels. 

The compound 1,l -DCE was also above the his;toric M2SD in a sample collected during the third 

quarter of 1997. Figures 2-36 and 2-3, respectively, show that concentrations of PCE and 1,l-DCE 

in well 70393 have been increasing. Figure 2-5 1 shows that in the same well, concentrations of TCE 

have not been increasing. 

’ 

Values above action levels in RCRA wells are reportable if concentrations show an increasing trend 

over time, and if mean concentrations for an analyte are higher in wells downgradient from a RCRA- 

regulated unit than in wells upgradient from that unit. The comparisons between upgradient and 

downgradient concentrations follow RCRA statistical evaluation methods (DOE, 1996). From a 

groundwater contamination point of view, the principal RCRA-regulated unit at WETS is the 

Present Landfill. Wells monitoring the Present Landfill that had values in 1997 above Tier I1 action 

levels are shown on Table 2-3. A detailed discussion of the groundwater conditions at the Present 

Landfill is presented in RMRS (1998~). That report concluded that groundwater quality 

downgradient of the landfill in 1997 was consistent with those found in 1996. Concentrations of 

fluoride, sulfate, total dissolved solids, barium, copper, iron, lithium, manganese, selenium, 

strontium, nitrate, and zinc are elevated in one or more downgradient versus upgradient wells. 

However, the trends over time of those analytes do not appear to be increasing. The upward trending 

concentrations of PCE and 1,l-DCE occurred in wells upgradient of the landfill. Therefore, based on 

those conditions, values above the Tier I1 action levels are not considered reportable (RMRS, 1998~).  

‘a 

2.4 Discussion of Groundwater Plumes 

Plume maps have been generated with 1997 data for selected VOCs (TCE, PCE, CT, 1,2-DCE, and 

vinyl chloride(VC)), dissolved nitrate, dissolved manganese, nickel, sulfate, and TDS. Groundwater 

chemistry data extracted from the SWD were used in constructing the plume maps. All monitoring 

wells with analytical results for the years 1991 through 1997, regardless of the number of samples 

collected during that time, were used to produce the plume maps. The maps consist of data compiled 

from approximately 600 wells. Chemical data were prepared using the methods specified in Section 

2.1. The mean concentration of each analyte for each well from 199 1 through 1997 was calculated 

and plotted. Results below the Contract Reportable Detection Limit (CRDL) were identified in the 

data as “U” qualified. U-qualified data were given values of one-half the reported CRDL. VOCs 
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have action levels low enough that the variation in CRDLs from one laboratory to another has caused 

some averages from wells with predominantly non-detect results to be above the Tier I1 action levels. 

The CRDLs exhibited the greatest variation for VOCs as a result of sample dilution reruns. For 

VOCs only, all CRDLs above 1 micrograms per liter (pg/L) were adjusted to 1 pg/L, and the 

averages were calculated using one-half the adjusted CRDLs. 

It should be noted that the term “plume map” is used here to delineate potential areas of elevated 

contaminant concentrations derived from each data set. In fact the map for a particular analyte may 

not show a plume at all, but rather just the distribution of the historical average chemical data results 

for that analyte. Because of assumptions made during data reduction, it is expected that these maps 

may contain a limited number of false values above Tier I1 action levels. Plume boundaries, where 

drawn, represent the best estimates of the spatial distribution of concentrations of selected chemicals 

of concern in groundwater at WETS. 

\ 

2.4.1 Volatile Organic Compound Plumes 

PCE and TCE are two of the most common commercially produced chlorinated organic solvents 

(Pankow and Cherry, 1996). These two compounds were historically used at WETS while the plant 

was in production stage. Natural degradation products of these two chemicals are 1,2-DCE and VC. 

Besides its commercial occurrence, TCE can be found in nature as a degradation product of PCE. 

CT, also historically used at the site as a solvent, is a chlorinated compound that is not found along 

the PCE-TCE degradation chain. All five of these chlorinated compounds are found in groundwater 

at WETS. 

For TCE, the Tier I and Tier I1 action levels in the groundwater at WETS are 5 pg/L and 500 pg/L, 

respectively. In 1997 there are 19 values above Tier I for TCE. The highest average concentration 

of TCE, 84,778 pg/L, is found in groundwater from monitoring well 07391 which is located 

approximately 330 feet south of the 903 Pad. This concentration is nearly an order of magnitude 

higher than the TCE concentration in the next highest well. There are 1 16 wells which have an 

average historical concentration greater than Tier I1 action levels. As seen on Plate 8, there are four 

distinct areas where TCE plumes are mapped in excess of the Tier I action level. In addition, there 

are two other areas plotted with lesser (Tier I1 or greater) TCE concentrations. The most extensive 

plume of TCE contamination is located east and southeast of the IA, and appears to be composed of 

several source areas which have coalesced into one extensive plume. The sources for this plume 

appear to be the Mound Site, the 903 Pad, the East Trenches, and an area south southeast of the 903 

Pad, originating in the area of monitoring well 07391 , which coincides with the Ryan’s Pit trench. 
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Ten values above Tier I are associated with this plume. The next two plumes have a relatively small 

areal extent. One is located at the western portion of the Solar Evaporation Ponds (SEPs). One 

value over Tier I is associated with this plume. The other is south of the IA, along the eastern 

portion of the 881 Hillside. There are five values over Tier I associated with this plume. The last 

plume is located in the west central portion of the IA to the southeast of Building 371. The plume is 

fairly extensive, although generally of lower concentration than those previously discussed. Two 

values above Tier I are associated with this plume. As noted above, there are two areas of lesser 

TCE concentration which have been plotted. One is associated with the PU&D yard, and the other is 

associated with the Old Landfill. Beyond these areas there are a few isolated, low concentration, 

occurrences of TCE observed at RFETS. Two of these occurrences deserve further discussion. 

Monitoring wells B304789 and B305389 are located south of Woman Creek and show historical 

average TCE concentrations of 5.22 pg/L and 13.75 pg/L, respectively. Upon review of the 

laboratory data, it was found that these elevated values are based on the results of only one detection 

out of 9 sampling events at well. All the samples with a detection were collected on the same day. 

These results are clearly spurious, and are not considered to be representative of actual field 

conditions. 

For PCE, Tier I and Tier I1 action levels in groundwater at WETS are 5 pg/L and 500 pg/L, 

respectively. There are 18 values above Tier I for PCE. The highest average concentration of PCE, 

5 1,500 pg/L, was found in groundwater from abandoned monitoring well 01 74 located within the 

Mound Site. There are 108 monitoring wells that have an average historical concentration greater 

than Tier 11. As seen on Plate 9, there are two widespread areas, which are mapped as PCE plumes. 

These two areas generally coincide with the two large plumes on the TCE plume map. The larger 

PCE plume is located east and southeast of the IA and is associated with the Mound Site, the 903 

Pad, the East Trenches, and possibly the Ryan’s Pit trench. Fifteen values over Tier I action levels 

are associated with this plume. The other large area of PCE contamination is located south and 

southeast of Building 371. One value over Tier I is associated with this plume. In addition to the 

two large plumes, there is a small area of relatively high concentration along the eastern portion of 

the 881 Hillside that contains two values over Tier I. There is also a small area of moderate PCE 

concentration immediately southeast of the SEPs. Monitoring well B2063 89, located in the 

southeast portion of the Present Landfill, had a single value above Tier I1 (124.5 pg/L) associated 

with that facility. A few additional wells with concentrations of PCE above Tier I1 are also observed 

on the map. 
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For CT, the Tier I and Tier I1 action levels in groundwater at RFETS are 5 pg/L and 500 ug/L, 

respectively. There are 22 values above Tier I for CT. The highest average concentration of CT, 

50,100 pg/L, is found in groundwater from monitoring well 0669 1 , located on the 903 Pad. This 

concentration is five times greater than the concentration of CT in the next highest well. There are 

80 monitoring wells that have an average historical concentration greater than Tier 11. As seen on 

Plate 10 there is one large CT plume, another smaller plume, and two minor CT plumes. The large 

CT plume is located east and southeast of the IA and roughly coincides in areal extent to major TCE 

and PCE plumes. The most noticeable difference is that the CT plume appears to have fewer 

sources; those being the 903 Pad and the East Trenches. Eighteen values above Tier I are associated 

with this plume. The next CT plume is located in the PA. It originates southeast of Building 771 

and extends under the central portion of the SEPs. The source for the western edge of the plume is 

IHSS 1 18.1, a known area of dense non-aqueous phase liquid (DNAPL) contamination (see Section 

5.2). An additional source is located immediately south of the westernmost SEP, possibly an older 

SEP or Building 779. Two values above Tier I are associated with this plume. The minor plumes 

are located on the eastern edge of the 881 Hillside, and approximately 600 feet southeast of Building 

37 1. Each of these plotted areas contains one value above Tier I for CT. 

The I,2-DCE concentration in groundwater was plotted for the years 1991 through 1997. For 1,2- 

DCE, the Tier I and Tier I1 action levels in groundwater at RFETS are 70 pg/L and 7,000 pg/L, 

respectively. No values above Tier I are reported for 1,2-DCE. The highest average concentration in 

groundwater of 1,2-DCE, 1,642 pg/L, is found in monitoring well 08891, which is situated in the 

northeast portion of the 903 Pad. There are 17 wells that have an average historical concentration 

higher than Tier 11. As seen on Plate 11, there are relatively few areas of 1,2-DCE contamination. 

All of the plotted areas shown are associated with previously discussed VOC plumes. As noted 

above, 1,2-DCE is a degradation product of TCE and PCE. The only value above Tier I1 that is not 

associated with a previously discussed area of VOC contamination occurs in monitoring well 01391, 

located approximately 250 feet north of the 904 Pad, with an average 1,2-DCE concentration of 178 

Pg/L. 

For VC, the Tier I and Tier I1 action levels in groundwater at RFETS are 2 pg/L and 200 pg/L, 

respectively. There is one value above Tier I for VC. This value, which is the highest average 

concentration of VC (3 15 pg/L), is found in groundwater from monitoring well 3586 located in the 

seep SW059 area just east of the PA perimeter road and is associated with the distal end of the 

Mound Site/SW059 plume. There are 13 wells that have an average historical concentration higher 
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than Tier 11. As seen on Plate 12, there are relatively few areas of VC contamination. All of the 

plotted areas shown are associated with previously discussed VOC plumes. As noted above, VC is a 

degradation product of TCE and PCE. 

2.4.2 Nitrate Plumes 

The background level for nitrate in groundwater is 4.7 mg/L (EG&G, 1993a). The Tier I and Tier I1 

action levels for nitrate in groundwater at WETS are 10 mg/L and 1,000 mg/L, respectively. There 

are seven values above Tier I for nitrate. The highest average concentration of nitrate, 4,346 mg/L, 

is found in groundwater from monitoring well P209589 located in the PA approximately 130 feet 

northeast of the northeast SEP. There are 66 wells that have an average historical concentration 

greater than Tier 11. As seen on Plate 13, there is one major nitrate plume and four minor areas that 

should be noted. The major nitrate plume is located in the northeast portion of the PA and extends to 

the northeast towards North Walnut Creek. This plume emanates from the SEPs. All seven values 

of nitrate over Tier I are associated with this plume. The four minor areas of nitrate concentration 

above the Tier I1 action level are associated with the Old Landfill, the 903 and 904 Pads, the eastern 

portion of the 881 Hillside, and an area immediately downgradient of the Present Landfill. A single, 

relatively high nitrate concentration of 444 mg/L is found at monitoring well 08391, which is located 

approximately 1200 feet east of the IA. 

2.4.3 Metals Plumes 

The background level for dissolved manganese in groundwater is 162pL/L (EG&G, 1993a). The 

Tier I and Tier I1 action levels for dissolved manganese in groundwater at WETS are 183 pg/L and 

18,300 pg/L, respectively. There are no values above Tier I for dissolved manganese. The highest 

average concentration of dissolved manganese, 6,207 pg/L, is found in groundwater from monitoring 

well 72093 at the eastern edge of the Present Landfill. There are 93 wells which have an average 

historical concentration greater than Tier I1 action level. As seen on Plate 14, there are two localized 

areas that could be considered dissolved manganese plumes. They are both located at the north end 

of the site. The first area is in the IA in the immediate vicinity of Building 771. The second area 

appears to be associated with the Present Landfill. In addition, there are areas of elevated dissolved 

manganese concentration at the southern edge of the IA which deserve consideration as potential 

dissolved manganese plumes. One area is associated with the Old Landfill, and the other is 

associated with the 881 Hillside. There are eight values above Tier I1 for dissolved manganese 

associated with the West Spray Field. In addition, there are a number of concentrations over Tier I1 

in the eastern portion of the IA which are associated with the 903 Pad, the East Trenches, and the 
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SW059 area. Beyond these areas there are a few random values above Tier I1 for dissolved 

manganese in groundwater. 

The background level for dissolved nickel in groundwater is 2 1.4 pg/L (EG&G 1993). The Tier I 

and Tier I1 action levels for dissolved nickel in groundwater at RFETS are 100 pg/L and 10,000 

pg/L, respectively. There are no values for dissolved nickel above Tier I. The highest average 

concentration for dissolved nickel, 4,950 pg/L, is found in groundwater from monitoring well 5487 

which is located approximately 200 feet south of Building 881. There are 13 wells that have an 

average historical concentration greater than Tier I1 Action Levels. As seen on Plate 15, there are no 

areas which could be mapped as dissolved nickel plumes. The two highest occurrences of dissolved 

nickel in groundwater at RFETS, monitoring wells 5487 and 4887 (854.5 pg/L), are seen as potential 

point sources along the 881 Hillside. The third highest occurrence of nickel is found at monitoring 

well 2987 which is located approximately 1,600 feet southeast of the 903 Pad. Two values above 

Tier 11, from wellsf‘58194 and 57994, are probably associated with the Old Landfill. The remaining 

values over Tier I1 are scattered randomly throughout the site, generally downgradient of the IA. It 

is notable that of the 13 wells with dissolved nickel at concentrations over Tier 11, eight are 

constructed with are stainless steel casing. It has also been observed that stainless steel “turnings” 

from past lathe machining processes were placed in the Old Landfill. Nickel comprises 

approximately 8 to 14 percent of 300 series austenitic stainless steels commonly used for fabricating 

monitoring well casings (Driscoll, 1986). 

\ 

2.4.4 Water Quality Parameter Plumes 

The background level for sulfate in groundwater is 436 mg/L (EG&G, 1993a). The Tier I and Tier II 

action levels for sulfate in groundwater at RFETS are 500 mg/L and 50,000 mg/L, respectively. 

There are no sulfate values above Tier I. The highest average concentration for sulfate, 3,43 1 mg/L, 

is found in groundwater from background monitoring well B303089 which is located in the extreme 

southeast comer of the site adjacent to Indiana Street. There are 36 wells which have an average 

historical concentration greater than Tier I1 action levels. As seen on Plate 16, there are four distinct 

areas which can be plotted as sulfate plumes. One area is north of the IA just downgradient of the 

Present Landfill and may be the result of past Site activities. The next plume is located northeast and 

downgradient of the SEPs and is probably associated with past wastewater storage activities. This 

plume covers the largest areal extent. The third area of high sulfate concentration in groundwater 

begins just northeast of Pond B-4, continues past Pond B-5, and ends due east of Pond A-4. The 

fourth and least extensive sulfate plume is located along the eastern margin of the 881 Hillside. 
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Most of the remaining values over Tier I1 are scattered throughout the eastern portion of the Site. As 

noted earlier, the highest sulfate concentration is at well B303089, located at the extreme southeast 

corner of the buffer zone. In addition to B303089, there are concentrations above Tier I1 at three 

other locations in drainages to the southeast of the IA. 

The background level for TDS in groundwater is 980 mg/L (EG&G, 1993a). Tier 1 and Tier I1 action 

levels for TDS in groundwater have not been established at RFETS. TDS plumes are shown here 

only as an indicator of potential groundwater contamination. The highest average concentration for 

TDS, 32,117 mg/L, is found in groundwater from monitoring well P209589 (also the highest nitrate 

well) which is located approximately 130 feet northeast of the northeast SEP. There are 89 wells that 

have an average historical concentration of TDS higher than background. As seen on Plate 17, there 

are four areas that can be plotted as TDS plumes and one minor area that should be considered. The 

four larger areas coincide to the same localized areas mapped for sulfate plumes, except that the areal 

extent of three of the TDS plumes is greater, generally beginning further upgradient than the sulfate 

plumes. The first plume begins within the Present Landfill and continues downgradient of the 

landfill. The next plume (similar to the nitrate plume) encompasses a large area including most of 

the SEPs, downgradient to the northeast between Pond A- 1 and Pond A-2, downgradient to the 

southeast to the SW059 area, and upgradient to the north of Building 771. The third area of high 

TDS concentration in groundwater begins just northeast of Pond B-4, continues past Pond B-5, and 

ends due east of Pond A-4. This plume encompasses the same five monitoring wells as the 

coinciding sulfate plume. The fourth TDS plume extends from just southwest of Building 881 

approximately 1650 feet east along the 881 Hillside. A minor area of high TDS concentration is 

located south of the 903 and 904 Pads trending to the southeast. The four wells with sulfate values 

over Tier I1 found in the drainages southeast of the IA are the only four wells in the area with TDS 

concentrations above background. 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

-- Carbon Tetrachloride Trend Plot for Well P209489 

3000 

2500 - 
m .= 2000 
E 
0 '= 1500 2 

$ 1000 
c, 
C 

E 

O" 500 

0 

80 

70 

5 60 
a 

50 

40 E 
E 30 

20 

10 

- 
0 .- 
C 

0 

s 

cis 1,2-DichIoroethene Trend Plot for Well 12691 

I 

Dash-Dot line = Historic Mean 
Short Dashed lines = Historic Mean +I- Z(SD) 
Heavy Solid line = Tier II Action Level Page 62 



RF/Rh.tRIi-98-2 73. UN 
1997 Annual RFCA Groundwater Monitoring Report 

- 
120 - 

a 
‘;r 100 - 
0 

80. 

6 0 .  
E 
CI 

2-22 

I 

2-23 

2-24 

FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

~ ~ ~~ 

Chloroform Trend Plot for Well 07391 
6000 

5000 4 

Chloroform Trend Plot for Well 3687 
6000 

5000 . 

2 4000. 

= 
0) 

c 
0 

- 

Methylene Chloride Trend Plot for Well 00491 
160 ~ 

I 
140 1 f 

Dash-Dot line = Historic Mean 
Short Dashed lines I Historic Mean +/- 2(SD) 
Heavy Solid line = Tier II Action Level Page 63 



2-25 

2-26 

2-27 

RF/RMRT-98-2 73. UN 
1997 Annual W C A  Groundwater Monitoring Report 

FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

Methylene Chloride Trend Plot for Well 05691 
6 

.= ̂s/ Ul 4 .  1- 

8 

7 
- s 6  
' E 5  

$ 3  

6 2  

a 

0 .- 
' 4  E ' 
0 

0 
1 

0 

Methylene Chloride Trend Plot for Well 11891 

. . .  

Methylene Chloride Trend Plot for Well 3586 

Dash-Dot line = Historic Mean 
Shorl Dashed lines = Histotic Mean +/- 2(SD) 
Heavy Solid line = Tier I1 Action Level Page 64 



2-28 

2-29 

2-30 

J 

RF/Rkt~S98-2  73. UN 
' 1997 Annual RFCA Groundwater Monitoring Report 

_ - _ _ _ . _ _ _ -  ....._.._____...___...__ 

A 
v 

FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

__ ~ _ _ ~  

Methylene Chloride Trend Plot for Well P313589 

i 
.o 5 . I 
5 4 .  : I  C I 
6 2  E '1 I 

Methylene Chloride Trend Plot for Well P416689 
10 
9 

Dash-Dot line = Historic Mean 
Short Dashed lines = Historic Mean +I- Z(S0)  
Heavy Solid line = Tier I1 Action Level Page 65 



2-31 

2-32 

2-33 

RF./WM-98-2 73. UN 
I997 Annual RFCA Groundwater Monitoring Report 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 
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FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

Thallium Trend Plot for Well 22596 
7 ., 

O J  
b 
4) 

b b 
4) 

(D 
4) m 

2 c il 
9 

I 
3 7 m 7 

z 
a Ol 

C 
0 

0 

C 
Q u 
C 
0 
0 

- 
.- 
+I 

L +I 

Thallium Trend Plot for Well 7086 
12 

Thallium Trend Plot for Well P416889 

14 I 4 s 12 
a 

z g  E 
C 6  
E 4  

2 

‘E 10 
0 

c 
al 
0 

s 
0 

Dash-Dot line = Historic Mean 
Short Dashed lines = Historic Mean +/- Z(SD) 
Heavy Solid line = Tier II Action Level Page 81 



RF/RMRs98-2 73. Uh' 
I997 Annual RFCA Groundwater Monitoring Report 

2-79 

2-80 

2-8 1 

FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

1600 

1400 

= 1200 - 1000 

'3 800 2 
c 600 
8 

400 

200 

0 

0, 
c 
0 

C 

0 

Tritium Trend Plot for Well 1786 

-200 I 

Tritium Trend Plot for Well P219189 
2500 ~ 

1000 
~ 

a8 u e 
.? 500 

Oash-Dot line = Historic Mean 
Short Dashed lines = Historic Mean +/- Z(S0)  
Heavy Solid line = Tier Ii Action Level Page 82 



RF/RMRS-98-273. UN 
1997 Annual RF'CA Groundwater Monitoring Report 

35 - 

30. 
E 

25. 

'= 20 - 
!? 
C 1 5 .  

= 10 - 

E 
0 

C 

Q 
0 

0 

2-82 

2-83 

2-84 

30. 
E 

25. 

= 20. e 
1 5 .  

8 = 10 - 

5, 

E 
0 

c 

s 

FIGURES 2-1 THRU 2-90. Trend Plots For Selected Analytes and Wells 

Nitrate Trend Plot for Well 07391 
40 

\ I  
I 

Nitrate Trend Plot for Well 10992 
40 

35 
- -  

0 

Nitrate Trend Plot for Well 12691 
12 

Dash-Dot line = Historic Mean 
Short Dashed lines = Historic Mean +I- 2(SD) 
Heavy Solid line = Tier II Action Level Page 83 



2-85 

2-86 

2-87 

R F / W - 9 8 - 2  73. W 
I997 Annual RFCA Groundwater Monitoring Report 
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3.0 GROUNDWATER FLOW CONDITIONS DURING 1997 

Groundwater level data collected throughout calendar year 1997 were reviewed to determine whether 

significant changes in groundwater flow direction, flow velocity, and quantity have occurred to the 

upper hydrostratigraphic unit since 1996 and previous years. This review included evaluations of 

semiannual potentiometric surface maps, quarterly well pair velocity calculations, selected well 

hydrographs, and water level change maps. Comparison of the 1997 data to historical potentiometric 

surface maps (from previous annual reports) and historical water level trends presented in the 

individual well hydrographs provide a framework for identifying the type of potentiometric 

configurations, seasonal fluctuations, and long-term trends typically associated with pre- 1996 plant 

operations. The 1996 data set, because it is the last year before the commencement of D&D 

activities, comprises a sitewide baseline that will be used for assessing annual changes to the 

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

3.1 Potentiometric Surface Maps 

Groundwater potentiometric surface maps (Plates 2 and 3) were constructed from water level data 

collected during the second and fourth quarters (April and October data, respectively) of 1997 for the 

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 well pairs for velocity calculations and definition of plume extent and movement. 

For map construction, it was assumed that well construction details, borehole logs, and water level 

measurements were accurate. When the measured depth to water was below the bottom of the well 

screen, the well was assumed to be dry. 

Maps constructed for the UHSU were based entirely on data from fully penetrating wells screened in 

suficial deposits thought to be representative of regional shallow groundwater flow conditions. For 

this reason, wells completed in perched alluvial groundwater zones, such as wells 50494 and 5 1594 

located west of the IA, were not utilized for construction of potentiometric contours. Information on 

unsaturated areas from previous UHSU potentiometric maps, particularly the 1993 maps, were used 

in the construction of the second and fourth quarter 1997 maps. Historically unsaturated areas were 

evaluated and reconfigured utilizing new monitoring well coverage (Le., IA IMnRA wells) and 

recent water level data. Shaded, non-contoured areas of the maps indicate areas where well coverage 

is absent. 
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The configuration of the potentiometric surfaces for the second and fourth quarters of 1997 generally 

matches the configurations depicted for earlier quarterly maps. Conceptual refinements were made 

in areas with new well coverage and at the west boundary of the Site where the Laramie-Fox Hills 

Sandstone subcrop forms a north-south oriented barrier to alluvial groundwater flow. In this area, it 

is also believed that the Laramie-Fox Hills Sandstone functions as a bedrock recharge sink for 

alluvial groundwater, hence the steeper hydraulic gradients shown between the Site west boundary 

and Laramie-Fox Hills Sandstone subcrop zone (delineated approximately by the alignment of gravel 

mine pits). 

Plant operations have potentially impacted groundwater flow patterns in areas where potentiometric 

contours appear to deviate from topographic or bedrock topographic configurations. For example, a 

prominent and persistent eastward distention of the 6,000 through 6,040-foot contour lines in the 

west IA deviates significantly from the pattern expected from the surface topography. The 

coincidence of this broad, mound-like feature within an industrialized portion of the Site suggests 

that a greater amount of recharge is occurring in this area compared to background areas with similar 

geologic conditions situated to the north and south. Likewise, the convergence andor redirection of 

potentiometric contour lines in the immediate vicinity of Buildings 37 1 , 771 , 88 1 , 885, and 997 

suggest that foundation drains have localized impacts on groundwater flow in the IA. Unsaturated 

areas shown on the 1997 maps were generally less extensive than drawn on the 1996 maps (which 

were a reflection of the 1993 maps). This condition probably reflects the effects of higher than 

average precipitation at the site for the period of 1995 through 1997, in addition to improved 

sitewide well coverage. 

3.2 Average Linear Flow Velocities 

Average linear groundwater flow velocities (seepage velocities) were calculated for 24 UHSU well 

pairs within the Industrial Area and perimeter based on flow direction considerations derived from 

the 1997 potentiometric surface maps. The Darcy equation was used to calculate the seepage 

velocity (v): 

K 
n 

v = -(dh I dl) 

where: 
K = hydraulic conductivity 
n = effective porosity 
dwdl = hydraulic gradient 
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Values for hydraulic gradient were calculated from quarterly water level measurements made 

between well pairs located along a groundwater pathway. These well pairs were chosen on the basis 

of their perpendicular orientation to potentiometric contour lines. Hydraulic conductivity values 

used for velocity calculations were derived from the geometric mean values reported for the Rocky 

Flats Alluvium, colluvium, and Arapahoe Formation sandstone (No. 1 Sandstone) 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 absence of measured 

values of n, a conservative value of 0.1 is assumed based on its predominant usage in previous 

velocity calculations performed at the Site. 

Groundwater flow velocities can be used as estimates of the migration rates for conservative (i.e., 

non-reactive) groundwater chemical constituents. Because they do not consider the effects of 

dispersion and chemical reactions (e.g., volatilization, biodegradation, dissolution/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. 

Large-scale changes in the hydraulic gradient distribution 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. Although actual linear flow velocities at any given well pair are not 

known with certainty, changes in relative flow velocities, combined with potentiometric mapping 

and hydrograph analysis, can provide some insight into plume dynamics and movement. Linear flow 

velocity calculations are sensitive only to the magnitude and direction of the hydraulic gradient, 

assuming that the assigned values of K and n are kept constant. Temporal analysis of relative linear 

flow velocities using 1996 as a baseline year is expected to compliment the other available 

assessment tools (potentiometric and water level change maps, hydrographs, plume extent maps, 

etc.) in monitoring plume migration toward surface water. ' 

As shown in Table 3- 1 , the calculated 1997 groundwater flow velocities ranged from approximately 

15 feet per year (Wyr) to almost 500 Wyr. Linear flow velocities below 80 Wyr tend to be associated 

with the Rocky Flats Alluvium while linear flow velocities above 80 Wyr tend to be associated with 

colluvial (hillslope) material. The high value of 472 Wyr, calculated for well pair 3687/60296, is 
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Table 3-1 Average Linear Flow Velocities for the Industrial Area and 
Vicinity 

WELL PAIR AREA 1997 QTR dhldl K (cmlsec) n, v (cmlsec) v (ftlyr) 
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Table 3-1 Average Linear Flow Velocities for the Industrial Area and 
Vicinity 

11 WELLPAIR AREA 1997 QTR dhldl 
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associated with the Arapahoe No. 1 Sandstone, which discharges to the hillside above South Walnut 

Creek. 

Linear flow velocity data from 1997 are more comprehensive than for 1996. Generally, water level 

data were collected for more quarters per well pair in 1997 compared to 1996. Water level data for 

many well pairs were reported for only one quarter in 1996. For well pairs that had more than one 

quarter of data for both years, the velocities are more consistent (less variant) from quarter to quarter 

during 1997 than for 1996. This is a response to very little change in hydraulic gradient from quarter 

to quarter, and could be the result of relatively evenly dispersed precipitation resulting in even 

recharge to the UHSU with respect to time. 

In general, velocities for the 24 well pairs vary by less than 25 percent when comparing the same 

quarters from 1996 to 1997. The most notable exception is well pair P314289/10492, located in the 

IA, where all four quarters in 1997 showed an approximately 50 percent increase in linear flow 

velocity from the same quarters in 1996. This indicates that the hydraulic gradient was consistently 

steeper between these two wells in 1997. The other exceptions were for well pairs where only one 

quarter of water level data was available for 1996, or only one quarter out of four showed a variance 

of greater than 25 percent. At well pair 04591/10 194, in the vicinity of the 903 Pad, first quarter data 

reveals an increase in linear flow velocity of approximately 60 percent from 1996 to 1997. At well 

pair P115089/P119389, located in the IA, fourth quarter data reveals a decrease in linear flow 

velocity of approximately 40 percent from 1996 to 1997. Velocities reported for 1996 and 1997 are 

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 individual 

operable unit mean K values. 

