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EXECUTIVE SUMMARY

This report summarizes the groundwater monitoring activitieé at the Rocky Flats Environmental
Technology Site (RFETS or Site) for calendar year (CY) 2002. It is required annually by the
Récky Flats Cleanup Agreement (RFCA) as outlined_ in th¢ Integrated Monitoring Plan (IMP). -
Specifically, this document discusses groundwafér flow conditions, groundwater monitoring in
the vicinify of the groundwater remedial systems, groundwater characterization, the extent of |
groundwater contaminants, environmeﬁtél persistence evaluations, and the well abandonment and

replacement program (WARP) for CY 2002. v ' ‘ i

Groundwater evaluations and analyses of sampling data presented in this report have been

implemented in support of Site closure. To maintain consistency throughout this report, only CY
2002 (and previods) data are used in the analyses described in this document, with the following

two exceptions. A summary of the plume degradation evaluation and the CY 2003 “Snap'shot”

| Sampling Project (Snapshot) are presented because of their relevance and importance in making

groundwater closure decisions.

The upper hydrostratigraphic unit (UHSU) at RFETS consists of the unconsolidated surficial
deposits, weathered bedrock, and sandstones hydraulically connected to the overlying units.
Groundwater in the UHSU is unconfined. In most areas, the UHSU conveys very little water;

sometimes insufficient for sample collection. Generally, the grbundwater table in the UHSU

becomes shallower and thinner from west to east across the Industrial Area (1A). UHSU

groundwater that has been currently impacted by Site activities discharges to surface water prior

- to leaving RFETS. The lower hydrostratigraphic unit (LHSU), which consists of unweathered

bedrock of the Arapahoe and uppef Laramie Formations, is not in hydraulic communication with

the overlying UHSU.

Groundwater flow conditions during CY 2002 generally resemble flow conditibns described for
recent years with slight variations depending on the monitoring location and the localized
precipitation variations at RFETS. The main variations obsefved are a result of regionally dry
conditions in CY 2002. This suggests that élosure activities undertaken to date have had little
iinpact on the UHSU, especially in the IA.

Xiv
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The current monitoring results show, as in previous RFCA Annual Groundwater Repbns, that

- volatile organic compounds (VOCs), nitrate, and uranium are the only groundwater contaminants

that form plumes of significant areal extent. There are only isolated occurrences of metals above

their respective RFCA Tier I action levels. VOCs are the most widespread contaminants at the

Site. VOC plumes have locally discharged to South Walnut Creek downgradient (north) of the
‘East Trenches Plume; VOCs have approached Woman Creek downgradient (south) of the 903

Pad and Ryan’s.Pit. A large portion of the East Trenches VOC Plume is treated by the East

Trenches Plume Treatment System (ETPTS).

The need for groundwater accelerated actions will be specifically evaluated in the Sitewide

Groundwater Interim Measure/Interim Remedial Action (IM/IRA).

Areas in which performance monitoring of groundwater remedial systems and accelerated actions

is conducted include the Mound Site, former Solar Evaporation Ponds (SEPS), East Trenches, 881

Hillside, and Ryan’s Pit. Contaminant concentrations in some of the VOC plumes associated

with these areas suggest that residual contamination remains where accelerated actions have been

- completed. These residual VOCs have the potential to impact groundwater for an extended

period of time.

The principal nitrate and uranium plume at the Site occurs beneath and downgradient of the
former SEPs and is known as the Solar Ponds Plume (SPP). A large portion of this plumeis
treated by the Solar Ponds Plume Treatrhen‘t System (SPPTS); however, the northernmost extent
of this plume has reached North Walnut Creek. |

UHSU groundwater leaving RFETS at Indiana Street is not impacted by Site contaminants.
At current RFETS Boundary wells, VOCs and nitrate have not been detected at concentrations
above Tier Il action levels. Uranium isotopes detected at Boundary well 06491 have been

détermined to be naﬁirally occurring (RMRS, 2000d).

Decontamination and Decommissioning (D&D) groundwater monitoring activities have been

updated for CY 2002. -Since only a few of the D&D wells contribute “essential” Site knowledge
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umquely suited for the purpose of protectmg surface water, discontinuation of all or a portion of

this monitoring program will be proposed at future IMP meetings.

In CY 2002, conditions at the Present Landfill appear to be generally consistent with the results
of previous monitoring. Regardless of the source of grormdwater contamination imrnediatély
downgradient of the Landfill Pond, there is no-significant impact to surr'ace water because surface
water discharge along this reach does‘not occur evéry year and evapotranspiration losses in No
Name Gulch are high. Groundwater monitoring activities associated with the Present Landfill

closure will be discussed in the Present Landfill IM/IRA.

" A Site-wide plume biodegradation evaluation indicated that the biodegradation of chlorinated

solvent compounds dissolved in groundwater is taking place locally in the IA and East Trenches.
However, the biodegradation rates are very slow, and are near the low end of the range of rates
published for other industrial sites. These slow rates may mean that Monitored Natural

Attenuation is not a practical groundwater remedial option for RFETS.
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1.0 | INTRODUCTION

This Annual Groundwater Monitoring Report summarizes the groundwater monitoring activities
and results at RFETS for CY 2002, as required in the Rocky Flats Cleanup Agreement (RFCA,
1996) and outlined in the 2002 Integrated Monitoring Plan (IMP) (Kaiser-Hill [K-H], 2002¢).

1.1  Site Description

The RFETS is located 16 miles northwesf of Denver in Jefferson County, Colorado. The Site is a
U.S. government owned, contractor operated, facility that encompasses approximately 6,550
acres (Figure 1-1). Site ownership, however, does not include surface and subsurface minerals or

water rights. Site construction was initiated in 1951 and operations began in 1952.

Prior to the current closure mission, RFETS was part of the nationwide nuclear weapdns 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, mcludmg all production buildings, are located w1th1n the centrahzed 400-

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

immediately adjacent to the Site includes present and/or prior coal and clay mining, petroleum
récovery, and aggregate quarrying. Other activities include cattle ranching and wind energy
research. Several irrigation ditches traverse the Site, transmitting water for downstream
agricultural, industrial, and municipal purposes. None of these irrigation ditches receives any
water that originates in the IA. Three ephemeral streams, Rock Creek, Walnut Creek, and
Woman Creek, and several tributaries and surface water diversion ditches drain the Site and flow

eastward (see Figure 1-2). .
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1.2 Geology

» The Site is situated approximately two miles east of the Front Range of Colorado on the western:

. margin of the Colorado Piedmont section of the Great Plains Physiographic Province (Spencer,

1961). Haun and Kent (1965) have summarized the geologic history of the Colorado Rocky
Mountain region, which includes the Site area. The elevation at the Site is approximately 6,000
feet above mean sea level (ft msl). The IA is located on a pediment covered by alluvium. T‘hev
surface of the alluvium slopes to the east at 1 to 2 dégrees. Most of the surrounding BZ is more
prominently dissected with intermittent streams. A detailed description of RFETS geology can be

found in the Sitewide Geologic Characterization Report (EG&G, 1995a).

1.2.1 Stratigraphy

The approximately 9,000-foot thick strati graphic sequence that underlies the Site extends from

‘the crystalline Precambrian gneiss, schist, and granites at 3,000 feet below msl to the

unconsolidated Quaternary deposits at the surface apbro'ximately 6,000 feet abové_ msl. A large
amount of 1ifhologic information has been gained with respect to the Site. These data have been

obtained from interpretation of aerial photographs, field geoidgic mapping, coal and aggregate

_mine developmeht, petroleum exploration, and the completion of hundreds of onsite boreholes

and monitoring wells. The generalized stratigraphic section in the area of RFETS is shown in

~ Figure 1-3.

The Cretaceous Pierre Shale and Fox Hills Sandstone underlie the Site, with the latter exposed in
quarries along the western boundary. The Cretaceous Laramie and Arapahoe Formations are
exposed at the surface or underlie the Site. The Quaternary Rocky Flats Alluvium, and to a
limited exteﬁt Verdos Alluvium, unconformably overlie the Arapahoe and Laramie F ormations in -

the central portion of the Site. More recent Valley Fill Alluvium and colluvium are also present.

" 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.
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1.2.2 Structure

The Site is located along the western margin of the Denver Basm an asymmetric basm with a

-‘ ' steeply east dlppmg western flank and a gentle west dipping eastem flank. The mterpretatlon of

the subsurface structure is generalized in the east-west geological cross section of the Site area

- presented in Figure 14. A monoclinal fold limb west of the Site is the most significant structural

feature in the vicinity of the Site. Along the west limb of the fold, an angular unconformity exists

between the Cretaceous bedrock and the base of the 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_stmﬁgraphic and borehole correlation criteria. These
faults appear to have only a limited hydrologic significance with regard to vertical groundwater

movement and contaminant transport (RMRS, 1996a).

1.2.3 Hydrology

Characterization of the hydrologic setting is based on the .conceptual geologic and hydrogeologic

, models described in the Sitewide Geoscience Characterization Study (EG&G, 1995a; 1995b;

' 1995¢). These models are used to predict the direction and rate of groundW'ater flow, ‘identify

potential pathways for contaminant migration, and determine the extent of contaminant plumes
given varying physical, chemical, and biological factors. Section 3.0 of this report presents

current hydrologic conditions at RFETS.

The UHSU at RFETS consists of the unconsolidated surficial deposits, weathered bedrock, and

sandstones hydraulically connected to the overlying units. Groundwater in the UHSU is
unconfined and is considered to be equivalent to the uppermost aquifer at the Site, although in
many areas of the site the amount of water available in the UHSU is insufficient to meet the
definition of an aquifer. The depth to UHSU groundwater generally becomes shallower and the
alluvial saturated thickness, thinner, from west to east acress the IA as the Rocky Flats Alluvium

pinches out and the underlying weathered bedrock is closer to the ground surface. All current

'UHSU groundwater impacted by Site activities discharges to surface water before it leaves

RFETS. Beneath the surficial materials and the consblidéted deposits of the UHSU are the

13
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geologic units of the LHSU. The LHSU consists of the consolidated, unweathered bedrock ione
of the Arapahoe and upper Laramie Formations not in hydraulic communication with the

overlying UHSU.

1.3 Environmental History

Processing and fabrication of weapons~rélated components began at the Site in 1952 and
cpntinued through 1989. Fabrication of stainless steel compbnents continued in one building, -

however, through the early 1990s. During operation, environmental protection measures wére

_established that at the time seémed consistent with prudent environmental management.

However, some activities resulted in the contam;'nation of portions of the Site. Efforts to
invéstigate the extent of Site environmental releases became a major focus in the 1980s and
continue today in accordance with the Resource Conservation and Recovery Act (RCRA), the ‘

Colorado Hazardous Waste Act, the Comprehensive Environmental Response, Compensation,

“and Liability Act (CERCLA), and the RFCA, an agreement between the U.S. Department of

Energy (DOE), U.S. Environmental Protection Agency (EPA), and Colorado Department of
Public Health and Environment (CDPHE). In addition, a Historical Release Report (HRR) (DOE,

'1992a) has been developed that documents contamination arising from past practices and

incidents. The HRR is updated on an annual basis with the knoWledgé gained from ongoing

: 'n'mnitoring, accelerated actions, and investigative activities. These annual updates are submitted

‘to the EPA and CDPHE as addenda to the original document.

Documented areas of known or suépected soil contamination have been designated as Individual
Hazardous Substance Sites (IHSS's); Potential Areas of Concern (PACs), and Under Building
Contamination (U'BC). Many of these THSSs, PACs, and UBCs have been characterized as part
of the Remedial Investigétion/Feasibility Study (RVFS) process which was conducted under an
Iﬁteragency Agreement (IAG, 1991) between DOE, CDPHE, and EPA. Accelerated Actions
have begn cdmpleted at some IHSSs, PACs, and UBCs. .

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

VOCs. The current extent of VOC contamination in the UHSU is presented in this report. Plume
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definition is sﬁbject to professional judgment because of limitations in well coverage, sampling
ﬁ'equenCy; variability of h&drostratigraphic‘ conditions, local variations in groundwater velocity,
and uncertainty regarding some source area locations. Previously published VOC plume maps
can be found in-past RFCA Annual Reports (RMRS, 1997¢; DOE, 1998b; RMRS, 1999m aﬁd
2000d; and SSOC, 2001a and 2002b), annual RCRA Grouﬁdwater reports (EG&G, 1992; 1993c;
1994b; 1995d; and RMRS/K-H, 1996), the Well Evaluation Report (EG&G, 1'994a), and in
individual Operable Unit RCRA Facility Investigation/Remedial Investigation (RFI/RI) reports.

Baséd on spatial distribution, mobility, and concentration considerations, VOCs, uranium (U)
isotopes, and nitrate in groundwater at RFETS have the potentiél to reach surface water in some
areaé, and have reached it in others. Tt is important to remember that all current UHSU
groundwater impacted by Site activities discharges to surface water before it leaves RFETS. The
VOC plumes (and some containing other contaminants) have been defined on the basis of

concentration values in comparison to RFCA groundwater Tier I and Tier I action levels. TierI

* and Tier II action levels at RFETS are derived from regulated maximum concentration limits

(MCLs). Tier II action levels equal the MCLs or equivalent preliminary remediation goals
(PRGs), where no MCL éxists. To delineate areas of high grouﬁdwater contaminant
concentrations, Tier I action levels equal-100 x Tier II actidn levels (or 100 x PRGs where no
MCL exists). The most likely sources 6f VOC contamination were identified using the results
of recent and past sampling events and knowledge of Site processes (RMRS, 1996b).

Six VOC groundwater plumes have been identified where contaminant concentrations are above
Tier I action levels. These plumes include the THSS 119.1 Plume, Mound Plume, 903 .Pad/Ryan’s
Pit Plume, Carbon Tetrachloride Plume (IHSS 1 18.i), East Trenches Plume, and 1A Plume (a |

| collection of merged plumes in the central part' of fhe IA). In‘addition, there is a VOC plume with

contaminant concentrations above Tier_ II action levels associated with the Property Utilization

and Disposal (PU&D) Yard.

In addition to the VOC plumes, there is a nitrate and U plume that emanates from the recently
closed SEPs. There are also some isolated point sources with constituents that are above Tier II

action levels. These are evaluated on a case-by-case basis.
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Much of the groundwater contamination has been addressed by accelerated actions performed by
ER. Groundwater remediation systems have been installed downgradient of the Mound Site, East
Trenches, 'an.d former SEPs. For background information, construction details, and treatment
system influent/effluent sampling results, review the Annual Report for the Rocky Flats
Environmental Technology Site Groundwater Plume Treatment Systems, January through

December 2002 (K-H, 2003a).
1.3.1 Rocky Flats Cleanup Agreement

The Rocky Flats Cleanup Agreement was adopted on July 19, 1996 (RFCA, 1996). The RFCA
replaced 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’ |
requiréments for environmental monitoring and reporting, and it sets action levels for
con'taminant concentrations in groundwater (identified in Section 1.3.2 of this report) and in other

media. The IMP is required under RFCA to implémeht the monitoring programs at the Site.

To align the groundwater monitoﬁng program with the RFETS closure mission and RFCA
requirements, the monitoring network is being reevaluated during 2003 and will be discussed in
the 2003 R}*‘CA Annual Report. A data quality objective (DQO) procéss willbeusedto
deteﬁn_ine what decisions are necessary for groundwater and the function of each well in the
network in supporting those decisions. DOE, CDPHE, EPA, and stakeholders will be directly

involved in decisions iﬁvolving the rﬁonitoring network. The IMP is discussed below.
1.3.2 Integrated Monitoring Plan for Groundwater

The IMP outlines the goals for groundwater monitoring (and other environmental media), and it
describes the various components of the groundwater monitoring program. The IMP is presenfed
in two parts: a background document (K-H, 2002¢) and a summary document (K-H, 2002f).
Factors influencing groundwater-monitoring requirements include the RFCA ALF for
groundwater, the Site history and areas of contamination, the physical and hydrogeologic setting.

of the Site, the effect of contaminated areas on groundwater, the nature of the groundwater
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contaminant plumes, and remediation of areas of contamination. This information is presented in
the IMP Background Document (K-H, 2002f), and Appendices A, B, C, and D of the
groundwater section of the IMP Background Document. Appendix E of the groundwater section

lists the wells that will be monitored for water quality or groundwater flow. -

The IMP sefves as the Groundwater Monitoring Plan for the Site, and it replaced the
Groundwater Protection and Monitoring Program Plan (EG&G, 1993d). It also revises the
requirements of the routine groundwater monitoring portinn of the IA IM/IRA Decision
Document (DOE, 1994b) and the French Drain Performance Monitoring Plan (DOE, 1992¢). The
original IMP was published in May 1997. The IMP and IMP Background Document are updated

. annuélly with any changes to the monitoring programs.

Most groundwater reporting has been integrated under the IMP. Four quarterly reports are
produced that document groundwater concentration values above RFCA action levels. The
quarterly reports provide the preliminary groundwater quality analytical data and an evaluation of
data quality. A RFCA Annual Groundwater Monitoring Report is also ‘required to summarize all
actions taken for groundwater compliance within each calendar year. The RFCA Annual Report

provides a summary and interpretation of the extent of groundwater contamination at the Site.

Thé groundwater monitoring n'etwork, as defined in the IMP (K-H 2002f), has eight categoﬁes of
monitoring wells. These well categories include: Boundary (B), D&D (DD), Plume Definition
(PD), Plume Extent (PE), Drainage (D), Performance Monitoring (PM), RCRA, and Plume
Degradation (PA). The wells in the 2002 monitoring program and the 'analytical, suites associated
with each well can be found in the IMP. The decision rules presented in the original IMP have

been retained for determining Tier I and II exceedances of groundwater action levels. The IMP

.Background Document (K-H, 2002¢) provides a detailed discussion of each of these well types.

1.3.3 Changes to the Groundwater Monitoring Program

Wells have been added to or removed from the Site monitoring network based on groundwater

character or in support of groundwater evaluations, accelerated actions, and closure activities.
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Plate 1 shows the locations of all existing monitoring wells at RFETS, and idenﬁﬁes those that

form the active monitoring network as of the end of 2002.

New or replacement wells were installed in several areas to support the groundwater monitoring
network. Others were installed for non-routine monitoring purposes. Well abandonments and
installations are discussed in detail in Section 8.0, Well Abandonment and Replacement Program. '

In summary, monitoring wells or piezometers were installed in the following areas: -

- o Southern IA, in the vicinity of Seventh Sreet
¢ Downgradient of the PU&D Yard
e 1A south of Building 371
e Solar Ponds Plume Trean;xent System
e Solar Evaporation Ponds
- e 903 Pad
e 700 Area/IHSS 118.1 -
o Building 886

~ Well installations and replacements were performed largely as part of the WARP. The main
purpose of the WARP, which was begun in FY02, is to abandon unnecessary wells and

streamline the monitoring network as the Site nears closure. Concurrently, the IMP is revised to '
reflect the abandonment of wells that were previously actively monitored and the addition of new

or replacement wells.

Wells are proposed for removal from the Site monitoring network either to facilitate
improvements to the network, because of well damage, or because of Site closure activities. In
2002, most of the changes were either additions to the sampling network or delétions to the flow-

monitoring network. These changes are summarized in the table below.

1-8
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Table 1-1 Changes to the Infegrated Monitoring Plan for 2002.

| 1587 ﬁiﬂiﬁ?ﬁgﬂow Deactivated: abandoned for 903 Pad remediation |
09 691  | Not active ::ttvl::)a:]fd: replaces 1587 in real-time flow monitoring.
B102289 | Flow monitoring Deactivated: abandoned

| B102389 | Flow monitoring Deactivated: abandoned
B111189 | Flow monitoring Deactivated: -abandoned

| B410589 | Flow monitoring Deactivated: abandoned
B410689 | Flow monitoring Deactivated: abandoned
B410789 * | Flow monitoring Deactivated: abandoned

‘| B411289 | Flow monitoring Deactivated:. abandoned
46292 Flow monitoring Deactivated: abandoned

-1 50494 Flow monitoring . Deactivated: abandoned
50694’ Flow fnonitoring Deactivated: abandoned
51194 Flow monitoring Deactivated: abandoned
51294 Flow monitoring Deactivated: abandoned
51594 Flow monitorihg. Deactivated: abandoned
63795 Flow monitoring‘ Deactivated: abandoned
63895 Flow monitoring | Deactivlated: abandoned
FD-991-1 3‘9&9? monitoring, . Deactivated: unable to locate
79102 New well Activated: monitors SEP source area
79202 New well Activated: monitors SEP source area

‘| 79302 New well Activated: monitors SEP source area
79402 New well Activated: monitors SEP source area
79502 New well Activated: monitors SEP source area
P208998 Inactive Activated: mohitors SEP source area
P207989 | Inactive Activated: monitors SEP source area

-9
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1102 New piezometer Activated: flow monitoring downgradient of SPPTS
171202 - [ New piezometer | Activated: flow monitoring downgradient of SPPTS
4386 Flow monitoring Activated: monitors 903 Pad remediation
00191 Flow monitoring Activated: monitors 903 Pad remediation
| 50099 Inactive _ , Activated: monitors 903 Pad remediation
90402 New well - .| Activated: monitors 903 Pad remediation
07291 Flow mionitoring Activated: monitors 903 Pad remediation
90502 | New well -{ Activated: monitors 903 Pad remediation -
23196 Monitored 903 Pad Deactivated: not located appropriately
2987 Monitored 903 Pad Deactivated: not located appropriately
3087 Monitored 903 Pad _ : Deactivated: not located appropriately
18299 Monitored IHSS 118.1 | Deactivated: redundant '
18599 Monitored IHSS 118.1 | Deactivated: redundant
18699 | Monitored IHSS 118.1 | Deactivated: redundant
18899 Monitored THSS 118.1 | Deactivated: reduﬁd'aht, dry
21098 Inactive Activated: monitors IHSS 118.1
41199 | DEDmOIonng | pestroed during D&D, replaced with 41102
41102 New well - | Activated: B886 D&D; replaced destro'yed well 41199
4486 Flow monitoring Destroyed during D&D, replaced with 44202
4420'2 New well 4A:§igfated: .ﬂow monitoring: replaced destroyed well
60699 Inactive Activated: B707 D&D monitoring
61299 | Inactive : Activated: flow monitoring
01097 Inactive '_ Activated: PU&D Yard biodegradation monitoring
01497 Inactive Activated: PU&D Yard biodegradation monitoring
1 01697 | Inactive . Activated: PU&D Yard biodegradation mo\nitoring
02097 Inactive Activated: PU&D Yard biodegradation monitoring -
3019'0 pampled outside the | Activated: PU&D Yard biodegradation monitoring
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30900 _IS:IIr;pled outside the Activated: PU&D Yard biodegradation monitoring.
. ' Deactivated: abandoned; replaced with better-
| 20998 Monitored B771 constructed 20902 '
.| 20902 New well Activated: B771 D&D; replaces 20998
. . ' Deactivated: abandoned; replaced with better-
21098 Monitored IHSS 118.1 constructed 20902 -
21002 New well - Activated: THSS 118.1; replaces 21098
4786 Real-time flow Formalized purpose by inserting in IMP
monitoring ‘ _
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2.0 GROUNDWATER FLOW CONDITIONS

- _Groundwater elevation data collected during CY 2002 were reviewed to determine whether significant

changes in grbundwater flow direction, flow velocity, and quantity have occurred within the UHSU. For
the past several years, CY 1'996 data has been used as a sitewide baseline because it was the year prior to
the commencement, of major D&D activities. In that regard, it was thought that the 1996 data could be
used to assess annual changes to the hydrologic regime at RFETS during the femaining years of plant

closure and the post-closuremonitor‘ing‘period. To date, there have been no major D&D activities that

" have greatly impacted or altered the overall hydrologic regime and, therefore, we have chosen 2001 as our

current baseline year because of its similarity in annual precipitation to the average yearly precipitation

for the Site (Table 2-1).