3.3 Well Hydrographs and Water Level Change Maps 

Hydrograph plots for many RFCA water quality wells have been constructed in order to observe 

changes in water table elevation with time (see Appendix D). In addition to illustrating seasonal 

fluctuations in water table elevation, hydrographs are useful for evaluating long-term trends that 

might result from either artificial activities (plant closure) or natural causes (climatic change). For 

example a comparison of IA well hydrograph data to background well hydrograph data may suggest 

whether any of the observed trends are natural or artificially induced. Assuming that groundwater 

levels within the Site have reached a quasi-steady state condition since the cessation of production 

operations in 1989, it is conceivable that plant closure activities could cause local water levels to rise 

or fall, depending on the closure action. These changes in water level elevations will be evaluated in 
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future years using annual and life-of-closure water level change maps that will be based on water 

levels collected during the 1996 baseline year. 

Water levels measured during 1997 were, for the most part, observed to fluctuate within normal 

limits. Most wells, including recharge-sensitive wells such as 20691 and P416289, exhibited only 

moderate recharge peaks during the spring season. In general, water levels were slightly higher 

during the second half of 1997 compared to the first half, and overall are comparable to 1996 levels. 

Water levels in 1996, which were higher than average, were thought to reflect the residual influence 

of the record high water levels experienced in 1995. Sitewide precipitation data from 1993 through 

1997 suggests that although precipitation was very high in 1995, 1996 produced near average 

precipitation, and 1997 produced well above average precipitation. The continuing higher than 

average water levels are based as much on recurrent high precipitation (ample recharge) since 1995 

as they are on the residual effects of 1995. The sitewide scale of this trend, also observed in 

background wells, implies that climate is the dominant cause of water level changes during 1997. 

Water level change maps (Plates 18 and 19) utilizing 1997 and 1996 water level data, are presented 

for the first time in an annual report. These data are used to compare the 1997 water levels for the 

second (April) and fourth (October) quarters to the second and fourth quarter water level data for 

1996. Data plotted on these water level change maps indicate areas of the site where changes in 

saturated thickness, either positive or negative, have taken place between two given years. The 

water level change map for the second quarter 1996- 1997 generally shows that increases of 1 to 2 

feet in saturated thickness in the east central and southern portion of the IA. The north central and 

northeast portion of the IA generally showed no change or a 1-foot decrease in saturated thickness 

from 1996 to 1997. The extreme west portion of the IA generally showed no change from 1996 to 

1997. East of the IA, changes in saturated thickness from 1996 to 1997 ranged from being negligible 

to a 1-foot increase. No large areas were observed that varied by more than 1 foot, either positive or 

negative, from 1996 to 1997. Isolated areas were observed in which the second quarter saturated 

thickness varied substantially from 1996 to 1997. The greatest water level change observed was at 

well P 1 19389, located approximately 200 feet southwest of Building 771 , which exhibited a decrease 

of 9.35 feet from 1996 to 1997. To the south of Building 881, monitoring well 5387 showed an 

increase of 4.45 feet from second quarter 1996 to 1997, and approximately 800 feet to the east 

southeast, monitoring well 4887 showed a decrease of greater than 3.7 feet between 1996 and 1997. 

To the south and southeast of the MST tanks, located immediately north of the PA, monitoring wells 

B208789 and B208689 exhibited decreases of 3.46 and 4.33 feet, respectively. Other major 

a 

' 
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differences were to the far north; monitoring well B202589, an increase of3.67 feet, and to the far 

southwest; monitoring well B400389, an increase of 5.5 1 feet. In addition, along the eastern margin 

of the site adjacent to Indiana Street, monitoring well 06491 showed an increase of 4.7 feet, and 

monitoring well 41591 showed a decrease of 3.94 feet. The last four wells described are more than a 

mile from the IA, which suggests that the changes are driven by climate and geology rather than 

artificial sources. 

The water level change map for the fourth quarter 1996-1997 shows that, in the IA, the change in 

saturated thickness generally varies by less than two feet. The western portion of the IA shows an 

increase between 0 and 2 feet in saturated thickness for the fourth quarter from 1996 to 1997. The 

eastern portion of the IA varies subtly between a I-foot decrease and a 1-foot increase in saturated 

thickness between 1996 and 1997. Besides these general comparisons, there are many localized 

areas where substantial differences exist from1996 to 1997 for the fourth quarter data. The most 

striking difference is in the area immediately west and south of Building 371. Monitoring wells 

P114589, P119389, and P114889 show decreases of 3 1.37, 11.36, and 7.9 feet, respectively. Another 

substantial difference is along the northwest perimeter of the present Landfill where monitoring 

wells 6087 and 70093 show decreases of 16.48 and 10.03 feet, respectively. At the southern edge of 

Building 881, monitoring well 0187 shows an increase of 4.52 feet from 1996 to 1997, whereas, 

approximately 400 feet to the south monitoring wells 10592 and 10692 show decreases of 3.4 1 and 

3.89 feet, respectively. Along the B-Ponds drainage, from west to east, well B210389 shows a 

decrease of 5.4 feet, well B208689 shows a decrease of 8.92 feet, well 10594 shows an increase of 

3.92 feet, and well 4 109 1 shows a decrease of 4.44 feet. Just east of the SEPs, monitoring well I 

P207989 shows a decrease of 8.03 feet. Monitoring wells 12691 and 03191, located 70 feet apart 

approximately 1,500 feet east of the IA, showed a decrease of 3.94 feet and an increase of 3.49 feet, 

respectively, for fourth quarter 1996 to 1997 data. 

' 

In summary, groundwater flow conditions for 1997 appear to generally resemble flow conditions 

described for recent years with slight variations depending on the location within RFETS. This 

situation is not unexpected because major plant closure activities have yet to be undertaken. 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, and building perimeter drain activity andor inactivity. The 
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1996 data set, and to some extent the 1997 data set, will represent the baseline for future annual 

evaluations. 
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4.0 GROUNDWATER EVALUATIONS 

4.1 East Trenches Plume/B-Series Ponds 

Well 0609I Evaluation: Well 06091 is located at the eastern portion of the former OU2 and has 

been monitored for many years. In 1996 it was noticed that the trend plot for carbon tetrachloride 

showed a marked increase in concentration with time and was at the 5 pg/L action level. The three 

monthly confirmation samples verified concentrations at this level. In 1997 an evaluation was done 

to establish whether VOCs above action levels were migrating farther east of 0609 1 .  

Three new wells were installed (Figure 4-1). Well 02697 was installed north of well 06091 at the 

head of a small groundwater fed creek that runs northward toward Walnut Creek. Well 02797 was 

installed approximately 150 feet east of 06091, and well 02897 was installed approximately 300 feet 

east of 0609 1. All wells were screened in the Rocky Flats Alluvium. VOC results from the three 

new wells showed no detections for VOCs above action levels (see Table 4-1). 

In conclusion, it appears that well 06091 is accurately defining the extent of VOC contamination for 

the East Trenches Plume. This well will continue to be monitored as part of the IMP monitoring 

program and if concentrations increase with time, the three evaluation wells will be re-sampled to 

establish plume extent. 

Well 23296 Evaluation: In 1996, Plume Extent well 23296 was installed in Walnut Creek as part of 

the original re-design of the Sitewide groundwater monitoring network. The well is located between 

Pond B-2 and Pond B-3 and was placed so as to detect contaminants in the Walnut Creek drainage. 

Subsequent sampling of well 23296 in August 1996 showed elevated values for PCE of 18 p a ,  CT 

of 6 p a  and TCE of 420 pg/L. Because the well showed concentrations above action levels, three 

monthly confirmation samples were collected as required under RFCA. The confirmatory samples 

also contained concentrations above action levels and an impact evaluation project was scoped, and 

implemented in 1997. 

The plume evaluation project was designed to establish the extent and probable pathways for the 

VOC plume to reach surface water. The plume was assumed to be an extension of the East Trenches 

plume based on location and similar organic constituents. Historic data was compiled for nearby 

groundwater wells and seep or surface water sampling locations. A review of the surface water data 

revealed that historic samples for VOCs for Pond B-2 from 1991 and 1992 showed elevated values 

of TCE, PCE and CT above current groundwater and surface water action levels. It was also noted 

that historic data showed increases in concentration during the winter months, presumably when the 
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Table 4-1 Volatile Organic Compounds in Groundwater B Ponds Area 

Sample Well Sample Type Comment Date 

24297 Geoprobe well 11/05/97 
24397 Geoprobe well 
24497 Geoprobe well 
22597 Geoprobe well 
22697 Geoprobe well 
22797 Geoprobe well 
22897 Geoprobe well 
22997 Geoprobe well 
23097 Geoprobe well 
23197 Geoprobe well 
23297 Geoprobe well 
23397 Geoprobe well 
23497 Geoprobe well 
23597 Geoprobe well 
23697 Geoprobe well 
23797 Geoprobe well 
23897 Geoprobe well 
23997 Geoprobe well 
24097 Geoprobe well 
24197 Geoprobe well 
60195 Seep Piezometer 
60295 Seep Piezometer 
60395 Seep Piezometer 
GSIO Surface Water 
B1-001 Pond Bl(west) 
81-002 Pond Bl(middle) 
81-003 Pond B1 (east) 
B2-001 Pond BP(west) 
B2-002 Pond BP(Middle) 
52-003 Pond BP(east) 
WC- Bypass Culvert 

Culvert 
WOO196 B1 Seep 
WOO298 82 Seep 
23296 Well 
02697 Well 
02797 Well 
02897 Well 

DRY 

DRY 

DRY 
DRY 

DRY 
DRY 

11/12/97 
1 1 I1 2/97 
1 1 / I  0197 
11/07/97 
11/03/97 
1 1/07/97 
1 1/07/97 
1 1/05/97 
1 1/04/97 

11/12/97 

1 1/04/97 

1 1/07/97 
1 1 I1 2/97 

7/6/95 
7/6/95 
7/7/95 
211 3/98 
211 3/98 
211 3/98 
211 3/98 
2/16/98 
2/16/98 
211 6/98 
211 6/98 

211 7/98 
211 7/98 
7130197 
1 0/30/97 
1 1/4/97 
1 1/3/97 

06091 Well 3/4/98 

~ ~ ~~ 

Concentration in pglL 

cis 1,2 Methylene Trichloroethene Dichloroethene 'I1 Tetrachloroethene vocs Total 

U U 23 110 22 U 210 365 

Dichlorothene Chloride Chloroform Tetrachloride 

U 
U 
U 
U 
U 
2 
12 
U 
U 

6 

6 

U 
U 

U 
U 
U 
U 
U 
U 
U 
94 
100 
100 
1 

4 
32 
55 
U 
U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 

U 

U 

U 
U 

U 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
U 
U 

U 
U 
U 
U 
10 
38 
49 
71 
150 

27 

18 

2 
U 

4 
13 
5 
U 
U 
U 
U 
12 
14 
14 
2 

1 
30 
U 
U 
U 
U 

U 
0.7 
12 
71 
95 
20 

460 
280 
140 

69 

64 

8 
4 

30 
120 
U 
U 
U 
U 
U 
16 
18 
19 
8 

13 
98 
U 
U 
U 
U 

U 
0.6 
11 
41 
36 
11 

280 
2600 
6800 

560 

370 

1 
U 

30 
23 
U 
U 
U 
U 
U 

420 
400 
41 0 
52 

14 
970 
140 
U 
U 
U 

U 
U 
U 
U 
U 
U 
9 
U 
U 

U 

U 

U 
U 

2 
U 
U 
U 
U 
U 
U 
U 
U 
U 
U 

U 
5 
U 
U 
U 
U 

31 
17 

250 
730 
560 
63 
440 
320 
190 

37 

17 

1 
U 

510 
190 
30 
U 
U 
U 
U 
16 
16 
16 
8 

280 
120 
7 
U 
U 
U 

U . u  U 5 0.8 U 2 

31 
18.3 
273 
842 
70 1 
134 
1250 
3271 
7280 

699 

475 

12 
4 

576 
346 
35 
0 
0 
0 
0 

558 
548 
559 
71 

312 
1255 
202 
0 
0 
0 

7.8 
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ponds were frozen over. An additional historic data point was a seep that occurs uphill of Pond B-1 

on the south side of the drainage. This seep had been sampled in 1993 and showed elevated 

concentrations of VOCs. In 1995, small diameter piezometers were installed above known springs 

and seeps as part of a sitewide spring and seep characterization project. Seep piezometer 60 195 was 

installed upgradient of the seep previously mentioned. 60295 and 60395 were installed in smaller 

seeps east of the seep near Pond B- 1. Samples taken in 1995 showed elevated values of PCE, TCE 

and CT. There were no conventional wells installed in the hillslope drainage in the vicinity of 23296 

except those that were located near the East Trenches IHSSs on the plateau south of the B Ponds. 

Table 4- 1 presents the data from the historic sampling activities. 

0 

Based on the analysis of historic data, a project was initiated to define plume extent and the potential 

groundwater pathways to Walnut Creek. Using the seep piezometers and well 23296 as a guide, a 

line of twenty temporary wells were installed using the Groundwater Geoprobe Vehicle. The wells 

were installed on 100-foot intervals along the B Ponds access road. Sampling for VOCs was 

initiated in October, 1997 in these wells. Figure 4-1 shows the composite plume that represents the 

results of the sampling for TCE. Figure 4-2 shows PCE concentrations. 

Additional surface water sampling was also done. Walnut Creek was sampled for VOCs at an 

upstream point of its diversion around the B- 1, B-2 and B-3 Ponds. This sample showed no VOC 

contamination. Another VOC sample was collected at the outfall of the Walnut Creek diversion 

below Pond B-3. This sample contained CT (8 pi&), PCE (8 pg/L) and TCE (52 pi&) at ' 

concentrations above groundwater action levels. Table 4-1 shows the data used for the B Ponds 

evaluation. 

Ponds B-1 and B-2 were sampled while the surface was still covered with ice. VOC samples were 

collected from the southern edge of the ponds at the west, middle and east ends. The three samples 

collected from Pond B-1 showed no VOC concentrations above action levels. The sample taken on 

the west end of Pond B-2 showed CT (16 p&), PCE (16 pi&) and TCE (420 pg/L) and cis 1,2 

Dichloroethene (94 &L) to be above action levels. The sample from the middle of Pond B-2 

showed CT ( 1  8 pi&), PCE (16 pg/L), TCE (100 pg/L) and cis 1,2 Dichloroethene (1 00 pg/L) to be 

above action levels. The sample from the east end of Pond B-2 showed concentrations of CT (19 

pg/L), PCE (1 6 pg/L), TCE (4 10 pg/L) and cis 1,2 Dichloroethene (1 00 &L) above action levels. 

Two surface seeps were sampled. The seep near well 60195 was sampled and showed CT (13 pg/L), 

PCE (280 pgL) and TCE (14 pg/L) above action levels. A new seep was discovered near the south 
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edge of Pond B-2. This seep showed CT (98 pg/L), PCE (120 pg/L) and TCE (970 pg/L) above 

action levels. 

The general conclusions reached by the evaluation and sampling is that the highest concentration part 

of the plume entering surface water is in the vicinity of Pond B-2. The plume may have multiple 

sources in the East Trenches area because PCE is higher in the western portion of the plume whereas 

TCE is higher in the eastern portion of the plume. Plume contaminants are directly discharging to 

surface water at B-2 and contaminated groundwater is infiltrating into the Walnut Creek diversion 

pipe prior to discharge below Pond B-3. Pond B-3 was not sampled because it is used as a temporary 

holding pond for STP water prior to discharge to B-5, and therefore would not show the effects of 

groundwater infiltration. 

The geology of the area of investigation consists of a hillslope that dips to the north off the main 

plateau which contains the East Trenches. The geology, as interpreted from the line of wells drilled 

for the plume evaluation, is heterogeneous. The surficial deposits encountered are composed of 

colluvium with varying amounts of sandy clay to clayey sand, with some cobbles derived from the 

Rocky Flats Alluvium which caps the plateau. Colluvium averages eight feet thick along the line 

and sits unconformably on bedrock. The underlying bedrock is composed of a fine-grained sandstone 

which is correlative to the No. 1 Sandstone in the East Trenches area. The No. 1 Sandstone varies in 

thickness from 2 to 12 feet. Sandstone thickness decreases to under 5 feet to both the west and east 

and is gradational to a clayey sandstone in some wells. Claystone bedrock underlies the sandstone or 

clayey sandstone and can be variably weathered with minor iron staining and a greater degree of 

friability. Based on the geology, relative permeability and static water level in the wells, it is clear 

that the bedrock sandstone is the predominant pathway for groundwater and contaminant migration. 

The water level data suggests that the colluvium is typically dewatered in this area, which again 

points to the sandstone unit as the preferred pathway. Figure 4-3 depicts a representative 

potentiometric surface in the B-Pond area. 

Impact to surface water can be evaluated based on influx of contaminated groundwater into the 

stream, and on the persistence of organic contaminants in groundwater migrating downstream. The 

persistence of organic contaminants down stream in groundwater can be deduced from 

concentrations recorded in monitoring well 3786. This well is located approximately 1,500 feet 

downstream of well 23296 in Walnut Creek near the west end of Pond B-5. The well is screened in 

valley fill alluvium as is well 23296, and is similar in saturated thickness to the latter. VOC analyses 

from 199 1 to present have never shown detections of VOC contaminants of concern in well 3786. 
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Pond samples taken in B-5 as pre-discharge samples have also shown no detections for VOCs for the 

contaminants of concern. Therefore, persistence of VOCs downstream to points of compliance is 

probably not an issue. 

Impact to surface water in the immediate area of Walnut Creek where VOCs have been detected has 

been estimated. Geologic data from the line of temporary wells and hydraulic gradient information 

from potentiometric surface plots have been used to estimate discharge to Walnut Creek. Organic 

data from these wells has been used to determine pathways, plume extent and concentration 

gradients. Contaminant flux estimates were calculated in conjunction with the Conceptual 

Remediation Design project for treatment of the East Trenches Plume (IT Corp, 1998). 

In the lower portion of the South Walnut Creek drainage, groundwater flows horizontally out of 

colluvium and weathered bedrock, discharging to the surface water system. Discharge from 

weathered bedrock is quantified only to the base of the shallow sandstone unit, if present in the 

uppermost weathered bedrock. If no sandstone is present, flow within bedrock is estimated to the 

base of the potential remediation system (barrier). The calculations will show that the component of 

flow and contaminant load in weathered claystone is negligible. 

The following ranges and geometric means of hydrogeologic units, derived from sitewide data 

(EG&G, 1995) are considered representative of the hydrogeology of the East Trenches plume study 

area: 

0 

0 

Colluvium - 4.0 x to 9.3 x lo4 cm/sec, geometric mean of 9.3 x 

Weathered Arapahoekaramie claystone - 3.0 x lo-’ to 5.6 x lo4 cm/sec, geometric mean of 
9.98 x cm/sec. 

Weathered ArapahoeLaramie sandstones other than Arapahoe No. 1 sandstone - 5.7 x 
2.1 x lo4  cm/sec, geometric mean of 3.9 x 10’- 

Weathered Arapahoe No. 1 Sandstone - 4.0 x lo-’ to 9.3 x 10” cdsec, geometric mean of 7.9 x 
lo4 cdsec. 

cm/sec. 

to 

0 

The horizontal hydraulic gradient in the vicinity of the well alignment is approximately 0.14 in a 

northerly direction. This estimate is based on spring 1998 groundwater elevations in two separate 

sets of three wells, 23097/23 197/63395 and 02798/04091/60695, calculated by the method of Pinder, 

et al. (1981). The existing well network does not provide a means to assess the vertical component 

of hydraulic conductivity. Loss or destruction of contaminants through volatilization, biodegredation 

etc. is not factored into the analysis. 
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Table 4-2 summarizes the saturated thickness and resultant transmissivity data for the wells that are 

in the area of plume extent. It can be shown that due to the unsaturated condition of the colluvium 

and lower hydraulic conductivity, discharge through this media is an order of magnitude less than 

that through bedrock sandstones. 

Table 4-3 shows the mean Contaminant loads estimated from the transmissivity, hydraulic gradient 

and measured VOC concentrations. Based on the total contaminant load (sandstone + colluvium) 

and mean hydraulic conductivity values, the average VOC contaminant load is 4.8 x 10-2 g/day/foot. 

Using a 1,100-foot length for the contaminant plume, and the mean contaminant load, contaminant 

flux to the stream is 5.2 x 10-2 kg/day. 

In conclusion, the East TrenchedB-Series pond groundwater evaluations for VOCs have defined the 

nature and extent of the contaminant plume causing the elevated concentrations. It has been 

established that concentrations above action levels have impacted surface waters locally but may not 

persist downstream. The area has been prioritized for remediation for which additional data may be 

collected and a remedial design approved in early FY99. 

4.2 Industrial Area Plume 

4.2.1 Woman Creek 

Monitoring well P416889 is a plume definition well that is well above the Tier I1 action level for 

PCE and monitors the southern edge of the IA plume. A large seep complex is located to the south 

of this well in the Woman Creek drainage. A piezometer (62893) installed just north of the southern 

edge of the seep shows a historical concentration of TCE in the 30 pg/L range. This occurrence is an 

indication of a potential pathway to surface water. Through 1996 there was no monitoring well 

located further to the south in the Woman Creek drainage that monitored this potential pathway 

downgradient of the IA plume. 

As part of the Industrial Area plume investigation, six new monitoring wells were installed during 

1997 in a line trending northwest-southeast on the north hillslope of Woman Creek. These wells 

were installed in order to ascertain if the IA VOC plume has advanced south of its location as 

mapped in the 1996 RFCA Annual Groundwater Report. Monitoring wells that were installed to 

investigate Woman Creek during 1997 were 20 197,20397,20597,20697,20797, and 2 1097. Well 

construction details for the new monitoring wells can be found in Section 6.4 of this report. Four of 

the six new wells were dry during 1997. Monitoring wells 20697 and 20797 produced enough . 
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Saturated Bedrock Saturated Estimated Bedrock 
Thickness 
Colluvium Type ' Thickness (ft) Thickness (ft) 

Sandstone Saturated 

0.10 cs - -  

Table 4-2 Flow in Colluvium 

B Ponds Area 

KA(dh1dl) 
TL(dh1dl) Using average in-plume 

Transmissivity (T) values above: 

Q= 

Wells 

- 
24397 
24497 
22597 
22697 
22797 
22897 
22997 
23097 
231 97 
23297 
23397 
23497 
23597 
23697 
23797 
23897 
23997 
24097 
241 97 

Flow in cu.R./day 
Geo Mean Minimum Maximum 

Bedrock Colluvium Bedrock Colluvium Bedrock Colluvium 

1 .o 53.0 221 12173 22 990 

dhldl = 

L =  

Q =  
Q =  

Elevation above MSL (feet) I 

5908.44 
5902.05 
5898.95 
5895.07 
5886.68 
5885.75 
5882.05 
5879.36 
5870.24 
5868.61 
5864.06 
5861.65 

DRY 
5851.1 

5850.62 
5847.93 
5844.5 
5844.02 

591 1.8 
5913.2 
5905.1 
5891 .O 
5896.0 
5885.2 
5880.8 
5880.7 
5871.9 
5873.5 
5873.6 
5871.4 
5865.3 
5850.0 
5849.5 
5852.1 
5853.5 
5849.0 

5884 
5883 
5883 
5882 
5882 
5881 
5868 
5867 
5868 
5868 
5855 
5853 
5852 
5849 
5841 
5838 
5837 
5836 

0.00 
0.00 
0.00 
4.10 
0.00 
0.60 
1.30 
0.00 
0.00 
0.00 
0.00 
0.00 
DRY 
1.10 
1.10 
0.00 
0.00 
0.00 

cs 
ss 

SS#1 
SS#1 
cs 

SS#1 
SS#1 
ss 

CS(Ssu) 
CS(SSU) 
CS(Ssu) 

cs 
cs 
cs 
ss 
ss 
ss 
ss 

23.2 
12 
5.5 

9.25 
7.9 
8.6 
1.1 
3.3 
5 

3.3 
6.8 
9.5 
5.5 

- -  
12.1 
7.9 
5.5 
7.7 
9.3 
7.9 
7.3 
8.2 
7.6 
5.1 
3.6 

DRY 
- -  
- -  
_ -  
- -  
_ -  

In-Plume Average T 

0.14 Horizontal hydraulic gradient, from spring 98 groundwater 

11 OOR Planned intercepted plume length, perpendicular to flow. 
elevations in wells 23097, 23197, 63395; and wells 02798, 04098, 60695. 

Minimum 

r3 Colluvium T' Bedrock 
sq.ft.lday sq.ft.lday 

_ _  
O.OE+OO 
O.OE+OO 

O.OE+OO 
4.6E-02 

6.8E-03 
1.5E-02 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

DRY 

- _  
1.9E-01 
9.OE-01 
6.2E-01 
6.5E-04 
1 .OE+OO 
9.OE-01 
1.2E-01 
7.OE-04 
6.5E-04 
4.3E-04 
3.1 E-04 

DRY 

6.2E-03 3.4E-01 

- -  
- _  

O.OE+OO 
O.OE+OO 
1.1 E+01 
O.OE+OO 
1.6E+00 
3.4E+00 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

DRY 
- -  
_ -  
- -  
- -  
- -  

_ _  
- _  

7.2E+00 
2.1E+02 
1.5E+02 
1.2E+01 
2.4E+02 
2.1 E+02 
4.3E+00 
1.3E+01 
1.2E+01 
8.OE+00 
5.8E+00 

DRY 
_ _  
_ _  
_ _  
_ -  
_ -  

_ _  
_ -  

O.OE+OO 
O.OE+OO 
1.1 E+OO 
O.OE+OO 
1.6E-01 
3.4E-01 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

DRY 
- _  
_ -  
_ _  
- -  
- _  

- -  _ _  
1.3E+00 
1.8E+01 
1.2E+01 

2.1 E+01 
1.9E-02 

1.8E+01 
8.OE-01 
2.1 E-02 
1.9E-02 
1.3E-02 
9.1E-03 

DRY 
- -  
- -  
- -  
_ _  
_ -  

I .~E+OO 7.9~+01 I 1 .~E-OI 6.4~+0a 

Footnotes: 
1 

2 

Bedrock types: SS#1 = Arapahoe Sandstone No. 1, SS = Undifferentiated ArapahoelLaramie weathered sandstone, CS = Weathered claystone, CS(Ssu) = Weathered claystone 
with unsaturated sandstone at top 
Estimated saturated thickness and transmissivities are calculated for locations within the plume. If saturated sandstone (SS#1 or SS) is present, saturated claystone is 
negligible in terms of transmissivity and flow, and full (or estimated) thickness of the sandstone is used to calculate bedrock transmissivity. If only claystone is present, saturated 
thickness and transmissivity of claystone is calculated based on estimated depth of barrier. Ranges of transmissivities (per minimum and maximum estimates of K) and best 
estimate of representative T (per geometric mean estimates of K) are presented. 

3 T = Transmissivity 
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Table 4-3 Groundwater Contaminant Load and Flux through the Colluvium 
and Bedrock, B- Ponds Area 

Contaminant Load Estimated from the Geometric Mean of Hydraulic Conductivity Values 

Trichloroethene 1, l  Dichloroethene Tetrachloroethene Total VOCs 
Tetrachloride Well 

:alluvium Contaminant Load in gldaylft 

22597 O.OE+OO 
22697 O.OE+OO 

22897 O.OE+OO 
22797 4.1 E-04 

22997 2.9E-04 
23097 3.8E-04 
23197 O.OE+OO 
23297 
23397 O.OE+OO 
23497 
23597 O.OE+OO 

3edrock Contaminant Load in gldaylft 

Average 1.2E-04 

22597 6.3E-05 
22697 5.OE-03 
22797 4.6E-03 
22897 8.4E-06 
22997 3.8E-02 
23097 2.OE-02 
23197 4.5E-04 
23297 

23497 
23397 5.2E-06 

23597 2.3E-06 
Average 7.5E-03 

rota1 Contaminant Load in gldaylft 

22597 6.3E-05 
22697 5.OE-03 
22797 5.OE-03 
22897 8.4E-06 
22997 3.8E-02 
23097 2.OE-02 , 

23197 4.5E-04 
23297 

23497 
23397 5.2E-06 

23597 2.3E-06 

O.OE+OO 
O.OE+OO 

O.OE+OO 
1.5E-04 

1.8E-04 
3.5E-03 
O.OE+OO 

O.OE+OO 

O.OE+OO 
4.3E-04 

5.8E-05 
2.9E-03 
1.8E-03 
8.4E-07 
2.3E-02 
1.8E-01 
2.2E-02 

4.2E-05 

1.3E-05 
2.6E-02 

5.8E-05 
2.9E-03 
1.9E-03 
8.4E-07 
2.3E-02 
1.9E-01 
2.2E-02 

4.2E-05 

1.3E-05 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

O.OE+OO 
O.OE+OO 

O.OE+OO 

O.OE+OO 

5.6E-06 

6.3E-07 

O.OE+OO 

O.OE+OO 
O.OE+OO 

O.OE+OO 

7.4E-04 
O.OE+OO 
O.OE+OO 

O.OE+OO 

O.OE+OO 
8.2E-05 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
7.4E-04 
O.OE+OO 
O.OE+OO 

O.OE+OO 

O.OE+OO 

O.OE+OO 
O.OE+OO 

O.OE+OO 
8.1 E-04 

2.8E-04 
4.3E-04 
O.OE+OO 

O.OE+OO 

O.OE+OO 
1.7E-04 

1.3E-03 
5.2E-02 
9.3E-03 
1.6E-05 
3.6E-02 
2.2E-02 
6.OE-04 

2.8E-06 

6.1 E-07 
1.3E-02 

1.3E-03 
5.2E-02 
1 .OE-02 
1.6E-05 
3.6E-02 
2.3E-02 
6.OE-04 

2.8E-06 

6.1 E-07 

O.OE+OO 
O.OE+OO 

O.OE+OO 
1.4E-03 

7.5E-04 
4.3E-03 
O.OE+OO 

O.OE+OO 

O.OE+OO 
7.2 E-04 

1.4E-03 
5.9E-02 
1.6E-02 
2.5E-05 
9.8E-02 
2.2E-01 
2.3E-02 

5.OE-05 

1.6E-05 
4.7E-02 

1.4E-03 
5.9E-02 
1.7E-02 
2.5E-05 
9.8E-02 
2.3E-01 
2.3E-02 

5.OE-05 

1.6E-05 
Average 7.6E-03 2.6E-02 8.3E-05 1.4E-02 4.8E-02 

Contaminant Flux Estimated from Geometric Mean of Hydraulic Conductivities-Best Estimate of Flux in kglday 

Total VOCs 1,l- Tetra- 
Dichloroethene chloroethene Trichloroethene Carbon 

Tetrachloride 
Colluvium 1.3E-04 4.7E-04 6.9E-07 1.9E-04 7.9E-04 
Bedrock 8.3E-03 2.8E-02 9.OE-05 1.5E-02 5.2E-02 

Total Flux 8.4E-03 2.9E-02 9.1 E-05 1.5E-02 5.2E-02 

X = T(dh/dl)C gldaylft 

T 

dh/dl = 0.14 

C is from Table 4-1. 
F = Contaminant Flux equals flow times concentration F =  XL Contaminant Flux equals Contaminant 

L 

Contaminant load equals transmissivity times hydraulic gradient times concentration Unit 
conversion: T(sq.ft/day) x dh/dl (unitless) x C (ug/L) x 28.32 Ucu.ft x 10-6 glug =TC (g/(day/ft) 
is taken from the values calculated for both colluvium and bedrock at individual wells on the 
"Flow" sheet 
is the horizontal hydraulic gradient, from spring 98 groundwater elevations in wells 23097, 
23197,63395; and wells 02798,04098,60695. 