The hydrologic data review included preparation of 2™ and 4™ quarter 2002 potentiometric surface maps,
linear flow velocity calculations, and water level change maps. Dafa review also included a current |
evalﬁation of the real-time groundwater-monitoring network, which includes 33 monitoring wells
outfitted with downhole automated dataloggers that continuously measure water levels. Comparison of
the 2002 data to previous potentiometric surface maps (from previous RECA Annual Reports) and
historical water level trends, presented in the real time groundwater-monitoring well hydrographs, provide
a ﬁamework for identifying the type of potentiometric configurations, seasonal ﬂuctuatiohs, and long-

term trends typically associated with pre-D&D Site operations.

Sitewide precipitation data from 1993 through 2002 (Table 2'-1) indicate that the average CY precipitation
was 12.7 inches per yeaf, based on averaged rain gauge totals from all RFETS Water Program surface ‘
water monitoring stations. This includes the low precipitation amount of 7.9 inches in CY 2002. The
CY average before 2002 was 13.2 inches per year; the 2002 total had abnoticeable' effect on the yearly

average.

21 Potentiometric Maps

~ Potentiometric maps of the Site (Plates 2 and 3) were constructed from water level data collected during

the 2™ and 4™ quarters (April and October, respectively) of 2002. Previously, two potentiometric maps

were constructed in the Annual Report for each of the 2™ and 4™ quarters. One was for the entire Site,
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including the BZ, and the other was specifically for the IA. Because of the progress of the WARP, there
is less areal well coverage and fewer wells; therefore, we have combined the two maps for each quarter
into one. The IA portion of each map, which requires greater detail for interpretation of grouridwater

conditions in specific areas, is drawn with five-foot potentiometric contours.

Potentiometric maps constructed for the UHSU were based entirely on data from wells screened in
unconsolidated surficial deposits and weathered bedrock units (including the Arapahoe No.l Sandstone)
thought to be representative of Site shallow groundwater flow conditions. For this reason, wells '
compieted in perched groundwater, such as well 50694 in the West Spray Field, are not utilized for '
construction of potentiometric contours. Nested UHSU well pairs that show one dry well .and the other
with a current water level elevation generally consist of one well screened fo the base of the alluvium (the
dry well); and the other Well screened through the base of the alluvium into the upper weathered bedrock,
or screened just in the upper weathered bedrock. Areas previously labeled as unsaturated alluvium are
evaluated and reconfigured each year u.tilizing current well coverage and water elevation data. It is
important to note that just because an area is mapped as unsaturated alluvium on a potentiometric map
does not mean that there is no UHSU groundwater at that location. It is an indication that the well does
not fully penetrate the UHSU; instead, it only penetrates the alluvial portion of the UHSU. At that
location, the UHSU groundwater is flowing through the weathered bedrock.

The potentiometric maps provide information on groundwater flow direction and alluvial saturated extent
that were used in the selection of wells for flow velocity calculations and definition of plume extent and
mi gratlon When the measured depth to water was below the bottom of the well screen (in the case where
a sump is present), the well was assumed to be dry. Potentlometnc contour refinements were made with
respect to building foundation drain elevations. Non-contoured areas on Plates 2 and 3 indicate areas
where well coverage is absent. These areas have increased substantially, especially in the BZ, as the
WARP (Section 8.0) continues to abandon a significant number of wells each year. Information on seep

areas was added to Plates 2 and 3 from the 1995 Hydrogeologic Characterization Report (EG&G, 1995b).

* The seep areas are probably less extensive than depicted on the maps because of the relatively dry

conditions experienced in 2002. Seep areas may be overlain by a current area of unsaturated alluvium,

This situation can exist because the seep may be a.result of an area of saturated weathered bedrock that

crops out on a hillside or the alluvium/colluvium at a specific location may be eroded or slumped.
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The more detailed configuration of the IA potentiometric surfaces were prepared to facilitate more precise
gtoundWater evaluations where there is denser well coverage and building foundation drains. In the '
future, after the completion of D&D activities, the effects of certain building foundation drains may still

be observed. If the drains are gravity flow in nature, they will continue to impabt the water table even

_ after a given building has undergone D&D. This assumes that structures that are below ground level are

left in place and not completely plugged, including the backfilled foundation drain trench. In the case of a
building where the foundation drain does not operate by gravity flow, but rather groundwater is collected
and pumped, the water table should equilibrate within and around the building to a normal elevation after

D&D activities cease and the pumping system is inoperable.

The éonﬁguration of the 2™ ana 4™ quarter Site potentiometric surfaces (Plates 2 and 3), depicted on a 20-
foot contour interval in the BZ and.on a five foot contour interval in the IA, generally matches the
configurations depicted in previous Annual Reports. Plant operations appear to have locally impacted
groundwater flow patterns in areas where potentiometric contours deviate from ground surface |
topography and/or bedrock surface topography. The ﬁresencé of irregular potentiometric contours
suggests that the groundwater surface is influenced by the presence of subsurface barriers, sinks (such as

foundation drains and storm drains), subsurface utility corridors, and extensive paved areas. The -

- configuration of potentiometn'c contour lines in the immediate vicinity of Buildings 371/374, 771/774,

991, and the entire area encompassed by buildings 881, 883, 865, and 886 suggest that foundation drains
have localized impacts on UHSU groundwater flow in the IA (Plates 2 and 3). Compressed 4
potentiometric contours on these maps indicate steeper hydraulié gradients in mahy of those areas that are
associated with building foundation drains and/or steep hillsides. The most extensive area of steep
hydraulic gradient and redirected flow lines exists in the northwest and north-central IA. This area,
including Buildings 371/374, 566; the northwest portion of 776, and the southeast portion of 771, presents
a complex combination of arﬁﬁcial and bedrock controls on the UHSU potentiometric surface

configuration.

Unsaturated alluvium depicted on the 2002 maps was more extensive than shown on maps presented in
previous Annual Reports. A comparison of the 2002 to 2001 potentiometric maps, with respect to
unsaturated alluvium, revealed that the 2002 maps for both the 2™ and 4" quarters exhibited much more
extensive areas. The main areas where the 2002 maps exhibited more unsaturated alluvium than the 2001

maps are listed below:
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o The area encompassing and east-northeast of the 903 Pad;

The area encompassing and northeast of the former SEPs;

e Thearea encompassing Building 881 and west of Building 881 (the area of former Building 850);

and

e The area south of the Landfill Pond. -

In addition, on the 4” quarter 2002 map, there is an area of unsaturated alluvium on the hillside above

Womian Creek, to the south of the Building 400 complex, which is much more extensive than the 2“d or4®

~ quarters of 2001. In part, these conditions probably reflect the fact that almost no precipitation occurred

during the second half of 200 1 and the Site precipitation total for 2002 was ‘well below average. Table
2-1 presents the average RFETS precipitation, by CY, since 1993. Table 2-1 also shows the mean .
precipitation for the periods 1993 through 2001 and 1993 through 2002. '

Table 2-1 Calendar Year Precipitation Totals.

1993 _
1994 | 10.64
1995 16.50

1996 12.36

1997 15.05

1998 1286
1999 1430

2000 12.29

2001 . 12.76 -

2002 794
1993--2001 (mean) | 132
1993 — 2002 (mean) 12.7

24




4

RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement

- (RFCA) Groundwater Monitoring Report

'2.2 Average Linear Flow Velocities

Linear flow velocities can be used together with potentiometric and water level change maps, real-time
water level hydrographs, and chemistry data to evaluate contaminant plume migration toward surface

water. Groundwater flow velocities can be used as estimates of the migration rate for conservative (i.e.,

. nor-reactive) groundwater constituents. Because they do not c_onsidér the effects of sorption and

chemical reactions (e.g., volatilization, biodegradation, and dissolution/precipitation) on the
concentrations of constituents along a flowpath, seepage velocities approxiniate only the unattenuated

migration raic for dissolved constituents in groundwater. Reactive constituents will likely exhibit

‘mi gration rates slower than the average linear velocity of groundwater flow. Using déta from wells that

are screened across different lithologies could also result in variation between actual contaminant

mi gration rates and average calculated rates. »

Average hori_zdntal linear groundwater flow velocities (seepage velocities) were calculated for UHSU

“well pairs located generally within and adjacent to the 1A (Figure 2-1). The original list of linear flow

velocity well pairs Was amended in the 2001 Annual Report to include wells which are pertineht to
current and>future groundwater monitoring and Site closure aétivities, and because in certain areas of the
Site the alluvium has become unsaturated because of climatic conditions. In addition, discre‘te areas of
RFETS have had the local hydrologic regime altered by remediation systems (i.c., groundwater collection
trenches or treatment cells). In future RFCA Annuél Reports, the well pair list may vary each year

- depending on the current groundwater monitoring objectives, water table conditions at that time, and the

availability of remaining Site wells in pertinent locations. The current well pairs were selected based on

flowpaths derived from data depicted on the 2002 potentiometric surface maps (Plates 2 and 3).

The Darcy equation was used to calculate the seepage veldcity )

K .
v=;(dh/dl) -

‘where:

K = hydraulic conductivity
n = effective porosity -
dh/dl = hydraulic gradient
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. Values for hydraulic gradient were calculated from CY 2002 quarterly or biannual water level

measurements made between well pairs located along an identified groundwater pathway. The current
well pairs were chosen 6n the basis of their perpendicular or nearly perpendicular orientation to .
potentiometric contour lines (i.e., flow lines). Hydraulic conductivity values used for velocity

calculations were obtained from the geometric mean values reported for the Rocky Flats Alluvium (Qrf),

V_Quatemary colluvium (Qé), Valley Fill Alluvium (Qvf), and weathered bedrock Arapahoe No.1

" . Sandstone (KaNo.1ss) 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 flowpath between the

wells. In the caée of four well pairs, the K value utilized was the average of the hydraulic conductivities

. of the Qrf and the Qc, Qrf and the Qvf, or Qc and the KaNo.1ss. This was done'because approximately

half of the lengths of the groundwater flowpath for each well pair were located in each of the Qrf and Qc,

" Qrf and Qvf, or Qc and KaNo 1ss. Inthe absence of measured values of n (effective por051ty),

conservative value for unconsolidated material of 0.1 is assumed based on its usage in previous velocity

calculations performed at RFETS.

The Site K values calculated for the Qrf and the Qvf have changéd since the 1999 RFCA Annual Report.
The previously used data, presented in Table G-2 of EG&G (1995b), did not include data from
approximately 40 aquifer tests performed in 1995. These tests were performed only on wells completed
in the Qrf and Qvf; therefore, the geometric mean K values calculated for the other water bearing
formatlons listed in Table G-2 have not changed. The geometric mean K value for the Qrf changed from
2.10 x 10™ cmy/sec to 4.18 x 10 cm/sec based on the new data. The geometric mean K value for the Qvf
changed from 2.54 x 10~ cm/sec to 9.197 x 10™* cm/sec based on the new data.

Linear flow velocity calculations are scnsitive' mainly to the magnitude of the hydraulic gradient (order of

magnitude or greater changes) and also to the K value (factor of four to five change between Qrf and Qc);

“the ass1gned value of n being constant. Hydraulic gradients are usually higher on hillslopes; the hydrauhc

gradlents assoc1ated with Qc in this discussion are generally an order of magnitude higher than hydraulic

gradients associated with Qrf.

Table 2-2 presents célculatéd 2" and 4™ quarter 2002 linear flow velocities. As shown in Table 2-2, the

calculated 2002 groundwater flow velocities for all formations ranged from a minimum of 41.3 ft/yr on
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the pediment northwest of the IA, to a maximum of 717.4 ft/yr downgradient of the Mound Site. The

minimum value is associated with the Qrf; the maximum value is associated with the KaNo.1ss.

Linear flow velocities calculated for the Qrf ranged from 41 .3 ft/yr to 181.1 ft/yr. Linear flow velocities
calculated for the Qc ranged from 83.6 ft/yr to 233.3 f¥/yr. Linear flow velocities calculated for the two
well pairs completed in the KaNo.1ss ranged from 663.5 to 717.4 ft/yf. The linear flow velocity for the
one well pair completed in Qvf averaged 502.3 ft/yr. In general, flow velocity ranges for the Qrf and the
Qé are similar. The average linear flow velocity for the Qrf is 90.7 ft/yr; the average for the Qc is 119.7
ft/yr. The ﬂév:\/ velocities for the two well pairs where the K value consists of the averaged K values of
the Qrf and Qc ranged from 492 ft/yr to 230.3 ft/yr with an average of 139.8 ft/yr. The average flow
velocity for the well pair where the K value consists.of the averaged K values of the Qrfand Qvf was
437.0 ft/yr. The average flow vélocity for the well pair where the K value consists of the averaged K
values of the Qc and KaNo.1ss was 645.2 fi/yr.

For well pairs that were represented by both 2™ and 4™ quarter 2002 data, the flow velocities are

consistent between the quarters; always within 10 percent. Differences in flow velocity from quarter to

_quarter result from variations in the hydrauhc gradient that are caused by seasonal ﬂuctuatlons in water

levels at one or both of the two wells constituting a well palr

Historically, the major changes in flow velocities (when comparing previous years with data for the same
well'pairs, for instance 1996 and 2000) were at well pairs located in or immediately downgradient of the
IA. Curfe_nt and flow velocities are generally higher than velocities reported in pre-1996 annual RCRA
groundwater monitoring reports largely because sitewide rﬁean K values are now employed in the

calculations instead of the OU-specific mean K values that were used in the past.

The area.encompass'ed by well pair 1490/1290, located on the pediment northwest of the 1A, may be most
representative of thé actﬁal flow velocity of groundwater through a relatively level portion of Qrf without )
the anthropogenic affects of the 1A, Regardless of the anthropogenic effects of the IA, the Qrf, Qc, and
Qvf are heterogeneous materials and linear groundwater flow velocity variations are inherent within these

materials from location to location.
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Table 2-2 Linear Flow Velocities. |

415980 ] Wem =t e R aT > | : ;
Pgtgggg | eStIiemal 2 Qrf | 603429 | 5979.64 | 54.65 |2904.50| 0.0188 | 4.18E-04 0.1 7.86E-05 | 814 | 35.69
Pg(léggg weStIientral 4 Qef | 603269 |  Dry ND [290450| ND 4.18E-04 |0.1| ND ND | ND
g:{gggg | Southwest1a | 2 Qrf | 6037.74 | 600531 | 3243 |1304.07| 00249 | 4.18E-04 |0.1| 1.04E-04 | 107.6 | 12.13
g:}gggg SouthwestIA | 4 Qrf | 603538 | 600547 | 29.91 {1304.07| 0.0229 | 4.18E-04 |0.1| 9.59E-05 | 99.2 [ 13.15
altgjgg Iﬁ‘;i;‘/*jnﬁs 2 Qrf | 6024.73 | 6007.76 | 1697 | 438.06 | 0.0387 | 4.18E-04 |0.1| 1.62E-04 | 1675 | 2.61
13333 Bll;i;(/iinﬁs 4 Qf | 602608 | 6007.74 | 1834 | 438.06 | 00419 | 4.18E-04 |0.1| 1.75E-04 | 1811 | 242
pi?‘éggg B“Z,‘f;“ 51; "l 2 Qrf | 600776 | 6000.54 | 7.22 | 59380 | 00122 | 4.18E-04 |0.1|S5.08E-05| 526 | 11.29
Pi(;g; | Bugnd(iinggm 4 | Qf | 600774 | 600007 | 7.67 | 593.80 | 0.0129 | 4.18E-04 [0.1| 540E-05 | 559 | 1063 | |
_ ggg Bu::)digg?‘* 2 ?;rcf 60061 | 599448 | 1162 | 62500 | 00186 | 2.56E-04% |0.1|475E-05 | 492 | 1271
o3 | wous | ¢ %rcf 600561 | 599347 | 12.14 | 625.00 | 00194 | 2.56E-04* |0.1| 497E-05 | 514 | 12.16
.35333 OLlileigllld 2 | Qe | 6003.15 | 5938.18 | 64.97 | 268.79 | 02417 | 9.33E-05 |0.1| 226E-04 | 2333 | LIS
56994 | OUS.OM | 4 | o | 60033 | Dy | ND [26879| ND | 933805 {01| ND | ND —
;g;g; East Trenches| 2 |KaNo.lss| 5927.88 | 5888.46 | 39.42 | 484.38 | 00814 | 7.88E-04 |0.1| 6.41E-04 | 6635 | 073
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05899 East Trenches| 4 |KaNo.lss| 5928.13 | 5888.61 | 39.52 | 484.38 | 0.0816 | 7.88E-04 |0.1 6.43E-04 665.2 0.73
37191 0Ul, 881 ' ’ .
61295 Hillside - 2 Qc 5935.87 | 5863.35 | 72.52 | 54796 | 0.1323 9.33E-05 |[0.1| 1.23E-04 | 127.8 4,29
37191 OUl, 881

61295 Hillside 4 Qc 5934.26 5862.8 | 71.46 | 547.96 | 0.1304 9.33E-05 {0.1} 1.22E-04 | 125.9 4.35

0987 | 904 Pad KaNo.Iss , | - -
25095 | mowobit | 2 | o | 596215 | 582553 | 1366 | 96682 | 04413 | 441E-04** 01| 623B-04 | 6448 | 150

0987 904 Pad KaNo.lIss |

- *% | l
3005 | Ryt | 4| e | 623 | ssass | 1368 | 9662 | 01415 | 441B04 |01 | 624804 | 6456 | 150
06991 903 Pad _
00005 | Ryupi | 2| Q¢ | 59373 | 83904 | 1147 117090 | 00979 | 93305 |01] 943805 | 945 | 1240
06991 903 Pad ,
20005 | Rymupit | 4| Q¢ |Abandoned| Dry | ND {17190 ND | 933805 [o1| ND | ND | D
ggggz_ Mound | 2 |KaNo.lss| 594594 | 592257 | 23.37 | 26560 | 0.0880 | 7.88E-04 |0.1.| 6.93E-04 | 717.4 | 037
pooed Mound | 4 |KaNo.ss| 5945.85 | 5922.96 | 22.89 | 265.60 | 00862 | 7.88E-04 |0.1| 6.79E-04 | 702.6 | 0.38
o oo | Solar Ponds | 2 %’cf 5969.77 | 58847 |85.07 | 97721 | 00871 | 2.56E-04* |0.1| 2.23E-04 | 2303 | 4.24
o req | SolarPonds | 4 %’Cf 597088 | Dry | ND |97721| ND | 2.56E-04* [01| ND | ND | ND
PAOTSES | solarPonds | 2 | Qc | 59575 | 5837.07 | 1204 |139060| 00866 | 9.33E-05 |0.1|808E-05 | 83.6 | 1663
P207889 ' :
e | solarPonds | 4 | Qe Dry | 583324 | ND |13%060| ND | 933805 01| ND | ND | ND
Dk WSl 5 | it | 600929 | 598437 | 2492 |114060| 00218 | 4.18B-04 |0.1 | 9.13E-05 | 945 | 12,07
ooy | WestCemmal | 4| Qrf | 6010.06 | 5988.17 | 2189 |114060| 00192 | 4.18E-04 |0.1| 802605 | 830 | 1374

29
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56301 | B3TUB77L |, 598437 | 504109 | 4328 | 718.80 | 0.0602 |6.69E-04***|0.1| 4.03E-04 | 4167 | 1.72
1986 Drainage Qvf - _

36301 | BITUBT7L |y Q| soee17 | 504068 | 47.49 | 718.80'| 0.0661 |6.69E-04%+*|0.1| 4.42E-04 | 4572 | 1.57
1986 Drainage Qvf - .

P114789 | B37IBT7L | 5 | qour | 600324 | 5941.09 | 6215 |1187.50| 00523 | 9.208-04 0.1 4.81E-04 | 24980 | 238
1986 Drainage A

P114789 | B3TUBTTL | 4 1 v | 6003.89 | 594068 | 6321 [1187.50| 00532 | 920B-04 |0.1]490E-04 | 5065 | 234
1986 Drainage : .

oo |PUEDYard | 2 | Qe | 596676 | s902.81 | 6395 | 719.16 | 00889 | 9.33E-05 |0.1|830E-05 | 858 | 838
B%g%g PURDYard | 4 | Qc | 596645 | 5001.52 | 64.93 | 719.16 | 0.0903 | 933E-05 |0.1|8.42E-05 | 87.2 | 825
}‘z‘gg NorthwestBZ| 2 | Qif | 60157 | 5987.19 | 28.51 |2957.22| 0.0096 | 4.188-04 |0.1| 4.03E-05 | 417 | 7093
1333 NorthwestBZ| 4 | Qf | 601497 | 598675 | 2822 [295720| 0.0095 | 4.18E-04 |0.1|399E-05 | 413 | 71.65

Notes: ND = no data; * = averaged K value of Qrf and Qc, ** = averaged K value of Arapahoe No. 1 sandstone and Qc, *** = averaged K value of Qrf and Qvf
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2.3 Water Level Change Maps

~ If groundwater levels within RFETS have reached a steady-state condition since the cessation of

production operations in 1989, it is conceivable that Site D&D activities could disrupt the stasis
and cause water levels in specific areas of the Site to rise or fall, depending on the closure action.
Water level change maps (F igures 2-2 and 2-3) were prepared comparing 2™ and 4™ quarter data
from 2002 and 2001. As discussed in the introduction to Section 2.0, 2001 is the current baseline

year.

Figures 2-2 and 2-3 were prepared utilizing the difference between 2002 and 2001 water levels at
wells that had water level meaSurementsv in common for the two periods. The water level change
maps indicate areas of the site where changes in saturated thickness, either positive or negative,

have taken place between the baseline year (2001) and the current year (2002). It is important to

note that wells that were purged (for sample collection) prior to the utilized water level .

measurement, and that have a slow recharge rate, can reflect a large discrepancy in water level

~ change from the baseline year to the current RFCA Annual Report year. Well locations are
' labeled as dry on the water level change maps if they are determined to be dry for both years that
~ are being compared. If a well is dry for only one of the two years (for a given quarter), the data

- are not utilized because there is no logical way to determine the amount of water level change.

Although precipitation at the Site was well below average during 2002, water levels, for the most
part, fluctuated within previously observed ranges. Severxty-ﬁve percent of the200‘2 precipitation
fell during the 2" and 3™ quarters of 2002. Many Site wells had higher Water levels during the
fypically drier 4* Quarter than the 2™ quarter, which is typically wetter. There were nine percent
more dry-wells during the 4™ quarter 0f 2002 as compared to the 2™ quarter. This suggests that .
although the recent (2™ and 3™ quarter 2002) recharge had some effect on water levels, the

overriding effect is less saturated alluvium/colluvium in certain areas of the Site. Overall

» groundwater levels were lower in 2002 than 2001. 2001 water levels were thought to reflect the

residual influence of the generally high precrpltatlon expenenced in 1995 through 1999 (an

average of 14.2 inches per year).
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- 2.3.1 Comparison of Second Quarter 2001 and 2002

Figure 2-2 indicates that there was generally a negative (i.e., lower in 2002) to negligible water
level change at the Site between 2™ quarter 2001 and 2002. More negative areas occur in the
west half of the IA and westward. The eastern portion of the Site generally exhibits negligible

watef level change, but includes many dry wells.

The IA experienced negligible (0.5 to -0.5 feet; effecﬁvely no change), slightly negative (-0.5 to -
1 feet), and moderately negative (-1 to -5 feet) water l-evel changes during 2002 as compared to |
2001. Areas of negligible change in the IA include the area encompassing the Solar Ponds and
east and southeast through Building 991; and the area'encompassing Buildings 559, 776, 707, the
750 Pad and south and east through the 904 Pad and the western portion of the 903 Pad. | In
addition, the area south and west of Building 371/374 and the area around Building 444,
especially south and east, showed negligible change. The IA experienced slightly negative water
level change in the area north and east of Building 371/374 and extending across the North
Perimeter Road. The IA experienced moderately negative water level change in an area
northeast, east, and southeast ef Building 771, and another area to the north, west, and southwest
of Building 460. There were only eight wells in the IA that showed a positive water level change
in 2002 versus 2001. Positive Water level changes (i.e., higher in 2002) typically occur at.

individual wells and are not areally extensive.

In the western BZ, a large area of moderately negative water level change extends west, ﬁorth,

and south of the Building 130 area encompassing the T130 area and the Raw Water Reservoir.

The Present Landfill exhibits the most dynamic area of water level chaﬁge with the western -
portion of the lendﬁll (including the northeast portion of the PU&D Yard) exhibiting moderately’
negative water level change, and the extreme eastern portion of the landfill, the steep eastern face,
and western half of the Landfill Pond exhibiting moderately (1 to 5 feet) positive water level
change. The extensive area of moderately positive water level change east/southeast of the

Present Landfill, encompassing Ponds A-1 and A-2, is'due the positive change in the isolated well
located within the dreinage between the two ponds. Another area of moderately positive water
level change is observed along the southeast perimeter of the IA. As stated above, the eastern BZ

exhibits a large area of generally negligible water level change; the southern BZ is similar.
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2.3.2 Comparison of Fourth Quarter 2001 and 2002

Figure 2-3 indicates that there were generally moderately negative to negligible water level
changes from 4™ quarter 2001 to 2002. From the central portion of the IA to the east there were
numerous, varied instances of water level change, mostly negative; to the west from the center of
the IA a consistent negative change is depicted. The northern, southern, and eastern BZ exhibits
large areas of generally negligible water level change. The eastern/southeastern BZ includes

many dry wells.

The IA experienced rhoderately positive (1 to 5 feet) to moderately negative (-1 to -5 feet) water

level change during '2002vas compared to 2001. For 4" quarter data, the western half of the 1A

generally exhibited negligible (-0.5 to 0.5 feet) water level change and the eastern half of the IA
generally exhibited slightly negative (-1 to -0.5 feet) water level change during 2002 as compared .
to 2001. The exceptions in the western half of the IA were moderately positive water level
changes north and east of Building 444, along the eastern portion of Buildingé 707 and 777,
encompassing Building 750, and along the northern side of the Building 771 complex. '
Exceptions occur in the eastern half of the IA where areas of moderately negative water level
change oécur around the SEPs; north of Buildings 776 and 779; and the Water Treatment Plant,

all of which are superimposed on an a larger area of slightly negafive water level change
encompassing the eastern third of the IA. Positive water level changes typically occur at -

individual wells and are not areally extensive.

For the 4™ quarter data, the entire western BZ and the northern BZ east to approximately the .
center of the Present Landfill consists of an area of moderately negative water level change when
comparing 2002 to 2001. The rest of the northern BZ and the southern BZ are generally areas of
negligible water level change with isolated wells exhibiting moderately positive and negative
changes. East of the IA, in the area of the East Trenches and extending north to South Walnut
Creek, there is an area of moderately negative water level change, which is superimposed on a’
larger area of slightly ,négative water level change that extends east on both sides of South Walnut

Creek.
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2.4 - Real-Time Groundwater Monitoring Network

Asa requirement of the IMP, a real-time water level monitoring network was established for the

' UHSU during late 1998, and expanded during 1999. The network currently consists of 33

monitoring wells equipped with downhole Troll® data loggers. The 33 monitoring stations were |
chosen based on location, historical groundwater occurrence at eac_h location, stratigraphic
completion interval, and monitoring well éonstructioh details. As shown on Figure 2-4 and Plate
4, monitoring wells utilized for the real time groundwater monitoring network are located to
provide sitewide coverage with additional specific coverage in the [A, immediately east
(downgradient) of the‘IA, and in the north BZ. In addition, locations were chosen to monitor
water levels in Qc, Qrf, and Qvf deposits, and weathered bedrock units within the UHSU. The
arrangement of Trolls® allows observation, simultanedusly across the Site, of the impact of a
precipitation event on the UHSU. The location of the Trolls® within the various sedimentary
depositional environments and weathered bedrock units which comprise the UHSU allows fora
better understanding of the relationship between groundwater and surface water at various

locations around RFETS.

The monitoring wells in the 2002 real-time groundwater monitoring network include: 0186,
1086, 3686, 3986, 4786, 5586, 6886, 0187, 1487, 1587 (replaced by well 09691 in June 2002, see
discussion below), 4287, P114889, P115489, P119389, P209889, P213689, P414189, P415889,
P416589, B200589, B200889, B210489, 1190, 03791, 05191, 20691, 20991, 37591, 77492, -
05293, 10794, 11494, and 51494, |

The goals of the real-time groundwater ﬁlonitoring network are to provide ample, concurrent,
water level measurements for environmentally or hydrogeologically sensitive areas of RFETS,
such as beneath and downgradient of the IA; along stream channels to the north, south, and east
of the 1A; and in undisturbed or background areas. Hydrographs for the real-time groundwater
monitoring network wells are presented on Plate 4. In addition to illustrating seasonal and diurnal
fluctuations in water table elevation, hydrographs are useful for evaluating trends that might
result from either anthropogenic activities (plant closure) or natural causes (climate). The
analysis of hydrograph data from IA wells versus hydrograph data from wells upgradient or
downgradient of the IA may suggest whether trends observed in the IA are natural or
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anthropogenic. These data, also utilized for the Site-wide Water Balance (SWWB) (K-H, 2002c),
are‘important to modeling and understanding groundwater dynamics on a short-term scale that
quarterly or even monthly water level measurements do not allow. Combined with precipitation

and surface water monitoring data, this information allows a greater understanding of the effects

" of infiltration.events and ET on the UHSU.

Data presented on Plate 4 are from calendar years 1999 through 2002. Data downloaded from the
real-time monltonng network for CY 2002 are complete except for wells 1587 and P209889.

Well 1587 was removed from the real-time groundwater monitoring network on June 6, 2002,

-and subsequently abandoned because of the remediation of the 903 Pad. The Trol1® from this

well was decontaminated and placed in well 09691, which is located approximately 400 feet
southeast of the 903 Pad, on June 6, 2002 In addltlon well P209889 had very little data
available for CY 2002. When an attempt was made to download the data from the Troll® in this

- well in April of 2002 (for the 2001 Annual Report) it was found to have failed. Data retrieved

from it by In-Situ, Inic. were collected through September 2, 2001 (as depicted on Plate 14 of the
2001 Annual Report). The unit was repaired by In-Situ, Inc. and replaced in well P209889 on
September 6, 2002. " There is'a data gap on the hydrograph for this well from early September

~ 2001 until early September 2002.

Data presented in this Annual RFCA Groundwater Monitoring Report from the real-time

. groundwater monitoring network has been analyzed for the period of January 1999 through

December 2002. Four annual cycles of water level fluctuations and precipitation data are
displayed. Plate 4 presents the 33 monitoring locations with a hydrograph of the groundwater
elevation data collected from each station. Please note that the water table elevation scale,
located on the left side of the hydrograph, encompasses a span of 16 feet on each graph. Sixteen
feet is the greatest variation seen at any of the wells and allows for the reader to see the relative

rhagnitude of water level change at each well. Superimposed on each hydrograph is precipitation

data from the nearest RFETS surface water station instrumented with a rain gauge. There are a

few gaps in the precipitation data because of problems that are inherent with unheated rain

. gauges.
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Comparison of 2002 groundwater level data with the past real-time monitoring record (1999

through 2001) suggests the following:

'® The hydrographs indicate that TESpPONSES to precipitation events and subsequent
groundwater recharge are varied and depend on the location and hydrologic parameters at

the specific monitoring locations. -

s -~ Wells located in the western and northern BZ exhibit background baseflow without the
anthropogenic effects of the 1A, and théy generally show a very subtle. response to below
average precipitation as éompared to above average precipitation. Two wells
immediately east of the IA exhibit this same phenomenon. Three western BZ wells

showed no seasonal (spring) recharge on their hydrogréphs during 2002.

e Certain wells located east and southeast of the IA exhibit almost no recharge during

‘ lower than avefage precipitation year 2000 and no recharge during 2002.

e Certain wells located in the IA exhibit a relatively greater respb‘nsé to the below average

precipitation that occurred during 2002 than BZ wells.

e  Wells located in or adjacent to streambeds are the most sensitive to precipitation and
pond discharge events with respect to groundwater recharge and dewatering response
times and hydrographs graphically show the effects of evapotraﬁspiration (ET) depending

on the season.

Data collected from the real-time groundwater monitoring network during 2002 indicates that the
Site experienced lower water levels in 2002 than the previous years depicted on the hydrographs.
The 2002 data also show that there is less fluctuation of the water levels, and the wells were

generally less responsive to recharge events in 2002.

Hydrographs from the series of BZ wells, trending from the south to the north and then northeast
along the pediment surface northwest and north of the IA, reflect in-situ groundwater baseflow

conditions without the anthropogenic effects of the IA. Generally, these wells exhibit a high
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water level achieved during the spring or summer of 1999 because of the high precipitation -

during 1999. Most show minimal spring responses to precipitation that occurred in 2000 and ‘

2002 compared to 1999 and 2001. The diurnal fluctuations observed on these hydrographs may

be related to ET and/or may be attributed to the pumping of grouﬁdwater from the adjacent gravel

pits.

~Wellsin the IA generally exhibit baseflow and a relatively high overall response to less than

aVera’ge precipitation, superimposed with acute responses to precipitation events or a series of
precipitation events (or some other recharge event, possibly lawn watering) that take place over a
period of a week or two. There are a few exceptions to this depending on the location of a well

with respect to impervious areas, foundation dréins, and the former SEPs.

Wells in or immediately adjacent to streambeds generally exhibit an almost immediate, although

varying in magnitude and length, response to precipitation events during times of the year with

low ET. These same wells will show minimal to no response to precipitation events-during high

ET times of year (approximately July through September). The dry time periods displayed on the -
hydrographs for these wells are dependent on the depth of well penetration into the Qvf. The
streambeds are not dry at depth; the wells just do not penetrate the water table all year. The near-
stream wells generally exhibit a sustained, relatively high water table elevation for the fall,

Win'ter, and mid-spring. The hydrog‘réphs for these wells reﬂect the lag time resulting from a

stream receiving groundwater recharge from precipitation combined with low ET during the

‘cooler time of year, which encomﬁassés late fall through mid-spring. Well 10794, located

downstream of the A- and B-Ponds, exhibits distinct responses to discharges from terminal

Pox_lds A-4 and B-S.

Wells located east of the IA generally exhibit baseflow conditions with little or no response to

~ individual precipitation events. These wells show a relatively smooth decline in water level

during the last six months of 1999, almost no response to year 2000 precipitation, a moderate

response to above average 2001 precipitation, and generally no response to 2002 precipitation.

Eight of the 33 wells have at least one sampling event depicted on their hydrograph. Four of the

~ wells exhibit a relatively répid recovery time after the well casing was purged and samples
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- collected. Another four wells exhibit a very long recovery time after the well casing was purged

and samples collected. Of the four wells with long recovery periods, all are apparently completed

in Qrf, although two are located in areas where there is potentially. grtiﬁcial fill. Assuming that

~all these wells are corﬁp]eted in Qrf, the reasons for the long delay in rebovery times could be any

combination of the following: variability in Qrf K values over the Site (the Qrf is a heterogeneous
material and variation is inherent), which includes variability in specific yield; well conditions,
which could include silted in gravel packs and screens; and recharge rates. The wells that have

the longer recharge times (on the order of 5 months) are located in parking lots and surrounded by

- large areas of relatively impermeable ground surface.

2.5 'Summary

Groundwater flow conditions for 2002 appear to generally resemble flow conditions described for
recent years with slight variations depending on the monitoring location and the localized
precii)itati'on variations at RFETS. This suggests that closure activities mdeﬁaken to date have
had little areal impact >on the UHSU, cspecially in the IA. Potential groundwater level impacts

are localized.

The depth to UHSU groundwater generally becomes shallower and the allilvial saturated
thickness, thinner, from west to east across the IA as the Qrf pinches out and the underlying

weathered bedrock is closer to the ground surface.

Variations in water levels and linear flow velocities from year to year are probably a result of the
timing of water level measurements with respect to natural reéharge (precipitation) or
anthropogenic events. Anthropogenic events may involve recharge or dewatering related to
construction, derholition-, onsite industrial processes, water line leaks, monitoring well sampling,

and building foundation drain activity or inactivity.
The horizontal flow velocity of UHSU groundwater in areas of unsaturated alluvium may be less

than expected as the existing UHSU groundwater flows through the lower K weathered bedrock.

However, the overall effect on groundwater flow velocity at the Site is probably negligible.
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Negative water level changes observed west of the IA during 2002 may be a result of the

o lingerihg effects of the low precipitation during the 2™ half of 2001, which continued through -

2002, after an extended period with consistently high precipitation (1995-1999). Another factor
may be the groundwater discharge associated with the pumping of the gravel pits in the western
BZ.
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3.0 DATAEVALUATION

3.1 Evaluation Approach

Section 4.0 provides an overview of the 2002 Quarterly RFCA Groundwater Monitoring Repérts
(quarterly reports) with respect to Boundary, Drainage, Plume Definition, and Plume Extent
wells. A discussion of Performance Monitoring wells has also been added to Section 4.0. Other

weil categories are discussed in the following sections D&D wells are disbussed in Section 5.0;

A and RCRA wells, all of which are associated with the Present Landfill, are evaluated in Section

- 6.0. The location of all Site monitoring wells is shown on Plate 1.

Groundwater analytical data for 2002 were evaluated with regard to groundwater action levels as
described in RFCA Attachment 5 (K-H, 2000) and as set forth in the IMP. Since many decisions
rely on Tier I or Tier II groundwater actidh levels for evaluating action, the discussion below
focuses on “reportable” occurrences. The decision rules that define the conditions under which
values above action levels become “reportable” are detailed in Section 4.0 for the Boundary,
Drainage, Plume Deﬁnition, and Plume Extent wells. The general decision rules for all eight: well
classes are presented in the IMP Background Document (K-H, 2002¢) and in the quarterly

reports.

No summary or cqnclusions regarding the data were presented in the quarterly reports, whiéh are
used for data transmittal. 'Ex-'c':ept for the direct comparison of groundwater data to action levels
and the data quality assessment (DQA) included in the quarterly reports, interpretation of the
analytical data and an evaluation of the extent of contaminants with respect to Site geochemistry
and hydrology is provided in the Annual RFCA Groundwater Monitoring Reports. Groundwater
analytical data generated by RFETS during CY 2002 have been élassiﬁed and evaluated during
the production of the quarterly reports as described below. ' '

3.2 Data Processing

Data evaluated in this report were retrieved from the Soil and Water Database (SWD) and

processed as follows:
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RFETS Groundwater analytical results for each quarter were uploéded from SWD into a

local Microsoft Access database. This local database and the queries used to process the

* data are archived on the Water Programs server.

- Analyses of dissolved gases in groundwater and associated laboratory quality control

(QC) records were not available from SWD. These records were hand entered into an

Access table, and then appended to the local database.

Access queries were written to examine the data and to identify potential problems. Any

identified data issues are referred to the SWD administrator.

Field and laboratory QC data were split into a set of separate Access data tables for more
convenient use in the DQA. Queries were also written to create and export suitable Excel

tables for the written reports.

The DQA follows requirements set forth in the Quality Assurance Prbgram Plan For The

Groundwater Monitoring Prog;'am, Rocky Flats Environmental Technology Site (RMRS,
2001c). DQAs are presented in the quafterly reports and are not repeated in this

document.

The concentrations or activities'vof analytes in primary (REAL) and field duplicate (DUP)

+ groundwater samples were screened against RFCA Tier I and Tier I ALF criteria, with

the following exceptions.

1. Non-detect results (with a “U” laboratory qualifier)
2. Results rejected in validation or verification (“R” or “R1” qualified)

3. 'Surrogate cdmpounds added by the laboratory for analytical quality control

_ Ratios of the analyzed concentrations or activities, calculated by dividing by the Tier II

action levels, or by the Background mean plus two standard deviations (M2SDs), or by
the historic M2SDs, are used to identify IMP reportable results. “M2SD” indicates that

3-2




RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement
(RF CA) Groundwater Momtorzng Report

two standard deviations have been added to the background mean or to a historic mean

concentration.

e If no historic M2SD is available for an analyte in a well; an evaluation of the
concentration of the analyte over time may be made by visual inspection of the associated

trend plot, if four or more data points are available.

. Most metals, radionuclides, and water quality i)arameters have had background values
established. Therefore, whe_n measurements are above the ALF action levels, the
analyﬁcal data are compared with the Sitewide baokground M2SD values, and with the
historic M2SD values. The historic M2SD va]ues are well- and analyte-specific, in
contrast to. the background M2SDs, which are analyte-specific only for groundwater from
the UHSU.

¢ Because VOCs and polychlorinated biphenyls (PCBs) have no background
concentrations at RFETS, they are simply compared to available historic M2SDs.

- Historic trend ploté of wells with reportable contaminant concentrations for Boundary, Drainage,

Plume Definition, Plume Extent, and Performance Monitoring wells are presented in Section 4.0.

With the exception of radionuclides, background values are based on the 1993 Background

. Geochemical Characteﬁ'zation Report (DOE, 1993b). Background values for radionuclides have -

“been taken from the Draft Background Comparison for Radionuclides in Groundwater Report

(DOE, 1997a).

The analyte-well specific historic M2SDs have previously been calculated for analytes in

groundwater from wells w1th five or more sampling events during the years 1991 to 1995.

: However this methodology prevents the calculatlon of baseline M2SDs for wells installed since

about 1994. RFETS plans to recalculate the historic M2SDs for all analytes in all wells for which
at least 5 data points are available more recently than January 1, 1991. Data for the first 5
sampling events for each analyte in each well will be used to compute the M2SDs. This new and
enlarged set of historic M2SDs should be available for use startlng with the second quarter 2003

groundwater monitoring report.
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4.0 PLUME MONITORING

This sectioﬁ provides an evaluation of the IMP plume monitoring on a plume-by-plume basis.

This section also presents a summary of the current extent of contaminants in groundwater.

.Results presented in this section are based on sampling conducted during 2002 and the Snapshoi

sémpling completed during the spring and summer of 2003. The results of the Snapshot are

included to provide the most current and comprehensive evaluation of the extent of VOCs in

- groundwater at the site for use in making closure decisions.

44 IMP Well Class Definitions

The Site groundwater monitoring well network is described in the IMP. Wells monitored at the
site are placed within one of eight well classifications depending upon the DQOs satisfied by
each well. The folldwing sections provide a definition of the well classes discussed in this section

and provides a brief discussion of reportable results and groundwater action levels.

' 4.1.1 Plu'me Definition Wells.

Plume Definition wells are located within groundwater contaminant plumes and contain on€ or
more analyte concentrations that are greater than Tier II action levels. HoWever, many of these
groundwater concentrations are below thé Tier I action levels established in the ALF.
, . : \
A “re‘p:ortable” resﬁlt occurs at a Plume Definition well when fhe measured concentration is above
a Tier I actibn level, and is greater than the background M2SD or historic M2SD. To be
cons.ervative, the result is reported if it is above Tier I in the aBsence of both background M2SD
and historic M2SD. In the absence of only one of the M2SDs, the result is reported if it is above
Tier I and the available M2SD. If the result is reported, then it reclassifies the well as a “Tier |

. reportable result well”. Whether they constitute reportable events or not, all values above Tier I

action levels are tabulated in the quarterly reports.

If a Plume Definition well has produced a Tier I result, then during the development of the

Annual RFCA Groundwater Monitoring Report, historic data for the well are reviewed to
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determine if the well should be-prioritized for further evaluation based on potential impacts to
surface water. If the data show an increasing concentration trend over a two-year period, or the

well has not been previously prioritized, then the well priority will be updated for eValuatipn.

Twenty-four Plume Definition wells were monitored during 2002. These wells monitored the
following areas: the 903 Pad/Ryan’s Pitl Plume, the PU&D Yard Plume, the East Trenches Plume,
the 881 Hillside Plume, the Carbon Tetrachlqride Plume (IHSS 118.1), the Industrial Area VOC
Plume, and the SPP. Plate 1 presents the locations of all Site wells. '

4.1.2 Plume Extent Wells

* Forty-four (44) Plume Extent wells are located at the edges of groundwater contaminant plumes,

along pathWajs to surface water. These wells monitor groundwater for increases in coricentration
that may indicafe the potential for future impacts to surface water. A reportable result occurs if
the measured concentration is greater than the Tier Il action level and the background M2SD
value. If there have not been previous reportable resuits, or the recent concentration is greater
than the M2SD concentration in the we]i, then mionthly sampling is initiated. During monthly
sampling, if measurements are above action levels for three consecutive months, then RFCA K
Parties are notified via a subsequent quartlerl-yv report. Potential impacts to surface water ﬂdm

plumes monitored by these wells are evaluated in the Annual RFCA Groundwater Monitoring -

‘Report, as necessary.