Load times Length ' F =  [TL(dh/dl)]C = [T(dhldl)C]L 
1100 Estimated plume length (ft..), perpendicular to flow. 
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groundwater to be sampled during the third quarter of 1997. Well 20797 had no detections for 

VOCs. Monitoring well 20697 will have an impact on the mapped southern plume extent of the IA 

because of a reading of slightly above Tier I1 for TCE (7 p@). TCE was the only analyte at well 

20697 above Tier 11. TCE and PCE (3 pg/L) were the only VOCs reported above detection limits at 

well 20697. 

The IA plume is a composite of all the VOC releases and spills which took place on plant site during 

production. The major activities that contributed to the IA plume took place in the 300 and 400 

Building complexes. Based on the new well coverage, the IA VOC plume has been extended to the 

south through monitoring wells 63 193 and 20697. Figure 4-4 shows the updated extent of the plume. 

The change in Figure 4-4 does not mean that the plume has actually moved since last year, it merely 

means that the plume coverage has been refined. Additional definition of the IA VOC plume will be 

possible in 1998 as wells 20197,20397,20597, and 21097, which were dry in 1997, have been 

observed to contain measurable amounts of groundwater during 1998. 

. 

The smaller plume seen in Figure 4-4 that encompasses monitoring wells 60993 and 6 1093 is either 

associated with the Old Landfill or with a former storm sewer outfall that terminated in this area of 

the Old Landfill. The storm sewer line originates in the 400 Building complex, and may intercept 

VOC contaminated groundwater associated with the IA VOC plume. 

4.2.2 North Industrial Area Plume 

Groundwater monitoring results obtained for wells 22796 and 22896 installed during FY96 and 

P219189, an existing monitoring well, have documented the existence of unexpected values above 

VOC Tier I and I1 action levels in the northwestern portion of the IA (RMRS, 1997a). Subsequent 

monthly sampling confirmed the elevated concentrations, thus suggesting that the VOC composite 

plume boundaries near North Walnut Creek were more extensive than previously believed. On this 

basis, a field evaluation of IA VOC plume pathways toward North Walnut Creek and an unnamed 

tributary was proposed for implementation in FY97. This evaluation was postponed until FY98 due 

to delays in Geoprobe availability caused by other ER GMP projects (Le., Building 779 IA I M R A  

well installations; IHSS 11 8.1 pre-remedial characterization; and B-Series Ponds, PU&D Yard, and 

Woman Creek groundwater evaluations). 
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As shown in Figure 4-5, the North IA plume groundwater evaluation will investigate potential 

pathways for VOC migration to surface water at the north IA boundary. The following evaluation is 

planned: 

1) 

2) 

3)  

Historic data will be evaluated to predict the location of pathways to surface water 

from the area around wells 22796 and 22896. Well 1986 will be evaluated to ensure 

that it is located and screened appropriately to detect potential contamination 

associated with stream alluvium. 

Temporary wells will be installed to help locate saturated pathways to surface water. 

Information concerning subsurface conduits, footing drains, and outfalls in nearby 

buildings will also be collected. 

Once sufficient field data exist to quantify the nature and extent of the groundwater 

contamination, plume flux calculations will be performed to assess the impact of 

VOC migration to North Walnut Creek. 

The field evaluation will consist of a series of temporary Geoprobe wellpoints spaced at 100 feet 

intervals along roadways that parallel plume front boundaries. Each wellpoint will be developed and 

sampled for VOCs upon completion, and the results presented in the FY98 Annual RFCA 

Groundwater Monitoring Report. 
/ 

4.3 PU&D Yard Plume 

VOC groundwater contamination has historically been detected in well 70393 located at the 

upgradient periphery of the Present Landfill, and in seep well point 61495 positioned along the north 

hillslope of North Walnut Creek. The presence of contamination in upgradient landfill groundwater 

indicates that non-landfill contaminants are currently or potentially entering the landfill representing 

a potential impact to downgradient landfill groundwater. Additionally, the contamination represents 
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a threat to surface water quality as evidenced by the presence of numerous hillside seeps located 

south of the landfill that discharge to the North Walnut Creek drainage basin. The most likely source 

of groundwater contamination in this area based on historical documentation, land usage, and 

hydrogeologic considerations, has been tentatively identified as the Property Utilization and Disposal 

Storage Yard (PU&D Yard), also known as IHSS 170, including IHSSs 174A and 174B. From 1974 

to 1994 these three IHSSs were former storage areas for empty drums, cargo boxes, and dumpsters 

that contained unknown residual quantities of various solvents and waste materials. Two areas 

within IHSS 170, IHSSs 174A and 174B, were designated for the storage of hazardous materials, 

specifically empty drums at IHSS 174A and a dumpster for the storage of stainless steel sheet metal 

chips and lathe turnings coated with freon-based or oil-based lathe coolant. Potential VOC 

contamination is probably due to leaking drums containing oil-solvents or metal turnings coated with 

oil-solvents, or as surface spills. 

Subsequent soil-gas and field sampling studies indicated the possible presence of subsurface VOC 

contamination in three areas, 1) the east-southeast side of IHSS 170,2) the northeast comer of IHSS 

170 and the north side of IHSS 174A, and 3) an oil stain area in IHSS 174B (RMRS, 1997a). Based 

on these results and recent detections of VOCs in routine well samples, a pre-remedial field 

investigation of PU&D Yard soils and groundwater was undertaken in 1997. Goals for the project 

were to confirm the identity of the PU&D Yard as a source for upgradient landfill groundwater 

contamination and characterize the source, extent, and pathways for VOC contamination in the area. 

Twelve new monitoring wells and well points were installed within and around the perimeter of the 

PU&D Yard and downgradient areas, as shown in Figure 4-6. In addition, groundwater grab samples 

were obtained for VOC analysis from six shallow borings during drilling in IHSSs 174A and 174B, 

and near the west boundary of IHSS 170, as described in RMRS (1997b). Completion details for the 

new PU&D Yard monitoring wells are presented in Table 6-4. 

Table 4-4 presents the results of VOC groundwater sampling conducted at the PU&D Yard and 

surrounding area in wells 01097 through 02197 and 21 197 through 22497 during the third and fourth 

quarters of 1997. For wells 0 1097 through 021 97, detections of VOC compounds were found in all 

wells containing groundwater, including values above Tier I1 action level for TCE in wells 01497 

and 02097; PCE in wells 01297 and 01397; and 1,l-DCE in wells 01497 and 01897. TCE, PCE, 1,l- 

DCE and 1,l , 1 -trichloroethane ( l , l ,  1-TCA) were the most commonly detected compounds. The 

remaining compounds (CT, chloroform, napthalene, 1 ,2-DCE, toluene, and 1,2,4-trirnethylbenzene) 

were reported mainly at below detection levels as estimated quantitations (J qualified). 
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Table 4-4 Detected VOCs in Groundwater (ug/L) for PU&D Yard Monitoring Wells 

Carbon cis-i,2 191 181 1,131 1,2,4 
DCE DCE DCA TCA To'uene Trimethylbenzene Wells Sample Date Number Sample TCE PCE Tetrachloride Chloroform Napthalene 

01097 9/25/97 GW05613TE 1 U 2 0.4 J 0.3 J 

01197 9/29/97 GW05619TE 1 U 1 
01297 9/25/97 GW05616TE 1 U 7 
01397 9/30/97 GW05620TE 0.2 J 5 
01497 9/25/97 GW05614TE 30 4 
01597 9/26/97 GW05617TE 1 U 2 
01697 9/30/97 GW05623TE 4 0.5 
01797 Dry - sample not collected 
01897 9/29/97 GW05622TE 4 0.6 
01997 9/30/97 GW05621TE 2 4 
02097 9/30/97 GW05618TE 10 2 
02197 Dry - sample not collected 
21197 8/14/97 GW05599TE 1 U 1 
21297 8/14/97 GW05598TE 1 U 1 
21397 11/12/97 GW05656TE 1 U 1 
21497 11/12/97 GW05657TE 1 U 1 
21597 11/12/97 GW05658TE 1 U 1 
21697 11/12/97 GW05659TE 1 U 1 
21797 11/12/97 GW05660TE 1 U 1 
21 897 Dry - sample not collected 
21997 11/12/97 GW05661TE 1 U 1 
22097 11/11/97 GW05655TE 1 U 1 
22197 11/11/97 GW05654TE 1 U 1 
22297 11110197 GW05644TE 1 U 1 
22397 Insufficient water for sample 
22497 Insufficient water for sample 
Note: U = Analyzed chemical was not detected 

U 

J 

J 

J 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 

1 
1 
1 

0.2 
5 
1 
1 

0.8 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

U 
U 
U 
J 
J 
U 
U 

J 
U 
U 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 

1 
1 
1 
1 
6 
1 
1 

0.3 
1 

0.4 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

U 
U 
U 
U 
U 
U 
U 

J 
U 
J 

U 
U 
U 
U 
U 
U 

.u 

U 
U 
U 
U 

1 
1 
1 

0.4 
6 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

u 1 U l U l U l  
u 1 U l U l U 1  
u 1 U l U l U 1  
J B 1  U 1  1 u 5  
U 6 U 8 0  3 J 170 
u 1 U l U l U 1  
u 1 u 2  1 u 4  

1 u 20 u 1 u 7  
u 1 u 2  1 U 6  
U 0.8 J 2 3 7 

u 1 U l U l U 1  
u 1 U l U l U 1  
u 1 u 1 u 1 u 1  
u 1 u 1 u 1 u 1  
u 1 u 1 u 1 u 1  
u 1 u 1 u 1 u 1  
u 1 u 1 u 1 u 1  

u 1 u 1 u 1 u 1  
u 1 u 1 u 1 u 1  
u 1 u 1 u 1 u 1  
U 1 U l U l U l  

U 
U 
U 

U 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 

1 u  
1 u  
1 u  
6 U  
1 u  
1 u  

1 u  
1 u  
1 u  

1 u  
1 u  
1 u  

0.2 JB 
0.2 JB 
0.3 JB 
1 u  

1 u  
1 u  
1 u  
1 u  

1 
1 
1 
6 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

U 
U 
U 
U 
U 
U 

U 
U 
U 

U 
U 
U 
U 
U 
U 
U 

U 
U 
U 
U 

J = Estimated result - chemical detected below SQL 
B = Chemical also found in method blank 
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Wells 01797 and 02197 were dry at the time of sampling. Except for a few trace detections (4 . 

pg/L) of toluene, no VOC detections were reported for wells 21 197 through 22497, thus indicating 

the absence of any significant PU&D Yard VOC plume movement towards North Walnut Creek. 

The B qualifier associated with the toluene results suggests that laboratory contamination is the 

probable cause for the positive detections in these samples. 

Groundwater grab samples collected during IHSS 174A and 174B pre-remedial drilling activities 

revealed the presence of PCE at concentrations above Tier I and I1 action levels in boreholes 17497 

(1,700 pg/L) and 18 197 (1 5 pg/L), respectively, as reported in RMRS (1997b). Borehole 17497 is 

located at the north edge of IHSS 174A, which appears to be a potential source for groundwater PCE 

contamination. However, the presence of relatively low PCE concentration and other VOC 

detections in many wells (including well 01097 and borehole 18197) located up and sidegradient of 

IHSS 174A indicates that the PU&D Yard might be acting as a diffuse (non-point) source for 

groundwater contamination. 

As shown in Plate 20, the distribution of composite VOC contamination in groundwater (consisting 

of greater than Tier 11 concentration levels of TCE, PCE, CT, and VC confirm that the PU&D Yard 

is the probable source of upgradient landfill VOC contamination. The relatively high concentration 

of TCE (30 pg/L) in well 01497, located approximately 200 feet upgradient of landfill background 

well 70393 and 400 feet upgradiant of the landfill boundary, and PCE (1,700 pg/L) in borehole 

17497, indicates that VOC contamination probably originates near the north boundary of the PU&D 

Yard. From the PU&D Yard, the plume is observed to migrate longitudinally eastward along the 

south boundary of the landfill and laterally to the south, where alluvial groundwater containing 

plume contaminants discharges to the North Walnut Creek drainage as hillside seeps (i.e., well 

61495) and shallow subsurface flow? 

Considering the fact that groundwater once discharged to the No Name Gulch valley headcut 

(indicated by seepage areas present in a 1937 aerial photograph), now filled with landfill refuse, the 

shape and orientation of the plume strongly suggests that plume migration is influenced by 

interaction with groundwater control structures (groundwater-intercept and slurry wall system) and is 

diverted around the landfill. Previous analyses of intercept system function using potentiometric 

configurations, well hydrograph responses, saturated thickness maps, and total dissolved solids 

distributions (EG&G, 1994c) have indicated that the south groundwater intercept and slurry wall 

system appears to be functioning effectively in excluding upgradient groundwater flow from entering 

the landfill (Figure 4-7). While restricting groundwater from entering landfill refuse, the intercept 
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drain probably contributes to longitudinal ,plume spreading, as indicated by the correspondence 

between plume configuration and length with the position of the drain. 

A comparison of VOC compounds from the PU&D Yard investigation was made with data reported 

in recent RCRA groundwater reports (e.g. EG&G, 1995d; RMRSK-H, 1996) and selected VOCs 

presented in Plates 8 through 12. The data suggest that the chlorinated organic compounds observed 

in the PU&D Yard plume are prevalent in landfill wells located south of the groundwater intercept 

system, while organic compounds found within the boundaries of the intercept system show more 

variable organic affinities (EG&G, 1995d; RMRSK-H, 1996). Of special note is the presence of 

l,l,l-TCA, which is a good indicator compound for PU&D Yard contamination. This compound is 

detected in wells south of the intercept system but, with the exception of well B206389, not in wells 

within the intercept boundaries. The presence of trace levels (<5 pg/L) of 1 , 1 , 1-TCA and similarities 

in PCE and TCE concentrations in this well compared to that of upgradient well 7287 suggest that 

the south slurry wall may be ineffective in restricting groundwater flow at its east end, as depicted in 

Figure 4-6. The easternmost lobe of the composite plume, defined solely by single detections of 

vinyl chloride in wells 6474 and 6574, appears to be unrelated to PU&D Yard contamination and 

may represent a spurious set of laboratory results. Monitoring at plume extent well 02197 located 

160 feet east of well 6474 should eventually reveal if vinyl chloride contamination exists in the 

groundwater at this location. Tentatively, the boundaries of the PU&D Yard plume have been 

revised in Plate 20 and Figure 4-6 to more accurately differentiate present landfill from PU&D Yard 

VOC contamination, assuming that degradation of chlorinated organic compounds is minimal in the 

landfill. 
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5.0 GROUNDWATER CHARACTERIZATION ACTIVITIES 

The following groundwater characterization activities were ongoing or were performed completely 

during calendar year 1997. The projects were performed jointly between the Gh4P and other ER 

groups at W E T S  and are discussed here because of their pertinence to groundwater issues. The 

following sections are condensed discussions of the various groundwater characterization activities 

performed during 1997. Greater detail regarding each investigation may be obtained by reviewing 

the referenced reports for each area, which are referenced below and listed in Section 8.0, 

References. 

5.1 Mound Plume/SW059 

The Mound consists of a former waste burial area, where approximately 1,400 drums containing 

uranium and beryllium contaminated waste oil, carbon tetrachloride, tetrachloroethene (PCE), other 

VOCs, and low levels of plutonium were stored. The drums, initially stored on the ground, were 

buried with soil between April 1954 and September 1958. In 1970 all of the drums were exhumed 

from the Mound Site along with some radiologically contaminated soil. 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. Recent 

investigations have detected VOCs, primarily PCE, in subsurface soils above subsurface soil action 

levels that required cleanup 

The Mound Site groundwater plume is located north of Central'Avenue and east of the PA fence. 

The plume, comprised primarily of VOC contamination, discharges as seeps and subsurface flow 

into the South Walnut Creek drainage in the vicinity of seep SW059 (Figure 5-1). The VOC 

contamination is found along a line of monitoring wells downgradient (north) of the Mound Site and 

between the Mound Site and South Walnut Creek, indicating that the Mound Site is the primary 

source of the plume. 

An accelerated soil removal action was completed during the spring of 1997 to remove VOC 

contaminated soils above the Tier I action levels from the Mound Site. Low temperature thermal 

desorption was utilized to remove the VOCs from the excavated soils. The treated soils were 

returned to the Mound Site excavation. As part of the Mound Site soil removal action, a permanent 

culvert was installed in the unlined Central Avenue Ditch in the vicinity of the Mound Site. The 

ditch is immediately upgradient of the source area and contributed water to the Mound Site Plume. 
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It is anticipated that the culvert will decrease the amount of water that is recharging the Mound Site 

Plume. 

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 (RMRS, 19978). The 

purpose of the investigation was to determine the elevation of the bedrock surface within the 

investigation area, and determine the lateral extent of saturated groundwater above the bedrock 

surface. Another goal was to define the lateral extent of the Mound Site VOC plume to support the 

design of an interceptiodcollection trench, and provide information to plan the proper disposal of 

soil removed during construction of the interceptiodcollection trench. The results of the 

investigation indicate that the downgradient end of the Mound Site groundwater plume extends from 

just west of seep SW059 to the vicinity of monitoring well 10997. The highest groundwater levels 

were observed near the central portion of the plume, near monitoring well 10497, where the water 

level was approximately one foot below ground surface. The water level, and quantity of 

groundwater present, generally declines towards the east and west margins of the plume. The most 

commonly detected organic contaminants from the source area to the distal end of the groundwater 

plume are PCE and TCE. Other VOCs are present in the plume, mainly towards the distal end, as 

degradation products of PCE and TCE. 

Work performed during 1998 on this project pertaining to groundwater will involve design and 

construction of a groundwater collection and treatment system. 

5.2 IHSS 11 8.1 Carbon Tetrachloride Plume 

Individual Hazardous Substance Site (IHSS) 118.1 is an area of known subsurface soil and 

groundwater contamination associated primarily with a 5,000 gallon leaking underground storage 

tank (UST) which contained carbon tetrachloride. The steel tank, which was installed in 1963, had a 

concrete containment structure on its south side near the intake area. Numerous surface spills 

occurred before 1970, some involving as much as 200 gallons of carbon tetrachloride. In the late 

1970s the tank level gauge malfunctioned and the tank was overfilled, resulting in approximately 

1,000 gallons of carbon tetrachloride being spilled on the ground. The intake to the UST failed in 

June 198 1 and carbon tetrachloride was released into the containment structure. Carbon tetrachloride 

was pumped out of the containment structure onto the surrounding ground surface. The UST was 

removed in 1981, as was a small amount of soil that had surrounded the tank. It is not known 

whether the concrete containment structure was ever removed. 
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The OU8 Phase I Remedial Investigation (DOE, 1995a) found carbon tetrachloride product in the 

soil and groundwater in the vicinity of IHSS 1 18.1. Very high concentrations of VOCs were a 
observed in soil, and groundwater collected from one of the borings separated into two immiscible 

liquid phases. Carbon tetrachloride is present in the area at concentrations sufficient to remain as a 

dense non-aqueous phase liquid (DNAPL), as well as what is dissolved into the groundwater. 

Because it has a higher specific gravity than water, carbon tetrachloride product will migrate to the 

bottom of the water column and collect above a low permeability soil or bedrock layer. Soils in the 

IHSS 1 18.1 area are composed predominantly of reworked Rocky Flats Alluvium with some 

undisturbed Rocky Flats Alluvium. This material is mostly clay interbedded with gravel and sand. 

Immediately beneath the alluvial material is weathered claystone of the Laramie Formation. 

A pre-remedial investigation of IHSS 118.1 was performed in 1997 (RMRS, 1997h). The objectives 

of the investigation were to better determine the extent of the DNAPL, determine the bedrock 

topography of the area, and obtain information for the design of potential remedial actions. Refining 

the extent of the dissolved VOC plume associated with IHSS 1 18.1 was not a primary objective of 

the investigation. A groundwater investigation of the dissolved VOC plume is planned for the 

future. The results of the 1997 investigation indicate that there are four monitoring wells, in an area 

approximately 45 feet square, where carbon tetrachloride product is found. This DNAPL occurs as a 

thin layer at a depth of approximately 21 feet below ground surface (bgs) along a bedrock low 

associated with an excavation for the large underground process waste tanks related to IHSS 132. 

The IHSS 1 18.1 UST was located in this excavation. It is not known whether the DNAPL layer is 

continuous or consists of isolated pools on the excavated bedrock surface. Groundwater is present at 

depths ranging from six to nine feet bgs. In addition to carbon tetrachloride, other VOCs including 

methylene chloride and chloroform were identified as well as No. 2 diesel fuel. 

0 

The low permeability claystone at the base of the excavation prevents vertical migration of the 

carbon tetrachloride. Dissolution of carbon tetrachloride into the overlying alluvial groundwater 

may be retarded locally because the bottom of the excavation may isolate the DNAPL somewhat 

from the active groundwater flow path. The DNAPL layer is too deep to migrate along utility 

corridors or along the undisturbed bedrock surface. The only potential risk to surface water is 

through migration of the dissolved carbon tetrachloride phase in alluvial groundwater. 

Work performed on this project during 1998 pertaining to groundwater will be summarized in the 

1998 RFCA Groundwater Annual Report. 
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5.3 Solar Evaporation Ponds Nitrate/Uranium Plume 

The Rocky Flats Cleanup Agreement (RFCA) set a milestone of fiscal year 1999 for the 

implementation of a remedial action which would control contaminated groundwater emanating from 

the SEPs and prevent it from causing North Walnut Creek to have concentrations above its in-stream 

standards. The Solar Ponds Plume (SPP) is an area of groundwater contamination which extends 

from the SEPs, located in the northeastern portion of the Protected Area, to the northeast towards 

North Walnut Creek and to the southeast towards South Walnut Creek (See Plate 13). The primary 

analytes of concern are nitratehitrite and various uranium isotopes; however, other inorganic and 

organic compounds have also been identified at concentrations above the Tier I1 action levels. 

The SPP emanates from the Solar Evaporation Ponds. VOCs have been detected in wells located in 

the western portion of the SEPs and south of the SEPs. The VOCs are thought to have originated 

from sources to the west and southeast of the SEPs. Several metals have also been detected in SPP 

monitoring wells at concentrations above groundwater action levels. 

An Interceptor Trench System (ITS) was constructed in 197 1, and expanded in 198 1 to prevent the 

SPP from advancing to North Walnut Creek. The ITS traverses the hillside to the north of the SEPs 

and collects surface water infiltration and alluvial groundwater; however, the ITS does not collect 

groundwater from the weathered bedrock immediately below the alluvium. Groundwater flowing 

through weathered bedrock may continue on towards North Walnut Creek. Water collected by the 

ITS since 1993 has been stored in modular storage tanks prior to treatment at Building 374. 

0 

As an initial phase in determining the appropriate remedial action for the SPP, RMRS began a study 

in 1997 to evaluate alternatives for the management and treatment of the water collected by the ITS 

(RMRS, 1998e). The objective of the study was to determine a permanent remedy for the SPP. 

Eleven alternatives were evaluated and ultimately three were deemed feasible for further study. 

Final evaluation of the retained alternatives requires a detailed characterization of the water quality 

in the alluvium and the weathered bedrock in the vicinity of and downgradient of the SEPs. The 

1997 and current (1998) field activities associated with this study will collect the data necessary to 

complete a Solar Evaporation Ponds conceptual hydrogeologic model and groundwater flow model, 

as well as evaluate the three remedial alternatives. 

Characterization work completed on this project in 1997 included collection and analysis of 

groundwater samples in the SEPs area including samples outside the SPP from the North and South 

Walnut Creek areas and upgradient (background) areas (RMRS, 1998e). Work planned for 1998 
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includes the installation of additional monitoring wells in the SEPs area to supply hydrogeological 

and geochemical information where data gaps exist or to replace older wells that have been 

destroyed. The primary objective of the project is to determine the nature and extent of the SPP 

during low flow season (late falVwinter) and high flow season (spring) and identify potential 

contaminant sources. The secondary objective is to evaluate the amount and distribution of uranium 

in the groundwater associated with the SPP, and estimate what portion of it is attributable to Site 

activities. A summary of this investigation will be presented in the 1998 RFCA Groundwater Annual 

Report. 

5.4 Industrial Area IMAM Activities In CY97 

In March 1998, the Site published the Interim Measures/Interim Remedial Action (IM/IRA) annual 

report (RMRS, 1998~).  This report describes the status of IA environmental monitoring activities 

performed in support of the IA IM/IRA Decision Document for FY97 The IA IM/IRA was 

developed to focus monitoring efforts on specific decontamination and decommisioning (D&D) or 

environmental restoration (ER) activities in the IA, and to provide the flexible coverage necessary to 

respond to the remediation and closure of the Site. Groundwater monitoring under the IA IM/IRA 

serves the dual purpose of establishing baseline IA groundwater quality conditions prior to the 

implementation of D&D and remedial activities and comparing present and future monitoring data to 

RFCA groundwater action level criteria. RMRS (1998~) covers monitoring activity performed 

during the fiscal year 1997 period starting in October 1996 and extending through September 1997. 

IA IM/IRA groundwater monitoring activities conducted in FY97 included routine sampling of wells 

in accordance with the IMP: installation of three wells (02297, 02397, and 02497) upgradient and 

downgradient of Building 779 for D&D monitoring purposes; and installation of one well (00297) 

south of the SEPs for monitoring plume movement toward South Walnut Creek (see Figure 6-4). 

The results of routine groundwater sampling indicated that wells with pre-existing concentrations 

above Tier I1 (manganese in well 1986, nickel in well P313589, uranium 233/234 in well 6186, and 

nitratehitrite in well P218389) continue to show flat or downward trends in time-series graphs. 

Trend plots for newer program wells with values above Tier I1 action levels of dissolved manganese, 

dissolved thallium, TCE, uranium 233/234, uranium-235, uranium-238, and nitratehitrite were also 

constructed, but lacked the necessary data for historical statistical comparisons or trend assessment. 

Further monitoring will be required to establish whether or not short-term increasing trends observed 

in some of these graphs result from an advancing plume front or represent an artifact of an 

insufficient sample population. 
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One upgradient D&D well, 02397, and two downgradient D&D wells, 02297 and 02497, were 

installed at Building 779 in September 1997 to monitor D&D activities. All three wells consist of 

0.75-inch inside diameter polyvinyl chloride (PVC) well casing and screen installed using the 

Geoprobe system. Additional well construction specifications are summarized in Table 6-3. None 

of these wells were sampled in CY97 due to lack of water. Analytical results for CY98 groundwater 

sampling at Building 779 will be presented in the FY98 IA IM/IRA report and summarized in the 

CY98 Annual RFCA Groundwater Monitoring Report. 

As indicated by fourth quarter 1997 potentiometric data (see Plate 3), groundwater flow diverges 

away from Building 779 in a northerly to easterly direction. Based on initial water level 

measurements, the depth to groundwater is estimated to range from 7 to 11 feet, resulting in an 

alluvial saturated thickness of between 0 (well 02397) and 4 feet. Groundwater flow beneath the 

building may be influenced by the undrained basement of the original building (finished floor 

elevation of 5,959 feet), and by an east-west trending foundation drain installed along the west and 

north side of a building addition completed in 1968 (finished floor elevation of 5,979 feet, drain 

invert elevation of approximately 5,975 to 5,978 feet) (EG&G, 1994d). At an elevation of 5,959 

feet, the original basement floor is projected to extend 8 to 16 feet into the bedrock and intercept 

much of the alluvial and shallow bedrock flow. Groundwater has been reported to seep into sub- 

floor tanks during high water table months, and is intermittently collected and sent to Building 374 

for treatment. The building addition foundation drain discharges to the hillside north of the SEPs, 

presumably at a 10-inch tile pipe (SW85) or an adjacent 18-inch corrugated-metal pipe (EG&E, 

1994d). 

Plume definition well 00297 was installed in August 1997 to monitor the southward migration of 

nitratehitrite and uranium plumes released from the SEPs. This well consists of 2-inch I.D. PVC 

well casing and screen completed in alluvium using conventional hollow-stem auger drilling 

methods (see Table 6-3 for construction details). Water level measurements taken during 1997 since 

installation have indicated consistently dry conditions for this well, thus no analytical results exist 

for interpretation in CY97. 