'4.1.3 Performance Monitoring Wells

Performance monitoring refers to monitoring the effectiveness of a groundwater remedy, as
required in the RFCA. For the performance monitoring discussed in this section, trend diagrams
have been prepared for all of the analytes of interest. Each diagram includes a regression analysis

of the data, which plots a trend line indicating whether the analyte is increasing or decreasing in

‘concentration over time. The.ER Group’s Annual Report for the Rocky Flats Environmental

T echriology Site Groundwater Plume Treatment Systems, January through December 2002 (K-H,

12003a) shoulc_l be referenced for background informatibn, construction details, and treatment
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system influent/effluent sémplingAresults. A complete set of analytiéal data for CY 2002 can be
found in the quarterly reports. o

The major difference between the ER report referenced above and this section is that this section

_provides a more detailed discussion of the Performance Monitoring wells and relatively little

discussion of the influent/effluent samples collected at the groundwater treatment systems. In

addition, this section provides discussion regarding the performance of the accelerated actions

_thfdt have been undertaken to date. The ER report also discusses remedies at the Present Landfill

and the PU&D Yard, which are not Performance Monitoring locations.
4.2 903 Pad/Ryan’s Pit VOC Plume

The 903 Péd (IHSS 112), Ryan’s Pit (IHSS 109), and associated groundwater plumes are located
in the BZ Opé,rab]e Unit near the southeast corner of the IA. Figure 4-1 shows the location'of the
903 Pad and Ryan’s Pit. The 903 Pad was used to store drums, from 1958 until 1967, that
contained radioactively contaminated oils and VOCs. Most of the dmrﬁs contained U and
plutonium (I;u) contaminated liquids where the liquid phase was primarily lathe coolant and
carbon tetrachloride (CT) in varying proportions. Some of the drums also contained hydraulic
oils, vacuum pump oil, trichloroethene (TCE), tetrachloroethene (PCE), silicone oils, and acetone
still bottoms (DOE, 1992). Leakage from these drums resulted in groundwater plumes that

extend northeast to the East Trenches area and southeaét towards Woman Creek.

~ Ryan’s Pit, also known as Trench T-2, is located directly south of the 903 Pad (Figure 4-1).

Ryan’s Pit was used from approximately 1966 to 1970 for the disposal of liquid chemical wastes
(RMRS, 1997a). The wastes were primarily solvents (PCE, TCE, and 1,1,1-trichloroethane
[1,1,1-TCA)), paint thinners (toluene, ethylbenzene, and xylenes), diesel fuel, and other
construction-related chemicals as described in the-.PAM (RMRS, 1995).
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4.2.1 Plume Definition Wells

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

" Plume. There were no reportable Tier I concentrations/radiological activities (activities) from

-any of these wells during 2002.

4.2.2 Plume Extent Wells

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

Plume Extent wells 23096, 23196, 90199, and 90299.

Well 90199 had no samples collected from it during 2002 because of dry conditioné. Well 90299
had only a 1% quarter sample collected from it during 2002. There were no Tier II reportable
concentrations from Plume Extent wells 23096, 23196, or 90299 during 2002. -

4.2.3 Performance Monitoring Wells for the Ryan’s Pit Accelérated_‘ Action

The Ryan’s Pit accelerated action included the excavation and treatment of approximately 180 -

. cubic yards of contaminated soil and debﬁs. The material was excavated in September 1995,

treated .in February 1996 using low temperature thermal desorption technology to remove VOCs,
and backfilled in September 1996. The Closeout Report for the Remediation of Individual
Hazardous Substance Site 109, Ryan’s Pit (RMRS, 1997a) summarizes the accelerated action.

Well 07391 is the closest downgradient well to Ryan’s Pit and provides performance n;onitoring
of the accelerated action. The concentration of PCE in well 07391 (Figure 4-2) has varied
considerably since the well was first sampled in March 1992 but is consistently above the Tier I
action level. Trend analysis of data collected fo date indicates that PCE concentrations have
declined slowly with time prior to and after the source removal with the current concentration
similar to the result before the source removal. The 2002 data indicate that the concgntrétion of

PCE remains above the Tier I action level, but has generally decreased since September 1998.
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The TCE concentration in well 07391 (Figure 4-3) has varied significantly with time but

éonsiStently is greater than the Tier I action level. ‘Sampling in 2002 indicates the TCE

concentration is above 50,000 pg/L. A decreasing trend in TCE concentration pﬁor to and post

accelerated action is discernible; the concentrations prior to and after accelerated actionare
similar indicating that the TCE concentration in the well has remained essentially unchanged with

time.

The concentration of 1,1,1-TCA in well 07391 has fluctuated above the Tier II action level with a
maximum concentration of 1,700 pug/L in September 1998 (Figure 4-4); although, the
concentration during 2002 was below the Tier II action level. However, despite considerable
fluctuations, and the high proportion of nondetects (nearly 50 percent), the concentration of 1,1,1-

TCA appears to have remained fairly constant and possibly decreased slightly.

The chloroform (CF) concentration in well 07391 has fluctuated substantially with time and has

‘been consistently above the Tier I action level (Figure 4-5). CF concentrations have decreased

slightly but remained fairly constant prior to and after the accelerated action at Ryan’s Pit.

' Elevated activities of U-235 and U-238 have been observed in well 07391. U-235 activities

(Figure 4-6) exhibit a downward trend up to September 1995 when the accelerated action
occurred at Ryan’s Pit. However, U-235 activities after the acceleratéd action have increased
above Tier II and the background M2SD. U-235 data collected in 2002 was above the
background activity (1.79 pCi/L).

A similar trend occurs in the U-238 data (Figure 4;7) where activitie’s appear to decrease prior to
the accelerated action and increase after completion of the action. With the exception of the first
sample, U-238 activities prior to the accelerated action were below the U-238 background level

(41.8 pCi/L). U-238 activities subsequent to the accelerated action show a significant increasing

trend where activities are greater than the U-238 background level and Tier 1.

No activities above background levels were observed in well 07391 for U-233/234 and
americium-241 (Am) isotopes, although, U-233/234 activities exhibit the same trend observed for
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the other U-isotopes discussed above. Pu-238/239 activities 4have been consistently below

- background levels since March 1995.

. In summary, concentrations of VOCs emanating from Ryan’s Pit and observed in downgradient

well 07391 have generally remained constant with time. A review of the data for VOCs indicates
there has been no significant trend to the data either before or after the accelerated action.
Monitoring of this well will continue until VOC concentrations decrease to below Tier I action

levels. Sampling and analysis of U-isotopes indicates that their activities have increased

significantly since the accelerated action at Ryan’s Pit. The reason for this increase in U-isotope

activities is not known.

4.3 .P‘U&D Yard Plume

The PU&D Yard Plume is located beneath the PU&D Yard (IHSS 174A) and extends east-
northeast élong the south side of the Present Landfill, a distance of about 3,000 feet. Thls area,
which was formerly known as IHSS 170, was used to store empty drums, dumpsters, cargo boxe‘s,
and excess materials from 1974 until 1997. Previous investigations found VQC contamination in
soils in the northeast comer of the PU&D Yard. The contamination is likely derived from the
leakage of drums that contained residual VOCs and from equipment or other materials stored at

the facility.

The PU&D Yard Plume Treatability Study was performed by the ER group to evaluate the .

effectiveness of Hydrogen Release Compound® in enhancing the natural attenuation of VOCs in

- soil and groundwater. For a full description of the project to date, including figures, diagrams,

and tables, please review the Annual Report for the Rocky Flats Environmental Technology Site
Groundwater Plume Treatment Systems, January through December 2002 (K-H, 2003a).

4.3.1 Plume Definition Wells -

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

were no reportable Tier I concentrations/activities from either of these wells during 2002.
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4.3.2 Plume Extent Wells

Plume Extent wells 00397 and 76992 monitor VOC ¢ontamination associated with the PU&D
Yard Plume. Both of these wells were dry during 2002, and no samples were collected from
them. -

4.3.3 'Performance Monitoring Wells

There are no Performance Monitoring wells defined for the PU&D Yard Plume.

In summary, all VOC contaminated groundwater associated with the PU&D Yard is below Tier 1

action levels. The VOC plume occurrence is restricted mainly to the narrow upland ridge that

separates the North Walnut Creek and No Name Gulch drainages.

4.4 East Trenches Plume

The East Trenches Plume (Figure 4-8) is located north of Cenﬁal Avenue and east of the IA.
This gfoundwater plume contains VOC contamination and extends to the north and northeast
where the plume discharges as seebs and subsurface baseflow to South Walnut Creek. Recent
sample results above Tier I action levels in Performance Monitoring well 23296, near South
Walnut Creek, and recent detections of VOCs in the B-ponds indicate that contaminated

groundwater-is reaching surface water.

Most of the groundwater contamination in the East Trenches Plume is believed to emanate from .

the trenches on the north side of the East Access Road, including Trenches T-3 and T-4 (RMRS,

~ 1996¢). Upgradient monitoring wells indicate that a component of the VOC-contaminated

groundwatef in this area is from the 903 Pad. The Arapahoe No.1 Sandstone is present beneath
the East Trenches source area and constitﬁtes a preferential groundwater flow pathway towards
South Walnut Creek. This unit is continuous in the subsurface from the East Trenches to the
northern end of the East Trenches plume; much of the groundwater flow and contaminant flux is
through this material. In addition, contaminated groundwater from the East Trenches plume
flows into the Qvf underlying South Walnut Creek (RMRS, 1999g).
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4.41 Plume Definition Wells

- Plume Definition wells 03991 and 05391 monitor the East Trenches Plume for VOCs. There

~ were no reportable Tier I concentrations/activities from either of these wells during 2002.

4.42 Plume Extent Wells

The East Trenches Plume is monitored by eight Plume Extent wells including 04091, 04591,
04991, 05091, 06091, 08091, 10194, and 23296. Wells 04091, 04591, 04991, 05091, 08091, and
10194 had no reportable concentrations during 2002.

- ‘Plume Extent well 06091 had reportable concentrations of CT (6.3 pg/L) and chromium 151

pg/L) during the 1* quarter. Because of an oversight, monthly sampling of well 06091 was not
initigted immediately after these reportable concentrations were noted. This well was sampled
again (routine semiannual) during the 3™ quarter and the results were below Tier II action levels
for both CT (4.48 pg/L) and chromium (11.2 pg/L). Figures 4-9 and 4-10 depict well 06091
trend plots for CT and chromium, respectively. Figure 4-9 shows that CT is generally decreasing
in this well since early 2000. Figure 4-10 shows that ‘chromium conceﬁtrations in this well were
consistent from 1993 through 1999, but then became erratic from 2000 through 2002. The low
concentrations during the 2000 through 2002 time period occurred duﬁﬂg the late summer. Only

two of the historic chromium results have been greater than the Tier II action level.

Plﬁme Extent vwell 23296 had 2™ and 4™ quarter Tier II reportable resu.lts for CT (Figure 4-11);
1,2-dichloroethene (1,2-DCE; Figure 4-12); and PCE (Figure 4-13). TCE concentrations for both

qquaneré (700 ug/L and 628 pg/L, respectively) are greater than the Tier I action level (Figure -
'14)'. The 4™ quarter results also indicated Tier II reportable concentrations for cadmium (Figure
4-15) and nickel (Figure 4-16). This well is immediately downgradient of the ETPTS at the
upstream end of Pond B-3. The ETPTS was completed in September 1999. As Figures 4-11,
4-13, and 4-14 show, within the first year of completion of the ETPTS there were sharp

concentration increases (highest historic concentrations) for CT, PCE, and TCE. These increases

" may have resulted from the construction and installation of the ETPTS. Cis-1,2-DCE is the only

one of the four VOCs whose concentration has returned to near the Tier I action level. The

4-8




L)

RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement

(RFCA) Groundwater Monitoring Report

cadmium and nickel concentrations observed during the 4™ quarter are the highest recorded
concentrations of those analytes to date at well 23296. In the case of cadmium, this does not
appeai‘ to indicate a trend. On the other hand, the nickel concentration in well 23296 has shown

an increasing trend since late 1999. -

Well 23296 is a well in transition. In this report it is discussed as a Plume Extent well (Section

4.4.2) and Performance Moniton'ng well (Section 4.4.3.2). Well 23296 is proposed to become a

Performance Monitoring well only because its TCE concentration is typically greater than the

Tier I action level for TCE, which precludes its use as a Plume Extent or Drainage well.
4.4.3 Performance Monitoring Wells
4.4.3.1 Trenches T3 and T4 Accelerated Action

The T3 and T4 accelerated action consisted of the excavation and treatment of approximately
3,800 cubic yards of soil contaminated with VOCs above Tier I action levels for subsurface soil
(RMRS, 1996d). The excavated soil and debris were thermally treated (August 1996) to remove
the VOCs, which consisted primarily. of CT, TCE, and PCE (RMRS, 1996d). The remediated
soil, which was then below Tier II action levels, was returned to the trench excavations
(September 1996) and the area was revegetated (RMRS, 1996d). The Completion Report for the
Source Removal at Trenches T-3 and T-4 (IHSSs 110 and 111.1) (RMRS, 19964) summarizes the

accelerated action.

Five Performance Monitoring wells (3687, 05691, 11891, 12191, and 12691) are used to monitor

" . the accelerated action at former Trenches T3 and T4. PCE concéntrations in well 3687 have

declined with time (Figure 4-17). A trend plot for PCE in this well indicates a downward trend
prior to the accelerafed action. The data gap that occurs from 1995 to 1997 is when trench source
material was removed. PCE data collected after removal of trench source material exhibit a slight

upward trend. However, the results are generally less than or equal to. the concentrations

-measured preceding the accelerated action. PCE results in well 3687 since mid-2000 have been

below the Tier I action level.
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TCE concentrations in well 3687 (Figure 4-18) have also beén generally decreasing with time.
The trend plot indicates a significant downward trend prior to excavation and treatment of
contaminated soils in former Trenches T3 and T4. TCE data collected since the accelerated
action exhibit a slightly increasing trend, élthough the most recent concentrations are less thén the
pre-accelerated action results. The TCE concentration in well 3687 is approximately two orders
of magnitude greater than the PCE concentration. The TCE concentrations in 2002 during the 2™
and 4™ quarters were -16,500 pg/L and 11,500 pg/L, respectively. |

- CF concentrations in well 3687 have been generally decreasing prior to.the accelerated action

igure 4-19). With the exception of an outlier in the 4 quarter , CF concentrations since
(Figure 4-19). With th f | he 4™ 1998, CF

the accelerated action are similar to those observed prior to the accelerated action. CF

concentrations in well 3687 during 2002 were slightly above the Tier II action level.

Since 1994, CT concentrations in well 3687 have remained fairly constant, as seen on Figure
4-20. The concentration of CT was generally declining before the accelerated action. CT
concentrations have frequently been above the Tier I action level and consistently above the Tier

I action level. The 2002 results fluctuate above and beIOW~fhe Tier I action level.

Trend plots of PCE, TCE, and CT for well 05691 are similar and show a general decrease in
concentration ﬁp to the present time (Figures 4-21 to 4-23). All three figures display downward
concentration trends priorvto the removal of trench source material. Concentrations of PCE, TCE,
and CT have been relatively constant since the accelerated action. The PCE, TCE, and CT -
concentrations in well 05691 have generally been above Tier Il action levels since.sampling

began in 1991 and remain above Tier II in 2002.

PCE concentrations at well 11891 increased prior to the acceléfated action and have remained the
same sihée' (Figure 4-24). PCE concentrations at this well range between 100 pg/L and 300 pg/L.
TCE concentrations remained the same prior and subsequent to the accelerated action (Figure
4-25). Concentrations of PCE and TCE at this well have been consistently above Tier II action

level.
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CT concentrations in well 11891 (Figure 4-26) have fluctuated above and below the Tier I action
level. CT concentrations for the last four sampling events, including 2002, are below the Tier I

action level. Concent'ration trends prior to and post source removal both have increasing trends.

Although, since a high result in the fall of 1999, the concentration of CT has been steadily

decreasing for the last six sampling events

Except for an outlier in May 1992, PCE, TCE, and CT concentrations at well 12691 (Figures 4-27
to 4-29) prior to and after source removal are relatively constant. PCE and TCE concentrations
are greater than Tier IL The CT concentration has fluctuated sllghtly above and below the Tier I

action level and is currently greater than Tier IL.

The PCE concentration in well 12191 (Figﬁr‘e. 4-30), which is located at the upgradient (south)
edge of Trench T3, has fluctuated generally between 200 ug/L and 500 pg/L over a ten-year
period but has never exceeded the Tier I action level. However, the long-term trend in PCE
concentrations has increased as illustrated by the upward slope of the trénd line since the
accelerated action. Well 12191 may actually be upgradient of Trench T3, but close enough to the

excavation that it might be affected by contamination from this burial site.

The TCE concentration in well 12191 '(Figmc 4-31) exhibits fluctuations similar to PCE prior to
the accelerated action. Trend analysis of these data indicates there was a decreasing TCE
concentration prior to the accelerated action and a slfght increase to the TCE concentration post
accelerated action. Post accelerated action TCE concentrations are about the same magnitude as

the last result prior to the accelerated action.

CT concentrations in well 12191 (Figure 4-32) fluctuate and appear to be décreasing slighﬂy
since the accelerated action. There is an overall decline in CT concentrations since sampling

began in 1992. : 5

In summary, PCE, TCE, and CT concéntrations downgradient of Trenches T3 and T4 in wells
3687, 05691, 11891, and 12691 have remained essentially unchanged or increased slightly since
the accelerated action. One of these wé]ls, 3687, exhibits continuing values for TCE that are

more than an order of magnitude greater than the Tier I action level, suggesting a residual VOC
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contaminant source. Concentrations of PCE, TCE, and CT have either increased slightly or
remained the same in upgfadient/source well 12191. It is not clear whether well 12191 is actually
upgradient of the contamination associatéd with Trench T3; and, therefore it may not be pertinent

asa Pgrformang:'e Monitoring well. The VOC concentraﬁons downgradient of Trench T3 are

-generally Tier II, which makes it harder to distinguish from the upgradient 903 Pad Plume than

the Trench T4 concéntrations, which ére Tier I.- VOC plume modeling currently being performed
by the Water Program may clarify the relative contributions of each source area. Sampling of
Performance'Monitoring‘ wells downgradient of Trenches T3 and T4 will continue until

downgradient VOC concentrations decrease to below Tier.I action levels.
4.4.3.2 East Trenches Plume ‘Treatment System

During 1999, the ETPTS was installed to intercept East Trenches Plume groundwater along the
southern-edge of South Walnut Creek. Effluent samples collected from the ETPTS during 2002
were mostly nondetect and only one, a PCE concentration of 12 pg/L collected in April 2002,

was above the Tier Il action level.

Four monitoriﬁg wells, 23296, 95099, 95199, and 95299 are currently being sampled as
Performance Monitoring wells for the ETPTS. Wells 95199, 95299, and 23296 are located
downgradient of the treatment system. Well 95099 is located just upgradient of the treatment

system at the northeast (downstream) end

TCE has been detected in well 95199 at concentrations above Tier II action levels for all

sampling rounds since the cbmpletion of the well in 1999. The maximum TCE concentration in

~ well 95199 to date, 68.6 pg/L, was during the 4™ quarter of 2002. As shown on Figure 4-33, the

upward trend line indicates an increase in the TCE concentration since sampling commenced.

There have not been any concentrations of PCE or CT above Tier II action levels in well 95199.

Since sampling was initiated, the PCE concentrations in well 23296 have consistently been above
Tier II action levels as shown on F igure 4-13. Trend anélysis of the data indicates there was
generally no change in the mean concentration of P_CE prior to and after the ETPTS installation.

The highest PCE concentrations were observed immediately after construction.
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TCE concentrations in well 23296A(FI igure 4-14) have consistently”been above the Tier Il action

level and occasionally above the Tier I action'level since the ETPTS was installed. Both of the

2002 results were above the Tier I action level; the high being 700 wg/L during the 2™ quarter

2002. Trend analyses for these data suggest a relatively constant concentration prior to and a

‘ élightly increasing trend since the installation of the ETPTS.

Concentrations of cis-1,2-DCE in well 23296 (Figure 4-12) have been frequent_ly abm}e the Tier

- I action level during the entire period of sampling; most of the concentrations above the Tier II

action level have occurred since the completion of the ETPTS. Cis-1,2-DCE concentrations at i}
this well have been erratic, ranging between approximately 5 pg/L and 170 pg/L. Trend analysis
indicates an increase in concentration before and a slight decrease in concentration after

installation of the ETPTS. Results in 2002 continue to be above the Tier II action level and are

slightly higher in concentration compared to the pre-ETPTS installation results.

Well 95299 has been dry since it was installed and, thereforg, has not been sampled. Very low,

“J” qualified concentrations of CT (léss than 1 pg/L) have been detected in well 95099.

Except for one effluent sample in 2002, the treatment syétem appears to be treating collected
groundwater to below Tier II action levels for all VOCs. Well 23296, located downgradient of

the groundwater remedial system, continues to exhibit elevated concentrations of VOCs,

suggesting that the East Trenches Plume below the ETPTS continues to migrate towards the
creek. This portion'of the East Trenches Plume belov‘y the ETPTS was the northemmost extent of
the East Trenches Plume prior to construction of the ETPTS. Monthly effluent sampling and IMP

‘groundwater sampling during CY 2003 will continue to verify the performance of the treatment

system.

4.5 Mound Site Plume

- The Mound Site (IHSS 113) is located noﬁh of Central Avenue and northeast of the 903 Pad and

consists of a former waste disposal area where approximately 1,400 drums were stored. Initially

pﬁced on the grouhd, the drums were buried with soil between April 1954 and September 1958.

The waste originated in Buildings 444, 771, 776, and 883 and contained U- and beryllium-
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contaminated lathe coolant (a mixture of approximately 70 percent hydraulic oil and 30 -percent
CT), PCE and other VOCs, and low levels of Pu. Ten percent of the drums were suspected to

have leaked, resulting in soil and groundwater contamination.

The Mound Site Plume is located north of Central Avenue and east of the PA fence. The plume

discharged, prior to the installation of the Mound Site Plume Treatment System (MSPTS) in
1998, as seeps and subsurface flow into the South Walnut Creek drainage in the vicinity of seep
SW059. VOC contamination, primarily PCE and TCE, has been identified along a line of
monitoring wells downgradient (north) of the Mound Site, between the Mound Site and South
Walnut Creek. Figure 4-34 presents the location'of the Mound Site area énd Mound Site Plume.

4.5.1 Plume Definition Wells
There are no Plume Definition wells defined for the Mound Plume.
4.5.2 Plume Extent Wells

The Mound Plume is monitored by Plume Extent wells 3586 and 75992. Well 75992 only
produced enough water for 3™ quarter VOC and nitrate samples; there were no reportable

concentrations in this well.

Well 3586, constructed of stainless_ steel, had a Tier I reportable concentration for manganese
(1,200 pg/L) during the 4™ quarter of 2002 (Figure 4-35). This was the highestvconcentration of
manganese ever recorded at this well; the previous quarterly manganese concentration was the
lowest ever recorded at this well. Sampling results for two of the three monthly samples
confirmed the reportable concentration. Wetlands can be a natural source of manganese; there is a
a wetland located just éast of.Building 991. Hisforic data at surface water station GS-10, located
just downstream.of the wastewater treatment plant, has shown elevated concentrations of
manganese (personal communication with George Squibb, Water Program). Manganese in
groundwater is not evaluated since there is no longer a surface water standard for this analyte at

RFETS (May, 2003 RFCA revision).
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4.5.3 Performance Monitoring Wells
45.3.1 Mound Site Accelerated Action

The purpose of the 1997 Mound Site accelerated action was to remediate 724.5 cubic yards of
soils contaminated with VOCs at concentrations above Tier I action levels for subsurface soil -
(RMRS, 19976). The excavation was completed in April 1997; soils were treated in August 1997
using low temperature thermal desorption to remove the VOCs. The treated soils were returned
to the éxgavation in September 1997. The Closeout Report for the Source Removal at the Mbun;l

Site, IHSS 113 (RMRS, 1997¢) summarizes the accelerated action.

Well 00897 was installed in 1997 to monitor groundwéter immédiateiy downgradient of the
Mound Site. PCE concentrations have fluctuated and faﬁge from a minimum of 7,400 pg/L in
November 1998 to 26,000 pg/L in October 2002. As illustrated on Figure 4-36, PCE
concentrations in well 00897 are greater than Tier I and exhibit a distinct upward trend since
source removal. Based on a linear flow velocity of approximately 710 ft/yr calculated fdr

groundwater flow downgradient of the Mound Site (based on the K value for the Arapahoe No. 1

| Sandstone, Table 2-2), and a retardation (R) value of 7.32 for PCE, it would take approximately

1.3 years for PCE in groundwater to travel from the Mound source area to well 00897. Any PCE
contaminated groundwater remaining between the source and well 00897 would ha\_'e had ample

time to flow past this well, yet the current concentrations suggest that a PCE source remains.

TCE concentrations in well 00897, as shown in Figure 4-37, range from a high of 2,000 pg/L in
March and June 1998 to less than a 1,000 pg/L in October 1997 and November 1998. All TCE
resulté at this well have been greater than the Tier I action level of 500 pg/L. The data exhibit a
slight upward trend.

Well 02291 is also located downgradient of the Mound Site, approximately equidistant between
the Mound Site and the MSPTS. PCE concentrations in this well (Figure 4-38) range from a

~ minimum of 210 pg/L in December 1991 to a maximum of 6,800 pg/L in October 2001. A three-

year data gap exists, from 1995 to 1998, as a result of removing well 02291 from the groundwater
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mbnitoring program. The PCE concentration in well 02291 appears to be increasing over time,
although there was a noticeable decrease in concentrétion from the 4™ quarter 2001 to the 2™
quarter of 2002. PCE concenu*atioﬁs have generally been abo.ve the Tier I action level for all ,
sampling rounds. The trend line indicates that the PCE concentration exhibited a significant
upward trend prior to the source removal; the trend since source removal s still increasing, but at

a lesser rate.

The trend plot for TCE in well 02291 (Figure 4-39) is similar to PCE, but the TCE concentration
is an order of magnitude lower than the PCE concentration. TCE concentrations vary and range
from a minimum of 100 pg/L in December 1991 to a maximum of 740 pg/L in April 2000. TCE
concentrations in well 02291 have generally exceeded the Tier I action level (500 pg/L) since the
accelerated action. Hdwever, the last two sampling event results are below the Tier I action level
but remain above Tier II. Similar to Figure 4-37, the trend line before the Mound Site accelerated

action indicates that the TCE concentration was increasing. Data subsequent to the accelerated

_ action still show an increasing trend, but at a lesser rate.

In summary, during the past seven years, concentrations of PCE downgradient of the Mound Site

_ (wells 00897 and 02291) have increased and are approximately 10 times the Tier I action level.

Although the excavation criteria established in the PAM for the Mound Site were met, all of the
NAPL that leaked from the drums may not have been recovered. Because of the continuing high

VOC concentrations since the accelerated acﬁon, the MSPTS was constructed. Monitoring will

continue until VOC concentrations decrease to below Tier I action levels.

4.53.2 '_Mound Site Plume/SW059 Remediation System

Currently, four wells (3586, 15599, 15699, and 15799) are being sampled as Performance
Monitoring wells for the MSPTS (Figure 4-34). These wells are all located downgradient of the
MSPTS collection trench with well 3586 being farthest downgradient and adjacent to South

Walnut Creek. The other three wells are immediately downgradient of the interéeptor trench.

Vinyl chloride (VC) concentrations have generally been above Tier I action levels in well 3586

(Figure 4-40) since sampling started in September 1986. However, since April 1991, there has




RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report

been a continuous decrease in the VC concentration at this location that may be indicative of

" biodegradation. Data from 2002 indicate that VC concentrations are nondetect.

" Concentrations of PCE and TCE in well 15699 (Figures 4-41 and 4-42, respectively) have been

elevated since sampling began in March 1999 and have generally been above Tier I action levels.
Trend lines for PCE and TCE indicate that concentrations of these compounds have remained

generally unchanged since sampling began. Concentrations of cis-1,2-DCE (Figure 4-43) and

»1,17dichloroethene (1,1-DCE; Figure 4-44) have been detected in well 15699 above Tier II action

Iévels, which are 70 ng/L and 7 pg/L, respectively. The trend line for cis-1,2-DCE appears to
indicate decreasing concentration. Since mid 1999, the concentration of cis-1,2-DCE and
1,1-DCE have generally decreased in this well. Conéen&ations of 1,2-dichloroethane (1,2-DCA),
slightly greater than Tier Il levels, have also been detected in well 15699 (Figure 4-45).
However, since.N(_)vember 1999, the compouﬁd has been detected only once at a very low level
(10 pg/L). High non-detect values from 2000 are due to élevated detection limits that result frbm
sample dilution. Well 15699 was dry during 2002. -

Wéll 155991 has been frequently dry since its installation and has ﬁot been sampled on a regular
basis. Samples collected in May 2001 indicate the presence of PCE at 41 pg/L. and TCE at 75
pg/L. No other samples have been collected from well 15599; it was dry during 2002. Well ‘
15799, also dry during 2002, had groundwater samples collected from it in August and November
of 1999, and June of 2000. U-isotopes U-233/234 and U-238, in August 1999, were the only‘
analytes observed at a concentration greater than the Tier II éction level. Almost all VOC results

for well 15799 were non detect.

In summai'y, the fact that wells 15599, 15699, and 15799 are frequently dry points to successfully
intercepting a large portion of the groundwater flow in the vicinity of the MSPTS. A slight
decline in water level may have occurred in well 3586 as a result of the groundwater remedial

system, but considering the distance that this well lies from the system, this decline may'al.so be

attributed to dry climatic conditions. No VOC samples were able to be collected from wells

15599, 15699, or 15799 during 2002, so a current assessment of these Performance Monitoring
wells is not possible. Well 3586 did not exhibit any VOC concentrations greater than Tier 11
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“during 2002. ‘A detailed analysis would be required to evaluate the hydraulics of the remedial

system.
4.6 881 Hillside Plume

The 881 Hillside (formerly OU 1), is located just south and east of Building 881 and north of
dean Creek. Building 881 was used for enriched U operations, stainless steel cdmponent
niamifacturing, and laboratory analyses of the samples génerated during production. Woman
Creek and the South Interceptor Ditch (SID) are two surface water drainages that occur in the
vicinity of the 881 Hillside. The SID crosses the 881 Hillside flowing west to east just north of

and parallel to Woman Creek. Figure 4-46 shows the 881 Hillside area.

4.6.1 Plume Definition Wells

Four Plume Definition wells, 0487, 891COLWEL, P416789, and P416889 are used to monitor

the 881 Hillside Plume. There were no reportable Tier I concenti'ations/activities from any of

these wells during 2002.
4.6.2 Plume Extent Wells

Plume Extent wells 10992, 11092, 4787, and 4887 monitor the extent of the 881 Hillside Plume.
Plume Extent well 5387 monitors the Building 881 Footing Drain Sump, which is also known as

surfaé_e water monitoring station SW13494.

Well 4787 and 4887 were dry during 2002, and no samples were collected from them. Well

1 1092 produced only enough water during 2002 for a 1* quarter VOC sample.

Well 5387, constructed pf stainless steel, had a concentration above the Tier II action level for
nickel (Figure 4-47) in the 1% quarter; this well produced only enough water fora VOC sample in
the 3" qﬁarter. Monthly sampling for metals was attempted in August and September; the well
was dry during both of those visits. A sample was collected in Novémbe‘r, and the nickel result

was well below the Tier II action level. The first quarter reportable result was, therefore, not
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substantiated by the subsequent sampling. Before the reportable 1% quarter result, there had been
eleven consecutive sampling events without a nickel concentration above the Tier II action level.

There were no other reportable concentrations from this well during 2002.

Well 10992 had Tier II repgrtable concentrations of nitrate (Figure 4-48) and selenium (Figure
4-49) during the 3™ quarter of 2002. Subsequent monthly sampling for the two analytes in
January, February, and March 2003 confirmed the 3™ quarter 2002 elevated values for both

analytes. The nitrate concentration observed at this well is an isolated occurrence and not

" associated with any known nitrate source. The selenium concentration at this location has been

| relativcly consistent, and all historic results have been above the Tier II action level. The

reportable selenium concentration was approximately an order of magnitude greater than the

~ background value for selenium.

4.6.3 Performance Monitoring Wells
4.63.1. 881 Hillside French Drain

During 1992, as an IM/IRA, a 1,435-foot long French drain (881 Hillside French drain) was

* constructed across a significant portion of OU 1, north of the SID. The French drain, combined

with an upgfgdient extraction well (891COLWEL), constituted the 881 Hillside groundwater
collection and treatment system (Figure 4-46).

Groundwater presence in the area is limited and primarily found in the unconsolidated surficial

.materiarls, in isolated northwest-southeast trending paleochannels incised into the bedrock, and in

the weathered bedrock. Recharge to the unconsolidéted. surficial material is minimal and occufs
primarily through infiltration of precipitation during spring and summer. Discharge occurs

largely through evapotranspiration (ET) and also at seeps, Woman Creek, the SID, and the 881

Hillside French drain.

In accordance with the modification (limited groundwater pumping and moni;oring) described in

‘the Major Modification to the Operable Unit 1:881 Hillside Area CAD/ROD (DOE, 2001),

pumping of 891COLWEL had been discontinued as of April 2002. As described in the
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document, 891COLWEL will now be designated a Plume Definition well to be monitored
quarterly, consistent with the IMP These activities hinged on the concentration of TCE in
891COLWELL with regéird to the Tier I action level (500 pg/L). In addition, well 0487 will now
be designated a Plume Definition well and will be monitored quarterly; wells 4787, 4887, 10992,
and 11092 will now be designated as Plume Extent wells, to be monitored semiannually. If or
when VOC concentratio_ns in the Plume Definition wells (891COLWEL and 0487) fall below the
Tier II action levels for four consecutive sampling events, monitoring will be discontinued. This
is the last time that performance momtormg of the 881 H111s1de French Drain will be presented i in

the Annual RFCA Groundwater Momtormg Report.

VOCs, including TCE, PCE, and CT, U-isotopes U-233/234 and U-238, and selenium have
consistently exceeded Tier II action levels in 8§ICOLWEL. Sample results from 891COLWEL
in 2002 indicate no Tier I exceedances for VOCs. The TCE concentration in 891COLWEL has '
generally exhibited a steady decline since July 1994 (Figure 4-50). Since the decommissioning of

the French drain, the concentration of TCE has increased slightly but remains below Tier L.

PCE in 891COLWEL has been consistently above the Tier Il action level. As shown on Figure

'4-51, PCE has been steadily decreasing since 1994. The PCE concentration has increased slightly

since the French Drain was decommissioned. Even though the PCE and TCE data exhibit a
s]ightly increasing trend since decommissioning of the French drain, the magnitude of the 2002

results are similar to the last results prior to decommissioning.

CT concentrations in 891CQLWEL (Figure 4-52) have. generall_yvbeen above Tier II action levels,
although just prior to decommissioning of the French drain, fhe results fluctuated about the Tier II
action level. Since the decommissioning of the French drain, and cess'ation of 891COLWEL
pumping, the concentration of CT has increased. The current concenlratlon is above the T1er I

action level; concentrations have retumed to levels observed in 1995.

The concentration of 1,1-DCE in 891COLWEL (Figure 4-53) has generally been above the Tier
II action level, although prior to decommissioning of the French drain the concentration was less

than Tier II. There has been a slight increase in the 1,1-DCE concentration since the

- decommissioning of the French drain and cessation of 891COLWEL pumping.
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Selenium in 891COLWELL has been consistently above the Tier II action level (Figure 4-54).
There has been almost no change to the selenium concentration in 891COLWEL with time;
although, since the cessation of pumping of 891COLWEL in April 2002, the concentration of

selenium has decreased considerably.

There were no VOC rheasurements above Tier Ii action levels for 881 Hillside French drain :

Performance Monitoring wells 10592, 10692, 10792, 10992, and 11092 during 2002. ‘

Selenium in well 10592 has historically been above the Tier II action level but has been

decreés‘ing prior to the decommissioning of the French drain (Figure 4-55). The selenium

“concentration has increased since the decommissioning. Selenium in well 10792 has been

decreasing since May 1998 and,‘ as of 2002, is below the Tier II action level (Figure 4-56); the
trend analysis shows a relatively constant selenium concentration except for an outlier in May
1998. Selenium concentrations in well 10992 have been above Tier Il action levels since
sampling began in September 1996 (Figure 4-49). Trend analysis pridr to decommissioning of
the French drain indicates a slightly decreasing slope; the selenium concentration has increased
slightly since the decommissioning, although the concentrations prior to and post

decommissioning are essentially the same.

Nitrate concentrations in well 10992 (Figure 4-48) ére currently and historically above the Tier II

action level with an increasing trend before and after the decommissioning of the French drain.

Two.wells immediately east and southeast of 891COLWEL (4387 and 32591) have results above
the Tier I action levels for VOCs. These wells trend northwest to southe;ast, subparallel to the
axis of the paleochannel that is shown on Figure 4-46. Downgradient wells 10992 and 11092 had
no VOC concentrations greater than Tier II action_levels during 2002; therefore, there appears to.

be no threat to surface water from this isolated area of elevated VOC concentraﬁons.
In summary, there were no VOC results above Tier II acﬁon levels for 881 Hillside French drain

Performance Monitoring wells 10592, 10692, 10792, 10992, and 11092 during 2002. The nitrate
concentration in well 10992 is currently above the Tier II action level. Wells 10592 and 10692
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are being considered for abandonment as they are not in locations that are pertinent to

performar_)cé monitoring of the decommissioning of the French drain.
4.7 Carbon Tetrachloride (IHSS 118.1) Plume
Thé Carbon Tetrachloride Plume is located in IHSS 118.1 adjacent to Building 771. CTis the

principal contaminant at IHSS 118.1 and resulted from spills or leakage at an underground CT

storage tank, which was subsequently removed. Subsurface characterization was initiated in 1997

- to identify the extent of the DNAPL source and dissolved plume and to determine the feasibility

of extracting the DNAPL using pumping or excavation. Source removal was postponed because
it was not feasible to excavate the source because of the number of active process lines and -

utilities in the area.

- 4.7.1° Plume Definition Welis

The Carbon Tetrachloride Plume (THSS 118.1) is monitored by Plume Definition wells P209289,
P209389, P209489, and P219189. There were no reportable Tier I concentrations/activities from
any of these wells during 2002. ‘ '

4.7.2 Plume Extent Wells

The Carbon Tetrachloride Plume (IHSS 118.1) is monitored by Plume Extent well 21098, which
is discussed in Section 4.8.2, Plume Extent Monitoring Wells (for the IA VOC Plume). The
current.CT concentration in this well is five to six greater than the Tier I action level. The CF
observed at this location, which is greater than the Tier II action leifel, is probably a degradation

product of the CT emanating from IHSS 118.1.

4.7.3 Performanée Monitoring Wells

There are no Performance Monitoring wells defined for the Carbon Tetrachloride (IHSS 118. l)'

. Plume.
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In summary, source wells located in IHSS 118.1 show extremely high dissolved concentrations of

* CT and DNAPL, and Plume Extent well 2 1098 has current CT concentrations approaching 3000

ng/L (see F iguré 4-60). A source removal/remedial action is planned for the near future.
4.8 Industrial Area (IA) VOC Plume

4.81 Plume Definition Monitoring Wells

The IA VOC Plume is monitored by Plume Definition well 22896. There were no reportable Tier

I concentrations/activities from this well during 2002.
4.8.2 Plume Extent Monitoring Wells

Plume Extent wells that monitor the IJA VOC Plume include 00197, 10994, 1986, 2186, 22596,
22696, 43392, 6186, P114389, P313589, P314289, and P416689. The Carbon Tetrachloride
Plume (IHSS 118.1) is monitored by Plume Extent well 21098. Plume Extent well 22796

monitors an unnamed plume that lies to the north/northwest of Building 771.

Because of dry conditions, no samples were collected from Plume Extent wells 00197 and

P314289.

Plume extent wells 2186, 22696, 43392, P114389, and P313589 did not have any Tier II
reportable concentrations during 2002. Well 2186 will be dropped from the IMP after 2002 -

because it is not pertinent to monitoring the IA VOC Plume as it is located across the unnamed

drainage (between B371/374 and B771) from the plume, and its depth and construction details

indicate that it is a LHSU well. It is screened from 35 to 67 feet bgs and the top of bedrock was

~ encountered at 15 feet bgs at that location.

Six Plume Extent wells that monitor the IA VOC Plume had Tier II reportable concentrations
during 2002. Well 10994 had 1* and 3™ quarter reportable concentrations of nitrate (Figure 4-57)
and selenium (Figure 4-58). Monthly sampling confirmed both the nitrate and selenium

reportable concentrations. The historic nitrate concentrations at this location are fairly consistent,
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ranging from 6.5 to 19 mg/L. The origin of nitrate at this location is unknown as it is not located
near any knowh nitrate sources. The selenium concentration has been above the Tier II action |
level but below the historic M2SD for every sample ever collected from this well. Because
selenium is an anion, relatively mobile in grouhdwater,v and not associated with a building or

known incident at this location, it is assumed to be naturally occurring.

Well 1986, a stainless steel well equipped with a stainless steel pump, had 2™ and 4™ quarter
manganese concentrations of 3,760 and 3,489 pg/L, .rcspectively (Figure 4-59). Subsequent -
monthly samples confirmed the reportable manganese concentrations. This well is’compléted in
Valley Fill Alluvium and located in the unnamed drainége between B371/374 .and B771. There is
groundwater VOC contamination associated with THSS 118.1 and radiological contamination
associated with IHSS 131 (soil) and B559 and B371/374 (groundwater) in the Viégnity that has
not impacted the wéll. The fact that this well, completed in a relatively permeable medium, has
not been impacted by other analytes, suggests that the manganese is naturally occurring or |

possibly leached from the stainless steel pump or well completion materials.

Well 21098 (replaced by well 21002 during late summer 2002) had 2™ and 4" quarter (well
21002) concentrations of CT (Figure 4-60) and CF (Figure 4-61) above RFCA action levels. The
CT concentration in this well is greater than the Tier I action level and is a result of downgradient

migration of dissolved phase CT from IHSS 118.1. Since this well is within the Carbon

“Tetrachloride Plume, it does not meet the definition of a Plume Extent well. Unfortunately,

because of the configuration of the unnamed drainage, there is not an existing well that is better
positioned for mom'toriné the extent of the plume. Monthly sampling of this well confirmed the
Tier H reportable CF cor_lcentration.‘ The CF observed at this location is probably a degradation
product of the CT emanating from IHSS 118.1. CF at this location shows a decreasing trend, but

- 1s still above Tier 11.

“Well 22596 had a 3™ quarter thallium concentration that was repbrtable (Figure 4-62).

Subsequent monthly sampling did not confirm that thallium was above the Tier II action level,

and the previous eight quarterly events all resulted in thallium concentrations below the Tier II

action level. This well will be removed from the IMP as a Plume Extent well because it is

redundant with other wells that are more appropriately positioned to monitor the IA VOC Plumes.
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Well 6186, a stainless steel well that is not équipped with a pump, had é 3'a-qua;ter nickel
concentration that was reportable (Figure 4-63). This was the first observed nickel concentmtion;
above the Tier II action level at this loéaﬁon. Subsequeﬁt monthly sampling confirmed the initial
reportable concentration of nickel. This well is not currently impacted by VOCs, nitrate,
U-isotopes, or any other metals in concentrations greater than Tier II action levels; therefore, the

high nickel concentration may be the result of corrosion of the stainless steel well casing and

- screen.

Well P416689 had a reportable nickel concentration during the 4™ quarter (Figure 4-64). The
results of subsequent monthly samples confirmed the reportable nickel concentration in this well.

This well is constructed of PVC casing and screen and lies immediately south of the Building

460/444 area. Among other metalé, Building 444 was known to have utilized stainless steel, and

nickel as a coating or alloy material (DOE, 1994d). As with almost all Tier I metals detections in
groundwater at RFETS, their occurrences are typically isolated at individual wells and do. not

constitute Tier I metals plumes.
4.8.3 Performance Monitoring Wells
There are no Performance Monitoring wells defined for the IA VOC Plume.

In summary, except for IHSS 1 f8.1 and a few isolated occurrences, there is little VOC

~ contamination in the IA Plume that is greater than the Tier I action levels.

4.9  Solar Ponds Nitrate/Uranium Plume

The SPP is an area of groundwater contamination that extends from the former SEPs to the
northeast towards North Walnut Creek and to the southeast towards South ‘Walnut Creek. The
primary analytes of concern are nitrate (Figure 4-65) and various U-isotopes (Figure 4-66);
however, other inorganic_ and organic éompouhds have also been identified at concentrations
above Tier II action levels. VOCs, primarily PCE, TCE, and CT, have been detected in
momtormg wells located in the western and southern portions of the former SEPs area. The VOC

contamination, which is currently greater than Tier I action levels for TCE and CT at well

4-25




RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Mornitoring Report

- P210189 (to be utilized beginning in 2004 as a Plume Definition well), is thought to have

originated from an unidentified source to the west and southwest of the former SEPs, and

“therefore thought to be distinct from the SPP. Several metals have also been detected in SPP

momtorlng wells at concentrations above groundwater action levels.
4.9.1 'Plume Definition Monitoring Wells

The SPP, which consists of grouhdwater impacted with nitrate énd U-isotopes, is monitored by
Plume Definition wells 00297, 79102, 79202, '7‘9302, 79402, 79502, P207989, and P208989.
Well 00297 has typically been dry and will be removed from the monitoring program and
replaced during 2003. New downgradient weﬂs 79102 and 79302 exhibited 3" quarter results
above Tier I for U-isotopes and nitrate, respectively. These were the only two Plume.Deﬁnit_ion

wells for the SPP that had any reportable Tier I concentrations/activities during 2002.