5.5 Plutonium and Americium in Groundwater Report 

An evaluation of the significance of historical plutonium and americium detections reported for wells 

that monitor shallow groundwater quality was conducted in 1997. Over 30 wells at WETS contain 

mean activity-concentrations above the Tier I1 groundwater action levels for plutonium-239/240 

(0.15 pCi/L) and americium-241 (0.145 pCi/L). Many of these wells are associated with known 

I I/I 1/98 Page 122 



RF/RMRs-98-273. UN 
Final I997 Annual RFCA Groundwater Monitoring Report 

radionuclide source areas, particularly the 903 Pad and Lip area, and off-site migration pathways, 

such as the Walnut Creek valley-fill alluvium. The evaluation, documented in “Evaluation of 

Plutonium and Americium in Groundwater at the Rocky Flats Environmental Technology Site” 

(RMRS, 1998d), will be independently reviewed by the CDPHE in FY99. 

The principal issues evaluated in the report involve groundwater sample representativeness; 

pathways and mechanisms for transport of plutonium and americium to groundwater; and the 

potential for long-term migration of plutonium and americium to surface water via groundwater 

A summary of the major conclusions of the report are presented below. 

(1) Judging from the results of sampling technique comparison studies and the close 

relationship observed for radionuclide and total suspended solids (TSS) contaminant trends 

in these wells, the presence of Pu-239/240 and Am-241 in unfiltered groundwater appears to 

be principally caused by residual contamination from drilling and well installation operations 

in areas containing contaminated surface soils. 

(2) Historical unfiltered groundwater Pu-239/240 and Am-24 1 data exaggerate the levels of 

contamination residing in shallow groundwater. Bailer sampling techniques greatly 

exacerbate the suspended solids load of samples which, combined with drilling artifact 

contamination, produce sample results that are meaningless for application to groundwater 

transport problems. 

(3) Transport of particulate/colloidal phase Pu-239/240 and Am-241 from surface soils to 

groundwater in the 903 Pad area remains a possibility given the relatively high recharge 

potential of soils inferred from hydrographs from local wells. If transport occurs via this 

pathway, contaminant levels are expected to be low based on the available results of samples 

collected by low pumping rate methods, and vertical distributions observed in shallow soils. 

Assuming that soil-leached Pu-239/240 is transported to groundwater, the results of Harnish 

et. al. (1996) suggest that Pu-239/240 activity-concentrations can be above groundwater 

action levels even if drilling artifact contamination is minimal in carefully sampled wells. 

Overall, the lateral mobility of Pu-239/240 and Am-241 in shallow groundwater is expected 

to be limited considering the lithologic and hydraulic characteristics of the alluvium, and 

association with the >0.45 pm particulate and colloid size fraction. 
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(4) Non-aqueous phase liquid facilitated transport of radionuclides at the 903 Pad does not 

appear to be an important pathway for Pu-2391240 and Am-241 release to groundwater based 

on differing patterns of contamination found in wells contaminated by high levels of volatile 

organic compounds and radionuclides. 
\ 

(5) Off-site release of Pu-239/240 and Am-241 contaminated groundwater at the WETS 

east boundary is not supported by the available well data from the Walnut and Woman Creek 

drainages. The occurrence of low level Pu-239/240 and Am-241 contamination in 

groundwater samples from well 41691 in Walnut Creek is mainly attributable to drilling 

artifact contamination derived from locally contaminated surface soils and recently 

deposited sediments. In addition to the surface/groundwater interaction hypothesis proposed 

by CDPHE (1996), the cause of seasonal fluctuations in Pu-239/240 and Am-241 levels at 

this well may be related to near-borehole effects, such as contaminated fines removal from 

the top of the intake zone during high water level periods and from short circuiting into 

shallow well intake zones during periods of infiltration and flooding. 

(6) Precautions for isolating actinide-contaminated soil zones must be taken when installing 

future monitoring wells to minimize the potential for drilling cross-contamination. In 

addition, the installation of long well screens with shallow intake depths should be avoided. 

(7) The relatively low activity-concentration of filtered sample results compared to 

unfiltered sample results observed in all wells reflects the particle-reactivity of Pu-239/240 

and Am-24 1 for the solid phases suspended in groundwater. Filtered activity-concentrations 

of these radionuclides are typically well below groundwater action levels. 
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6.0 OTHE-R GROUNDWATER PROGRAM ACTIVITIES 

6.1 Well Permitting 

A total of 282 well permit applications, including 252 existing monitoring wells and 30 new 

monitoring wells, were prepared and submitted to the State Engineers Office during 1997, as 

identified in Table 6- 1 .  

6.2 Bladder Pump Installations/Low Flow Rate Sampling 

The geology of WETS includes fined-grained lithologies which, when disturbed by drilling and well 

installation activities, can create an abundance of sediment in groundwater samples. Because of the 

nature of the sediment, standard bailing procedures performed during groundwater sampling results 

in highly turbid samples that are non-representative of natural groundwater flow conditions. High 

turbidity samples can result in erroneous analytical results, especially for metals and radionuclides. 

In an attempt to control turbidity problems, dedicated bladder pump systems were installed in 

selected monitoring wells with hydrologic conditions (such as a thick saturated thickness and a high 

well yield) favorable for continuous low flow rate sampling. In addition to helping to control 

turbidity problems, the dedicated systems were expected to improve VOC sample quality by 

providing an airtight flowpath from the pump intake to the sample vial. Low flow rate sampling 

techniques have the added benefit of greatly reducing the amount of purge water that must be 

disposed of. 

During 1997, twenty-three RFCA monitoring wells were fitted with dedicated bladder pump 

systems, as shown in Figure 6- 1. The primary purpose of installing dedicated pumps in the wells 

was to alleviate CDPHE concerns regarding the filtering of groundwater samples. Objections to 

filtering include concerns about sample degassing, introduction of contaminants from the filter 

medium, and the potential for filtration to remove colloidal particles (<0.45 microns), which occur as 

natural groundwater constituents. Analysis of unfiltered bailed samples may result in higher 

concentrations of metals or radionuclides than are actually present in groundwater. By filtering 

sample aliquots, and thereby removing the sediment, the case could be made that sample results had 

been compromised by physically removing some percentage of the transportable analyte fraction in 

the sample. On the other hand, the case could be made that filtering groundwater samples removes 

the non-transportable fraction of solids introduced by sampling and, therefore, provides a more 

accurate representation of the analyte concentration in solution. 
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20891 

THO4629 

THO4649 

Table 6-1 Summary of FY97 Well Permit Applications 

45293 53693 61993 10694 51494 

45393 53793 62093 10794 51594 

45593 53893 62193 10894 51694 

I Well Number i 

THO4659 

THO4679 

THO4699 

45693 54093 62293 10994 51794 

45793 54193 62393 11094 52894 

45893 54293 62493 11294 52994 

58794 

59194 

59294 

THO4709 1 45993 I 54393 I 62593 I 11394 I 53094 

21495 29495 TH-19 01197 

21595 29795 TH-21 01297 

21695 29895 20196 01397 

~~ 

THO4729 

THO4749 

46392 

46093 54493 62693 11494 53194 

46193 54593 62793 11594 54494 

46293 54693 62893 11694 55194 

41193 I 51393 I 60093 I 63593 I 12094 1 56294 

05193 

22593 

401 93 

46393 54793 63293 11794 55394 

46493 59893 63393 11894 55594 

51293 59993 63493 11994 55794 

42893 I 52493 1 60493 I 63993 I 50394 I 57094 

68194 24195 60395 20796 01997 

41693 

41 993 

42393 

51493 60193 63693 25194 56494 

52293 60293 63793 50194 56594 

52393 60393 63893 50294 56994 

~~ 

42993 

43293 

43593 

59394 I 22895 I 30095 1 20296 I 01497 1 

52593 60593 64093 50494 57194 

52693 60693 308-P-1 50694 57594 

52793 60793 308-P-2 50794 57894 

59894 I 24095 1 60295 I 20696 1 01897 I 

43893 

43993 

44893 

52893 60893 10094 50894 57994 

52993 61593 10194 50994 58094 

53093 61693 10294 51094 58194 

68394 I 24495 I 60595 I 22696 I 02197 I 

20595 

71494 I 25395 I 60995 I 23096 1 02697 I 

27395 61695 00297 30297 

44993 

45093 

20795 I 27795 I 62195 I 00597 I 1 
53193 61793 10394 51194 58294 

53593 61893 10594 51294 58394 

20895 

20995 

1 1/11/98 

27995 63395 00697 

28295 63495 00797 

I 
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These submittals represented a renewed effort to bring the Groundwater Monitoring Program (GMP) 

into compliance with 2CCR 402-2. For the most part, the list consists of a large group of pre-1997 

wells remaining from the last major permitting initiative undertaken in 1995 (1993 through 1994 

wells); SEPs and Seepage Characterization project wells (1995); and New Sanitary Landfill and 

GMP wells (1996). Permits for all applications were approved by the State Engineers Office and are 

currently being held on file. Geoprobe wellpoints installed for the groundwater evaluations 

described in Sections 4.0 and 6.4.2 were generally not permitted with the State Engineer because of 

the temporary purpose of these devices, but will have to be either permitted or permanently 

abandoned within a year of installation. The utility and fate of these wells is currently under review. 

Low flow rate sampling, as an alternative to sample filtration, is based on the theory that 

groundwater located within the screened interval of a monitoring well is representative of the 

groundwater in the formation adjacent to the well screen. Low flow rate sampling, also called 

micropurging, is accomplished by pumping the well at rates that approximate the natural flow rates 

through the well. Stagnant yater, potentially present in the unscreened portion of the well casing, 

either above or below the screen, is avoided. 

RFCA monitoring wells were chosen for dedicated bladder pumps if they had relatively high flow 

(recharge) conditions combined with a medium to high saturated thickness. These wells correspond 

to 1-day wells, including wells completed in the No. 1 Arapahoe Sandstone, as opposed to wells that 

are purged dry and sampled the next day or for two days following purging. Monitoring wells that 

dewater quickly or have a thin saturated thickness are not good candidates for sampling with 

dedicated bladder pumps. When utilizing dedicated bladder pumps, field parameters such as pH, 

temperature, and electrical conductivity are allowed to stabilize prior to sampling without regard to 

the actual purge volume. 

The following RFCA wells have dedicated bladder pumps, all of which were installed during 1997: 

0386, 1786, 1986,2186,6586,7086,2987,3687,5587, P416889,00491,05691,06091,41591, 

41691,70393, 10294, 10394,22596,22796,22896,22996, and 23296. 

6.3 Real Time Groundwater Monitoring Network 

As a requirement of the WETS Integrated Monitoring Plan, a real time water level monitoring 

network has been established for the UHSU. Twenty-five monitoring wells were selected for the 

program based on surface location, historical groundwater occurrence at each location, stratigraphic 

completion interval, and well construction details. The network provides for simultaneous 

a 
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measurement of groundwater levels using In-Situ Inc., Model SP4000, Troll@ data logging systems. 

The Troll is a compact downhole instrument that contains a data logger, sensors, and power unit all 

in a self-contained watertight unit. It 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’s Win-SituB software allows the user to communicate with the Trolls 

in order to set up a variety of short-term tests or long-term monitoring schemes, such as currently 

implemented at RFETS, or to download data. 

The goals of the real time groundwater monitoring network are to provide ample, simultaneous, 

water level measurements for environmentally sensitive areas of RFETS, such as within and 

downgradient of the IA, and along stream channels to the east of the IA. This data, when used alone 

or in conjunction with similarly collected surface water data, will allow a greater understanding of 

the effects of precipitation and infiltration events on the UHSU. 

As shown in Figure 6-2, monitoring wells utilized for the network are loosely arranged in northhouth 

oriented rows. In addition, they were chosen to monitor water levels in colluvial, alluvial, and 

weathered bedrock (pediment surface) deposits within the UHSU. The informal northhouth lines 

will allow observation, simultaneously across the site, of the impact of a precipitation infiltration 

event on the UHSU. The location of 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 

the site. 

The real time groundwater monitoring network was fully activated on Wednesday, June 17, 1998. 

At this time the Trolls are set to measure the water level in each well every four hours; twelve A.M., 

four A.M., eight A.M, twelve P.M., four P.M., and eight P.M. Data collected from the network will 

be analyzed and presented in the 1998 RFCA Annual Groundwater Report. This section serves to 

introduce the program and notify stakeholders that the program has been implemented in accordance 

with the Integrated Monitoring Plan. 

The monitoring wells included in the real time groundwater monitoring network are listed below: 

1086,3686,4786,5586,6886,0187,1487, P114889, P115489, P119389, P209889, P213689, 

P415889, P416589, B200589, B210489,03791,05191,20691,20991,37591,77492,05293, 10794, 

and 5 1494. 
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6.4 Well Abandonment, Installation, and Maintenance Activities 

Well abandonments and installations completed in 1997 were performed by the GMP under the Well 

Abandonment and Replacement Program (WARE') and by other ER programs, including the SW059 

and IHSS 1 18.1 pre-remedial field investigations. This section summarizes the changes to the 

monitoring well network over the past year that have resulted from routine well maintenance and ER 

investigation activities. 

WARP is a maintenance program for the GMP at RFETS. Implementation of WARP achieves the 

general objective of ensuring the viability of groundwater monitoring wells and piezometers for the 

purpose of collecting representative samples of groundwater and measuring groundwater indicator 

parameters. WARP provides a means to eliminate and selectively replace wells and piezometers 

where sample and water level readings are suspected of not being representative of subsurface 

conditions, or to eliminate wells that are no longer needed. 

As stated in the FY97 WARP work plan (RMRS, 1996c), the specific objectives of FY97 WARP 

related to the GMP were to meet the following goals: 

Abandon 50 obsolete wells associated with the routine groundwater monitoring program 

maintenance activity; 

Abandonment of 25 wells associated with closure of the Present Landfill and source removal 

action planned at IHSS 108; 

Installation of ten new wells at locations where water quality and piezometric data is needed 

for monitoring plume migration under the RFCA per the draft IMP (K-H, 1997); 

Pre-installation Geoprobe investigations to assist in well siting of four of the new GMP well 

locations associated with groundwater VOC plume evaluations; 

Installation of four replacement monitoring wells at RFCA well locations 3786,6687,3 1791 

and 35691 due to downhole sampler obstructions caused by casing failure or off-plumb 

borings, or due to submergence of the well; 

Installation of one new downgradient monitoring well to monitor the performance of 

remediation planned for the Mound site in FY97; 

Installation of thirteen Geoprobe wellpoints or monitoring wells (four around Building 779; 

six near the PU&D Yard, and three near well 06091) for collection of water quality and 

piezometric data; and 

Installation of additional Geoprobe boreholes and wellpoints in the Building 771 and Pond 

B-3 areas to better characterize potential contaminant pathways to surface water. 
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Some aspects of WARP, specifically the Geoprobe field activities associated with the Building 771 

and Pond B-3 groundwater evaluations, were scheduled for completion in FY98 and will be 

addressed in the CY98 Annual RFCA Groundwater Monitoring Report. 

Additional well installations were completed in support of the SW059 and IHSS 1 18.1 pre-remedial 

investigations. These activities were previously described in Sections 5.1 and 5.2, respectively, of 

this report. 

6.4.1 Well Abandonments 

A total of 72 groundwater monitoring wells were abandoned at WETS during CY97 (Figure 6-3 and 

Table 6-2). These wells were selected for abandonment due to 1) impending remedial or facility 

closure actions that threatened the physical integrity of the wells or the hydraulic integrity of the 

associated hydrostratigraphic zones; 2) poor well construction or lack of adequate well construction 

documentation, and 3) dry well conditions that were documented for eight or more consecutive 

calendar quarters. All wells were abandoned in accordance with GT. 1 1, Plugging and Abandonment 

of Wells. Where feasible, wells were abandoned using in-place techniques to minimize 

investigation-derived waste materials. 

Although scheduled for abandonment, wells 1288, 1388, and 6774 were not abandoned because they 

could not be located in the field. For wells 1288 and 1388, it is believed that either the available 

coordinates are incorrect or the wells are damaged andor obscured by soil cover. Well 6774 was 

eventually located and was found to be damaged, but only after WARP field activities were 

completed. This well remains a candidate for future abandonment. 

6.4.2 Well Installations and Replacements 

Ninety-one (91) new well and wellpoints were installed in 1997 for plume evaluations associated 

with VOC concentrations above Tier I1 action levels and potential unmonitored pathways to surface 

water (see Figure 6-4 and Tables 6-3 and 6-4). Of these, twelve (12) wells, including four 

replacement RFCA wells, were installed for compliance with IMP objectives; six (6) wells were 

installed at IHSS 1 18.1; eighteen (1 8) were installed near SW059 to delineate the extent of the 

Mound plume; and fifty-five (55) wells were installed. Appendices E.l and E.2 contain copies of 

borehole geologic and well completion logs (respectively), for all wells installed in 1997. 
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Table 6-2 Well Abandonment Summary 

Number Type Zone Method 

1_ 

Well Completion Abandonment Reason Well 

5074 Well Bedrock In Place Obsolete, nonviable 
5174 
5274 
5374 
5474 
5574 
5674 
5774 
5874 
5974 
6074 
6174 
6274 
6374 
6474 
6574 
6674 
6774 

0886 
3786 
6187 
6287 
6487 
6587 
6687 
7087 
7287 
1288 
1388 

B106089 
B206289 
8206489 
8206589 
8206789 

01 891 
12091 
31 791 
35691 
00393 
00493 
71193 
71493 
71693 
71 893 
72093 
72293 
72393 
72493 
0686 
5886 
3587 

8201 289 

B207289 
8208389 
8208489 
P213889 
P213989 
8317189 

00691 

0786 

8303089 

Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
PZ 
PZ 

Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 
Well 

Bedrock 
AlllBdrk 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
AlllBdrk 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
AlllBdrk 
Alluvium 
Bedrock 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Bedrock 
Alluvium 
Bedrock 
Alluvium 
Alluvium? 
Alluvium? 
Alluvium 
Bedrock 
AlllBdrk 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Alluvium 
Bedrock 
Bedrock 
Bedrock 
Bedrock 
Alluvium 
Bedrock 
Alluvium 

In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 

Unable to locate 
In Place 
In Place 
In Place 

In PlacelOverdrill 
In PlacelOverdrill 
In PlacelOverdrill 
In PlacelOverdrill 
In PlacelOverdrill 
In PlacelOverdrill 
In PlacelOverdrill 
Unable to locate 
Unable to locate 

In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
Casing Destruction 
Casing Destruction 

In Place 
In Place 

In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 
In PlacelCasing Dest. 

In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 
In Place 

Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Obsolete, nonviable 
Landfill closure 
Landfill closure 
Submerged, need RFCA replacement 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Obstruction, need RFCA replacement 
Landfill closure 
Landfill closure 
Obsolete, nonviable 
Obsolete, nonviable 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Trench T-1 remediation 
Trench T-1 remediation 
Obstruction, need RFCA replacement 
Obstruction, need RFCA replacement 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Landfill closure 
Obsolete, damaged 
Perennially dry 
Perennially dry 
Obsolete 
Obsolete 
Perennially dry 
Perennially dry 
Perennially dry 
Perennially dry 
Perennially dry 
Perennially dry 
Perennially dry 

00791 Well Alluvium In Place Perennially d j  
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Table 6-2 Well Abandonment Summary 

Reason Well Well Completion Abandonment 

00991 Well Bedrock In Place Perennially dry 
02191 Well Alluvium In Place Perennially dry 
02391 Well Alluvium . In Place Perennially dry 
02791 Well Alluvium In Place Perennially dry 
03891 Well Alluvium In Place Perennially dry 
05991 Well Alluvium In Place Perennially dry 
11291 Well Alluvium In Place Perennially dry 
40491 Well Alluvium In Place Perennially dry 
40791 Well Alluvium In Place Perennially dry 
43492 Well Alluvium 
75892 Well Alluvium In Place Perennially dry 

1 44993 Well Alluvium In Place Perennially dry 
1 46493 Well Alluvium In Place Perennially dry 

Number Type Zone Method 

In Place Obsolete 
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Table 6-3 FY97 RFCA and IM/lRA Well Locations and Rationale 
I I I I I I I 

Well Location Well Type Siting Rationale Total Screen Completion Drilling 
Method No. Depth Interval Interval* 

(ft) (ft) 
00197 North side of Plume Extent Monitor migration of IA plume 10.4 4.5-9.4 UHSUlQal, Geoprobe 

00297 South of Solar Plume Extent Monitor migration of Solar 10.3 3.3-8.3 UHSUlQal Hollow 
Woman Creek front toward Woman Creek Kwbr 

Ponds Pond plume front toward Stem Auger 

PUBD Yard 

I 

00697 I Well 31791 

00797 

00897 

00997 

02197 

02297 

02397 

02497 

Well 35691 

North of 
Mound (IHSS 
113) 

Well 3786 

East of PUBD 
Yard 
Building 779 

Building 779 

Building 779 

South' Walnut Creek 

Yard plume front toward 
North Walnut Creek 

Plume Extent Monitor migration of PUBD 11.0 4.0-9.0 UHSUlKwbr Hollow 
Stem Auger 

Plume definition Replacement well for RFCA 22.9 5.9-20.9 UHSUlQal, Hollow 

RFCA Replacement well for RFCA 10.4 3.0-8.0 UHSUlQal, Hollow 
Kwbr Stem Auger 

Replacement 
Performance Replacement well for RFCA 
Monitoring 
Performance Monitor downgradient 
Monitoring groundwater quality 

associated with IHSS 11 3 
remediation. 

Drainage Replacement well for RFCA 

Plume Extent/ 
Characterization extent 
D&D (Bldg. 779 
IMIIRA) groundwater quality that may 

Define PUBD Yard plume 

Monitor any changes in 

result from D&D activities 

groundwater quality that may 

Kwbr I StemAuger 
28.8 I 16.8-26.8 I UHSUlQal I Hollow 

Stem Auger 

Stem Auger 
30.6 13.5-28.5 UHSUlKwbr Hollow 

12.4 5.4-10.4 UHSUlQal Hollow 

12.9 5.9-10.9 UHSUlQal Geoprobe 

15.0 7.1-1 2.0 UHSUlQal Geoprobe 

Stem Auger 

13.0 6.1-11.0 UHSUlQal Geoprobe 

18.0 6.0-1 1 .O UHSUlQal Geoprobe 

11/11/98 Page 135 



RF/MRS-98-273. U 9 
Final 1997 Annual RFCA Groundwater Monitoring Report 

Table 6-4 Groundwater Plume and Source Evaluation Monitoring Wells 

Well Total Screen UHSU 
Number Location Well Type Siting Rationale Depth Interval Completion Drilling Method 

(fi) (ft) Interval' 
01097 Outside western edge Plume Monitor quality of groundwater upgradient of PUBD 53.5 19.8-39.8 Qal Hollow Stem Auger 

01197 

01 297 

01397 

01497 

01597 

01697 

01 797 

01 897 

01 997 

02097 

02697 

02797 

02897 

051 97 

05397 

05497 

05697 

05897 

- 
of PUBD yard 
Outside southern edge 
of PUBD yard 

Outside northern edge 
of PUBD yard 
Outside eastern edge 
of PUBD yard 

Northeast of PUBD 
yard 
North of PUBD yard 

East of PUBD yard 

East of PUBD yard 

East of PUBD yard 

East of PUBD yard 

East of PUBD yard 

Downgradient of Well 
06091 
Downgradient of Well 
06091 
Downgradient of Well 
06091 
IHSS 118.1 

IHSS 118.1 

IHSS 11 8.1 

IHSS 11 8.1 

IHSS 11 8.1 

Characterization 
Plume 
Characterization 

Plume 
Characterization 
Plume 
Characterization 

Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Source 
Characterization 
Source 
Characterization 
Source 
Characterization 
Source 
Characterization 
Source 
Characterization 

Yard and define PUBD yard plume extent 
Monitor quality of groundwater between PUBD Yard and 
North Walnut Creek and define PUBD yard plume 
extent 
Monitor quality of groundwater between PUBD Yard and 
firing range and define PUBD yard plume extent 
Monitor quality of groundwater immediately 
downgradient of PUBD yard and define PUBD yard 
plume extent . 
Monitor quality of groundwater between PUBD yard and 
Present Landfill and define PUBD yard plume extent 
Monitor quality of groundwater between PUBD yard and 
Present Landfill and define PUBD yard plume extent 
Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Evaluate East Trenches plume with VOCs above Tier II 
at Well 06091 
Evaluate East Trenches plume with VOCs above Tier II 
at Well 06091 
Evaluate East Trenches plume with VOCs above Tier II 
at Well 06091 
Define DNAPL source extent 

Define DNAPL source extent 

Define DNAPL source extent 

Define DNAPL source extent 

Define DNAPL source extent 

31 .O 

36.5 

24.4 

25.0 

31.6 

29.0 

30.0 

34.0 

14.8 

14.0 

28.4 

43.6 

39.0 

28.0 

27.0 

27.0 

22.0 

22.4 

13.0-28.0 

14.0-34.0 

7.2-22.2 

13.0-23.1 

14.6-29.6 

18.5-28.2 

12.0-22.0 

13.0-22.8 

7.0-12.0 

7.0-1 1.9 

16.1-26.1 

31.3-41.4 

21.7-36.8 

17.7-28.0 

14.5-24.8 

17.2-22.4 

13.7-18.8 

17.2-22.3 

Qal 

Qal 

Qal, Kwbr 

Qal 

Qal 

Qal 

Qal 

Qal 

Qal 

Qal 

Qal 

Qal 

Qal 

Kwbr 

Qal, Kwbr 

Qal 

Qal 

Qal 

Hollow Stem Auger 

Hollow Stem Auger 

Hollow Stem Auger 

Hollow Stem Auger 

Hollow Stem Auger 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Hollow Stem Auger 

Hollow Stem Auger 

Hollow Stem Auger 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

05997 IHSS 11 8.1 Source Define DNAPL source extent 30.0 17.3-22.4 Qal, Kwbr Geoprobe 
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Table 6-4 Groundwater Plume and Source Evaluation Monitoring Wells 

Well Total Screen UHSU 
Number Location Well Type Siting Rationale Depth Interval Completion Drilling Method 

(fi) (fit) Interval* 

10197 

10297 

10397 

10497 

10597 

10697 

10797 

10897 

10997 

1 1097 

11 197 

11297 

11 397 

11497 

11 597 

11697 

11 797 

11 897 

20197 

20397 

20597 

North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 
North of Mound area 
near SW059 

Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 

Woman Creek south of Plume 
Building 664 Characterization 
Woman Creek south of Plume 
Building 664 Characterization 
Woman Creek south of Plume 
Building 664 Characterization 
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Qal, Kwbr 

Qal, Kwbr 

Qal 

Qal, Kwbr 

Qal 

Qal, Kwbr 

Qal 

Qal, Kwbr 

Qal, Kwbr 

Kwbr 

Qal, Kwbr 

Kwbr 

Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geopro be 

Geoprobe 

Geoprobe 

Geopro be 

Geopro be 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define Mound plume extent for remediation design 

Define south IA plume extent 

Define south IA plume extent 

Define south IA plume extent 

r 

16.5 

14.0 

23.0 

9.0 

14.2 

12.0 

15.5 

10.0 

12.0 

11.0 

10.3 

14.0 

15.6 

12.0 

14.2 

30.5 

15.0 

18.0 

7.5 

12.0 

10.4 

12.5-16.5 

9.6-13.4 

18.6-22.6 

6.3-8.3 

6.0-10.0 

8.0-12.0 

13.5-15.5 

2.2-8.2 

7.4-12.0 

2.0-6.0 

6.3-10.3 

12.0-14.0 

9.2-13.2 

4.8-8.8 

8.5-1 2.5 

26.5-30.5 

3.5-7.5 

6.9-1 1 .O 

2.3-6.6 

2.1-6.6 

5.5-10.2 
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Source Evaluation Monitoring Wells 

Well Total Screen UHSU 
Location Well Type Siting Rationale Depth Interval Completion Drilling Method Number 

(ft) (ft) Interval* 
20697 Woman Creek south of Plume Define south IA plume extent 13.0 5.0-9.8 Qal Geoprobe 

20797 

21097 

21197 

21 297 

21397 

21497 

21 597 

21697 

21797 

21897 

21997 

22097 

22197 

22297 

22397 

22497 

22597 

22697 

22797 

Building 664 Characterization 
Woman Creek south of Plume 
Building 664 Characterization 
Woman Creek south of Plume 
Building 664 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
North Walnut Creek 
south of PUBD Yard 
South Walnut Creek 
south of 6-Series 
Ponds 
South Walnut Creek 
south of 6-Series 
Ponds 
South Walnut Creek 
south of 6-Series 

Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 
Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Define south IA plume extent 

Define south IA plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUdD yard plume extent 

Define PUBD yard plume extent 

Define PUdD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Define PUBD yard plume extent 

Evaluate East Trenches plume with VOCs above Tier II 
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier II 
at Well 23296 

, Evaluate East Trenches plume with VOCs above Tier II 
at Well 23296 

12.0 

8.3 

10.4 

10.3 

9.8 

7.6 

5.3 

8.8 

10.0 

8.0 

9.0 

8.0 

9.3 

6.2 

10.6 

9.0 

26.2 

20.0 

14.0 

3.6-8.6 

3.1-8.0 

2.4-7.3 

1 .O-5.9 

1 .O-5.8 

2.5-7.4 

0.3-5.1 

0.0-8.7 

0.9-5.8 

1 .O-5.9 

2.5-7.4 

1.9-6.9 

1 .O-6.3 

1.2-3.0 

1 .O-4.9 

1 .O-5.9 

14.3-26.0 

6.2-17.9 

6.8-13.6 

Qal 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Qal 

Qal 

Qal 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Kwbr 

Qal, Kwbr 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Ponds 
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Table 6-4 Groundwater PI1 me and Source Evali ation Monitoring Wells 

Well Total Screen UHSU 
Number Location Well Type Siting Rationale Depth Interval Completion Drilling Method 

(ft) (ft) Interval* 
22897 South Walnut Creek Plume Evaluate East Trenches plume with VOCs above Tier I I  24.2 13.3-24.1 Kwbr Geoprobe 

22997 

23097 

23197 

23297 

23397 

23497 

23597 

23697 

23797 

23897 

23997 

24097 

241 97 

south of 8-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 
South Walnut Creek 
south of B-Series 
Ponds 

Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

Plume 
Characterization 

at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier II 
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

Evaluate East Trenches plume with VOCs above Tier I I  
at Well 23296 

16.5 

15.0 

17.3 

25.0 

14.2 

14.0 

19.4 

11.1 

20.2 

18.3 

20.0 

18.2 

16.1 

9.2 

4.3-16.0 

3.9-13.6 

4.4-14.2 

8.2-1 3.1 

4.3-14.1 

2.5-12.2 

9.4-19.2 

4.2-1 1 .O 

10.2-20.0 

11.3-1 8.1 

8.1-1 7.9 

8.3-18.1 

6.2-16.0 

Qal, Kwbr 

Qal, Kwbr 

Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Kwbr 

Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Qal, Kwbr 

Kwbr 

Qal. Kwbr 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

Geoprobe 

24297 South Walnut Creek Plume Evaluate East Trenches plume with VOCs above Tier I I  4.2-9.1 Kwbr Geoprobe 
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Table 6-4 Groundwater Plume and Source Evaluation Monitoring Wells 

Well Total Screen UHSU 
Number Location Well Type Siting Rationale Depth Interval Completion Drilling Method 

( f t )  ( f t )  Interval* 
south of B-Series Characterization at Well 23296 
Ponds 

south of B-Series Characterization at Well 23296 
Ponds 

south of B-Series Characterization at Well 23296 
Ponds 

south of B-Series Characterization at Well 23296 
Ponds 

24397 South Walnut Creek Plume Evaluate East Trenches plume with VOCs above Tier II 23.0 13.4-18.3 Kwbr Geoprobe 

24497 South Walnut Creek Plume Evaluate East Trenches plume with VOCs above Tier I1 18.0 7.2-16.9 Kwbr Geoprobe 

25097 South Walnut Creek Plume Evaluate East Trenches plume with VOCs above Tier II 24.5 19.5-24.5 Kwbr Geoprobe 

* Qal = alluvium; Kwbr = weathered bedrock 
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Four new wells (00197 through 00397, and 02197) and four replacement wells (00597 through 

00797 and 00997) support compliance with RFCA as defined by the proposed well monitoring list 

contained within the Draft IMP (K-H, 1997). The Draft IMP specified that additional plume-extent 

alluvial groundwater monitoring wells would be installed for characterization of groundwater plume 

boundaries associated with the perimeter of the IA and PU&D Yard. Four wells (00197 through 

00397, and 02197), identified in Figure 6-4 and Table 6-3 were needed to supplement the RFCA 

groundwater monitoring network in tracking the movement of the contaminant plume front toward 

adjacent stream drainages. These locations include an area south of the IA on the north slope of 

Woman Creek; an area within the IA south of the SEPs; and areas south and east of the PU&D Yard 

along North Walnut Creek. In addition, four existing RFCA monitoring wells (6687, 3 179 1,35691 , 
and 3786) were replaced by new monitoring wells (00597,00697, 00797, and 00997, respectively) 

constructed to similar specifications as close as feasible to the existing wells. The replacement wells 

were required to remedy well damage or pond submersion problems (well 3786) that were judged to 

interfere with sample collection or affect sample integrity. Two wells originally planned in the FY97 

WARP Work Plan, 00497 and 02597, were not installed because existing well coverages in the 

i 

PU&D Yard and Building 779 areas were found to be satisfactory for long-term groundwater 

0 monitoring. 