Well 79102 exhibited U-233/234 and U-238 activities of 173 pCi/L and 142 pCi/L, respectively.
Although these activities are greater than the Tier I action levels for those analytes, the ratié of
the activities of the two isotopes implies a naturally occurring isotopic signature. Well 79302 .
exhibited a nitrate concentration of 1,690 mg/L during the 4™ quarter of 2002, which is indicative

of nitrate contamination associated with the SPP.

4.9.2 Plume Extent Monitoring Wells

* Plume Extent wells 1386, 1786, 3386, B208289, B208789, P218389, and P219489 are located at

the edge of the SPP and monitor nitrate and U-isotope contamination associated with the plume. -

. Wells 1386 and 1786 are sampled quarterly; the rest are sémpled semiannually.

Wells 3386, B208289, and P218389 were dry during the 2™ and 4™ quarters and no samples were
collected from them during 2002.

- Plume Extent well 1786 had Tier II reportable concentrations of nitrate (Figure 4-67) for every

sampling event since its inceptioﬁ and is shown within the SPP on Plate 13 from the 2001 Annual

RFCA Groundwater Monitoring Report (Safe Sites,_v2002b). This well will be eliminated as a
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Plume Extent well, and will be reclassified as a Plume Def'mition well in the future. In addition
to nitraté, well 1786 had Tier Il reportable concentrations of selenium (Figure 4-68) during the 2™
and 4™ quarters, and reportable concentrations of U-235 (Figure 4-69) during the 3™ and 4"
quarters. While the recent U-235 results are inconsistent (although consistent with past
activities), the recent nitrate and selenium results show downward trends. The nitrate and
U-isotope concentrations at this location are atti’ibuted to the SPP; the selenium may be naturally

occurring. Monthly sampling confirmed the reportable concentrations; the appropriate parties’

were notified via quarterly reports. This well is located immediately west of the SPPTS discharge

gallery, and at certain times of the year, especially wet periods, water has been observed to run
overland down to the discharge gallery and North Walnut Creek from a seepage point located -
immediately east of the green, recently demolished, Interceptor Trench System (ITS) pumphouse
(308D). - Infiltration of this water, the origin of which is unknown but may be the ITS, may be

responsible in part for the analyte concentrations observed in this well.

~ Plume Extem well 1386 had reportable nickel concentrations for both the 2™ and 4™ quarters

(Figure 4-70). Monthly sampling of this well was initiated and the appropriate parties notified
after the 4™ quarter reportable result was obtained.. The monthly sampling confirmed the
quarterly results. This well has had nickel concentrations above the Tier II action level and
historic M2SD since late 1997. Well 1386 is constructed of stainless steel, which may be

responsible for the nickel concentrations.

of fhe remaining two Plume Extent wells (P219489 and B208789), B208789 did not have any

reportable concentrations during 2002. Well P219489 had a reportable nitrate concentration

during the 2™ quarter (Figure 4-71) and was dry during the 4™ quarter. Nitrate concentrations at ..
this well range between 30 and 60 mg/L and have been consistently above the Tier II action level

since 1993 or 1994. This well will be reclassified as a Plurﬁe Definition well because it has

shown consistent historical results for nitrate that are greater than the Tier II action level and is

shown within the SPP on Plate 13 from the 2001 Annual RFCA Groundwater Monitoring Report

 (Safe Sites, 2002b).
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4.9.3 Performance Monitoring Wells

The predominant direction of SPP mi gration is toward the northeast and North Walnut Creek.
The ITS was constructed in 1981 to deWater the hillside between the former SEPs and North
Walnut Creek to prevent the SPP from advancing to the creek. The ITS was intercepted durihg
the construction of SPPTS in 1999. ' '

Four monitoring wells, 1386, 1786, 70099, and 70299 are designated for performance monitoring

-of the SPPTS, Nickel concentrations in well 1386 (Figure 4-70) have increased steadily since

spring 1992 and, except for two samples, have been over the Tier II action level since spring
1993. The upward (positive) trend line shown on F igure 4-70 depicts an increase in nickel prior
to installation of the treatment cell. There is no significant change in nickel concentration trend

subsequent to the completion of the SPPTS.

Selenium in well 1786 (Figure 4-68) has been consistently abdve Tier II action levels since
sampling was initiated in February 1990. -Selenium concentrations increased prior to the
installation of the SPPTS. After installation, concentrations increased until April 2001, at which
time they started to decline. A trend line for post SPPTS data indicates there is a downward trend
in the selenium concentration since thg completion of the SPPTS; 2002 selenium results at well

1786 confirm this.

The nitrate concentration in well 1786 (Figure 4-67) generally increased since sampling began in
1987, but prior to installation of the SPPTS in 1999, the nitrate concentration began to decline in
October 1997. A trend analysis for post-SPPTS nitrate data indicates a significant downward
trend. Although the 2002 results increase slightly, they still confirm the downward {:rend of
nitrate results‘since the completion of the SPPTS.

U-233/234 concentrafions in well 70099 (Figure 4-72) have been elevated above background
levels (60.7 pCi/L) since sampling was initiated in June 2000. The concentration trend is
essentially constant. Similar to U-233/234, the U-235 concentration in weil 70099 (Figure 4-73)
has been elevated above the background level (1.79 pCi/L) since sampling was initiated in June

2000. There appears to be a slight increasing trend. The U-238 concentration in well 70099
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(Figure 4-74) has been above the background level (41.8 pCi/L) since sampling at the well begaﬁ.

The concentration trend is essentially constant.

The nitrate concentration in well 70099 has been below the Tier II action level since sampling

- began at this well and has continued to be below Tier II through 2002. Concentrations of

U-233/234 and U-238 in well 70299 have been below background but above Tier II action levels
through 2002. The U-235 concentration in well 70299 has been consistently below both

background and Tier II action levels.

In summary, it appears that nitrate values a.t Performance MonitoringAwelAl 1786 have declined

~ since the installation of the SPPTS, although the concentration is still higher than the Tier II

action level. Nitrate at Performance Monitoring well 1386 has never been above thie Tier II

action level. The U-isotope activities in well 70099 are all above the Site background values and

" below the Tier I action levels for U-233/234 and U-238 and these activities are steady or

increasing slightly. Sampling will continue to verify the near- and long-term performance of the

SPPTS.
4.10 Drainage Monitoring Wells

Drainage wells are located in stream drainages downgradient of contaminant plumes and have the-

~ -same IMP programmatic requirements as Plume Extent wells. A reportable result occurs if a

measured concentration exceeds a Tier Il action level and the background M2SD value. If there

have not been previous reportable results, or the recent concentration exceeds the M2SD -

~ concentration in the well, the required action is to initiate monthly sampling. Under rhonthly

sampling, if results are above RFCA action levels for three consecutive months, then RFCA
Parties are notified via a subsequent quarterly report, and the possible impacts to surface water

are evaluated in the Annual RFCA Groundwater Monitoring Report.

Five Drainage wells, 00997 (South Walnut Creek, between Pond B-4 and Pond B-5), 38591 and
5587 (west Woman Creek, south of the 881 Hillside Plume), 6486 (central Woman Creek,
southeast of the 881 Hillside Plume), and 6586 (east Woman Creek, south of the 903 Pad/Ryan’s
Pit Plume) were samb]ed in 2002. '
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Well 6486 was the only Drainage well that exhibited analyte concentrations during 2002 that
were greater than Tler II action levels and the background MZSD values. The nickel (Flgure
4-75) result from the 1 quarter was 5,390 pg/L, causing monthly sampling to be mntmted in

March. The results of the monthly samples were all greater than the Tier II action level,

' confirming the reportable value. Well 6486 also had a 1% quarter chromium (Figure 4-76) result

of 649 pg/L which constituted a reportable concentration. The first two monthly results for

 chromium were below the Tier II action level, and the third monthly sample exhibited a
" chromium concentration (427 pg/L) that was greater than the Tier II action level. Well 6486, dry

- during the 3™ quarter, is constructed of stainless steel and has a stainless steel pump in it. -

In summary, well 6486, located southeast of the 88.1 Hillside Plume, was the only Dfainage well

“that exhibited analyte concentrations during 2002 that were greatef than Tier II action levels and
the background M2SD values. The elevated metals concentrations associated with well 6486

may be attributed to corrosion of stainless steel well and pump materials. Concentrations of

nickel and chromium in downgradient Boundary well 10394, which is located in the Woman

~ Creek drainage adjacent to Indiana Street, are well below Tier II action levels.

4.11 Boundary Monitoring Wells

Boundary wells monitor groundwater at the eastern Site boundary that is within the alluvial
deposits associated w1th a stream or mterrmttent stream. A reportable result occurs if a measured
analyte concentration in groundwater exceeds a Tier II action level and the background M2SD
value. If there have not been prewous reportable results, or the recent concentration exceeds the '
M2SD concentration in the well, the required action is to initiate monthly sampling. Under

monthly sampling protocols, if action levels are exceeded for three consecutive months, then

" RFCA Parties are notified via a subsequent quarterly report, and the possible impacts to surface

water are evaluated in the Annual RFCA Groundwater Monitoring Report.

Six IMP-designated Boundal'y wells (0386, 06491 10294 10394, 41591, and 41691) were

sampled in 2002. All of these wells are found along the eastern Site boundary adjacent to Indiana
Street. Wells 0386 and 06491 are located in intermittent drainages north of the East Access Road
and south of Walnut Creek. Well 10294 is located in the drainage below Pond D-2 in the extreme
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southeast portion'of the BZ. Well 10394 is located in the Woman Creek drainage. Well 41591 is
located in the intermittent drainage immediately south of the East Access Road. Well 41691 is - |

located in the Walnut Creek drainage.

. Boundary wells 10394 and 41691 did not have any reportable analyte concentrations during 2002.

Bouﬁdary well 0386 had a reportable concentration of selenium (51 pg/L) during the 3™ quarter
(Figure 4-77). Monthly sampling resulted in one value slightly above and one value below the
Tier II action level, which confirmed that the selenium concentration in this well is close to the
Tier II action level. This well is constructed of stainless steel and is equipped with a stamless

steel pump. The selenium concentration at this location is probably naturally occurring.

Well 06491 had a reportable occurrence of U-235 (3.75 pCi/L) during the 3 quartér (Figure
4-78). This is the highest concentrat\ion' 6f U-235 recorded at this well to date énd is part of an
increasing trend that began in 2000. Well 06491 was dry after August 2002, and monthly ‘
samples could not be collected. There was only enough water available durmg the next quarterly

sampling event for VOC and nitrate samples.

Well 41591 had reportable concentrations of nickel (290 pg/L) and thallium (5.3 pg/L) during the
3" quarter of 2002 (Figures 4-79 and 4-80). Monthly sampiing confirmed the reportable
concentratioﬁs for both analytes. This well is equipped with a stainless steel pump. The increase
in nickel cbncentration bégin_ning in 'early 1999 correlates with the installatidn of the pump and |
most likely relates to corrosion of the pump. The thallium concentration may also relate to
corrosion of the pump or may be an analytical issue as it is not corroborated by upgradlent

groundwater data.

‘Well 10294 had the most reportable analyte concentratlons of any Boundary well during 2002. It .

had a 1* quarter reportable sulfate concentration (Figure 4-81). It also had 34 quarter
concentrations of sulfate, lead (Figure 4-82), U-233/234 (Figure 4-83), U-235 (Figure 4-84), and '
U-238 (Figure 4-85) that were reportable. All of the reportable concentrations at well 10294 were
confirmed by monthly sampling except for lead. The monthly sampling for lead produced two

non detects and a low concentration detection that was well below the Tier IT action level. The
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concentrations of sulfate observed in this well can easily occur in nature. Although the U-isotope
acﬁvities are greater than their Tier II actioﬁ levels and Site backgrourid values, the ratio of the |
activities to each other implies a naturally occurring isotopic signature. The reportable analytes at
this well are assumed to occur naturally as this well is remotely located with respect to the IA or
any other known contaminant source or ﬁathway. For this reason, the Water Provgram wil.l

remove it from the IMP and abandon it.

In summary, at current Boundary wells (except 10294), VOCs, nitrate, and metals have not been

‘detected at concentrations above Tier II action levels. U-isotopes detected at Boundary well

06491 have been determined to be naturally occurring by high resolution ICP/MS analysis
(RMRS, 2000d).

4.12 Current Extent of Groundwater Contaminants

This section 'preéents a discussion of the extent of VOCs and nitrate in groundwater at the Sité.'
Figures 4-86 through 4-_90 depict the interpfeted extents for individual contaminant plumes. It is
important to recognize that the term “plume” here refers to the distribution of individual VOCs.
Thesé maps do not represent cbntapﬂnant plumes from individual sources, but rather 'the overall
distribution of each contaminant plume currently recognized at the Site. This differs from
previous Annual RFCA Repofts (e.g., DOE 1998a; Safe Sites, 2001a; 2002b), that inéluded
“composite” VOC maps rather than constituent-specific maps and may be different than those
generated by computer. It also differs from the “Plume Signature Areas” defined during the

deveiopment of the VOC groundwater transport modeling which represents the maximum

b(historical) aerial extent of observed contamination (Kaiser-Hill 2004). Because of fhe lack of

well control in some areas, professional judgment and Site knowledge has been used to infer the
extent of contamination or to delineate between Tier I and Tier II concentration areas on these

maps.

Individual contaminant source information (details of substances, dates, quantities, response

 actions, etc.) was not used to delineate discrete contaminant plumes on Figures 4-86 through
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4-90. Current groundwater modeling efforts performed by the Water Program are focused on
specjﬁc VOC source areas identified in the HRR (DOE, 1992b). The results of the modeling
efforts will be published in a separate report (Kaiser-Hill, 2004) 4

Contaminant extent maps were prepared for PCE (Figure 4-86), TCE (Figure 4-87), CT (Figure
4-88), VC (Figure 4-89), and nitrate (Figure 4-90). The following sections describe the methods

used to create the plume maps, including a discussion of the 2003 Snapshot, and a discussion of

. the individual analyte maps.
' 4.12.1 Methodology

' The contaminant extent maps were developed to reflect the “most current conditions” for each

constituent selected for discussion. These maps provide the Site with the most current and

comprehensive evaluation of the distribution of VOCs in Site groundwater and support

. accelerated actions, D&D, and long-term monitoring decisions. They also provide the most

extensive view of current contaminant extents as many monitoring wells are currently being

abandoned as the Site proceeds towards.closure.

Since 1995, many monitoﬁng wells at the Site had not been sampled or had been infrequently

sampled. This has led to uncertainty concerning the current distribution of VOCs in groundwater. ‘.
To address this uncertainty, a large-scale sampling project, termed the “Snapshot”, was designed -
to collect samples from all wells in areas of interest that are not routinely sampled. The Snapshdt
was completed Between April and August 2003 so that it would not adversely impact the WARP
schedule. After a review of the Snapshot data, it became apparent that there were data gaps
because of wells qbandohed during the previous few years and Program wells that were not

included in the Snapshot because they are routinely sampled during the year.

To fill in these data gaps, which were most obvious fn the 9.03 Pad and former SEPs areas, the
most recent sampling results since January 1, 2001 were selected for the abandoned and routi;le
Program wells excluded from the Snapshot. January 1, 2001 was selected to include data from
abandoned wells in areas of interést (903 Pad, former SEPs) and the most recent data from

Program wells (K-H, 2003c). Analytical data for the selected wells (both Shapshot and non-
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Snapshot) were retrieved from SWD for each contaminant of interest, posted on maps, and hand
contoured. Contour intervals depicted on the maps represent RFCA Tier I and Tier II action

levels.

Although the Snapshot was conducted in the spring and summer of 2003, the resulting VOC data
were used to create the maps for this CY 2002 report to avoid waiting another year to publish this

useful data.
4.12.2 Extent of VOCs

VOCs are the most widespread groundwater contaminants at the Site. The most extensive VOC
contaminant plumés include PCE, TCE, and CT. Although VC is not thought to be a primary
contaminant at the Site, and does not form extensive plumes, it was selected for evaluation
because, in the literature, it is an important indicator of biodegradation.

3

4.12.2.1 Extent of PCE

PCE is probably the most widespread of any of the four VOCs discussed in this sectién (Figure
4-86). A large area of PCE contamination aBove the Tier II action level is found east and
southeast of the 1A, in the BZ, and is assocjated with Ryan’s Pit, the 903 Pad, the Mound Site, and
the East Trenches. Superimposed on this eastern area of Tier II PCE contamination are three -
isolated areas of Tier I PCE contamination; one emanates from the 903 Pad,' and another from
Trench T4. The third area of Tier I PCE contaminétion is downgradiént of the Mound Site; the
eastern portion of this area may be associated with another source located immediately to the east
of the Mound Site. There is no other Tiér I PCE contamination at RFETS, with the exception of a
single well in the area of IHSS 119.1. ‘

Within the IA, a large area of Tier II PCE contamination exists. The northern extent of this plume
trends east-west between B707 and former B335. The plume then narrows andvex‘tends south
through former Buildings 334 and 551 and continues south through B444. Some contribution to
this PCE plume comes from the southeast corner of forxﬁer Building 123. From B444, the plume

extends southeast through B664 and then northeast to B883. The unusual shape of this area of
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" PCE contamination, with respect to observed groundwater flow lines, indicates that there are

numerous groundwater sources con_tributing to this plume and suggests that the mapped areas may

not be contiguous as shown on Figure 4-86.

Three additional areas of Tier 1I PCE contamination are worth noting. One occurs adjaceht to
B776; extends north towards B771, extends west to the unnamed drainage between B371/374 and

B771. Another area is associated with the westernmost former SEP. A third area is associated

~ with the PU&D Yard.

4.12.2.2  Extent of TCE

The Tier II TCE distribution (Figure 4-87) east of the IA is similar to the distribution of PCE,
except that the easternmost extent of the Tier II TCE plume is less than PCE. TCE contamination
is associated with Ryan’s Pit, the 903 Pad, the Mound Site, and the East Trenches. Tier I TCE
contamination is isolated to single wells at the 903 Pad, Mound Site, and a few wells |
downgradient of Trench T4. The major difference between the TCE and PCE distribution east of
the IA is at Ryan’s Pit_, where there is an area of Tier II TCE contamination éxtending from
Ryan’s Pif to the southeast, a distance of approximate]y 900 feet. This Tier I portion of the plume
is unusual because the orientation of the long axis of the plume is not coincident with
groundwater flow direction in the area downgradient of Ryan’s Pit. This indicates that there may
be an additional contaminant source be.sides Ryan’s Pit and that the Tier I area mapped may not

be contiguous as shown on Figure 4-87.

Within the IA, an area of Tiei II TCE contamination exists. It is not as widespread as the Tier II
distribution of PCE in the IA. The Tier Il TCE contamination associated with the former SEPs is
much more Widespread than for any of the other VOCs and encompasses the entire former SEPs
area. Unlike PCE, there are three isolated areas of Tier I TCE contamination in the IA. The three
isolated Tier I TCE contamination areas are located between Buildings 460 and 444; 400 feet due
west of B559 adjacent to B223A; and just south of the westernmost former SEP. Tier I TCE
distribution in the PU&D Yard is more extensive than PCE; Tier I and 1l TCE distribution at

THSS 119.1 is slightly more extensive than PCE.
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4.12.2.3 Ext_ent of Carbon Tetrachloride

There is a large areé of Tier II CT contamination (Figure 4-88) located east and southeast of the
IA, in the BZ, that is associated with the 903 Pad and the East Trenches. Superimposed on the . |
Tier II CT plume is a relatively large area of Tier ICT contamination that extends from
immediately west of the 903 Pad east for approximately 1,300 feet. and northeast for
approximately 1,700 feet. This is the largest area of Tier I VOC contamination at RFETS. Based

“on the configuration of the CT plume in this eastern area, it does not appear that Ryan’s Pit and

. the Mound Site are contributors.

The CT plume in the IA is confined to three distinct areas. A rélatively small area (cofnbared to
PCE and TCE) of Tier II CT contamination is locatedv in the vicinity of B559. The source of this
contamination appears to be the storage pad located approximately 400 feet southwest of B559.

The second area of CT contamination is associated with IHSS 118.1, a known area of previous .

" CT bulk storage and documented releases. There is an extensive area of Tier Il CT contamination

assoéjated with this location. The third area of CT contamination is located in the vicinity of the

westernmost former SEP. There is only one additional isolated area of CT contamination at

RFETS; a single well within IHSS 119.1.

41224 Extent of Vinyl Chloride

"The distribution of VC at RFETS is very limited (Figure 4-89). The most extensive area of Tier

I VC contamination is delineated by three wells; one west, one south, and one east of the former

B551. The only current Tier I VC occurrence at RFETS is imme'diateily north of the former

' B335. Another small area of Tier I VC contamination is immediately north of B771, along the

former PA perimeter road. Three isolated locations of Tier II VC contamination also exist; two

are located along the diagonal road, just east of B371/374. VC also occurs in a single well

' downgradien_t of the Mound Site.
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4.12.3 Extent of Nitrate

Nitrate concentrations in groundwater that are greater than Tier II and Tier I action levels are
illustrated on Figure 4-90. As with previous depictions of n_itrate concentrations in groundwater -
(e.g., RMRS, 1999m; 2000d; Safe Sites, 2001a; v2002b), the main nitrate plume at RFETS, termed

the SPP, is associated with th.eAformer SEPs. Tier II nitrate contamination has migrated to the

north and south from the former SEPs. Tier I nitrate contamination is observed in this plume

north of the central and eastern former SEPs. Nitrate concentrations in groundwater greater than

the Tier I action level are not found _anywhere else at RFETS.
The other nitrate plume at RFETS is located at the 903 Pad and is not very extensive compared to
the SPP. ‘The 903 Pad nitrate plume encompasses the eastern half of the pad and extends slightly

to the northeast of the pad.

Fourteen isolated wells are shown on Figure.4-90 that exceed the Tier II nitrate action level. In

addition, nitrate in groundwater exceeds Tier I immediately north of the western half of B771.
4.12.4 Current Ektent,of Groundwater Contamination Summary

The 2003 Sriapshot sampling event provides the most current and comprehensivé evaluation of

the distribution of VOCs in Site groundwater and support accelerated actions, D&D, and long-

term monitoring decisions. VOCs are the most widespread contaminants at the Site. VOC plumes -

have reached South Walnut C_reek in the area of the East Trenches Plume and approach Woman

Creek downgradient of the 903 Pad and Ryan;'s Pit. The principal nitrate and uranium plumes at
the Site occur beneath and downgradient of the former SEPs; the northernmost extent of this

plume has reached North Walnut Creek. These are the only contaminant plumes at the Site that

discharge to surface water at this time.

" At current Boundary wells (excebt 10294), VOCs and nitrate have not been detected at

concentrations above Tier II' action levels. U-isotopes detected at Boundary well 06491 have

4blee'n determined to be naturally occurring by ICP/MS analysis (RMRS, 2000d). As stated above,

there are no Tier I metals plumes at RFETS, only isolated Tier I occurrences.
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Figure 4-10
06091 Chromium
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23296 cis-1,2-Dichloroethene

—&—— Results

= = = Tierli

Bt

6661 Jaquaydes

pajajdwo) walsAg Juawieal |

awn|d sayouaJ] i1se3

Ye

RN
N
_—

- -

- Z0-AON
- 20-6ny
- zo-Aew
- 20-q8d
- LO-AON
- 1L0-6ny
- L0-AeiN
- 10-934
- 00-AON
- 00-Bny
- 00-KeW
- 00-984
- 66-AON
- 66-Ony

- 66-AeN

I 66-094

- 86-AON
- 86-6ny
- 86-Aely
- 86-994
- L6-AON
- Ls-ﬁny
- L6-AeN
- 16-094

- 96-AON

96-bny

180

160

140

120

100
8

(1/6n) uonenuasuod

[e=]
(]

40
20



Figure 4-13
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Figure 4-17
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Figure 4-21
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Figure 4-25
11891 Trichloroethene
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Figure 4-39
02291 Trichloroethene
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Figure 4-42
15699 Trichloroethene
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Figure 4-43
15699 cis-1,2-Dichloroethene
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Figure 4-44
15699 1,1-Dichloroethene
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Figure 4-47
5387 Nickel
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Figure 4-48
10992 Nitrate
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Figure 4-52
891COLWEL Carbon Tetrachloride
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Figure 4-54
891COLWEL Selenium
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Figure 4-59
1986 Manganese
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Figure 4-61
21098/21002 Chloroform
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Figure 4-63
6186 Nickel
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Figure 4-68
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Figure 4-72
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Figure 4-79
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Figure 4-82
10294 Lead
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Figure 4-83
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Figure 4-84
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. 50 BUILDING D&D MONITORING THROUGH 2002

The D&D process is the sequence of events, implemented by DOE, which occurs in the
disposition of surplus DOE facilities including decontamination and dismantling, removal, or

entombment of the facilities.

~ Activities associated with these tasks involve the removal of fixed materials (including residual

constituents of concern), equipmcnf,‘ piping, tanks, ducts, ceilings and other internal building
structures, and the buildings. In general, implementation of D&D will be performed in phases,

allowing alternative interim use of most buildings before the final decommissioning of the

" buildings (DOE, 1994b).

The IMP outlines the grouhdwater monitoring activities that have been established to determine

whether building D&D activities impact surface water. The required groundwater monitoring

will provide the data necessary to determine if the precautions and actions taken during D&D
have prevented or allowed migration of contaminants to groundwater. If existing infoﬁnation
(generally a knowledge of historicai building activity and use) regarding a pfoposed D&D
activity indicates the potential to contaminate groundwater, then a pre-D&D groundwater

chemistry baseline (baseline) will be established for that building.

Based on the IMP, a minimum of fpuf groundwater samplp results (per analyte, pre-demolition)
are required to enable determination of a unique baseline for each building that will undergo.
D&D groundwater monitoring. During the calculation of an individual analyte baseline, where a
result is qualified with a U (non detect), the detcﬁtion limit will be used in the calculation. |
Historically, two D&D'groundwater monitoring rounds ﬁave been attempted per year at each
building or building compléx. The pre-D&D groundwater monitoring schedule fora specific
building may becbme accelerated if it is determined that the D&D schedulé for that building has
become accelerated, or because the area encompassing a specific building is known to have thinly
saturated or seasonally unsaturated conditions. Samples will continue to be collécted twice a year,
as the IMP dictates, until five years after building demolition. Additional samples collected
before D&D shall be utilized in the calculations for énalyté baselines. Baselines will be |

calculated when the aboveground portion of each building is demolished.
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Baselines will be established for all analytes at a given building based on sampling results from
individnal D&D wells at specific buildings. Baselines will be calculated for all downgradient
D&D wells, and rnay be calculated for upgradient wells in areas where upgradient contaminant
concentrations, with respect to flowpaths beneath a particular building, are a ¢oncern. The
downgradient baseline before building demolition will be compared to the downgradient results
after demolition to ascertain whether building D&D may have caused 'any 'ehange in the-
downgradient water quality. Sample results above a specific baseline will be defined as a
detected concentration greater than the mean plus two standard deviations (M2SD) of the specific
analyte (K-H, 1998b). Dependmg on the location and the ava11ab111ty of groundwater, some
buildings currently have more sample results for analytes that require a smaller sample aliquot
(for example VOCs or nitrate) than for analytes which require a much larger sample volume (for
example U- -isotopes or Pu/Am). At the time of submission of this 2002 Annual Report only
Building 886 has a calculated analyte baseline (see Appendix C).

Monitoring is being accomplished by the installation of D&D monitoring wells adjacent to the
sneciﬁc buildings. The D&D wells, in conjuncfion with appropriately located and constructed
preexisting wells, provide the chemical data used to construct the baselines and will also be
utilized for future D&D monitoring of the building specific impacts, if any, on downgradienf

groundwater quality. If the D&D schedule for a given building becomes accelerated, preexisting

. monitoring wells in the vicinity of the building may be utilized for determination of the baseline

using sampling data from the previous three years. As long as time permits, baseline

determination will be based on data from D&D specific monitoring wells. If D&D activities

force abandonment of existing D&D monitoring wells (see discussion in Section 5.3, Bulldmg

771), replacement wells will be installed or selected from existing wells in the most appropriate

locations available.

Ifa baseline cannot be established, water quality with respect to a given.building will be
evaluated in terms of an upgradient/downgradient comparison. Analytes will be screened in
terms of concentrations relative to Tier I and Tier IT groundwater action levels, which is an
effective method for determining contaminants of concern. The Tier I and Tier II action levels
are used oniy as a screening tool in this application and, with regard to building D&D, are not

RFCA or compliance driven. Occasionally, an analyte is discussed or listed in a table even
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-though it has been detected in concentrations that are below Tier II action levels. This is done on

a case by case basis for analytes that are contaminants of interest for specific buildings.

Building demolition is described in terms of the fiscal year (FY) that the demolition is projected .

“to take place. Buildings 123, 779, and 886 have previously been demolished.

Following is the current estimated schedule, based on a recent building D&D update, for

demolition of buildings discussed in this section:

* Building 444 —early FY 2005;

¢ Building 771 Complex — mid FY 2004;

Building 707 - early FY 2005;

e Building 776/777 - early FY 2005;

e Building 371/374 — early to mid FY 2005;

* Building 865 —late FY 2003 to early FY 2004;

o Building 883 — late FY 2004 to mid FY 2005;

¢ Building 881 — early FY 2004;

o Building 991 — early FY 2004 (vaults mid FY 2003); and
° Building 559 —mid FY 2005.

Many additional buildings will undergo D&D prior to Site closure. The preceding list includes

buildings with possible environmental concerns, based on available historical information.

~ This section of the Annual RFCA Groundwater Monitdring Report has been expanded
~ accordingly during previous years to incorporate the additional buildingé where D&D

. groundwater monitoring activities are taking place. The subsections are organized by individual

buildings as described in various Sampling and Analysis Plans (SAPs) for Building D&D - _
Groundwater Monitoring. The subsections below discuss historical D&D activities through 2002
forvBuiIding 123 (Section '5.1), Building 444 (Section 5.2), Building 771 (Secfion 5.3), Building
886 (Section 5.4), Building 779 (Section 5.5), Building 707 (Section 5.6), 'Building 776/777
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(Section 5.7), Building 371/374 (Section 5.8), Building 865 (Section 5.9), Building 883 (Section
5.10), Building 881 (Section 5.11), Building 991 (Section 5.12), and Building 559 (Section 5.13).

Only a few of the current D&D wells contribute what might be considered “essential” Site
knowledge uniquely suited for the purpose of guiding future decisions related to surface water -
protection. Those few wells are the ones lying along the exterior of the IA, downgradient of

buildings and upgradient of drainages. Water Program staff will discuss discontinuation of all or

‘a portion of this monitoring’program with Agency staff and stakeholders at future IMP meetings.

51 Building 123

Building 123, used as a laboratory for bioassay, dosimetry, and air and water quality parameter
analyses, was located on Central Avenue between Third and Fourth Streets at RFETS. The
building underwent decommissioning activities and was ultimately demolished in 1998.
Subsequent to the building demolition, six monitoring wells (10098-10598) were installed

immediately adjacent to the concrete building foundation. During the spring of 2002, the

.concrete building foundation, original process waste lines (OPWLs), new process waste lines

(NPWLs), sumps and pits were removed.

Wells 10098 and 10198 are upgradient of the Building 123 location. The rest of the wells are
downgradient except 10598. Based on the current (Plates 2 and 3) and past potentiometric data,

~ well 10598 is situated in a cross-gradient location; therefore, it is being removed it from the IMP

as a D&D monitoring well. Figure 5-1 presents the location of Building 123 and associated

D&D monitoring wells.

As described above, four sampling events are required to collect a data set to establish-a unique
baseline for each building that will undergo D&D groundwater monitoring. Unfortunately, the 4

schedule for Building 123 D&D became accelerated, and it was not possible to install wells

_before demolition. In addition, there were not an appropriate number or distribution of existing

monitoring wells in the vicitiity of Building 123 to use for baseline determination utilizing
historic sampling data. Through 2001, nine sampling rounds have been completed at the Building

123 D&D monitoring wells. One sampling round, post demolition, was completed at the
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Building 123 D&D monitoring wells during 1998. Two sampling rounds, one in each of the 1*
and 3™ quarters, were completed during 1999, 2000, 2001, and 2002. Well 10598 has only eight
rounds-of samples as it was dry.during the 3™ quarter of 2002. '

Because a baseline cannot be established, water quality with respect to Building 123 has been
- evaluated in terms of an upgradient/downgradient comparison of water quality. Analytes at

Building 123 have been screened in terms of concentrations relative to Tier I and Tier II

gr'omdwater action levels.

Linear groundwater flow vélocities have been calculated for two well pairs at Building 123

-utilizing 2™ quarter 2002 water level data. Each of these well pairs lies in the same groundwater

flowpath. Flow velocity was calculated between well pairs 10198/10498 and 10098/10298.

- Hydraulic conductivity for the Qrf and effective porosify values were used as described in Sectioﬁ

32 of this.RFCA Annual Report. A linear groundwater flow véloqity of 1.045 x IQ“' cm/sec (108
ft/yr) was calculated between upgradient well 10198 and downgradienf well 10498. A linear
groundwater flow velocity of 1.421 x 10™* cm/sec (147 ft/yr) was calculated between upgradient
well 10098 and downgradient well 10298. This flow velocity would allow groundwater to travel

from well 10198 to well 10498 in approximately 1.7 years, and from well 10098 to well 10298 in

approximately 1.3 years. Actual contaminant travel times are longer for retarded contaminants,

such aé VOCs, U, and nitrate.

The contaminants of interest for Building 123 are VOCs, metals, U, Pu/Am, nitrate, cesium, and

. cyanide. Table 5-1 presents a summary of historical Building 123 D&D groundwater monitoring

data. The only current concentration of nitrate greater than the Tier I action level is in
downgradient well 10498. Current U-233/234 activity concentrations greater than the Tier II
action level are found in upgradient well 10098 and downgradient well 10398. Current U-238
activity concentrations greater than the Tier II action level are found in downgradient well 10498.
All of the downgradient wells and one upgradient well (10098) have at least one hist;)ric activity
concentration greater thaﬁ the Tief II action levels but below background M2SDs for U-isotopes. '

"The only VOC that has been observed at a concentration greater than Tier II action levels at

Building 123 is PCE in well 10498. The historic PCE concentrations have fluctuated greatly,

with the highest concentrations, some greater than the Tier I action level, occurring in winter.
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During 2002 there were some metals concentrations (c'admium in downgradient well 10298) that

“approached Tier II action levels and concentrations of thallium in upgradient well 10198 and

downgradient well 10498 that were greater than the Tier II action level. The results of the nine
D&D groundwater sampling rounds completed at Building 123 to date indicate that Pu/Am,
cesium, and cyanide have exhibited no results:above Tier II action levels in any of the Building

123 wells.

There are no Building 123 upgradient PCE or nitrate concentrations which are greater than Tier II

“action levels. This is compared to downgradient PCE éoncentrations (well 10498) that are greater

than Tier I action levels (seasonally, in the 1* quarter of 2000 and 2001) and downgradient nitrate
concentrations (wells 10298 and 10498) greater than Tier II action levels. For U-233/234 and
U-238, there were activity concentrations above Tier II but below béckground M2SDs in
upgradient well 10098 that are similar to activity _concentrétions for these analytes in
'downgradi'ent wells 10398 and 10498. Downgradient monitoring well 10298 has not shown

elevated U-isotope concentrations (withrespect to Tier II) since 3™ quarter 1998. Monitoring

o wells 10198 (upgradient) and 10598 (cross gradient) are unaffected to date by PCE, nitrate, and

U-isotopes._ Downgradient monitoring Well 10498 is the most impacted well to date at Building
123. | |

Table 5-1 Historical Building 123 D&D Groundwater Monitoring Data.

U 1.4 113 1.08

U 49 INSW | INSW

| U 43 132 1.103

U 34 119 999

Up‘;ngem 0.1 2.9 1.21 920
U 0.84 131 95

U 2.8 1.26 T 1.06

U INSW 1.30 135

U 22 1.49 0.547
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i LR > L) ;,e ! :"» g
8/98 U 1.5 INSW INSW
2/99 U 97 INSW INSW
) 8/99 U 2.4 0251 0.233
0108 2/00 U 17 0393 0351
Ungradiont 8/00 U 0.75 0.229 0.227
T/01-2/01 U 0.86 0.544 0.422
701 U 0.98 0.239 0.285
7 U 0.45 0.597 0.548
7102 U 0.55 0.589 0378
8/98 U 0.61 0 1.10
2199 U 0.84 INSW INSW
8/99 U 3 0.40 0.568
- 2100 U 18 0682 | 0.763
Dovjr?gzriiiem 8/00 U 3 0.976 T 0.69
mgray 1/01 U 75 0.645 0.671
7701 U 1 0.79 0.52
1702 U 538 0.783 0.435
7102 U 7 0.751 0.485
8/98 U INSW | INSW INSW
2/99 U INSW | INSW INSW
8/99 0.1 INSW 1.264 1.007
10308 2/00 U 51 INSW TINSW
Dovnradient |8/00 U 41 INSW | TINSW
1/01 0.1 3.8 INSW INSW
7701 U T35 119 0.508
1/02 Lab* INSW 0.756 0.733
7102 U 2.9 126 0.523
T8/98 15 25 1.08 1.22
2/99 58.9 17 | 2.02 151
8/99 24 6.8 0.964 0522
10408 2/00 7400 6.9 115 1.19
Downgradient |_E00:9/00 15 10 1.14 1.10
! 1701 980 72 112 1.26
7001 46 8.2 0.797 0.646
1/02 Lab* 58 103 | 0921
7702-9/02 143 20 | 086 1.00
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8/98 U 3.7 U 0.236

3/99 U 2.6 U U

8/99 U 0.37 U U

10598 2/00 U 3.3 U U

Cross-gradient | 8/00 U 1.5 U U
' 1/01 U 1.8 U 0.275

7/01 U 0.097 0.237 U

1/02 U 096 |  0.159 U

Notes: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier [ shown in Italicized Bold, INSW =
insufficient water available for sample collection, U = non detect, Lab* = VOC samples were inadvertently frozen by the analytical
laboratory '
A statistical comparison of upgradient versus downgradient wells has beén undertaken for nitrate
and U-233/234 analytes for which there are enough sample results to justify the comparison.
Although there is nothing in the IMP that speéiﬁes the rationale for the upgradient versus
dow;lgradient comparison, there are at least four "Sample‘ results avéilable for the comparisons that
" utilize statistics. The upgradient v'ersué downgradient comparisons involve two wells that lie in
the same flowpath, as discussed above, as opposed to pooling all upgradient results versus all
downgradient results. Poolihg the upgradient data and comparing it to pooled downgradient data
is not recommended in this case because the two Building 123 upgradient wells vary greatly in
activiﬁes of U-isotopes. The well pairs discussed (10198/10498 and 10098/ 10298) are the same
ones usedvabove for the linear flow velocifies. Well 10598 is not cohsidered because of its cross
gradient location; well 10398 is downgradient of Building 123, but, based on current |
potentiometric data, is not specifically in the flowpath of a Building 123 upgradient well.

Figures 5-2 and 5-3 show the upgradient versus downgradient comparison for well pair
10198/10498 for nitrate and U-233/234, respectively. The nitrate plot for this well pair (figure 5-
2) shows that all sample concentrations (ihcluding the calculated mean) from downgradient well
10498 are signiﬂcahtly higher than the M2SD (mean plus 2 standard deviations) of upgradient
well 10198. This indicates that there is a statistical difference in the data and that the
downgfadient well is impacted from a source potentially associated with the building. The same
scenario is true for Figure 5-3, a comparison of well pair 10198/10498 for U-233/234. All the
sarhpling results (including the mean) for U-233/234 from downgradient well 10498 are higher
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than the M2SD of upgradient well 10198; a statlstlcally significant difference in the data exists

and the downgradient well may be impacted by a source potentially assocxated with the buﬂdmg

Figures 54 and 5-5 show the'upgradiént versus downgradient comparison for well pair

10098/10298 for the same two analytes. The nitrate plot for this well pair (Figure '5-4) shows that

initially there was no significant difference in the data; however, since épproximately the 3"

quarter of 2000, the nitrate concentration in downgradient well 10298 has exceeded the M2SD of

the nitrate concentration of upgradient well 10098. Figure 5-5 cofnpares U-233/234 data for well -

pair 10098/10298. This figure shows that the downgradient data are statistically less than the
upgradient data, because none of the downgradient data is greater than the mean, much less the -
M2SD, of the upgradienf data. This figure suggests that the U-233/234 activity at well 10098

may originate from an upgradient source.

In summary, there are no PCE or nitrate concentrations upgradient of Building 123 that are
greater than Tier II action levels compared to downgradient PCE concentrations (well 10498) that
are greater than Tier I action levels and downgradient nitrate concentrations (Wells 10298 and
10498) greater than Tier Il action levels. U-isotope data from theAbu'ilding is less clear.
Downgradient monitoring well 10498 is the most impacted well to date at Building 123.

52 Building 444

Building 444 is located on the south side of Cottonwood Avenue between Fourth and Sixth
Streets at RFETS. The Building 444 complex was used for the manufacturing of depleted U and

| beryllium components, and did not handle Pu or enriched U. Major processes conducted in the

building included machining, welding, and cleaning. Building 444 also contained a foundry and -

a laboratory where parts could be etched, electroplated, and coated. Uranium and beryllium are
the major constituents that were used in the building. In addition, solvents from machining and
cleaning, and other wastes associated with electroplating were generated. Figure 5-6 presents the

location of Building 444 and its D&D groundwater monitoring wells.

The Final Sampling and Analysis Plan for the D&D Groundwater Moniton'hg of Bﬁilding 444

(RMRS, 1999) was submitted to the Agencies in July 1999. The D&D monitoring wells
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- associated with the building were installed before the end of 1999. The Building 444 complex is
currerntly scheduled for demolition n late FY 2005. This has allowed adequate time to collect
enough samples for a.groundwater quality baseline for these facilities. The baseline will not be

calculated until the aboveground portion of the building is down.

Six neW D&D monitoring wells were installed at Building 444 during the gfa]l of 1999 (40099
through 4Q499, and 412_99).' Wells 40099 and 40199 are upgradient wells, and the rest, in
addition to preexisting well P419689, are downgradient wells. Building 444 D&D monitoring
wells installed during 1999 have been sampled- generally seven times through CY 2002 (six -
rounds completed for VOCs). Preexisting Well P419689 had been sampled several times before
the other Building 444 D&D wells were installed.

Based on the SAP referenced above, the contaminants of interest for Building 444 are VOCs,
metals, U-isotopes, tritium, nitrate, and cyanide. Table 5-2 presents a summary of results of -
D&D groundwater monitoring at Building 444 to date. Earher data from well P419689 are

included for comparison to more recent D&D data.

Current analytical results (2002) indicate that there are no nitrate, tritium, cyanide, or beryllium
results from any Building 444 monitoring well above the Tier II action levels. Downgfadient
wells 40399 and 40499 were the only wells that currently have no detections of VOCs above Tier
II action levels. Upgradient well 40199 exhibited its first ever detection of a VOC above a Tier II

action level (PCE at 16.4 pg/L) during the 3" quarter of 2002.

The results of all the D&D sampling completed through 2002 indicate that the analyte most

' cbmmbnly detected in all the Building 444 D&D Wells,is PCE. Four wells (40099, 40299,
41299, and P419689) exhibited PCE concentrations greater than the Tier II aetion level for all six
sampling rounds completed to date. Well 40499 has also exhibited concentrations of PCE above
the Tier II action level. The concentration of PCE in downgradient well 4129_9 is approximately
an order of magnitude higher than the other wells listed. Wells 40399 (downgradient) had no

detections of VOCs above Tier II action levels.
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There have been no historical concentrations of m'tréte, tritium, cyanide, or beryllium greater than
" Tier I action levels. There have been concentrations of thallium and chromium, especially in
- samples from dbwngradient well 41299, that have been above Tier I action levels. Monitoring
well 40099, which is an upgradient well, has concentrations of TCE that are greater than the Tier
Taction level for all five vVOoC sampling rounds completed through CY 2001. The 3" quarter 2002
.TCE result for 40099 is just below the Tier I action level. This well also exhibits concentrations
greater than the Tier I action level for 1,1-DCE; 1,2-DCE; and PCE for all six of the D&D

sampling rounds completed to date.

Wells 40199, 41299, and P419689 have exhibited historic activity concentrations greater th'an_
Tier II action leilels but below the Site M2SD of 60.7 pCi/L for_ U-233/234. In addition, U-238
was detected at concentrations greater than the Tier II action level during 4" quarter 1999, 2™
quarter 2000, and 3™ quarter 2001 in well 41299 and during 3™ quarter 2002 in well 401 99.

An average linear groundwater flow velocity of 19 fY/yr has been calculated for Building 444
utilizing 2™ quarter 2002 water level data. Hydraulic conductivity for the Qrf and effective

porosity values were used as described in Section 3.2 of this report.