One well (00897) was installed near the Mound Site (IHSS 113) source removal area for monitoring 

the impact of remediation on local groundwater quality. Three additional Geoprobe wellpoints 

(02297 through 02497) were installed around Building 779 to support D&D monitoring efforts 

required by the IA IMAM. 

Groundwater evaluations associated with recent data having values above Tier I1 action levels at 

wells 06091 and 23296, and inadequately characterized plumes, such as found at the PU&D Yard 

and south IA in the Woman Creek drainage, were the basis for numerous well installations. Most of 

these wells were installed to investigate plume extent and identify migration pathways to surface 

water. To evaluate the presence of VOC values above Tier I1 action levels in wells 06091 and 23296 

in the East Trenches plume area, twenty-one (21) wellpoints (22597 through 25097) were installed in 

an east-west alignment upgradient of Ponds B-1, B-2, and B-3; and three wells (02697 through 

02897) were installed downgradient from well 06091 

Excluding well 02197 included with the list of RFCA wells above, twenty-five (25) wells and 

wellpoints (01097 through 02097 and 21 197 through 22497) were installed to help define the pre- 

remediation nature and extent of the PU&D Yard plume. These wells were positioned around and 
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downgradient of the yard in areas of inadequate well coverage, particularly along suspected flow 

paths leading to the Present Landfill and North Walnut Creek. The type of well installed depended 

on the ability of the Geoprobe to reach bedrock. 

In addition to GMP well installations, six (6) wellpoints were installed at IHSS 1 18.1 and eighteen 

(18) wellpoints were installed at the Mound site near SW059 in support of FY97 pre-remedial 

investigations undertaken by ER. These investigations are described in more detail in Sections 5.2 

and 5.1 respectively. 

All wells were completed in the upper UHSU that consists of Rocky Flats Alluvium, valley fill 

alluvium, and some underlying weathered bedrock. The wells were installed using the construction 

methods prescribed in OP, GT.06, Monitoring Wells and Piezometer Installation. For conventional 

wells, well construction materials consisted of 2-inch diameter, schedule 40 PVC riser and factory 

cut well screen, and 6-inch diameter steel surface protective casing with locking cap and lock. 

Geoprobe wellpoint installations consisted of %-inch diameter schedule 40 PVC riser and factory cut 

well screen, with no protective casing or lock. 
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7.0 CONCLUSIONS AND FUTURE ACTIVITIES 

During CY97, the Site successfully complied with all RFCA requirements involving groundwater 

monitoring as specified in the IMP. Key accomplishments for the CY97 GMP are summarized as 

follows: 

IMP semi-annual and quarterly sampling was conducted and completed at ninety-four wells 

during the year. With the exception of a slightly high ratio of combined QC to real samples for 

all analytes (1 to 22 actual versus 1 to 20 target), quality control requirements associated with 

laboratory analyses were met or exceeded. 

Water levels were monitored in accordance with the monitoring schedule specified in the I M P .  

No areas of significant water level change attributable to Site operations are apparent from the 

CY97 data. 

All RFCA reporting commitments were met, including the timely publication of quarterly and 

annual RFCA groundwater monitoring reports, an Annual IA IMnRA report, and an Annual 

Present Sanitary Landfill groundwater monitoring report. 

In accordance with IMP requirements, monthly confirmation sampling was initiated for wells 

containing analytes reported above Tier I1 groundwater action levels. The results of 

confirmation sampling will be presented in future quarterly reports. If elevated contaminant 

concentrations in any of these wells are confirmed, further action will be taken based on the 

decision logic specified for the particular IMP classification of the well. 

Groundwater evaluations undertaken at three localities have further delineated VOC plume 

extent and potential impacts to surface water. These evaluations were initiated to investigate 

VOC concentrations above action levels in wells 23296 (South Walnut Creek drainage), 22796 

and 22896 (North and South Industrial Area), and potential VOC contamination at the PU&D 

Yard (North Walnut Creek). In South Walnut Creek, current impacts to surface water were 

clearly documented by values above Tier I and Tier I1 for TCE and PCE in seep and surface 

water samples resulting from interception of the East Trenches VOC plume with the creek. In 

Woman Creek (South Industrial Area VOC plume) and North Walnut Creek (PU&D Yard VOC 

plume), no direct impacts to surface water are evident from the evaluations, but the plumes are 

generally more extensive than previously thought. An evaluation of North Industrial Area VOC 

plume pathways toward North Walnut Creek is being implemented in CY98. 
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6 )  Seventy-two wells were permanently abandoned as part of GMP efforts to maintain a high 

quality monitoring well network and manage well removal in accordance with planned Site 

closure activities. In addition, compliance with Office of the State Engineer, Rules and 

Regulations for Water Well Construction (2 CCR 402-2) was re-established through the 

permitting of 282 monitoring wells. Further improvement in monitoring system performance 

was achieved through the installation of dedicated bladder pumping systems in 23 high yield 

wells and design of a real time water level monitoring network for implementation in CY98. 

7) A total of 91 new and replacement monitoring wells were installed in CY97 in support of the 

GMP and other projects. The majority of wells consisted of temporary, small diameter 

wellpoints installed for plume evaluation projects. Nine wells were added (excluding three 

replacements) to the GMP for long-term monitoring of plume extent, performance monitoring, 

and D&D activities as specified by the IMP. 

Aside from routine groundwater monitoring and reporting functions, future GMP activities scheduled 

for CY98 involve interpretation and reporting of confirmation sampling data at wells with new 

values above action levels; completion of the North Industrial Area VOC plume evaluation; design, 

installation, and sampling of groundwater monitoring networks for D&D projects; and presentation 

and analysis of real-time water level monitoring data. The results of these activities will be 

summarized in future quarterly reports or the 1998 RFCA Annual Groundwater Monitoring Report, 

as appropriate. 
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I Location - NOnh: East: Area: P 3 5  7 
1 Date: 0 72%- Total CeDth: Z Y  .3 

Geologist: . i .  ,&+ I Company: 7 i c-- Frcject No.:  - 
Criiling EQUIP.: CBdE75- Samore Type: t"-, , . ' Q  

EG&G LOGGING swEavtsoR 
I 

l l  
NOTES General. USCS IS modified :or this log z s  follows 

Materials amounts are estlmared by Sb volume lrstead cf "b wpqnt 
( 1 )  Eladly broken care. accurate footase measurements nct 3ossio1e 
,2) &re breaks cannot be matched accurate !ootage mes-urenens -01 Dcss3cIe 
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U.S. DEPARTMENT OF EYERGY ROCKY FLATS P k Y T  FORM G T . h  ( X V .  2 )  

Materials amounls are estimated by "/b volume :ns:ead cf O/. N P I Q ~ ~ .  

(1) Badly 3rcKdn core. accurale footage measuremens ncl: 3ossioIe 
(2) C a a  Dreaks tannot Se matched accurate foctace mesuremen& not Dossicie 

d 



U.S. D E P . A R ~ E N T  OF ENERGY ROCKY FLITS pwNT FORM G T . h  (RIV. 2 )  

ROCKY FLATS P NT BOREHOLE LOG PAGE 4, C F 3  
Surface Eievarron: ' 
Area: DON NWMtYq P I P 9  y4m 

3orehole Number: 0 (4s -P 
$, fast: 

1 Total o a t h :  2 T .  3 
/ -  

I 

I 
1 

1 

j 
i 

i 

i i 
! 

NOTES: General: GSCS is modified for this iog as iollows: 
;Mxeriais amoun(s are estimated Sv ab 'ioiurne msiead of 06 weight. 
( 1 )  3adly m k P n  C5re. aCturSte footase measurements nct possible. 
(2 Care Dreaks cannot Se marched. accurate foolage measurements not ocssicie. 

!Wl1-.(?001 ~ . I . * X ) Y F ~ C ~ . L A Y O ~ Q I ~ ~ ~ )  



F O I L ,  GTJA m v .  tj U.S. DEPARTMENT OF ENERGY ROCKY Furs PUYT 

I 
j T-D = 2s.o I 

I 
NCTES General. LSCS .s moalfled :a 'nis Izg as 'OIICWS 

Materials amounts are estlmatec! 3y 96 volume instead of % weqnt 
( I )  Saaly brcken care. accurate footage rneasuremenll nc( 7osslole 
(2) Care maks cannot be matched accurate foctace measuremenb n3t sosslole 

P 
1 - 0 1  I . 4 ? O v l ~ - J W F a m  G7 A A X O W l r ~  

1 



I 

ROCKY FLATS P U N T  BOREHOLE LOG 
Sorehole Number: 4 (7- 3 S u dace C!evat io n : 

0.7 I 10.3 I 

l i  

3TES: General: WSCS is modified fcr :r,s  icg s !OIICWS: 

Mareriais amunts are estimated by % volume :ns:ead 31 % weignt. 
( I )  %idly m K e n  care, accurate !ccfage measurements ncr possible. 
(2) Core breaks cannor be matched, accurare footage measuremenu nor ooss:bte. 
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SAMPLE 3 E S a  l PTl ON 
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t . 2  
1.3 

3-1. I 

t M  

NOTES. Senerai: L'SCS IS mccl:ied :or !his log as :oilows 
Varenais amounrs are estrrnated by 0'0 volume rns:ead of  46 we1Gr.r. 
( I )  &aly broken core. accurate footage measurements nct posslole. 
(2) Care Sreaks m n o r  be marched. accuraie footage measurements not possicie. 



FOECM GT.U m y .  2 )  U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

NT BOREHOLE LOG PAGE 5 C F ~  
actrehole Numb Su Elevation. 

Geologist: A ?  a o c r i c ~ h  Comoany: T ?:eject No : 
Drilling  quip.: 

EG&G LOGGING SUFESVISGR 

Are b ?d.; D ,,A 
Total Depth: 39 3 

- n s i r  C A Sarnole Type. cbhh rnd2b5 <a,& v - - 

I 
1 
I 
I 
j 

i 
I 

1 
! 
i 
i 

I 
; 

i 
i 
I 
i 

I 

I 
! 
I 
I 
I 

1 
i 

i 

i 

I 
I 

NGTE3: General: USCS is modified for !nis iog as foilcws: 
Materials amOunIS are estimalB:! by ab .mlume rns:ead cf :b weight. 
( 1 )  Badly broken core. accarale !ooage measuremenfs not 3ossible. 
(2) G r a  Dreaks cannot be matched. accurate fcotaoe measurements not possible. e 



Y.S. DEPARTMENT OF EXERGY ROCKY FLATS PLANT FORM GT.L4 (REV. 2 ;  

N3TES: General: US= is modilied for xis icg as follcws: 
,Marerials amounts are es:im2tE 3y 06 vclume Ir?s:ead o! 06 weight. 
(1) Gably Sroken care. accura:e footage measurements not possible. 
(2) Core breaks cannol 5e maimed. acctlrate rootage measuremen& not possible. 

1 
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U S .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM. G T . U .  (REV. 2)  

ROCKY FLATS PLANT 
3 H I 8 8 9 7 

Gaologist: h ,  L . s d  

PAGEL  OF^ ' 
. Z t f s S  173 

Company: 2 M i2 -< Project r.lo.c,4azz~-lv 
Total Depth: % 7- 

Drilling Equip.: IZ -1 Sample Type: 5 5 

EG&G LOGGING SUPERVISOR 

Borehole Number: 
East: 

APPROVAL DATE 
I I I 

SAM PLE DESC El PTI ON 

L 

I 
1- 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT . 
*. 

FORM: GT.lA. (REV. 2) 

ROCKY FLATS PLANT BOREHOLEI LOG 
Borehoie Number: 8 # I%%'? 7 
Location- ort East: Area: Pr/r C 2 ZWS I 7 b  

Geologist: - Qu 0 4 Company: P &I E 4  Project No..C.o?zcr I 
Drilling Equro.: c m & - 7 < 
EG&G LOGGING SUPEFiVlSOR 
APPROVAL DATE 

+ .  PAGE& OF> 

Surface Elevation: 

3ate: 4 7 t 3 . s . ~  J Total Depth: Z 

Sample Type: G S  

i I rj"f 
j 

1 I 1 

~ 

SAMPLE DESCRIPTION 

. . . . .- , ..-, .:-. 

b 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

ROCKY BOREHOLE LOG PAGES  OF^ 
Borehole Number: Surface Eievatron 

Area: g w  t 3. --,dz-< East: 
, Total Depth:/ 3 

Company: @,P> Project No. .C&~ZG?~L - 7 5 H  Sample Tyoe q5 Drilling Equip.. C/y) E d 

Geologid: M' & v d  

EG&G LOGGiNG SUPERVISOR 
APPROVAL DATE 

SAMPLE DESCRIPTION 

XSTES: Genera;: USCS is rnodified icr ;his icc as icilows: 
eMaieriais amcunis are esiirnated by 9 ;  voiume ins:ead sf ?6 'weyn:. 
( 1  j 3aaiy aroken tare, actarat? iooiage rneasciimenrs nst pcss :c !~ .  
f2) Coe  breaks tmna  be ma!cnea. xcara:P ioofage !nneasurement.s not ?ossibie 

Y 



US. DEPARTMENT OF ENERGY ROCKY FIATS PLANT FORM GT.1A ( R E V .  21 

I I 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM GT.1.4 (REV. 2) 

4 

4 

APPROVAL DATE 
I 1 I 

SAMPLE DESCfilPTiCN 

u .v 
ierai: USCS IS moaifiea for this log as follows: 

Materiais amounts are es:rmatea by "6 volume insteaa cf Ob weignt. 
; :) 3 a l v  DrOKen  :=re. accurale footage measurements not 3cssi~ie 
(2; Care 'reas a n o f  38 maicneo. accurate loorage measurements nor ,-cssiole 



LIS. DEPARTMENT OF EYERGY ROCKY FLITS PLANT FORM GT.1A (REV.  11 

SAMPLE DESC R I PTI 0 N 

E-- N 3  I => General. S C S  IS moaified for this iog as follows: 
Materials amounts are esilmated by O h  voiurne instead of 0'0 weignt. 
(1 )  &aiy oroken care, accurate footage measurements not Possible 
(2) a r e  :reas cannot De matcned. accurate footage measurements rlot Dcssicie 



' :  

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A . ( R E V .  1: 

EG&G LOGGING SUPEWISOR 
APPROVAL DATE 

SAMPLE CESCRIPTICN 

I wo I 
ivOTES General USCS IS modifiec for this iog as follows. 

,Materials amounts are esxnatea bv a& volume instead of O/O weight. 
(1) Sadly woken care. aeurate footage measurements not icssible 
(2; Care oreaKs canno[ >e marched accurate footage measurements not possible 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PtAlYT FORM GT.l.4 ( R E V .  2) 

EG&G LOGGING SUPERVISOR 
A P P ~ O V A L C ~ ~ : ~  & DATE //-l?gf 

4.1 
ri 3 

n 
SAMPLE DESCRl PTI CN 

I 

0 

I - -  

3 . 3  - y . o  

I 

~~~~~ ~ 

#Q." 1 3 . J  
NOTES. General: USCS is modifiea forints log as follows: 

Materials amounts are esfirnated by % volume insread of '% weight. 
( I )  Sadly broken c3re. accurate ioctaoe measurements not pcssibie. 
:2 )  Core brearcs canncl be ma;=;led. accurate footage measurements not possible 



I - .  . .  

I1.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1.4 ( R E V .  2 )  

EG&G LOGGING SUPERVISOR 
A P P F G V A L G  

r 

SAM PLE DESCRI PTl ON 

- 
h0.6 W.0 d'J*' 
NOTES General gSCS IS modified for lP,;s log as loilows: 

Materials amounts are estimated by % vokme instead of '6 weiont. 
(1) Badly broken core accurare !cctage measurements not posslole. 
(2) core breaKr cannot ce matchea. accurale rootage measurements not DOSSlDle 



FOftM GT.1A (REV. 2) U.S. DEPARTMENT OF ENERGY ROCKY F U T S  PLANT 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 0 I 9 7 '7 Surface Eiev;ar:cn: 
Location - North: East: Area:  ear^ >t- P L ~  + D ~m-4 
Date: 3 3-14 -4 9 Total Deoth. z8.J 
3eologist: R $0 EA LL Iz Comoany . 7) E+?% Froject No.  \;Jhfip 
9rilling Equip.. Gthf'QCE -Ir\l'tcf?o~oc1E Sample Type. C: sN7I Y J O J ~  

EG&G LOGGING? UPERVISOR 
APPROVAL mm-& 

I - 1  
3o.d ! 

7 

NOTES General 'JSCS IS modified for :his log as follows. 
Materials amunts are esiimated by 76 volume instead of *& wergnt. 
(1) Badly broken core. accurare foolage measuremen's not Dcssible 
(2 )  Core breaKs cannot 3e marcned accurate footage measurements not possible 



" , * _. , . 
- .  

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M wV. 2) 

e . >  ! , O . O  I 

NOTES General. iiSCS IS modified for t h s  log as foilows 
Materws amOUniS are eStimat2d S y  'b Joiume 1ns:ead of O b  welcnt. 
[ ' )  Sadlv 3rcKen csre. accLrate fcotage measure.mefls nor ?ossicle 
,2) Care creaKs cannot Se rnarcned. accuraz :ootace measuremen& not Dossiole 

aJl I. J -2-01 Y - 4  B Y  F m n  LAYOMIR) 



US. DEPARTMEW OF ENERGY ROCKY FLATS P u l W  FOILM GT.U w v .  2 )  

PLANT BOREHOLE LOG . PAGEL CF z i 

1 

14.* I 

I I 
I 

i 

I r- 

SAMFLE DESCRIPTION 

NOTES. General: LSCS is rnoaltied for I ns  log z -oilows 
Materials amounts are esl lrnata by ": volume insiead cf "b weiqht. 
i ' )  3aaly 3oken m e .  accurate foolage measuremen& cct possiole 
i2) a r e  sroaks cannot De rnarcaea. accurate Tootace measurements nct posslbie 



U.S. DEPARTMENT OF ENERGY ROCKY FWTS P N i  

' 
\ 

I 
I 

1 

I 

I 
1 
I 

NOTES: General: USCS is modified fcr !,?is log as foilows: 
Materials amounts are eS!lmalsd by 96 volume ins;ead of 96 weight. 
(;) Badly broken care. accurate footage measuremenll not Fossible. 
(2) Care areaits cannot be rnatcsed. accurate :ooiage measurementS not possible. , .  

b 



I U.S. DEPARTMEXI' OF ENERGY ROCKY FLATS PLANT 

I 

~ 

ROCKY FLATS PLANT BOREHOLE LOG 
aorehole Number: 0 21 4 7 S utfae-€levat io 

Date: 0909 4 7  Total Deoth: t 3, .9 
Geologist: dl aarlbh Carcpany: 77 &-= Project No.: 

PAGE 2 C F ~  

Location - North: East: Area: E. A PUin 

Oriiling C'cjuip.: t e  '77- rt 5A Samole Type. L;e?I).; n J d 6  CG .& 

I EG&G LCGGiNG SUPERVISOR 

i I  t-z -I 

! t  r i TD.= (2.9 ' 

.- 

NOTES: General: USCS is modified for : ~ I S  iog as iollows: 
Materiais amounts are es:imaled oy 96 volume instead zf 96 weiqht. 
( I )  Badly zrcken care. accurate footage measurements co( pcssible. 
(2) Core breaks cannot be malched. accurate footage measurements not possibie. 

;011.*!&351 N.J!OVFam G7.UXOMllIpI) 



i1.S. DEPARTMENT OF ENERGY ROCKY FLATS P h V T  FORM GTJA (REV. 2) 

I 

~ ROCKY FLATS PLANT BOREHOLE LOG PAGE I, OF% 
' Borehole Number: 0 2  2 s3 Surface Elevation: 

Location - North- East: Area: f i ~ J  diX( 77'1 

Geologist: R-  KoEk!LCK Company: r) E RRA Project NO.: ~ A c - 3 1  
E. -/I l w ? J a K  E Sample Type: C~WTJ/I)@JLG ariiiing Equip.: GeO  PRO^ 

ate: 09-aS-4 '1  Total Depth: b 
~ 

EG&G LOGGING SUPERVISOR 

B 

P- OTES: General: USCS is modified for this log as iollows: 

DATE /Id 6-97 

Materials amounts are estimated by 
( I )  Sadly SrcKen core, accurate footage measuremenlf not possible. 
(2) Core breaks cannot be matcned. accurate tcotaoe measuremen& not Dossible. 

volume instead of X weight. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM GT.1A (REV. 1) / 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 OFA 
Borehole Number: 63397 
Location - Nonh: East: 
Date: 0 9  - 2 5 - 9 7  Total Depth: !d&? 
Geologist: R*  KoEHLW Comoanv: TJERRA Project No . mR'f'-LI 9 
Oriiling Equip.. GEoR OBJ? -Ma? aCod E Sample Type. COWIN U0d-l 

APPROVAL 
EG&G LOGGING SUPEFiVlSOR 

DATE,//- /9 4 9 7  

SAMPLE DESCRIPTION 

NOTES General USCS IS modified for :nts log as follows 
,Materials amounts are estimated by "/o volume instead of '3, weight. 
( I )  Badly broken cme accurate 'ootage measurements not posstble 
(2 )  Core breaks cannot be matcned. accurate footage measirrements nct oossible 

101 I ~ ~ O J I Y - U M Y F O ~ I  GT aA1ObOIKl  



ROCKY FLATS PLANT BOREHOLE LOG PAGE _I c x  
Borehole Number: % 0 a3 7 Surface Elevatmn 

cation - Nonh: East: Area: tihiId;\C 3>? 
ate: 09-23-9 7 Total Deoth I 3. c) f;: 

,aeoiogisr: r ? KO ZHLE R Cornpanv' TIEM4 Frojecr No bdRS-V7 
3rrlIing Squto.. - & k l L W r S  Sarnole Tyce Cdrnh;r/O 11.5' 

m 

I\iC3TES: General: USCS is modified for this log as !allows: 
,Materials amounts are estimated Sy 9% vcli;me instead of 06 wetont. 
( I )  Sadly Sroken core. accurate footage measurements not 3OSSiCle. 
;2) Core breaks cannot oe malcnea. accurate footage measuremen's not scssicle. 

' J O I  1 . 4 n O l  Y-UMvForm (;~. lAYO%oIf l l  



L1.S. DEPART,MENT OF ENERGY ROCKY FLATS P U 3 T  FOR\i GT.lA ( R E V .  21 

~~ 

EG&G LOGGING SUPERVISOR 
AFPROVAL DATE - 5 3 7  

I I 

SAMPLE DESCFlIPTiON 

\IGTES General USCS IS modifled tor ihls log as follows 
Materia& amounts are estimated by '6 vclume instead cf 
( I )  &aly broken core. accurate footage measurementS not possibre 
(2) Core Dreans cannot Se matcned. accurate footage measdrments m t  ccss4cle 

weignt 

4 1 .  * Y l J l W * Y ) Y F n r n b ~  I A 4 0 ~ 0 1 i ~ ~  



U.S. DEPMT,MENT OF EYERGY ROCKY FLATS PWlYT FORM GT.1A IREV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG PAGE CF& 

3orehole Number: 0 3 4 9  7 Surface Eievation: 

Rq a6 73 a Totai Oeoth. R.OU* 
Gsoiogrst: f?. I( O E $ k R  Camoany I-) t R12A Projec: NO.. W P - V  
n ,ri~ing Eauio . ~ E o F F M ~  - . * C \ C P O C O ~ ~  Samoie Type c,o Am A! JOC 3 

m a a t i o n  - b!orthi East: Area: rJQiIdih I 7 17 9 

EnZ&G LOGGING SUPEFiVISOA 
APPROVAL we& GATE //-6--47 c 

SAM PLE DES C R I PTI ON 

D 
NOTES. General. USCS IS modified for ihlS log as follows 

Materials amounts are estimated by O/o volume instead of "6 weight. 
( I )  Saaly 3rcKen core. accurate footage measuremen& not JossioIe 
(21 Core oreaks cannot be matcned. accurate footage measuremens nct scssiole 



U.S. DEP.aT;MENT OF ENERGY ROCKY FLATS P U N T  FOR%t GT.1.A ( R E V .  21 

ROCKY FLATS PLANT BOREHOLE LOG 
2orehoie Number- 0 ?hxL1Y 3 Surface Elevation 

PAGE 2 C f  d, 

Location - Nonh: ._East: Area: r3~ilCl;..c 77q 
3ate. 0 q - a 6 - ~ 7  Total Depth: 16 I &e. 
Zeoiogist: I? I<oE~+-LER Carnoany RA 
grilling Equio G E d R Q  6E - f \ & V e E  Samole Tvpe c Q N 7 l  )\/JOL!-, 

TI €R P-ojecr NO . \J ~t?9-41 

EG&G LCGGING SUPER_VISOR 

9, 

; t  a 

,j 

t i 
NOTES General USCS IS rnodifled for this log fOllOWS 

Materials amounts are estimated Sy "'0 volume insiead of "6 Neignt. 
( I )  Sacly SrcKen core, accurate footage measurementS not Oossioie 
( 2 )  Core oreaks cannot 38 matcned. accsrate footage rneaSurementS not mssicle 

1-01  !.4%.01y.uMyForm GT.lAdOLO1pT) 



U.S. DEPARTMENI" OF ENERGY ROCKY FLATS P&YT 

I ROCKY FLATS PLANT BOREHOLE LOG P A G E I C F  J, 

r 7 i] I I 10 .P  '1 1 
3Tf3. General: LSCS is (modified for tnis isg zs follows: 

Marerials amounts are BSMnaleC 3y 96 volume instead 3f "b weioht. 
(i) Bacly 3roken care. accurate !oorage measwemen& nor pcssible. 
(2) core breaks cannol 3e matched. actsrate footage rneasurernenls not oossible. 



U.S. DEPARTMEHT OF EXERGY ROCKY FLATS p u l y T  FOR% G T . U  (REV. 2) 

?AGE I ROCKY FLATS PLANT BOREHOLE LOG - 

EG&G LOGGING SUPERVISOR 

I 
I 

I f .  J ! I C  . 
IS.., (5 J 

N G T S .  Seneral: USCS is mocified :or !nis io0 bs :o~lows: 
Materials amounts are estirnatea 3y 'b ,/olume insiead cf O 6  weight. 
(1) Badly Srcken core, accurare footage measurements not possiole. 
(2) Care 3reaks cannor Se matched. accurate foolace measuremen& not possroie. 



U.S. DEPARTXENT OF ENERGY ROCKY Furs p u v  

; NOTZS: Generai: L'SCS is modified for !his icg ds ioilows: 
Xiaterials amounts are estimated 5y O b  3volume insiead of 0; weiohl. 
( I )  8adly Sroken cafe. accurate footage measuremen& nct possible. 
(2) a r 3  afeaks cannot be matched. accurate footaae measuremen& F,ot poss:ble. 

, 

. . - .. .- .-. 

t 



U.S. DEPARTMENT OF ENERGY'ROCICY FLATS PLANT FOFCM GT.1A (REV. 2 )  

~ 

ROCKY FLATS PLANT' BOREHOLE COG- PAGE OF& 
Borehole Number: &797 Surface Elevation: 
Location - North: E as;: Area: E ~ O L /  -7  - 
Date: 39 -ZP- W Total Depth: 4 4  .o' 
Geologist:/=- e& Company: S c > r .  Project NO.: 
i)rrilinq Equip.: C&z - 7s- Sample Type:&&*- Cb-/CwJY A - k S s  - * 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAMPLE D€SCF( I PTI 0 N 

NOTES. General: USCS is modified for this log as follows: 
Materials amounts are estimated by O,b volume instead of % weight. 
(1) Badly broken core. accurate footage measurements not cossible. 
(2) &re breaks Cannot be rnatchea. accurate footage measuremen& not possibie. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS’ P U N T  FORM G T . U  (REV. 1) 
~~ 

ROCKY FLATS PLANT BOREHOLE LOG SAGE 20~s 
3orehole Number: 02747 Surrace Elevar~on. - 

Geologist: lf- A r , e 3  d. 1 Comoany: / / F F Y C ~  Prolec: No.. 

ocation - North: East: Area: E .  4 Du-LC 
ate: 09-29 -97 Total Depth: “’4’3 A ’ 

c 3rriling C.3CID.. - c& fl Sarnole Type: & # f i ~ e , , u ~  &fr / c 0 nfhcrf 

c 
EG&G LOGGiNG SUPERVISOR 
APPROVAL DATE - 

f ,  - -  g 
L 

B k e n e r a i :  LSCS Is mcdifiec icr :his log as :oi~cws: 

SAMPLE XSCRIPTICN 

,Mareriais 3mourrs are sstimated by 
(1) 3adly x K e n  core. accurate fcotage measurements nct pcssicle. 
(2)  Sore oreans cannot be maicnea. accurate fcctage measurements net DossibIe 

vclume ins:ead of % wetant. 



l-J.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM G T . U  (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 0 2  7 9 7 Surface Elevation: 
' l xa t ion  - North: E3.s;: Area: t'. 4 d u -  L 
g a t e :  Total Depth:u 43 .@ ' 
fi Jaoiogist: F- f;ri a. 5A-1 Campany: FTT n Froject No.. 

PAGE -3, CF& 

09- ,3 4 - 97 
4 

Oriiiing Equip.. fT Sarnole Type: &AW,-.~S cn,c ) Lo.&?- 

EG&G LOGGING SUPEZVISCR 
APPROVAL DATE 

~~ ~~~ 

SAMPLE DESCRIPTION 

NOTES: Gznerai: CSCS is modified for :his log as foilows: 
Materials amounts are %timated ~y 0'0 volume instead of o/. weight. 
( i )  eadty xoken care. acturate footage measurements not possibie. 
(2) Core x e a u  cannot De marched. accurate footage measurements not ocssibie. 



US. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM GT.1.A (REV. 2 )  

ROCKY FLATS PLANT BOREH 
Borenoie Number: 

.OLE LOG PAGE 4 C F E  

I .  . 
I Dri”’ - - 

6 bo 

I 

I 

i 

I 

is modified :or !his log as ictlows: 
eMaterrals amounts are estimated oy 9/0 volume instead of ‘/0 weight. 
[:) Saaiv OrOKen czre. accurate footace measuremen= nct ccsstole. 
12! Csre zreaws cannot :e marcned. accurate iootage rneasurementf nct cosstble 

I 
101 I .J.WI )o-3 ‘OM Farm Gi :A r O 3 0 1 , W  



U.S. DEPARTMENT OF ENERGY ROCXY FLATS PLANT FORM GT.1A (REV. 3 

ROCKY FLATS PLANT BOREHOLE LOG 
Jorehole Number: /3 27 97 Surface Elpation: 
Lacation - North: East: Area: E, o u - 7  
Date: 09-25- 97 Total Depth: 9-3 . D  ' 
Geologist: F-  G r  ,a 5A-9 Cornoany: T ~ c r r ~  Proiect No.. 

PAGE if C F ~  

ariiling €quip.. c M %  ' 7 ~  Samole Type: /%ohf/ W U ~ C 0 ~ 2  /C,H?r-# 

EG&G LOGGING SUPERVISOR 
A??P,OVAL 

i - 1  
t 

NOTES: General: USCS is moaified for this log as follows: 

DATE 

SAMPLE 3ESCaIPTlON 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PWNT FOILM G T . U  (REV. 2 )  

I ROCKY FLATS P U N T  BOREHOLE LOG PAGE  OF^ 
Eiorehole Number: b 2#7 Surface Elevation: 
ocation - North: East: Area: 
ate 9 - Z z - 9 7  Total Depth. 39, o 

Geologist: 
Criiling Equm . P MA+ 7 F  . Sarnole Type -:-.&A+ 

7 -,->rich/ Company: cl Project No. 
-F..> C2 f lL /EU*W9 

t / I EG&G LOGGING SUPERVISOR 

NOTES: General: USCS is modified ior :his log as ioiiows: 
Materials arnol;nls are estimared by % volume ins:ead of o/O weight. 
( 1 )  Badly broken m e .  accurate footage measurements not gossible. 
(2). Core breaks canno: be matcned. accurate footage measuremene not possibie. 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FOFW GT.1A (REV. 1) 

' ROCKY FLATS PLANT BOREHOLE LOG PAGE &  OF^ 
Borehole Number: c j  -97 Surface Elevation: 
LOca t IOn  - North: East: Area: 
Date: 09  - zz -97 Total Depth: 79 .D 
Geologist: F. Cr1-45 Company: //c'+-- - Project No.: 
Drilling Eauip.: f s Sample Type. L> ccv,4 c-/ CL +A++ 

--r 

EG&G LOGGING SUPERVISOR 
AtPP9OVAL DATE 

SAMPLE OESC RI FTI 0 N 

+-& 

IUOTES: General: USCS is modified tor thrs ica zs iollows: 
Materials amounts are estimated by 96 volume instead of % weight. 
( I )  Badly broken care, accurate !ootage measurements not ?ossicle. 
(2) Core breaks cannot be matched. acturate footage measuremenrs not possible. 

(.IO1 I-~JI?-JlSr-4y)~Form G~.LAAYOMlr~)  



U.S. DEPARTMENT OF ENERGY ROCKY FWTS PLANT 

I ROCKY FLATS PLANT BOREHOLE LOG PAGE C)F& 

! 

- 
NOTES General. USCS IS modified for :nls log as follows 

Materials amounts are estimated by 9;  volume instead of % weignr. 
(1) h d l y  SrcKen core. accurate footage measurements not possible 
(2) Core breaks cannot be rnatchea. accurate foorage measuremen8 not posslbie 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FOILM GT.M (REV. 1) 

ROCKY FLATS PLANT BOREHOLE LOG 

Date: 69 - ZS - 4 ; f  Total Depth: 5!9>0- 

P A G E P O F &  

Surface Elevation: .-) aorehole Number: /37297 
Location - Nonh: East: Area: LF- & b b 

Geologist: F-- 0 * r e s +  Company: 7Z=vHr? Project No.: 
Oriiling Equip.: 73 1 Sample Type. Cos7%&cC?~ C i w e / , ~ ~ ~  
-~ 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAMPLE DESCFllPTlON 

NOTES General: USCS is moaified for this log as follows 
Materials amounts are estimated by “b volume instead of ‘/o weight. 
(1) eadly oroken c3re, accurate iootage measurements not possible 
(2)  Core breaks cannot be matched accurate foorage measuremenfs not possible. 



ATS- PLANT BOREHOLE LOG- __. . - - . 

Corcpany: 7 -  
c Grilling Equip.: r Sarnole Tvoe. yICr 

r , r - .  

EG&G LOGGING SUPERVISOR 

I 

SAMPLE DESCRIPTIO fq 

I ' I  I '  
Ma[ertals amounts are esllmaIed by 'b volume ins;ead of 
(1) 3adly broken m e .  accurate foolage measurements not possiole. 
(2) Qrs breaKs cannot b e  marched. accxate !oofage rnexuremena ,701 poss;o~e 

Nelgkf. 

I 
O l l - d W J I  W * W F - G 7 , U Y O > U I ~  



. .  
~ - _. . , . . . . .  _ _  . .. . . ... . .. 

a 

A I  20.0 I . = 3  I 
NOTES: General: US= is rnodified.tor inis log as tollows: 

bMatertals arnounls are estimated by 9.: volume ins:ead of ob weiqhl. 
( 7 )  Badly broken core. accurate footage measuremen& not pcssible. 
(2) Cor3 breaks canno( be matched. accurale footage measuremen& ilct possiole. 

1 
0 1  I . d ) D J I  .U.*Mfan G;L4XEMIm 



. . . . .  
. . . . . . . . . . . . . . . . . . .  -. __ .......... - 

I I ' I  

i 1 
I 

I 
i 

I 
I 

I I 

I 

I 
I I 

1 
I 
i 
i 
I 

' I  I 

I L 1  

NOTES. General: USCS is moalfled for rnls log a foilows 



- J Crtiiing Equip.: t I@b5 <a& 

EG&G LOGGING SUP€RVISOR 

I l o . :  I / A  
I 

NOTES General: lSCS IS rnodlfied for inis 'og as follows 
Matermis amounts are estlrnated by 'b volume insread of '6 weight, 
(1) &dly broken care. accurate !oomge nreasurements not pcssiole. 
(2) o r 3  breaks cannot be matchzd. accurate footage measurmens not posslbte. 

-. . 

.. ., 

_v 

.a 



I  ROC^ FLATS P U N T  BOREHOLE LOc 

0% I - I rojec? No.: - 
I EG&G LOGGiNG SUPERVISOR I 

I 

I 

I 

, 

! 

NOTES. General: L'SCS is modlfied for :his !oc as :allows: 
I 

Materials amounls are estrma[ed by 96 vclume ins:ead ol *b wetah(. 
( 1 )  Badly broken care. accurale footage measurernenrs not poss401e. 
(2) Cor3 breaks cannol be matched. accurafe footage rneasuremenls not DOSSIOIB. 

1 
11 I .~!&JlJ .~ .ry lVFamC7 i A X O 3 U l ~  



. .  . . . 
~ - - . ... - .. - .. . .. . . . . .. . .. . . . _ _  - ..... . 

NOTES. General: USCS IS modified for (his log as follows 
Malerials amounls are eslirnaled by 06 'volume ins:ead ol "6 weighl. 

I 
I 

(1) &dly broken core. acturale fooracje measurements no1 possible. 
(2) Cor3 breaxs cannol b e  malcfied. accurate foofaae measuremenls nor possioie 



Materials arnoucts are esllmared by ': 3Jolurne 1ns:ead cf oc welohi. 
( I )  Badly broken cafe. aCtUrale footage measurements noi pcssiole 
(2) car3 breans cannol be malcned. acturaie foolage measurernenls ;Lot poss;ole 

J 



c\l 

I 

b 
d 

N 

k 
I 

li,l I 
NOTES. General: USCS 1s modified for this Iog as fotlows 

Materials amounts are estimated by ' 6  volume Insiead of % wetohi. 
(1) &dly broken cafe. accurate footage measurements no1 poss,ble 
(2) Cor3 breaks cannol be matched. accurate footage measuremenrs ncc possiole 

?I i ~ - J I  > d Y ) Y F a C 7  S X O W I ~  



I," 

Z7d t7.3 T I I I  

1 NOTES General: USCS IS modified for this log as tollows 
Materials amounts are estimated by 9: volume inslead of 'b welght. 
( I )  Badly broken core. accurate footage measurements no( possiote. 
(2) Core breaks cannof be matched accurate fooiaae measuremen6 not possioie 

i 

I , 
-1 I.*YMI M-UJqoXFom GT LAXOMIRI) 



Q 

(2) &re bream cannot be marched. accurale foolage rneasurernene ,?at pcss;oie. 

Q 

I 

L 

' APPROVAL 

SAMPLE O€S c a  PTl ON 

LI I I 

i 7- 
(D 

3 



I Total Depth: 1 2  .o 
Geologist: A & W ~ ~ C C  c Catxpany: 
Crriling Equip.: S m . r  

EG&G LOGGING SUPERVISOR I 

i 
I 

I 
I 
I 

i 

I 

i 

I i 
I 

I 

I 

i 
I 
I 

I 

I 

I 

1 
i 



... 

SAMPtE~OESCRIPTlON 

4OTES. General: USCS IS modified fcr lhls !og as follows. 
Maierials amunls are estimaled S y  Ob volume ins:ead of 1% weight. 
( I )  &dly broken tare. accJrale footage measuremenfs not pcssible. 
(2) a r e  breaKs cannol be matched. act'uaie footage measurements not poss:bie 



SAMPLE OESCaIPTION 

- 

G r J  lY: I 'I 

1 2-7 -4.0 

1 I I d . ?  ' y \I 
Q" 1" .I 

, 
IVOTES. General: USZS is modtfied for tnls !cg as follows: 

,J 
a .  



1 
i 

I 
I 

I i ' r '1 \ I  

NOTc'S. General: CSCS is modified for lnis fog as follows 
Malenab amunts a e  estlrnated by O b  vcturne 1ns:ead of 
(1) &dty broken cafe. accurate footage measuremen6 nct pcssibie. 
(2) a r e  breaks cannot be matched. accurale footage measuremen8,qot poss.ole 

wetght. 

e 



...- ___ . . 

I 

I (I 
I 
I 
i 
I 

i 

I I 1  

i 

i 
I I 
1 
I 
i 
i 
1 
I 

I I 
! 
1 

I 

I 

I 

I 

I 

I 
i 

Malerials amounls are estlmalea Sy ab '/clurne ins;ead c f  t: weight. 
(1) &dly broken care. accurate !oolage rneasurernenE not pcssibie. 
(2) C a s  breaks cannot be rnalchea. accurate footage measuremen6 not poss:ole. 

. . . .  
)I I . d y u I  U.*UI*Fa cz ~ Y O M I . T ,  



VOTES General: G C S  1s modified :or this log as !oilows 
Malerials amaunts are eslirnaled S y  '2 nvolurne ins:ead ol *% weight. 
( I ]  Wly broken c3re. accurate foomge measurefneflcs not possiole. 

(2) brearts cannot be malched. acarate footage measuremenls not Doss:o1e 

*)(sa U..\OVF- c- 3yQbQb- 
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I 3 0  6' Y \I m = 3 P . Q  

NOTES.  General: L'SCS IS mcdtfied !or fnis fog as follows 
Malerials amounls are esIirnalea > y  ': dolurne tns:ead of *$ welghf. 
(1) Badly Sroken tale. accuraie foctage measulemene no1 pcssiole. 
(2) Cars brealts cannot be malchea. accurale foolage measurements not poss:ote 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM G T . U  (REV. 2) 

KY FLATS PLANT BOREHOLE LOG PAGE -L OF& ~- - _ _  
Borehole Number: /'/- Surface Elevation: 
Location - North: Eas t :  Area: 5P-4-57 
Date: 4 -10 -p7 Total Depth: /be ~ 

Geologist: F- A/,&-/ Company: Z e  rr;3 e-4 v' Project No.: - 

EG&G LOGGING SUPERVISOR 
Drilling Equip.: ,&&>/% P. Sample Type: e 4 . L  - . 

DATE 1 APPROVAL 
I I I I 

c 

7=.=2Vv3.&0 &- NOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possible. 

I 







U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.lA (REV. 2) 

ROCKY FLATS P U N T  BOREHOLE LOG 

Location - North: East: Are= s w - 5 4  
Borehole Number: / 02 47 Surface Elevation: 

Date: 
Geologist: - C ~ Y  ,q $6 S, 

Drilling Equip.: Gee;S, 6 ,  Sample Type: ?OS-+ 

/4,0 ' - Total Depth: 
Company: f l e w v a  k e d  .Project No.. 

- 
~ -~ 

EG&G LOGGING SUPERVISOR 

I 

NOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, acCUfate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 

roll.~jool3cQmFam cr.uxo3Qwr) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 21 

NOTES: 

I 
- 

SAMPLE DESCRIPTION 

-A 4- 
s 2 2 z - C -  DO*A)/e)Au4 

General: USCS IS modified for thts log as follows: 
Mateflak amounts are Esomated by % volume Instead of % welght. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possible. 

iJo1i-91001?4930NFomr GT.lAnOYOU92) X 



US. DEPARTMENT OF ENERGY R 

1 ROCKY FLATS PLANT BO 

OCKY FLATS PLANT FORM G T . U  (REV. 2) 

--REHOLE LOG PAGE t6FZ 
Surface Elevation: 

Total Depth: %‘ 2% . 
Company: Project No.: 

East: Area: sw -39 

Sample Type: R>& -ca/r. 
EG&G LOGGING SUPERVISOR 

i 
‘7 

I I I - -  

NOTES: General: USCS is modified for this loa as follows. ., - .. - . . -. 
Marerws amounts are estimated by % volume instead of % weight. 
(1) Badly broken core. accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possi6te.. 

101 1.930.0134-93owFam GT.IAxo3mw 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GTJA (REV. 2) 
-I 

ROCKY FLATS PLANT BOREHOLE LOG PAG@-  OF^ 
orehole Number: /a397 Surface Uevation: 

gLgw 32' 
beologist: Companv. 7 % i i  Drniart hln . ./- - 

b ' Drilling Equip.: &.?zz, 
EG&G LOGGING SUPERVISOR 

Y 
5 e 

4 I 

NOTES: General: USCS is modified for this log as fallows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Eadly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possible. 

. ror1 -9mIf4 .~30Y~ cr . lAxaM1/q  



U.S. DEPARTMENT OF ENERGY ROC= FLATS PLANT FORM GT.l-4 (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: /a+ 57 Surface Elevation: 
Location - North: East: Area: s LCJ -r4 
Date: 5/ z+=/97 Total Depth: &9 e- 
Geologist: ,C P *-& 4 Company: ~77-c Project No.: 
Drilling Equip.: ZbrnJ2  e 
EG&G LOGGING SUPERVISOR 

P A G E L O F /  

Sample T y p e : 7 d &  a c_i)rp . 

APPROVAL DATE 
I 

SAMPLE DESCRIPTION 

- 

-9 
- 

NOTES: General: USCS is modified for this log as follows. ~ ' ~ ~ ~ ~ ~ y L & ~ & / /  ~ w A  h z d .  h7rSG- 
Materials amounts are estimated by Y" volume instead of % weight.@ -41 
(1) Badly broken core. accurate footage measurements not possible.fr0- 5 f i d v  $f??auc 7 0  MJ 
(2) Core breaks Cannot be matched, accurate footage measurements not passible/vfc)r, 4 4  5&h -Lbd -I 

&)?&/ ccro*..&d yd A&' 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.U (REV. 2) 
b 

ROCKY FLATS PLANT BOREHOLE LOG PAGE O F 3  
Borehole Number: lG-7 Surface Elevation: 

Location - North: East: kea '  S t r J  -57 
Date: 32 6297 Total Depth.?W$=e+/+3 
G e o I o g t s t F -  G r ~ s 1 , )  

Drilling Equip.: rLre&& . Sample Type: , P ! 4  c-fl 
EG&G LOGGING SUPERVISOR 

1 
/- 

Company: 7 Z Z 2  Project No.: 
e. - 

I L 7  

- 
Materials amounts are estimated by % volume instead of % weight. 
( I )  Badly broken core, accurate footage measurernens not possible. 
(2) Core breaKS cannot be matched, accurate footage meaSurementS not possible. 

11011-93h01U 0 W W F - q  L ~ Y O Y J I I 9 1 '  



SAMPLE DESCRIPTION 

> >  
i E r 1  

I VOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume Instead of % weight 
(1) Badly broken core, amrate  footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage rneasurments not possible. 

I 
k 

( J O I I - P X M I  Y-P33(Fwm cT.lAYO3Ulr9zl 
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U.S. DEPARTMENT OF ENERGY i ROCKY FLATS PLANT FORM GT.U (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE O F Z -  
Borehole Number: /Q/@77 Surface Elevation: 
Location - North: East: Area: slyeF.9 
Date: 3 // 97 Total Depth: LZ' /CY 
Geologlst: /=- G n  ./ Company: A-C Project No.: -- 
Drilling Equip.: &e&P Sample Type: 31-h A r e- 
EG&G LOGGING SUPERVISOR 

APPROVAL DATE 
7 1  i I I 

NOTES: 
L 

SAMPLE DESCRIPTION 

General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core. breaks cannot b e  matched. accurate footage measurements not possible. 

' 

. . .-  . .  - .  



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.U (REV. 

PAGE I_ O F 3  ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: ,427 8% G 7 Surface Elevation: 

Area: 
Total Depth: / Z +  6’ 
Company: 7/5c 
Sample Type: 

SLC, H59 

Project No.: 4 

Drilling Equip.: *,%,~GT- ’ 

EG&G LOGGlNG SUPERVISOR 

8-h - Cr, /P 

I 
DATE APPROVAL - :f a 0  $ 

SAMPLE DESCRIPTION ’ 6  0 $;g w 

I 

- 
I I 

NOTES: General: USCS is modified for this log a follows: 
Matenals amounts are estimated by % volume instead of % weight. 
(1) W l y  broken core. accurate footage measurements not possible. 
(2) Core breaKs Cannot be matched, accurate footage measurements not posslble. 

t 

4 2 1  I -~xy)1~~~oxFormcT.u)(ayo~ 



L 



US. DEPARTMENT OF ENERGY ROC 

I 
I ns 

Borenore Numbe,r: 
 LO#-^:-- 

t i  
I I I I I 

1 NOES: General: USCS is modified for this loa as fallow+. 
d - - -  

1 
I 

Mater& amountS are estrmated by "/. volume instead of % welght. 
(1) Badly broken core. accurate footage measuremen& not possible. 
(2) Core breaks cannot be matched. accurate footage measuremen& not possible. 

\*I r.euzotwq3q(Fcm cT.lAmu92) 





- 

Surface Elevation: -1. Arex S W  --49 
Total Depth: /2 -D 

East: 

Geologist: 

E G G  LOGGING SUPERVISOR 

Company: 27-r- ~ Project No.: 

Sample Type: FL'Zb - Cere 
t 

Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accwate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possible. 

a! I-PmI3&93oxFora Gr.ux9yowq 



t- 4 

:i 
I tj 

NOTES. General: USCS is modtfied for this log as follows: 
Materials amounts are estrmated by 7'0 volume Instead of 7'0 wetght. 
(1) Badly broken core, accurate footage measurements not posstble. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 

( ~ 1 1 4 3 W i W W J ) ( F m  GT.U)(Wl,-q 
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% t  

LOGGING SUPERVl 

SAMPLE DESCRlPnON 

I, 
I ITES: General: USCS is modified for this log as follows: 

Materiak amounts are estimated by % volume Instead of % weight. 
7 

(1) Badly broken are.  accurate footage measurements not possible. 
(2) Core breaks cmmt be matched. accurate footage measurements not possible. 

I 
t 
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FORM GT.1A (REV. 2) U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: /// 97 

Date: 3 h  %/ 

Geologist: FA,- ,  e Company: /-EC Project No.: Drilling Equip.: ~~FZS/’ /> Ae 
EG&G LOGGING SUPERVISOR 

PAGE J- OF& 
Surface Elevatron: 

Location - North: - Fact. 

Sample Type: ?u d3 - COP? 



' ROCKY FLATS PLANT BOREHOLE LOG PAGE L OF& 

Borehole Number: // 2- Surface Elevation: 
Location - Nom: East: Area: ~ L U - ~ V  
Date: % /-97 
Geologist: F ~ ~ 1 9 9 6 ~  

EG8G LOGGING SUPERVISOR 

Total D e p t h : L & a  ' 
Company: 1 EL Project No.: 

& 

Drilling Equip.: Geu ,-&. Sample Type: S c s 9  A C O r C  

I I  

1 APPROVAL DATE 

SAMPLE DESCRIPTION 

-- I -;i,cC-M4-0 && $ W d e  
NOTES: General: USCS is modified for thls log as follows: fi d -C /54&/ ;2 . e /  64 L-y* c r/ J 0- 

Matenals amounts are estimated by "/. volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks Cannot be matched. accurate footage measurements not possible. 



FORM G T . U  (REV. 2) 

-- E LOG 
Surface Elevation: 
Area‘ -Sm-9?F 
Total Depth: /f iu ’ 
Company: Z Z C  1 Project No.: 

Sample Type: -+& -cum 

Borehole Number: //277 
Location - North: East: 
Date: 4/7/47 
Geologist: F I r3 7/.+31J 
Drilling Equlp.: &e,& fob? - 
EG&G LOGGING SUPERVISOR 

r 
I 

’4 

1 NOTES: General: USCS is modified for this log as follow: 

1 
Materials amounts are estmated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurementS not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possibie. 

.. 
I JOI I -PXMIY-~Y~F-  GT IAYoMlIp2) 





APPROVAL 
I I I 

DATE 
I 

L I 5 :  p g 4 )  SAMPLE DESCRIPTION 
0 

I I I 

NOTES: General: USCS is modified for this loa as follows. - - _. 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measuremen& not possible. 
(2) Core breaks cannot be matched. accurate footage measurementr not possible. 

( a 1  I . P ~ I M I Y ~ ~ F -  c r  v 1 V m I m  



EG&G LOGGiNG SUPERVISOR 

FORM GT.U (REV., 2)  
U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY FLATS PLANT BOREHOLE LOG 

Location - North: East: 
Date: '4- 9-  97 
Geologrst: F ' G r f q - S A y  
Drilling Equlp.: S c 3 3 & 4 6  e 

Borehole Number: ,4# 9 7  Surfare Fh#+--. 

Total Depth: ,'.z, 0 . 

Sample Type: ?dsh - Project No.: 

SAMPLE DESCRIPTION 

, 

Materials amounts 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

Total Depth: /2. 

Sample Type: Ab=.+ - c - 0 ~ -  

. 
Date: 9/9/77 

.c1 

Geologist: p Company: 7Ec Project No.: Drilling Equip.: G ~ P A / >  e 

EG&G LOGGING SUPERVISOR 

6 ~ ~ 9  =- L/ 

FORM G T . U  (REV. 2) 

I 

i 

'4 

t I I 

NOTES: General: USCS is modlfied for thls log as follows: 
Mater& amounts are estrmated by "/. volume instead of % weight. 
(1) sadly broken core. accurate footage measurements not possrble. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 

. ) I  I - ~ J D o l y s ~ x F a r n m ~ x o H ) I I p ? )  



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM G T . U  (REV. 2) 

-- - PAGELOF% 1 - ROCKY FLATS PLANT BOREHOLE LOG 
Location - North: East: Area: ~ L U  - 5 9  

- -. 
Surface Elevation: Borehole Number: //5’77 

Date: -5?/T/97 Total Depth: /,e z ’ Geologist; 6 G+, r,5 6 Ll 
Drilling Equip.: ,p=cdrd dj(4 
EG&G LOGGING SUPERVISOR 

-- 
Company: Project No.: / CC 
Sample Type. 9 =+-La- 



ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: //F9 7 Surface Elevation: 
Location - No h: East: Area: ==U-LV 

Geologist: / z , & ~ / + 5 d ~  Company: ~-5.c Project No.: 

PAGE 2 CF 

Date: Ah7 Total Depth: /P. *Z’ 

Drilling Equip.: &$ /3 ’k Sample Type: /& sh -Cd/e I 

, 

‘4 

, 
I I 1 I 



VOTES: 
~- 

~f C F//@&le . ,- S/, C&/d 9 f e u y  

5 amounts are estimated by % volume instead of % weight. 
1 core, accurate footage measurements not possible. .. L--l.- 

urate footage measurements not oossible 



FORM GT.lA (REV. 2 )  U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 a=& 
r'd Borehole Number: //b9 I Surface Elevation: 

Location - North: East: Area: 5@-5=5? 
Date: 3-/4-9,7 3-/7-97 Total Depth: S4-e ' 3 O A F . r  I 
Geologist: r -  &I&./ Company: /-go Project No.: - 
Drilling Equip.: G P !  . d,-n k Sample Type: %&? r .? e- 
EG&G LOGGING SUPERVISOR ~ ~ L D ~ ~ ~ ; H ~ Q  1 F++o Lcs*s+* 

APPROVAL DATE 

II 

SAMPLE DESCRIPTION 

I .  

/ 9  
NOTES: General: USCS is modified for this log as follows: 

Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate footage measurements not possible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLAT5 --- : Pl 

r ROCKY FLATS PLANT’BOREHOI F 1 
I Borehole Number- 11,~ 97 

- . _. .. East: 
Date: 3-/7-97, ,g -/A 97 
Geologist: F- & -,’-+ b *, 
Driiling Equip.: 

. ” .- 
. .  

IEGBG 



i 

‘4 

I I I I 
General: U S C S  is modrfied for thls log a follows. 
Materials amounts are estmated by % volume Instead of % wefght. 
(1) Badly broken core. accurate footage measurementS not posslble 
(2) Core breaks ca~-~nOt be matched, accurate footage measuremen& not posslble. 

- w r O l W Q J a y F ~  tT UYOMlA 



EG&G LOGGING SUPERL 

U.S. DEPARTMENT OF ENERGY ROCKY r-13 r w r  FORM G” 

I Location - North: f= 

r*L4 (REV. 2)  

RnqEHOLE LOG PAGE/ O F 2  
Surface Elevation: 

,ast: Area: S W  -+T 
Date: +~%/97 - ,,. &7&7 Total Depth: 
Geologlst: / .  &-,czs&v Company: 17-c Project NO.: 
Drilling Equlp.: r?&A P Sample Type: -&we 

/ISOR 

I . I ‘  I 

LL J Z Z ’ I  SAMPLE DESCRIPTION 

I 





U.S. DEPAR- OF ENERGY ROCKY FLAT- - -. 
ROCKY FLATS PLANT BOREHOLE 
Borehole Number: A597 . -_, 

East: Location - North: 

Geologist: ,-T&7q-L , ,/ 1 ,,,, ,, , 
Driilinc 

Date: H / / / 9  7 
I - .  

>,;w, ;,,- 
A -  i - . , 

FORM GT.M (REV. 2) 's Pr ANT 
-I 

LOG PAGE A OF;L 
Surface Eievation: 
Area. -S 
Total Depth: /8-# 
Cnmoanw. - Project No.: 

P." I ,y= #2 4 - &,-e 





U.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM GTJA mv. 21 

i 
I 
I 

i 
I 

I 1 
I 
I 
I 
I 

i 

I 

--- .-. -3 G m e r a .  U'SZS IS rnodlfiea for '33s log as :allows 
Materials amounts are es:ima[ec Sy 
( :) Saaly crcxen cae ,  acarate .ooIqe measurementi not possible 
(2)  e r e  creaKs cannot be maimed accurate footage measuremen& not Dosslote 

c i w w  :ns:ead of O b  W P I ~ .  



FOR% GTJA tmv. 2) U.S. DEPARTMXNT OF ENERGY ROCKY FLITS P U N T  ' 

ROCKY FLATS PLANT BOREHOLE LOG PAGE CF 
Elorehole Number: 10 3 9 7 Surface c'!evation: 

1 LOcat lOr l  - Noah: Easr: Area: - 

P 

b 
3 - 

>( 
5 

N G 7 3 .  Geseral: LiSCS is modiiied !o: :his icg 101Iows: 
Xlarerials amounts are estlnared b y  Ob volurna insieaa 3 i  ob wpig~! .  
( 7 )  Badly oroken care. accurare footage measurements nct ?oss;Cie. 
(2) a r e  breaits cannoi be marched. accurate foorage measuremen's -c: sossicie 



b 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 C F ~  
3orehole Number: & 0 , 3 ' i 7  Surface Elevation: 

I 

I 

i 

I I 

i 
j 

I 
I 

! 
I 

! 
I 
i 
I 

, 

I I 
1 
I 
i 

j 

j 

I 
i 

i 
j 
! 

i 

I 

1 

! 

! 

! 
1 

i 
i 
i 
I 

1 
i 

I I 

i 

I 
I 

TES General USCS IS modified fcr :his loa ds :oilows 
Marerlais amounts are estimaixi 2y 'b m l u m e  fns:ead 0 1  "b NelGht 
(1) sadlv crsken care, accurate fsotage measuremsxs IC[ Doss,cie 
(2) Care creaks cannot b e  matched accurate fociage measuremens nc; 3oss4cie 

~-0ll~~)OJt51.*IOYFam I;, A A O ~ Q I ~ ? ~ )  

C 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PUNT FOFLM G T . U  (REV. 2) 
L 

ROCKY FLATS PLANT BOREHOLE LOG 
aorehole Number: 20 S? 7 Surface Elevation: 

Zate. T ~ I Y  1 Y j59-I Total Deoth. 

- 
I Location - North: =as: Area: 

Corrpany: 71 F x t l A  =reject No.: 3soioglst: w , I1 * c . m  ylq L!L;t,, 

2rilling EQUIP . G E o  I L S 3 6  Sample Type < 5 , , t l t .  J ;  b i ~  C0/26 

EG&G LOGGiNG SCiPEFiVlSOR L 

EUCTZS: General: LSCS is ,modified k r  x : s  !cg as :oilows: 
Mareria!s amounts are estimaier :y 96 voiume Ins!?ad of 96 'weight. 
( I )  Eadly srcken care. acc:ra:e tcctage measilremens nor possioie. 
(2) &re breaks cannor Se maic.necJ. accurate foolace measuremen& nst oosslble. 

1 
, 4 1  I . J I G O l N - ' J ~ F m n  Jf.~XOZDIIP2) 



US. DEPARTMENT OF ENERGY ROCKY FLATS PU,VT FORV GT.1A (REV. 2) 

I 
I 
I 

1 ! 

I I 

1 

I 

! 
I 
I 

I 

i 
I 
i 

i 
1 
! 

I 

I 

I 
I 
j 
I 
! 
I 

i 
; 

j 

i 

! 

! 
i 

i 
I . ,  

I 

I 
i j 

j 

i 

I 
i 
I 

i 
I 

I 1 
1 i 
i 1 
i 
i 

I 
i 

! 

4 



FOFUM GT.l-4 [REV. 7) US. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT 
4 

ROCKY FLATS P U N T  BOREHOLE LOG PAGE i OFJ 

3oreho1e Numcer: %a c497 Sunace Eevatron: 
Location - North: =ast: Area: W O m f d  CRCW 
3ate: Q'7-Qz-qT Total Deoth: 
; B o l O g l s t :  R I< OG?LLdK Cornoany. 71 E R q A  ?rolect No k/a@ -q'; 

c 

- 
3rilling Equto 6GaL3eGE Sample Tvoe c3~~-1bb36~:, 2 J * ~ L  D ; G .  

SAM PLE DESC R I P TI 0 N 

NCTES. Generat: USCS IS moaifiea for this log as follows: 
,Materiais amounts zre estimated by O 6  volume instead of 
( I )  b d l y  broken care. atcurate footage measurements no1 wssible. 
( 2 )  Core 3reaKS Cannot 2e matched. accurate footage measurements not possibre 

weight. 

ID 

ID 



L'S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.l.4 (REV. 2 )  

General: 

SAM PLE DESCRI PTi CN 

L ,  I 

USCS is modifiea lor t h s  log as follows: 
Materials amounts are estlmatea Sy Ob volume instead of ' b  wetgnt. 
(i) Badly Woken Core. aL-xale :Ootage measurements not 3cssible. 
(2) Core oreaks cannc t be malcned. accurale foolage measurements not scssicle. 



I ROCKY FLATS PLANT BOREHOLE LOG PAGE I nc -I I 

i 

I c. 

Ro n 
I 

0 .a 3.5' 
i 
I 

NCTES:  Generai: ljscs is modified !sf :his log .ss :oIIows: 
Materiais amounts are eshared by 96 volume :ns:ead of 96 weicnt. 
! :) Badly 3roken care. accurate footage measuremen& nct possible. 
(2) Core x a k s  cannot be matched. accurate footage measuremen's not gcsslbie. 

19l1.4)oOl ir-*JO)(Fom, 07.UXOWIRz: 



U.S. DEPARTMEN" OF ENERGY ROCKY FLATS P U N T  
FORXf GT.1A (REV. 21 

ROCKY FLATS PLANT BOREHOLE LOG PAGE '3 c F 1  I 

I 

i 

I 
I 
I i 
i 
I 
i 
1 
i 

i 
i 

I 
I 

I 

i 
i 

! 
i 

I 
i 

! 
i 

i 
j 
i I 
i 
! 
! 

I 
i 

1 
I 

I 
! 

I 

j 
i 

I 

I 
I 

I I 

I 
I 

I I ,  1 1  I I 

i I 

I 
I 

I 

i 
I 
I 
i 1 
i 
j 

i 

i 
i 
I 
I 
! 
! 

1 

I 

i 

I I  

I 
I 

1 
I 
I 
! 
- 

i NOTES. Seneral: JSCS is modified for :his loq as io!Icws' 

I 

j 
; 
I 

I 
! 

i 

! 

1 
I 
i 

'Ja:erials arrounfs are eSt i~Si& by 'b Jolume ,rs:cad of 'b welcnf 
, i) Saaly oroken care. accurate footage rneasurernenrs TO( posslole 
,2) C-re xeaks Cannot be malcnsd accurate focraae measurerr,ezts not posslble 



I 
I 

i 
i 
I 
i 
i 
! 
! 
I 

I 

i 
I 

I 
! 

! 
I 
I 
i 
i I 

I 

i 

NOTES. General: US= IS modlned !or this log as ro~lows 
Vaerlals amounts are es:lmated Sy 'C volume 1ns:ead of O C  wetgnt. 
( 7 )  Badly broken core. accurate foorage fleasuremen& not posstole. 

Care breaks cannot be matched, acwrate footage measuremen& not poss~bie. 
1 

r ,  I .-.,1 u "LW% -- . vn\n4 .m. 



,?AGE OF_L ROCKY FLATS PLANT BOREHOLE LOG 
Sorehole Number: 311 99 

EG&G LOGGiNG SUPERVISOR 
APPROVAL DATE - 

I d  lh,a ! 

SAMPLE CIESCAIF-iCN 

Mater;ais amounts are es;imatea Sy Ob vclume tns:ead 31 O 6  weight. 
( I )  &aly woken a r e .  accurate :ootage measurements nor acssioie 
(2) Care :reas cannot be matched. accurate footage measurements nct XSSiOle 



EG&G LCGGING SUPE3VISGR 
A? PR OVAL C A E  

I .  
0.0 I 3.c 

I 

/ 

I 

I d  T>74\ bat h = I.) .,:. 
N C i f S  General USCS IS moaifiea for this log as follows qC4$*I/JLiti c;t-dI t y  4 \",;(T. 

'4aier:ais amoun:s are estlmated by O b  vclume insleaa cf O/O weqnt. 
' - 1  &clV mKen t3re. accurale 'ooGge measurementS nct scssiole 
(2) a r e  ZredKs =no: 38 malcned accurate footage measurements not ocssibie 

. 



CATE I APCQCVAL 



FORM GT.1.4 (REV.  2 )  US. DEPARTMENT OF ENERGY ROCKY FLITS P U N T  

EE&G LOGGING SUPE.?VISOR 
APPSOVAL DATE - 

-- I I - -  

I I-, r -I=-- 

I DtO I 

SAMPLE DESCElPTiCN 

I 

NCTES: General: USCS IS modified for this log as follows: 
Mareriais amounts are estimated Sy 96 volume insread of O 6  weqnt. 
: ' )  Saly  3roken care, acturate :ootage measurements nct iossiole 
(2) Care ireaks cannot De rnarcned. accurate footage rneasuremenls not oossiole. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM G T . ~ A  (REV. 7)  

ROCKY FLATS PLANT BOREHOLE LOG P A G E L O F /  1 

Q 
3orehole Number: ais?? 
-scation - North: East: 
3ate: 0 S/O ' I  /O 7 
,:eoioglst: F?. K 6E h!lEJ? 
Orilling Equip.. M f l  E 

Surface Elevation: 
Area: &l.Jr/ZFEt 
Total Deoth: 5.3 9.- 
Cornoany: ~ ~ O C W  Project NO.. krsRP 
Sample Type: C c t T U u  1/ o d r  

EG&G LOGGING SUPERVISOR 
.APP@OVAL DATE 

SAMPLE DESCRIPTION 

\rS-ES General USCS IS modified for this iog as follows 
Mareriais amounts are es:irnared by O 6  volume rns;ead of O/O weignt 
(1) b d l y  broken care. accurate :oorage measurements nor 3cssiole 
(2) Care nreaks cannot 3e marcnea accurate footage measdements nor 3ossiOIe 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORTM G T . ~ A  ( R E V .  2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE CFL 
Surface E!evation: c e EEK' 

3orehoie NurnDer: ILCi? 
b3cation - No h: Last: Area: k A L W  

Geologist: kbe&-g 
3riiIing EquiD.. C E a  pp-Vfi3 Sample Type TfikT) d ',iCVL 

- 
Total Depth. 3, 5 9  
Company: T!E,o*a Projec: NO UAM 

Date: 0 2  P a,''Q? 

EG8G LOGGING SUPE9VISC)R 
APFqOVAL 4 3ATE 

SAMPLE DESCFiIPTION 

NOTES General. USCS IS moaifiea for this log as follows. 
,Maternis amounts are estimated by ?!, volume instead of '% weight. 
(i) aadly broken ccre. acturare lootage measuremens not xssiole. 
(2) Care Dreaxs cannot 3e matcned. accurate footage meastiremenrs not ocssible 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.l.4 (REV. 2) 

ROCKY LOG PAGEISFA 
Surface Elevation, 

Total Deoth. Wt  
Company e* irojecr N O .  WflRf' 
Sample -ype C O P T I M J ~ I A  

East: Area: . W A b M J ,  cREl% 
Borehole Number: 
ocation - No 
ate: 0~%!i4' 

Geoiogist: 9 i<&g GX - t 2rtiling Equio . ha PROD t 

I EG&G LOGGING SUPERVISOR 

SAMPLE DESCRIPT!ON 

t- 

(1) Badly broken core. accurate footage measurements not Dcssiole. 
(2) Core oreaks cannot be matcnea. accurate footage measuremenn not mssible. 



FORM GTJA (REV. 2 )  [J.S. DEPARTMENT OF ENERGY ROCKY FWTS P U N T  

PAGE OF/ ROCKY FLATS PLANT BOREHOLE LOG 

Date: 07-3-m Total Depth: 8, 8’ 

Bo re h ole N urn be r’ 
Location - North: East: Area: 

Geologist: p- c & &4S& Company’ FcY~Z’ Qrolect No.. 
Drilling EqUlD.. 6 I r  Samole Type: C b + ~ d i  CD.CC* 

EG&G LOGGING SUPEFiVlSOR 
APPROVAL DATE 

2/89 7 Surface Elevation: 

I 

I I -  I 

NOTES General USCS is moaifiea for this log as follows: 
Vatenais amounts are estimated by % volume instead of % weight. 
( 7 )  b d l y  Droken care. accurate !ootage measurements not 3ossiole 
(3) Core breaks cannot be matched accurate footage measurements not pcssible 



~J .s .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.l.4 (REV.  2) 

PAGE/ OF& ROCKY FLATS PLANT BOREHOLE LOG 
Surface Elevation: 7 aorehole Number- 2/97, 

Location - North: East: Area: /I&V&&-C~-= /’ 

Geologist: &-w-. Comoany: GHPJ 
h a t e .  07- -57 Total Depth: 2 0’ 

Projecr No.  
Driiiing Equio /2.+,,-zT 7 h a  Sample Type. & Y H ~ ~ ~ Z L J ~  <:?..a 

EG&G LOGGING SUPEFiVlSOR 
APPWVAL DATE 

k OTES: General: USCS IS modifiea for this ioc as tollows: 

SAMPLE DESCRIPTION 

Materials amounts are esiimated by 96 voiume instead of ?/. weqnt. 
( 1 )  Sadly broken tare. accurate footage measurements not Dossiole. 
(2) a r e  oreats  cannot be marcned. accurate footage measurements not Dcssible 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.l.4 (REV. 1) 

DAGE E OF* ROCw- FLATS PLANT BOREHOLE LOG 
Borehole Number: z A  9q7 Surface Elevation: 
Location - North: 
Date: 07 - Z V  - Total Depth: 
seologlst: F- &- /e &A Company: p- Project N o .  

Orrlling EQUIP.: fi49-p 

East: Area: NW..J 3 A 

Sample  Type: 0- *+39W$ la Y C  

EG&G LaGGING SUPEWISOR 
APPROVAL DATE 

NOTES. General. USCS IS modified for this log as follows: 
Materiais amounts are estimated by 16 volume Instead of ?/. wetgnt. 
( 7 )  gaaiy Droken care. accura:e footage meaSurementS not possible. 
(2) -re breaks Cdnnot be matcned. accurate footage meaSurementS not posslole 

* JOI I ~ W I  . L o W y F n m  uT.AAyOMl,w: 



U.S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGELOFA 
3orehole NumDer: f7 0 9 7  Surface Eievation 
1 ocation - North: East: Area: 13 
Geologist: F. r?r r6& 
Drilling Equip @ee+Lk Samole Type. UUL co7c 

c37-29- 97 Total Depth. % P C '  

Company 1ZG-a Project No 
) E a l e  

EG&G LOGGING SUPERVISOR 
APPROVAL 

b-=- C I -3. Seneral: USCS is modified for this log as follows: 

SAM PLE DESCRIPTION 

Materlals amounts are estimated by % volume instead of o/o weight. 
(1) Badly Broken cse.  accurate rootage measurements not gossible. 
(2) Care breaks cannot be rnatcned. accurate footage measurements not Dossible 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FOR\I GT.1A (REV. 1) 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 2269'7 Surface Elexation 
Location - North: 
Date: 

=AGE 2 OF% 

East: Area. ~ ~ 4 x 7  P. ,- &U A 
S-0' 

Comoany / / c  ,--HL? 

-7 7-29-37 Total Depth 
groject N o .  / . r  Geologist: C . /-7AC?+&%l 

ariiling Equip ~4-5 7 A Sampie Tvpe ~'L-~7+>~'2+-' WL (-c Y e  

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

I 

, I l 

NOTES: Generai: USCS is modified for this log as follows: 
Materials amounts are pstimated by Yo volume instead of YO weight. 
(1) 3adly broken care, accurate rootage measurements not possible. 
(2) Care Dreaks cannot be marcned. accurate footace measurements not possible. 

i.roi :.iS512&4xIwForm G;.:AUO.LO~;PZ! 



. -  

io&. y- 

i 
I 

I 

I 1 
I 
I 

I 

;\0T5: General: 2SCS is mochfied !cr :his log as :oilows. 
Maleriais amounls u e  oslimalec Sy :b 'mlume :ns;ead of ' 5   we^$.(. 
( 1 )  aadly m k e n  c x e .  accurare foolage measurements nc( gossicie. 
(2) a r e  breaks CannGl be matched. accurale foocage *Teasuremen% nct Dcssiore. 



P 
3 1  
c ,  3 ;  .. 

NOTES. General: iSCS is $nmties :cf :fils !cc ;s !o~lows 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PWVT FOrtM GT.1A (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG ?AGE C F ~  
orehole Number: 313- 3 q 7  Surface Elevatron: 

re, I< East: Area: L3,1-+ 
2 3  7 Oeoth. 1 0 G ' 194 Total 

FTojec: No 
! - r M l J : & C b  E T  - 

3 l a 4  i I 

NCTES General. &ZS is modlfied 'or !his log as fotiows 
,Materiais amounls are estimate@ sy Ob d u n e  tnsiead cf '2 z/pIcp[ 

( I )  Zadlv xoken cars. accuraie 'cctacje measurements nct poss,cle 
(2) 3 r e  Dreaks cannot be marched accurate footage measuremers not oossible 



~~ 

Surface Elevatlon: 

I99 7 

ROCKY FLATS PLANT BOREHOLE LOG 
jorenoie Number: a 2 3 4 7 
Location - Nonh: East: Area: 

- 2 3  
r3 / ! la* ' ; h  w k #ti h r p a n y -  1 G C ,  S-qec: ? l o .  

I 
Orrlllng -,UIO. =n ( ; E o  P e o 5 ;  Sarnore Type 

EG3G LOGGING SUPEFiVlSGR 

I 

I 
I 
I 

! 

1 
i 

J 

i i - 1 i - 1 S i 2 1  

1 
I i 
i 
I- -i 

ri 
I I 
! ! 

- 
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! I ! 

i 

L 

- - 
I 

aD 

ab 



U.S. DEPARTS€ENT OF EZ(ERGY ROCKY F U T S  PU,YT 
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G.S. DEPARTMENT OF ENERGY ROCKY FLATS PUNT FORXI GT.l.4 ( R E V .  3 

? A G E ) O F ~  ROCKY FLATS PLANT BOREHOLE LOG 
3orehole Number: aa5q3 Surface Elevation. 
LOCatiOf'I - NOnh: East: Area: 3- 3O/l;DJ - -  Total Deoth. 2Ln H. sate: 09 1 %  97 
;eologist: rZ IOEWP Campany' rt@ @A 
3rilling EquiD Samcie Type c . 5 m  NO 

Ei3&G LdGGiNG SUPERV 
APPROVAL .- 

SAMPLE DESC8lPTiON 

NOTES General USCS 0 rnodifiea for thlS log 2.S fO l lOwS '  

Materials amounrs are es:imated by 4h volume tnsfead of O.6 weight. 
(1) sadly Zroken care. accurate loorage veasuremenll no1 xssible 
(2) %re oreass cannol De matched. accurate foolage measuremenfs no1 3osSiOl@ 



SAMPLE 3ESCFilFTiCN 

NOTES General: USCS IS moaifiea for this log as follows: 
Materiais amounfs are Pstlmated 3y O b  volume insread of "/. weight. 
/:) S d l y  xoken care. acc.Jrale footase measurements ncl 3cssiole 
;2) -re >reaKs m n o t  Se matched. accura~e footage *mneaSurements not ooss!ble 

i J 

I 



I 

I 24,G I ! 

1 30,P' ! 



I 

I 
I 
I 

i 
i 

I 
I 

~ 

i 

i 

i 

* I 
I 

NOTES General GXS is modified for :his log as follows 
Materials amun is  are esilmated ?y O b  volume Instead sf 'b  weight 
{i) B d l y  3fckefl a r e .  aCCUrale 'ooiage measuremen& IC1 3CSSiDle 

(2) a r e  orearcs m n o i  be matcnec acccrale lootage measurements not 3osSiOle 

-01 . .ax131  M-*Y)uF-  CT .AIOMI.qs 



L:.S. DEPARTMENT OF ENERGY ROCKY FLATS PLAST FOFLti G T . U  ( R E V .  2 )  

1 ROCKY FLATS PLANT BOREHOLE LOG  AGE^ :FA 



US, DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.M (REV. 2 )  

SAMPLE DESCRIPTION 

t 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 1 C F ~  

Borehole Number: $ s? or? Surface Elevation: 
East: Area: fl PO"2.J 

Total Depth: 14 .o 
Company: T/E.RP4 Project NO.: L J M ~  -75 

Drilling Equio.. GkOi%?oflZ - IMAc&-bf?E Sample Type. Cohilrw&4 - 2 // 
EG&G LOGGING SUPERVISOR 
APPROVAL * ? k p  DATE /z A -</$= -7 - 

I ,/ I 
I 

I 

g $ J >  
0 3 ;  
$ 3 ;  
I- - 
0 3  

r - h  - 
\ 

3 
9 

I 

TES: Generai: USCS is modified for this log as follows: t Materiais amounts are estimated by YO volume instead of '% welght. 
(1) Badly broKen cor% aCCilrate footage measurements not possible. 
(2) Core breaKs cannot be matched, accurate footage measuremen6 not possible. 

;.IO1 I - 0 3 0 0 1 Y U Y 1 v F m  G.;A;(O3UIR2) 

. .  



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.W (REV. 2)  

ROCKY FLATS PLANT BOREHOLE LOG 
aorehole Number: $ 2 a7sr 
Location - North; 
Date: 10- 24- 13 
Geologist: 19. l < d E + k i x ?  Company: TI E CZZA Project NO.: NARP--':'? 
Drilling Equip.. 6Eam ocF --pp,hc& CGRZ Sample Tvpe: c O N 7  A,';;%S 3 " 

EG&G LOGGING SUPERVISOF 

PAGE 3.  OF;^ 
Surface Eievatron: 

Total Depth: / 
(3 -PoN&i East: Area: 

n DATE 2-G # 47 
APPROVALIV-J E. m- d- 

I 

NOTES. General: USCS IS modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) s a d l y  broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matcned. accurate footage measurement3 not possible. 

1401 .-+XMIJJ-+MUFnmG IAnOYOlI9?1 



U.S. DEPARTIMENT OF ENERGY ROCKY FLATS PLANT FORM GT.l.4 [ R E V .  1) 

PAGE I C F ~  
J 

ROCKY FLATS PLANT BOREHOLE LOG 
LOCatIOn - North' East: Area: 0 - P a d 5  
aorehole Number: 22 ? 7 Surface Elevation: 

%,is j 3 . 3  
S General. USCS IS modifiea for ;his jog as follows. 

Materia& amounts are estimated by 96 volume instead 31 weight. 





I1.S. DEPARTMEXT OF ENERGY ROCKY FLATS PLANT FOELM GT.1A ( R E V .  1) 

ROCKY FLATS PLANT BOREHOLE LOG  AGE -5, G F ~  

SAM FLE DESC 3lFTIGN 

, ES General USCS IS modified for this log as follows 
Materials amounts are estimated by 76 volume instead of O/O weight 
( I )  G d l y  Srolten core, accurate foorage measurements not xxsible 
(2) =re breaks cannot De matcned. accurate footage measurements not pcsslble 

6 

iJO1 ~.+YWlbS.rMrFnm GT . . A I U M ) l . ~ :  



1J.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
Location - North; East: Area: - P&l 
Borehole Number: 2as 9 7 
Date: Io- d3 -q '7 Total Depth: I b s' 
Geologist: R K &&hIC2 Company: I' I c v v 4  Project NO.. h g y  3'7 
Drilling Equio.: Gcant6L - t'?lfn c vaW& 

EG&G LOGGING SUPEFIVISOR 

PAGE I  OF^ 
Surface Elevation: 

' ads Sample Type: cd.nt\ n," 1 .  

DATE /z ---97 
APPROVAL ,- r&* / I  I I 

C O O  / a ( ?  6 3 ,  

NOTES. General: USCS IS moaifiea for this log as follows: 
Materials amounts are estimated by Yo volume instead of Yo weight. 
(1) Baaly Droken core. accurate footage measuremenrs not iosstble. 
(2) Core breaks cannol be matched. accurate footage measurements not possible 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.W (REV. 2 )  

Borehole Number: 33997 Surface Elevation: 
L O d I O n  - NO h* East: Area. 1?- P a n d s  

SAMPLE DESCi7IPTlON 

ES. General: USCS is modified for this log as follows: 
Matenals amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Care breaks cannot be matched. accurate footage measurements not possible I 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.lA (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG PAGE CF& 

Borehole Number: 330 93 Surface Elevation: 
Location - North: East: Area: i3- P O  fl& 

Totai Depth: ( 5 . d  Date: ID -.33-"i7 
Geologist: f?. /WEg:L/--E? Company: 7 1  ERRP Project NO.. QA@P-'/'~ 
Driiling Equip.. C E:uPR06& - /1/14Cr4 ccoe E 

3 

Sample Type: "7 " - T,.J/v'T))Vi/LsVS 

EG&G LOGGING SUPERVISOR 
APPROVAL- Ha 

SAMPLE DESCRIPTION 

NOTES. General: USCS IS modified tor this log as follows: 
Materials amounts are estimated by 16 volume instead of % weignt. 
( I )  Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not oossible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.W (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG PAGE OFA 
Borehole Number: ;3.30̂ 3 
OcatiOn - North: East: 
ate: - 0 Total Depth: 1'5 

Project NO.. !V,R?-&?/; - -  Geologist: I?. kaE A (-52 Company: / ItiQRi? 

EG&G LOGGING SljPERVlSOa 

Driiling Equio.. Flip F6f3F -fl?htC@ <&E Sample Type: 2'f - TAn --J~V>CUi 

P 
APPROVAlf 
I 

SAMPLz' DESCRl PTl ON 

I 

I iW.0 I 
TES: General: USCS IS modified for this log as follows: 

Materlals amounts are estimated by YO volume instead of 0'0 weight. 
(1) Sadly SrcKen core, accurate footage rneasuremens not possible. 
(2) Core breaks Cannot be matcaed. acturate footage measurements not possible. 

t 



LJ.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1.A (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
aorehole Number: a3 19 7 Surface Elevation. 
Location - North: East: Area: 8 - P O N U  
Date: 0 9 - -  14 43 Total Depth: 1784.6(-. 

Geologist: R. I <  6 E H u R  Company: f 1 ERR4 Prolect NO.. bd14P-'?3 

PAGE 1 OF-& 

DriiIing E~UIP. .  GEdF?WdE Sample Type. 0 N r] OJJ' -- 1% A c @+-'RL 

EG8G LOGGING SUPERVISOR 
A P P R O V A L ~ A  s22- - 

SAMPLE OESCRl PTl ON 

>OTES. General: IJSCS is modified for thls log as follows: 
Materials amounts are esrirnated by % volume instead of ?& weight. 
( I )  Badly broken core, accurate footage measurements not possible. 
(2) Care oreaks cannot be matcned. accurate footage measurements not possible 



U.S. DEPARTMENT OF ENERGY ROCKY FWTS PLANT FORM GT.W (REV. 2) 
~~ ~ 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 33193 Surface Elevation: 

PAGE fl OF& 
Location - North: East: Area: 0- P 3 N U  

Geologist: R, K *&-4? Company: f ) E  @@A project NO.: jn/r)lCP-~'17 
Drilling Equip.. GEoPF?dGE Sarnole Type: C W  QILIv~ >i ~V.,+C&CV#J! 

EG&G LOGGING SUPERVlSOfl 

ate: 09 - 1 1 - 7  Total Depth. I?,&, )" 

APPROVAL g d u  DATE / -5--9 7 

'7.U - 
7.3 

SAMPLE DESCRIPTION 

TES. General. USCS IS modified for this log as follows. 
Materials amounts are estimated by % volume instead of "6 weight. 
(1) Badly broken core, accurate tootage measurements not possible. 
(2) Core oreaks cannot be matched, accurate footage measurements not possible 

P 



SAM FLE X S C  7 I PTI 0 N 

NOTES; General; USCS is modifiea for Inis log as follows: 
Materials amounts are estimated by 4; volume instead of $6 weight. 
( I )  b d l y  broken care. accurate footage measurements not ocssible. 
(2) %re breaks Cannot be matched. accurate footage measurements not oossibie. 

.JOli.3UO!)r..u)uFmn l iT . iAYO4Qle~:  



rUK.bl L T ~ . A . +  ( u v .  -, V.S. DEPARTMENT OF ENERGY ROCKY FLATS PlAV'r 

?AGE & O f  3 ROCKY FLATS PLANT BOREHOLE LOG 
3orehole Number: a3 a 9 3 Surface Elevation: 
Locatiofl- North: East: Area: 8- ?m~ o( 

Total Deoth: 4s.o-G- 
Company: TIEWM , Project NO.: ~ ~ 9 7  
Sample Type. ~ ) ~ u I & J  i%qc/ac& 

5s. Senerat: USCS IS moaitied for :his log as follows: 
Materiais arncunfs are estimated by 26 volume instead of O/o weight. 
(1) &ally broken core. accuraIe foolage measurements 301 ?cssible. 
(2) Care breaKs cannot be ma;cned. accurate foolage measurements not pcssible. 



_. 

NOTES Senerat. LsCS IS rnodtfled for this log as follOwS 
Materials amounts are estimated by ?b volume instead of O 6  weight 
( 7 )  3 d l y  3roKen cafe. accurate foolace measuremenIS no( 3cssioie 
(2) a r e  >leaks Cannot be marcnea accurate f0o:age rneasurernenls not ?csslole 
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FORM GT.M (REV.  1) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 C F ~  

Borehole Number: $k 2334'7 Surface Elevation: 

Date: I - Location ;Joq East: Area: A- PorrAs 
Total Depth: /41&+ 

Geologist: b? . KO& &!-Ex Company: TI e g m  Project NO.: MVf-(?? 
Drilling Equip.: G EoPu708F e !?'?!Cf? dC0Rlr' Samole Type: 5! '' - raA~7AldC ~4 J 

SAMPLE DESC;?IPTION 

I L.. . . I  

t i  

. 

NOTES General: L'SCS IS modified for ais  log as follows: 
Matenals amounts are esnmated by a6 volume instead of 96 wetght. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Care breaks cannot be matched. accurate footage measurements not possible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS P W N T  FORii  GT.W (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: kk3 3Y97 Surface Elevation: 
Location - North: East: Area: n- POlUD,( 

Total Deoth: I 4 , O  

PAGE I OF& 

ate: 
eologist: f ? d f ? ~ R  r K~E~LE!? Company: T i E R R d  Project NO.. I r / A A P - V  
riiling Equip.: GEWY?v3a Mmm C3,QS Sample Type: " f&,u7,4JLkW5 

!O - 3.8' - '  CI '1 

EG&G LOGGING SUPERVISOR 

- 
0.0 

u 
D - 
/% 

fs 

a4 
a,s . 
6 6  
/3 % 
%6 

-- - 
i c3: General: bSCS is modified for this log as foilows: 

Materials amounts are sstimated by % volume instead of % 
(1) Badly broken core, accurate footage measurements not 
(2) Core breaKs cannot be matched. accurate footage 

l40011~'J)(W13e*)ONFarm GT.IANOYOLN2) 



~ 

1J.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT b C K M  t i . l A  ( U V .  21 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: bk a3@? Surface Elevation: 
Location - North: East: Area: 8-f%UGT 
Date: I O  418-9 7 Total Depth: IY1° 

Geoiogist: RsE?tW- 1< oEN& Company: 7 W?LJ Project NO.. ' ~ A 9 - 9  ' 
Drilling Equip.: C , W ~ P ~  FL- /h&R GcHUs Sample Type: 3 " - i JA/Tn A,) ',!CLL( 

EG&G LOGGING SUPERVISOR 
APPROVAL* - A C  ~?5?-=zgw DATE / z-7-77 

SAM PLE DE SC 8 i PTI 0 N 

NOTES. General: USCS is modified for this log as follows: 
Materiais amounts are esumated by % volume instead of % weight. 
(1) Badly broken core. accurate footage rneasuremenrs not possible. 
(2) Care oreaks cannot be matched. accurate footage measurements not possible. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  FOELCl GT.1A (REV.  2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
Location - North: East: Area: i3 - Pmuf 

PAGE J- GF& 
Borehole Number: 3359 3 Surface Elevation: 

ate: t,ct - c  1 6  93 Total Depth: Iv.aG 
eologist: R. K o E k  El? Company: ,=@, - A  Project NO.: LJARP-N 

Samoie Type. lpn#- j \ P j d = d :  PkdC30cnRE D 
Drilling Equip.. G ?@% 

EG&G LOGGING SUPERVISQR 
APPROVAL d -- t < * d  1 , DATE / I -  z>-/ 3 7 - / 

.Y 
3 a 

'0; 5 - 

SAMPLE DESCRIPTION 

- 
TES. General USCS IS modifiea ior this log as iollows. 

Materials amounts are estimated by % volume instead of "6 weignt. 
( I )  Badly broken core, accurate footage measurements not possible 
(2) Csre oreaKs cannot be matched. accurate footage measurements not pcssible 

F 



U.S. DEPARTMENT OF ENERGY ROCKY FWTS PLANT FORM GT.1A (REV. 3 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 3 . 5  97 
Location - North: East: Area: D - P o d D  
Date: 6?-,7-9? Total Depth. F7.a 
Gsologtst: #?. K bEtJLlL'R Company: T I E  rfR4 Project NO.. WHP-? I 
Drilling Equip.. 6 &O+"Oi?Z SarnDle Type: C ~ K ) A / ! J c &  - I , ~  U-F 

PAGE 2  OF^ 
Surface Elevation: 

AP 
~~ 

SAMPLE DESCRIPTION 

NOTES General USCS IS modified for tnis log as follows: 
Materials amounts are estimated by 76 volume instead of 0'0 weight. 
(1) Badly broken core, accurate footage measurements not possible 
(2) Cor. oreaks cannot be matched, accurate footage measurements not 3ossiole 



NOlldltUS30 37dWVS 

i 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1.4 (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 7$23 c 97 Surface Elevation: 
Location - North: East: Area: 2- Pd ,iJc/'y) r 
Date: i B - 2 8 - 9 3  Total Depth: I l .0 ++ 
Geologist: ROO e n  KOh4FR Company: 7 ER f4 Project NO.. k/d$'-q$ 
Drilling Eauip.. G C G  &66/ /@a CIOvlS Sample Type: < CrO/4/7-!/( kk'z q '/- 

PAGE ;h C F ~  

EG&G LOGGiNG SUPERVISOR 
APPROVAL r- DATE / z  ---&--FT 

SAMPLE DESCRIPTION 

I 

r 1  

'I 

NOTES. General: U S C S  is modified for this log as follows: 
Matenals amounts are estimated by % volume instead of % weight. 
( I )  Badly broken core, accurate footage measurements not possible. 
(2) e r e  breaks cannot be matched. accurate footage measurements not possible. 



U.S. D F 2 A R T M E N T  OF ENERGY ROCKY FWTS PWNT FORM GT.W (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 233 97 Surface Elevation: 
Location - North: East: Area: n PJNO5 

PAGE I  OF^ 

ate: - 3 7 - 3  7 Total Depth: 
eologist: I+ .. I<clE&LCR Company: 7 )  %RA Project NO.. LvAW-~Q 

Equip.: 6 E'oPQst7E - h A C R G C  O r ? L  Sample Type: 2 r &, .vJTA/ { / c"U-<  

EG&G LOGGING SUPEFIVISOR 
APPROVAL &&d@d 

TES. General: USCS IS modified for this log as follows: 
Materials amounts are estimated by X volume instead of 06 wetght. 
(1) Badly broken core. accurate footage measurements not possible. 
(2) Core breaks cannOt be matched, accurate footage measurements not oossible 

D 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.lA (REV. 2 )  

PAGE A OF% ROCKY FLATS PLANT BOREHOLE LOG 
Locatton - North: East: Area: f l - P O N / S f  
Date: lo -34 -7 ' )  Totai Depth: 0.0 

/ 
Borehole Number: 3 3 9 w  Surface Elevation: 

Geologist: k! K 6 E I k E R  Company: Tj%R4 Project No.. bAR+q) 
Orillinq Equip.. 6 k'JQ\So EE - ~ ' A c f ? c @ ~ F  Sample Type: T . ? A , ~  V!,'pJ5 

EG&G LOGGING SUFERVISOR 
APFROVAL .=!& &-. DATE/' - -97 

$z dT 
General: LSCS IS modified for !his log as follows: 2 0 . 0  fT+ = f J  
Materials amounts are esnrnated by X volume instead of 06 weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched. accurate footage measurements not possiole. 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORV GT.1.4 (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG PAGE I  OF^] 
Sorehoie Number: +$ *a3 8 4 3  Surface Elevation: 
Location - North: East: Area- B-POJJC: 
Date: I 0 - 30 - i;': Total Depth: I 9 &- 
aeologist: R .  K o E $ k f ?  Company: 'i ERR4 Project NO.. w h ~ - 9 7  
Oritling Esuip.. 5 E A p l ? 4 i  - v. 1 c e s - 2 ~  Samole Type: c? " CQM- h /L'LY./S 

. n 

NOTES: General: USCS is modified for :his log as follows: 
Materds amountS are estimated by a6 volume instead of % weight. 
(1) 8aaly broken care. acurate footage measurements not possible. 
(21 Ccre oreas cannot ae matched. accurate foatage measurements 

. . .  -s,. _.. . _. . . .  



LJS. DEPARTMENT OF ENERGY ROCKY FLATS PWlYT FORM GT.W (REV. 1) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE A  OF^ 
Surface Elevation: 

,< 
Borehde Number: 
LOCatm - North: East: Area: B-&N,c 
Date: 10-36-43 Total Depth: I 8,O @ 
Geologist: R . I<o  E )-iL 6K Carnoany: T ' t ' 4 R A  Project No.: >Y4ffJ-9', 
Drilling Equip.: c7 EafRo6c - /r !V$?dCw?L Sample Type: 3. ' ( , a ~ ~ ~ , w ? / o d ' i  

# 3 3  8 ct? 

EG&G LOGGING SUPERVISOR 
APPROVAL m*&/ 

SAMPLE DESC?JPTION 

NOTES. Genera. USCS s modifiea for this log as follows: 
Matenals amounts are estimated by 96 volume instead of X wetgnt. 
(1) Badly broken care. accurate 'ootage measurements not possible. 
(2) Core Dreaks cannot be matcned. accurate footage measurements not possiole. 

i.. .. .. 1 .  



C 3. DEP.%RTMENT OF ENERGY ROCKY F d T S  PLANT FOhM GT.W (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 33997 

PAGE I OF& 

Surface Elevation: - rnIVD-, East: Area: 0 
Total Deoth 24 o*. 
Cornoany: T I  €RU Project N O .  bd*-V Georogist: 2 .  [<a E 4 LE R 

EG&G LOGGING SUPEWISOF 

Grilling Equto . & GG Sample Tvpe. & , U v f , ) v U d . f  &&ob 

 APPROVAL^- DC?? 

SAMPLE DESCFiIPTION 

NOTES. General. USCS IS modified tor this log as foilows: 
Matenals amounts are estimaied by a& volume Instead of X weight. 
(1) Badly broken core. ac.-urate footage measurements not possible. 
(2) Core breaks cannot be rnatcned. accurate footage measurements not pcssiole. 



I 9' I I 
L .  4.0 01 I 

IS rnociiiiea Icr  IS log as follows: 
Uaenals amounts are eslirnalea 3y 'h Jocurne instead of 
( I )  h o l y  orcken core. accurale 'ootaqe veasuremena nof 3cssiole 
(2) 3 r e  breaxs m n o f  be malcned accuate loolage measuremenrs not 3ossiOle 

weight 

I 
~ I . - , X i J l Y - Y ) r F - i ' . A Y O M I . ~  

L 

aD 
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j 
i 
i 

j 
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1 
I 
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1 
I 
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i 

I 
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i 
i 
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! 
I 

i 
I 

I 
I 

I 

I 
I 
I 
i 

NCTES: General. ;JsCS is , ~ c C t f i e C  fcr lnis io4 as follows: 
Ma;erials amounts a e  estimated 3y 96 ,volume instead of 96 weight. 
: i) &cly x m e n  zzre. accurare !colage measuremen& ncf ~cssioie. 
(2) Care oreaks -anal be malcned. accurale footage measurements no1 ;ossible. 



i ROCKY FLATS PLANT BOREHOLE LOG 

I 

1 I i  
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U.S. DEPARTMENT OF ENERGY ROCKY FWTS PLANT FORM G T . U  (REV. 2 )  . 
ROCKY FLATS PLANT BOREHOLE LOG 
3orehole Number: &24lY3 Surtace E!evation 
Location - North: East: Area: 13- 0 0 , G I U  
Date: ! f  -3-97 Total Cepth: 1 ,O 
Geologist: R KoEc)W2 
Drilling Equio.. sE&?~I Ac 

EG&G LOGGING SUPERVISOR 

PAGE 1 CFA 

Csmpany. 'lE.SRd F-ojec: N O .  ~4rC)io-?$ 
- in I t  $3 sQ??€ Sampte Tvpe ?, "- c 0 Al-1 ,t' s, 3u; - 

APPfiOVAL c' e ?  
1 

1 

DATE & 

SAMPLE OESC R I PTlO N 

NOTES: Genera: USCS is modified for this log as foilom: ' 

Matenas amounts are estimated t y  ": volume ins;ead af ?/o weiant. 
( 7 )  Saalv Broken core. accurate footage measuremenrs not possible. 
(2) Care xeaKs cannot be rnatcnec:. accurate footage ,rneasuemem not possiole 

7 i 



U.S. DEPARTMENT OF ENERGY ROCKY F U T S  PLANT FORM GT.W (REV. 2 )  

1, . t? 

- 

SAMPLE CESCaIPTlON 

r 

NCTES. General: USCS is moaifieo tor !his iog as :oilows: 
(Materials amounts are estimatea Sy ?6 voiume Insre-c sf 06 weiont. 
(1) Saclv grown cme. accurate footage measurements not pcssble. 
(2: Core xeaks :annot be matcned. actirate foctage measuremeno not cossible 



U.S. DEPARTMENT O F  ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

3orenoie Numoer: 39 39 rl Surface Elevation: 
Location - No h: East: Area: l3- POkQ C 

Geoloyst: ' !?, KO I= A /XI? 
Total Depth: a3.off: 
Company: T I E R R 4  Project NO.. WARP -97 

3ate: 001 A 2 m  

Drilling Equto.. 6 Pa PQ% Sample Type: CON%JI/Q.& - /"tl AcA 3 CART- 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 1  OF^ 

SAMPLE DESCRIPTION 

'NOTCS: Generai: ILSCS is modified for this log as foilows: 
Mareriais amounts are sstimated by "6 volume instead of 06 weight. 
( 7 )  Badly broken core. accurate footage measurements not possible. 
(21 Care oreaks cannot Se rnatchea. accurate icctage measurements not Dcssicle. 



1J.S. DEPARTMENT OF ENERGY ROCKY FLATS P h Y T  FORM GT.1A (REV. 2 )  
- 

ROCKY FLATS PLANT BOREHOLE LOG 
Borehole Number: 3 4 3q 7 Surface Elevation: 
Location - North: East: Area: D- +NOS 
Date: o W a a / w  / 09/kGE7 Total Depth: a. 
Geologist: K.&H LEQ Carnoany. T\  ERRA Project NO.. WRF-C;~  
Drilling Equip.. G w4R ax% Sample Type. c.aplcj?hlaCk.'j ?nh@&CO@E 

PAGE A  OF^ 

I i 

s AM PLE DES c R I PTI'O N 

~~~~ ~ 

NOTES: General: USCS is modified for this log as follows: 5 i 3 ~ + i ~ = - - ? ~ d  t ' n - i - ' ~ ~ l w I ~  h.wi+ 
Materials amounts are es'jnated by 76 volume instead cf 06 weight. 
(1) Badly Sroken care. amrate  footage measurements not possible. 
(2) Core breaks cannot 5e matched. accurate footage measurements not pcssible. 



1 S I /  

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.U (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG 

Location - North: East: Area: a- PONjO 

Geologist: R. V 3  chk~!? - r Company - L 3roject No.. \hrC;Rf'-i;T 
Drilling Equio.. GEmWOfiE Sample Type. C,a& Tl /d  LL6chr -c fh Ac Roc ,r4r 

PAGE 3  OF^ 
3orehole Numoer: 3.439'7 Surface E!evation. 

Date: 0 4  4 23- 9.7 Total Depth: 83.0r't. 

SAMPLE DESCFIIPTION 

NOTES Geoerai USCS IS modified for :his log as :allows 
Ma:ertais amounts are estimated oy Yo volume ins:ead of 06 weiaht. 
I 7 )  &dry Srwen m e .  accurafe !ootage measuremenrs nor oossiole. 
(2) Care breams xannct De matcned. accurate footage measurements not ccssiole 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A. (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE 1 C F ~  

Borehole Number: 3 4 4  99 Surface Elevation: 
Area: i3-POvE5 
Total Depth: / %  . @ % J  
Company TI ERE4 ,J:olect NO.. I,VIARP- 9 7  

7 amok3g Sample Type C 3 S ) h J V Q i j  --AAC~JCZPF c _  

Drilling Equio.. 

EG&G LOGGING SUPERVISOR 
c 

APPROVAL-2 ~e-4 

d J  4.'' 4.- 
NOTES. General. USCS IS modified for this log as follows: 

Materiais amounts are estimated by '7" volume instead of O C  wetgnt. 
(i) Eddy oroken care, accurate footage measurements not possible. 
(2) Core o r e a s  cannot be matcned. accurate footage measurements not possible 



1(1* 

U.S. DEPARTMENT OF ENERGY ROCKY F U T S  P U N T  FORM GT.1A (REV. 2 )  

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 C F ~  

Borehole Number: 34q 9 7 Surface Elevation: 
Location - North: East: Area: 73 -PONDS 
Date: 09  - 24- q'7 
Geologist: R ,  K3.E g ~ - 1 p  Company: T l f  - a 4  Froject NO.. -!uARP-$> 
Drilling Equio.. G F OpRbdE Sample Type: CO , e l , , j u ~ o ~  r n A c R $ w R c  

Total Depth: i Y s d e .  

~ ~ _ _ _ _ _ ~ ~  

EG&G LOGGING SUPERVISOR 

- 
NOTES General. USCS is modified for this log as follows: 

Materials amounts are estimatea by "6 volume instead of :6 weight. 
(1) Sadly broken core. accurate footage measurements not oossible 
(2 )  Core breaks cannot be matched. accurate footage rneasurernens not poss:ole 

, . . . . . .  - .. 1 ~, . 



U.S. DEPARTMENT OF ENERGY ROCKY FWTS P U N T  FORM GT.W (REV. 2 )  

h 
P 

< 
\ 

i 

NOTES: General: USCS is rnoaitiea for rnis log as fo~lows: C t f z   re 4 L& r w  s j ce -eg  - 
Materials amounts are 5siimaIed by % volume insread of 9'6 weight. kn-p 
(1) Saaly msen cw?. aczdrate footage measurements nct possible. 
(2) Zcre ~reaws cmnct be rnatchec. ;curate icotace measurements nor ocssicre. 

' 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS P U N T  

i 

I 

i 
I 

7 

- 

I I 

kcTzj. .Senerat: ' i S C S  b modifiea for thls loa as foilows: 
Materiais amounts y e  esimarea by '6 'volume instead cf 4$ .we@t. 
( 7 )  aaalv x k e n  care. acIccaraie :cotage measurements nci 7css1Oie. 
i2) Czre CreaKs m n o t  be maimed. accura:e foorace rneasuernents not ;oss:oie 

i 
,201 I~~'*:) I .UJ3OYiom GT.;A'<dWlMI 



US. DEPARTMENT OF ENERGY ROCKY FWTS P U N T  FORM GT.W ( R E V .  2 )  

ROCKY FLATS PLANT BOREHOLE LOG 
1 3orehoie Number: 2-22 

ES&G LOGGiNG SUPE3VISOR I A;.?=4CVAL DATE 

SAMPLE 3ESC3 I FTI 0 N 

NOTES: General: L'SCS is moaified for mis log as icilows: 
Materials amounts are estimated O y  X volume Instead of 06 weight. 
(:) Gcly Drawen ccre. accilrate footage n?easc;rements not. ;cssicte. 
12) Zsre Dream cannot be mafcked. actuate footage measuremenrs not gcssibie. 

k 

I 201 I.++>l W4!OU F m  G . A a  JLOIRl  



APPENDIX E.2 

WELL CONSTRUCTION LOGS 



CHE3E3 6Y:  BATE. 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

3ACKFILL. TOP (m: &[A- Type, igk BACKFILL. 30 lTCM /u !  
- - - -  

WlLL BE MADE FFlOM 
GROUNO SURFACE 

- - - -  
SUMP, BOTTCM (Fr): --* /A3 

J- T3TAL OE?TH (T):FGw /s--3 
I- 

- 



U.S. Department ot Energy Rocky Flats Plant Form GT.68 
n 

CHECKED BY: DATE. 



U.S. Department or Energy Rocky Flats Plant Form GT.68 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

CHECGCI 3Y: OATE. 



U.S. DepaRment of Energy Rocky Flats Plant Form GT.68 

CUANTTTY OF 

- - - -  

SLJRFACE CASING. 1.9. (IN): W E  

SLJPFACE SEAL TCP (F,; ?=Cc_ 

?F?CTECTIVE CASING. i.3. (IN): -e= 

?F?OTECT[VE CASiNG. SGTTCM (TI: 

- II- 
.,i 

r iA 

WILL BE MADE FROM 
GROUND SURFACE 

CHECKED BY: OATE. 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

BACKFILL. TCP (m: 30.7 Npc, 

BACKFILL, 30 lTCM (E): '3 6 
SL'MP, SCTTCM (fl: '0 

I 

TOTAL DEPTH (m: 3i3 (r: 

All, MEASUAEMEVTS 
w u  BE MADE moM 

DATE. -CH€Ci(ED BY: 



U.S. Department of Energy Rocky Flats Plant Form GT.68 



U.S. Department of Energy Rocky Flats Pfant Form GT.68 

- - - -  - - - - - - PROTECTIVE CASING. TOP (W: *q (FRW GFiCUNO SURFACa ----Tm- SURFACE CASING (STICKUP), TOP (Fr): 2 -0 . 

I t  SURFACECASING. 1.3. (IN): 2. 0 mE. 5&. 40 $VC, 

SURFACE SEAL TCP (FT): C 3 mc. (I-/ % 

PGOTECTIVE CASING. 1.0. (IN): L W E  S w  
PF(0EESTIVE CASING. BOlTCM iE): - 2 , F  

IF SEC3NDARY CASING. TCP !E): ,q/A ' 30?T:nhi i=l. 

APWCABLE 
SEeONDARY CASING. I.D. (IN): ~ 

I 

-... .,, , ,. 

C H E C W  BY: DATE. 



U.S. Department of Energy Rocky Fiats Plant Form GT.68 





US. Department of Energy Rocky Flats Plant Form GT.68 

Groundwater Monitc 

I SL'RFACE CASiNG (SrtCKUP). TCP (FT): I * q 

SURFACE CASING. I.D. (IN): 3 VE. 5 4 . 4 9  ?dc 

1 1  I I r 

ALL MEASUREMENTS 
WlLL BE MADE FROM 

SUMP, BClTCM (m: 
TCTAL CEPTH (m: zv * 4 
F i m :  

z c f .  3, 

CHECKED BY: DATE. 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

GUAKmy CF F! 

- - - -  - - - - - - PROTECTIVE CASiNG. TCP (F7: (RCM GECUNO SUEFACS ----mL SURFACE CASING (STiCKUP). TCP F;7: PI 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

CHECK3 6Y: C A E .  



U.S. Department of Energy Rocky Flats Plant Form GT.58 

BACKFILL. S O T C M  (m: 2-4 1 0 
ALL MEASUREMWS 
WILL E€ MADE FROM 

k 

OATE. CHECKED BY: 



I I /I 

CHECKED BY: DATE: 







U.S. Department of Energy Rocky Flats Plant Form GT.68 

I H I I SURFACE CASING (STICKUP). TCP (FT): 0-  7q 



U.S. Department of Energy Rocky Fiats Plant Form GT.58 

n /. 

CiiECiGD 9Y: OATE. 



t 





. 
U.S. Department at Energy Rocky Flats Plant Form GT.68 



US. Department of Energy Rocky Fiats Plant Form GT.68 

CHECKED BY: DATE. 





Form GT.68 U.S. Department of Energy Rocky Flats Plant 



US. Department of Energy Rocky Flats Plant Form GT.68 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

CHECKi3 9Y: DATE. 



US. DepaRrnent of Energy Rocky Flats Plant Form GT.68 



U.S. Department ot Energy Rocky Flats Plant Form GT.68 
(Rev .8  Groundwater 1 Monitoring - 4  Well and Pjezometer Renort -2.c 3 ~ ~ ? ~  



U.S. Depanrnent of Energy Rocky Flats Plant Form GT.88 
( Rev..3f_ Groundwater Monitorina Weil 2nd PieTnmntar B a n n d  -&.cL 3iqj!?u. 



U.S. Department of Energy Rocky Flats Plant Form GT.3a 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

- - - -%-%--- a Ea- 

A. I .  . . 
/'I 

r- 
I 

?ACK. GOTTCM 

BACKFILL. TOP (FTj: L'fi TYPE, 

BACKFILL. BOTTOM (FT): hjA 

' M U  BE MADE FROM 
GilOUND SURFACE 

SUMP, BOTTOM (FT): 



US. Department of Energy Rocky Fiats Plant Form GT.68 

DATE: CHECKED 8 Y :  



U.S. Department ot Energy Rocky Ffats Plant Form GT.68 

- 



U.S. Department of Energy Rocky Ftats Plant Form GT.68 

CHECKED BY: DATE: 



U.S. Department of Energy Rocky Flats Plant Form Gf.68  



U.S.. Department of Energy Rocky Flats Plant Form GT.68 

CHECKED BY: DATE. 



U.S. DepaRment of Energy Rocky Flats Plant Form GT.68 

I I  

p'A 

' M U  BE MADE FROM 
GROUND SURFACE 

SUMP, SOTTOM (7: NA 

CHECKED BY: DATE: 



U.S. Department of Energy Rocky Flats Plant Form GT.68 

- -  

I ,  
‘ I l l 7  FILTER PACK. BOlTCM (FT): s .2  ’ 

DATE: CHECKED BY: 



U.S. Department of Energy Rocky Flats Plant Farm GT.68 



U.S. Department of Energy Rocky Flats Plant Form GT.68 



U.S. Department of Energy Rocky Fiats Pfant Form GT.68 



US. Department of Energy Rocky Flats Plant Form GT.68 

- - - -  - - - - - - PROTECTIVE CASING. TOP (m: {FXM GRCUNO SURFACa 

- - - - am 1- SURFACE CASING (STICKUP), TOP (m: 0, b 



. 
U.S. Department of Energy Rocky Flats Plant Form GT.68 



US. Department of Energy Rocky Flats Pfant Form GT.68 
(Rev$ 

Groundwater Monitorina Well and Piezometer Renart 0~~ 3J31ky 

c 

CHECiG3 BY: DATE: 



U.S. Department of Energy Aacky Flats Plant Form GT.68 

CHECKW BY: DATE. 



US. Department of Energy Rocky Fiats Plant Form GT.68 







US. Department of Energy Rocky Flats Plant Form GT.68 



U.S. Department of Energy Rocky Flats Plant 
Form GT.68 -- 



I j-+ 1 - SURFACE CASiNG (STICKUP), TOP (VI: c; , .SC 





US.  Department of Energy Rocky Flats Plant Form GT.68 



r( * '  
0.S. Department or Energy Rocky Flats Plant Form GT.68 

G ro u n dw9er- 
LSCA7CN CC 



. 
US.  Department of Energy Rocky Flats Plant Form GT.68 





. 
US. Department at Energy Rocky Flats Plant Form GT.66 

I I I SURFACE CASING (STICKUP), TOP (FT): 0. 3 4 .  



. 





US. Oepanmsnt ot Energy Rocky Flats Plant 
F o m  GT.% 



U.S. Department of Energy Rocky Flats Pfant 

Groundwater Monitoring Well 
LCCAriON mce-2 I7 9&- 

I SRIUNG CCNEACTCR: - 



US. 3ePartrnent o f  Energy Rocky Ffats Plant 
Form GT.jB 

~ 

I ,  I i :- 

- 
i 

\\\\\Y ,- 





U S .  SepaRmeot of Energy Rocky Flats Plant 
i o r m  GT.Sa 

<' q j N h i  

CHECKm EV: SATE. 





US.  Department of Energy Rocky Flats Plant Form GT.6e 



* 

G.S. Department of Energy Rocky Flats Plant Form GT.68 

n 

I 
SACKFILL. POlTCM (FT): / 0 . 

: ---I& 
h d i' R-. 





I 

- 
E D  

- 
BY: 





U.S. Oepanrnent of Energy Rocky Flats Plant Form GT.38 

I I  

AIL MEASUREMENE 
' M U S E  MADE FROM 















?I.S. Department of Energy Rocky Flats Plant Form GT.% 



<.''-c. . , - ,  . , , >  

* 



L I S .  DeoaRment or Energy Rocky Flats Plant Form GT 3R 



, , -  - '  :. 1, 

a 





US. OePaRment of Energy Rocky Flats Plant Form GT.% 

I 
I 





ALL MEASUREMEMS 
WILL BE MADE FROM 

CHECKED BY: DATE. 



U S .  Department of Energy Rocky Fiats Plant Form GT.68 

SECZNDARY CASING. 'CP (TI 

SE23NDAEY CASING. I i3 !IN) 

30TTGM fFil IF 
APWCABLE 

.h'a 



. 
G.S. Department ot Energy Rocky Flats Plant Form GT.3'8 

u 



E - - -  -- - ~ 
US. Department at Energy Rocky Flats Plant 
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