Table 5-2 Hisforical Building 444 D&D Groundwaier Monitoring Data. -

Upgradient 2/01 299 741 24.8 726
] ) 8/01 190 520 15 530 None 0.22
1/02 Lab* Lab* Lab* Lab* None 0.408
7/02 160 510 28 490 None 0.72
11/99 U U 0.9 0.1 None 1.224
5/00 U 9] 0.5 U None 0.512
40199 12/00 U U _ 0.74 U T1 4.64 1.10
Upgradient 2/01 U - 0.56 0.77 1.4 None 0.674
8/01 U U 1.2 - U None 1.24
1/02 Lab* Lab* . Lab* Lab* T 23 1.13
7/02 U 9] 1.64 U - None 1.40
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11/99 2 8 34 2 “None | _ 0.410

5/00 2 T 37 3 None 0.553

40299 12/00 3.6, 10.5 775 2.1 " None 0.250
Downgeadient | 20! 3 10 78 2 None 0.283
8/01 ) 82 56 . 3 None | 047

1/02 Lab* Lab* Lab* Lab* ~“None 0.537

7702 1.18 4.36 62.7 1.37 None U

11/99 U 0.5 0.5 0.2 None 0.165

500 U 0.8 0.7 02 | None 0.187
4039 1200 ] 0.92 0.69 1 | None 0.20
Dovneradient 20! U 0.8 T 03 None 0.196
8/01 U 07 U 1 None U

‘ 1/02 Lab* Lab* Lab* " Lab* None 0.234
7/02 U . U U U None 0.316

11/99° 02 1 13 3 None 0.381

5/00 0.1 4 7 2 None 0.236

1200 U ) 83 19 None 0.091

Dovfn(’;i%iem 2/01 0.2 5 7 i None 0317
801 ] 5 6.6 16 None 021

1702 Lab* Tab* Lab* Lab* | T 22 0.463

7102 ] 1.04 3.91 081 | None U

11799 16 48 290 33 Cr 213 1797

: . Cr 370

| 5/00 9 89 . 280 77 T s 1.891
41299 1200 10 34 216 772 Cr 470 13
Downgradient | 201 9.1 443 330 38.2 Cr 330 1.47

_ 8/01 1 54 260 54 Cr 260 2
1702 Lab* Lab* Lab* “Lab* Cr 257 1.48

7102 4.95 484 338 53.1 Cr 220 1.04

3/96-4/96 1 5 17 2 None 1315

9/96 1 4 12 i T 63 NA

12/96 NA NA "NA NA T 7.2 1.174

11/99 ] 7 16 2 None 0.733

P419689 5100 1 6 17 2 None 0.888
Downgradient | 12/00 1 71 18.5 23 "None . 0.420
201 11 7 18.8 17 None 0.759

8/01 0.7 43 10 12 None 0.97

1702 Lab* Lab* Lab* Lab* None 1.2

7102 U 6.68 3.1 181 None 0.856

Notes: Concentrations greater than Tier II shown in Bold, Concentrations greater than Tier I shown-in Italicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, NA = Not Analyzed, INSW = Insufficient water, Lab* = VOC samples were

inadvertently frozen by the analytical laboratory

In summary, although upgradient Well 40099 contains TCE in concentrations which are greater

than the Tier I action level, and relatively high levels of other VOCs, downgradient Well 41299 -

appears to be the mdst impacted D&D well at Building 444. In addition to VOCs, metals and
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U-isotopes have impacted well 41299. Downgradient well 40399 is the only well without an

‘analyte concentration greater than a Tier II action level. Based on this analysis nitrate,

4 beryllium, cyanide, and tritium do not appear to be pre-D&D contaminants of interest in

groundwater at Bu1ldmg 444,
5.3 Building 771

The Building 771 complex is located at the northeast end of Sixth Street, immediately south of
the former PACS-3 entrance.. Building 771 was the Pu component production facility at the Site

'from_ 1953 through 1957. After 1957 the building was used for the re’cover§1 of Pu gnd Am from

maanacturing residues and scrap metal. The building also contained a lauﬁdry. Building 774 is
part of the Building 771 complex and is located approximately 200 feet east of Building 771.
Building 771C connects Buildings 771 and 774. Building 774 was used for the treatment of
radioactive aqueous waste, waste oils, and non-radioactive photography solutions. Buildings
771C and 774 are to be decommissioned along with Building 771. Figure 5-7 presents the |
location of Building 771, including Buildings 771C and 774, and the D&D groundwater

monitoring wells that monitor the complex

The Finel Sampling and Analysis Plan for the D&D Groundwater Monitoring of Building 771
(RMRS, 19990) was submitted to the Agencies in July 1999. The D&D monitoring wells
associated with the building were installed before the end of 1999. The Building 771 complex is
currently scheduled for demolitidn in mid-FY 2004. Because of recent changes to the D&D
groundweter monitoring network for Building 771 (see discussion below), there will be enough

pre-D&D groundwater data to calculate baselines for the Buildi-ng'771 complex.

The alluvial deposits are very thin or nonexistent in the vicinity of the Building 771 complex.

~ The northern portion of the Building 771 foundation is situated in weathered bedrock. In
. addition, foundation drains encompass all of Building 771 and most of Building 774. These

_ circumstances combine to allow very little groundwater for sample collection immediately

adjacent to the buildings.

5-13




®
\‘0&

' RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report

v Six D&D monitorjng wells (40599 through 40899, 41499, and 41599) weret installed at the

Building 771 area during the fall of 1999. Moniton'ng well 40899 and preexisting well 18199
(associated with ITHSS 118.1) were upgradient D&D wells. Wells 40599, 40699, 40799, 41499,
41599, and preexisting wel] P219089 were downgradient D&D wells.

In the 2001 Annual Report, D&D wells (primary wells) fof Building 771 were recommended for
substitution in the event that the primary well did not produce enougﬁ water for a full sample
suite. It is rare to get cndugh water for more than a VOC sample from most of the primary D&D
wells. CDPHE comments on the 2001 Annual Report accepted the use of the -proposed alternate
wells. Since that time, Building 771 D&D personnel have informed the Water Program that the

demolition footprint of the building will encompass all of the primary D&D wells except -

. upgradient well 18199.

The RFCA parties decided to discontinue use of and abandon tﬁe primafy wells listed in Table 5-
3 below. Table 5-3 lists the primary and alternate wells as presented in the 2001 Annual Report.
Combining data from two wells (a primafy and an alternate) should not be used to calculate a
baseline; nor should the M2SD calculated from a D&D well be compared to the after building

demolition results of an altematé well. Baselines will be calculated only from the alternate wélls.

Table 5-3 Building 771 D&D Primary and Alternate Wells.

40599 " 20798
40699 ' 20498
40799 ' - P219189
40899 - P209289
41499 22796
41599 20298

An average linear groundwater flow veloc'ity of 88 ft/yr has been calculated for Building 771
utilizing 2™ quarter 2002 water level data. Hydraulic conductivity for the Qc and effective

porosity values were used as described in Section 3.2 of this report.
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" In addition to the primary wells listed in Table 5-3, well P219089 is a current downgradient D&D

well that has more than enough analytical results for a full analyte baseline. Unfortunately, this

~well is also within the demolition footprint of the building, and it would not be prudent to .

calculate baselines for this wé]l if it is not going to survive D&D. A review of Figure 5-3 from
the 2001 Annual Report shows that wells 41599 and P219089 lie in the same ﬂow line and,
therefore well 20298 can also be utilized as a replacement for P219089

Well 20998 (replaced during 2002 by well 20902) has pre\}iously been identified as an upgradient
D&D well for Building 771. A review of previous and current Annual Réport potentiometric

maps has revealed that this well is actuallyAcross-gradient to Building-771 and, therefore, it will
no longer be utilized as a D&D well for this building. -

- Most of the alternate wells listed above already have the minimum number of analyses required -

for baseline calculation. Samples will continue to be collected twice a year, as the _IMP dictates,
uritil five yeafs after building demolition. Additional samples collected before D&D shall be
utilized in the calculations for analyte baselines. Baselines will be calculated when the

aboveground portion of the specific building is down.

Based on the SAP referenced above, the analytes of interest for the Building 771 complex are
VOCs, metals, U-isotopes, Pu/Am, tritium, nitrate, neptunium, and PCBs. The following
discussion is related to both the primary and the alternate wells because the changes to the

Building 771 monitoring program are taking place during the preparation of this Annual Report. -

Table 5:4 presents a summary of Building 771 primary D&D well monitoring results to date. -

Table 5-5 presents a summary of Building 771 alternate D&D well monitoring results to date.
Anal)}tes are discussed in terms of concentrations relative to Tier I and Tier II groundwater action

levels.

. Eleveh sets of VOC samples have been collected from preexisting upgradient monitoring well

18199 since spring 1999. This well has yielded CT concentrations greater than the Tier I action
level and CF concentrations greater than the Tier Il action level for each of the 11 sampling
events. The source for this contamination is IHSS 118.1, which is located approximately 60 feet

upgradient of well 18199. In addition, concentrations greater than the Tier II action level were
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- observed for PCE in all but one of the samples; the exception was a non-detect in March 2000.

Until 2002, neither CT, CF, nor PCE had been reported in concentrations greater than the Tier II
action' level in priméry downgradient wells at Building 771. A first time concentration greater .
than Tier II was obsewed for.CT in well 40599 in October 2002. This well, like others in
proximity to the building, consistently contains very little groundwater. It can be assumed that
the extensive foundation drain systems for Buildings 771 and 774 are iﬁtercepting a lérge amount
of upgradient groundwater and may be intercepting a significant amount of VOC contamination
and directing it to the dréin outfalls. Other analytes detected above Tier II action levels at well
18199 are listed in Table 5-4. ' |
Concentrations greater than Tier II action levels in the primary Buildihg 771 D&D wells are
listed in the far right column of Table 5-4. Notable concentrations greater than Tier II action
levels are TCE in all six samples collected to date from downgradient well 41499; 1,1-DCE in
threé of the four samples collected from downgradient well 40699; and U-233/234 and U-238 in

vall seven samples collected to date from downgradient well P219089. These U results are below

'. the U-233/234 and U-238 Site M2SDs of 60.7 pCi/L and 41.8 pCi/L, respectively. There was
- alsoa tritium detection of 437 pCi/L (below Tier II) at well 40799 in May 2000. All VOC resuits

for wells 40799 (5 sets of daﬁa), 40899 (1 set of data), 41599 (2 sets of data), and P219089 are

below Tier H' action levels.

Numerous sets of samples have been collected from the alternate Building 771 wells. The six
most recent sets of results from each well are summarized in Table 5-5 below.. No downgradient
alternate wells exhibit any results above the Tier II action level for CT. U-isotopes are found in
relétively high concentrations (aBove Site M2SDs for U-233/234, U-235, and U-238 in May of
2000) in downgradient well P219189. No othér alternate (or primary) well has any U-235 values

above Tier II action levels.

In addition, U-233/234 and U-238 are also above the Tier 11 action levels in downgradient wells
20498 and 22796. Downgradient wells P219189 and 20498 have values above action levels for
1,1-DCE for all sample rounds listed in TaBle 5-5. Downgradient well 22796 has values above
the Tier II action level for TCE for each sample round listed in Table 5-5. Downgradient well

20298 has tritium values above the Tier II action level in May 2001 and May 2002. There are no
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values above Tier II for nitrate, Pu/Am, neptunium, or PCBs from any of the alternate wells. The
alternate wells will be referred to as the D&D wells in the 2003 Annual Report.

Table 5-4 Historical Building 771 D&D Primary Well Data.

3/99 15400 | 376 | 22008 Hexachloroethane 12.6

9/99 14000 3 2400 Hexachloroethane 17
12/99 25300 - 60.4 3790 VC 120
3/00° 39000 U 5200 INSW INSW
. 5/00 .__17000 . 91 3900 INSW INSW
18199 12/00 27300 63.7 C 4110 - - T . 8.23
; TCE 6
Upgradient 5/01 18000 65 3300 1,1,2-TCA 63
10/01 19000 44 3300 ) Tl . : 2.3
2/02 29000 ' 58 -~ 4700 INSW- - INSW
, 4/02 27000 62 4300 Hexachloroethane 15
' ' Methylene
. . . 11/02 31100 57.2 » 4360 Chloride 13.8
40899 Pre-2001 All Dry’ All Dry All Dry AllDry = All Dry
Upgradient 4/01 . 0.8 ‘U U . .INSW _ INSW
' © 2002 All Dry All Dry All Dry . All Dry , All Dry
| 11/00 4 4 6.8 INSW INSW
40599 4/01 2 2 7 ._Nitrate 26
Downgradient 7/01 4.5 1.9 6.3 INSW INSW
10/02 5.62 1.62 9.47 INSW INSW
11/00 . U 2 2 - 1,1-DCE - 389
40699 4/01 Dry Dry Dry Dry . Dry
Downgradient 7/01 U U 1.7 1,1-DCE 200
i o 10/02 U U 135 1,1-DCE 204
5/00 U 0.1 0.1 INSW INSW
11/00 U U - U INSW INSW
40799 4/01 U U U - INSW _ INSW
Downgradient 7/01 U U U U-233/234 23.6
o E U-235 1.12
1/02 U U U U-238 153
5/00 U U U . TCE 53
11/00 U 4.5 0.42 TCE 74.4
‘ Nitrate. 19
41499 4l U 2 0'4, TCE 62.
Downgradient : TCE 130
D . 7/01 .U 0.16 0.46 1,1-DCE 0.9
5/02 U U U TCE - 96.4
10/02 U U 0.55 TCE ) 191
11/00 U 2.4 U INSW . INSW
- : 41599 4/01 Dry Dry Dry Dry . Dry
Downgradient 7/01 0.29 0.77 . 0.34 INSW - INSW
‘ 2002 Dry Dry , Dry Dry Dry
o)
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U-233/234
- U-238 6.40
: U-233/234 9.6
4/01 U U U U238 e
U-233/234 5.43
7/01 U U U U-238 421
: Thallium 2.7
- P219089 A U-233,234 6.12
Downgradient 10/01 v v U U-238 332
U-233/234 7.76
2/02 u, u U U-238 6.51
: U-233/234 9.45 -
5/02 U U U U-238 8.02
_ - U-233/234 6.75
10/02 U U U U-238 4.2
Thallium 2.6

" Table 5-5 Historical Building 771 Alternate Well Data.

Notes: Concentrationbs greater than Tier 1l shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, CT = carbon tetrqchloride, INSW = insufficient water available for all analyses.

In summary, the 1,1-DCE occurrences observed in Wells 40699 (primary) and 20498 (alternate)

and TCE occurrences observed in wells 41499 (primary) and 22796 (alternate) bode well for the

~ primary/alternate well pairings. Based on historic sample data from both the primary and

_alternate Building 771 wells, nitrate, Pu/Am, neptunium, and PCBs do not appear to be pre-D&D

contaminants of interest in groundwater. Baselines will be calculated from the alternate wells

after the Building 771 complex is demolished.

7O

U-233/234 1.18
5/99 58 0.6 .37 U-238 0.93
10/99 10 0.2 20
P209289 U-233/234 1.5
Upgradient U-238 0.82
11/00 11.2 1 13.6 TI 436
VC 9.6
4/01 2 0.2 5
5/02 2.0 U 2.98
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U U
, 49 | 05 U U
20298 5/01 U U U
Downgradient 11/01 U U U
5/02 ] U U
10/02 U U U TCE 85
U-233/234 63
: - U-238 449
5/00 u u ! U-235 1.93
A 1,1-DCE 23
11/00 U U 13 1,1-DCE 33.2
i » U-233/234 - 57
P219189 5/01 U o1 1 U-238 - 40
Downgradient | = - ~ U-235 1.5
1,1-DCE .39
U-233/234 52.8
U-238 379
10/01 U U I U235 e
1,1-DCE 21
302 U U 1.01 1,1-DCE 312
. 12/02 U U 0.72 1,1-DCE 14
9/98 U 03 T 0.2 1,1-DCE 110°
. 4/99 U 0.1 0.1 1,1-DCE 170
U-233/234 2.67
: : U-238 2.54
. . 11/01 u v U o -y
: 1,1-DCE* 67 .
‘ : U-233/234 - 3.01
Dovfn(’;;giem 202 U- U U . u-238 211
_ : 1,1-DCE 35
: : U-233/234 3.28
5/02 U u U U-238 238
- 1,1-DCE 27.7
U-233/234 391
10/02 " NS NS NS U-238 2.13
I 3.2
9/98. U U U
, 4/99 U U U
20798 11/01 U U U
Downgradient 2/02 U U U 2.3
5/02 U U U
10/02 NS NS NS 4.0
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U-233/234 1.8

U-238 1.1
12100 U U 1.2 e o
‘ T 7.37
T U-233/234 2.4
501 0.8 0.4 7 U-238 2.0
: TCE 57
TU233/234 2.95
10/01 U 22 1.2 U-238 .22
TCE 23
22796 . _
Downgradient u 4.3
: T U233/234 2.53
2102 U U 0.69 U-238 1.61
TCE 13
U-233/234 2.07
5102 U U U U-238 1.57
v TCE 12
U-233/234 3.15
U-238 2.25
10/02 U U U o e
I 3.8

Notes: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier I shown in italicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, CT = carbon tetrachloride, INSW = insufficient water available for all analyses,
NS = not sampled, VC = vinyl chloride .

5.3.1 Bowman’s Pond Groundwater Characterization

The Bowman’s Pond evaluation project was conducted in 1999 to evaluate the sediments in the
pond for possible remediation (see the 1999 RFCA Annual Groundwater Monitoring Report).

Surface water samples collected during the investigation from Bowman’s Pond showed

qoncentratidns of CT that ranged from 5-21 pg/L.

There are six outfall locations fromBui]din'g 771/774 foundation drains (771 FD OUT #2, FD-
774-1, FD-774-2, FD-774-4, FD-774-5, and FD-774-6). Efforts to determine the location and
extent of the footing drains for Building 771/774 have only provided partial information on where
they discharge or exactly where the samples have been collected. A literature review and

walkdown of the Bowman's Pond area has determined that there are four outfalls in this area
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(Figure 5-7). Three of these outfalls are probably tied io Building 774 footing drains. The fourth
outfall, which is the farthest west of the four, may receive contributions from B_uilding 771

- footing drains.

Lbcation 771 FD OUT #2, is a footing drain outfall located west of Building 771 (Figure 5-7) that
p(oduce‘s small amounts of wéter with elevated levels of CT (310 pg/L and 126 pug/L in May
2001 and 2002, respectively). Grab szimples (for the Building 771 analyte of interest suite).were
collected from each of the footing drain outfalls, with the exception of FD-774-2 and FD-774-6,
in May 2061, November 2001, and May 2002. In addition, FD-774-1 had a sample collected in

NoVember 2002. The results of these samples showed CT, U-233/234, and U-238 in FD-774-1 at

concentrations/activities above the respective Tier 11 action levels for all four sémpling rounds.
Location FD-774-4 had activities of U-233/234 and U-238 (May and November 2001 only)
greater than Tier II action levels. Location FD-774-5, which did not provide a November 2001
sample, had May 2001 nitrate, U-233/234, and U-238 results and Ma}; 2002 U-i3’3/234 and
U-238 results greater than the Tier II action levels.

To date, 771 FD OUT #2 is the only outfall that has been included in the IMP as a D&D

monitoring location for the Bu1ldmg 771 complex.

54 Building 886

Building 886 is located on the south side of Central Avenue at RFETS, approximately 300 feet
southeast of the former PACS-1 entrance to the former PA. The building was first occupied in
1965, and it housed the Critical Mass Laboratory that was used to conduct criticality experiments

for nuclear safety research and development. Based on research of historical practices at the

. building, Pu, U, and nitrate are considered to be the analytes of interest. Figure 5-8 presents the

location of Building 886 and the D&D Vgroundwater monitbring 'wells associated with it.

The Final Sampling and Analysis Plan for the D&D Groundwater Monitoring of Building 886
(RMRS, 19990) was submitted to the Agencies in July 1A9>99. Three monitoring wells were
installed during fall 1999 (40999, 41099, and 41 199) and are utilized along with an existing well
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(22996) for D&D monitoring. Well 40999 is utilized as an upgradient D&D well; wells 41099,
41 199, and 22996 are utilized as downgradient D&D wells. Building 886 has undergone D,&D '
activivties and the aboveground portion of the building was demolished in the spring of 2002.
Monitoring well 41 199 was destroyed during these activities. This well was replaced during

August 2002; the new well is designated 41102.

The D&D sampling suite for Buildihg 886 includes _VOCs, metals, U-isotopes, Pw/Am, and

nitrate. Table 5-6 presents a summary of Building 886 D&D groundwater monitoring data

collected through CY 2002. Early data from well 22996, collected before commencement of
D&D sampling at Building 886, is presented in Table 5-6 for comparison to the more recent
D&D data. There has been adequate time and groundwater available to collect enough samples to
construct a groundwater baseline for most of the analytes at this building with the exception of
Pu. Because the building was demolished in early 2002, only analytical data collected through
CY 2001 was used to calculate the baseline. A preliminary baseline was established for Building
886 in the 2001 Annual Report (Table 5-4a) before the Water Program decided to construct a

baseline for all analytes at all downgradient wells. An expanded baseline, which contains all

.analytes in all downgradient wells for which enough results are available, is found in Appendix

C.

The results of the D&D sampling rounds completed at Building 886 through CY 2002 indicate
that there have been no concentrations of any analytes greater than Tier I action levels. Activities
greater than Tier Il action levels were observed for U-233/234 and U-238 for all four Building
886 D&D monitoring wells for every sampling round to date that has produced enough water for
a U;isqtope sample. All of the U-isotope results are below the U-233/234 and U-238 site
background values (M2SDs) of 60.7 pCi/L and 41.8 pCV/L, respectively, élthough the
concentrations in 41099 approach the M2SD vélues. ‘

In addition, U-235 activities greater than the Tier II action levels were reported in samples
collected from downgradient well 41099 in 1999 and 2000. The U-235 activity concentration at
well 41099.in November 1999 is above the site background M2SD value of 1.79 pCi/L. Pu/Am

results for the Building 886 D&D wells have generally been non detect; any detections have been

below Tier II action levels.
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" Table 5-6 Histoﬁ_cal Building 886 D&D Groundwater Monitoring Data.

VOs U or <Tier 11

11/99 8.883 6.807
6/00 10.70 7.83 0.54 VOCs U or <Tier 11
11/00 10.0 8.30 INSW VOCs U or <Tier 11
3/01 9.7 7.8 Cd 33 0.26 VOCs all <2
40999 7/01 9.0 6.6 Cd 03 0.47 VOCs all <2
Upgradient 12/01 NS NS NS NS VOCs all U
2/02 9.93 8.83 INSW INSW " NS
5/02 8.46 7.7 INSW INSW All U or <0.85
8/02 7.42 6.62 - Tl § 0.67 AllU
10/02 - 7.79 6.55 All < Tier Il INSW AllU
11/99 51.65 | 3377 | Cd 23 47 U-235 2.316
6/00 45.50 27.10 Cd 54 . 47 . U-235 141
41099 11/00 _ 42.0 27.0 Tl 4.89 - 36 . U-235 ].4'0
Downgradient ' - | - VOCs U or <Tier Il
3/01 274 17.7 Cd 4.6 30 U-235 0977
7/01 21.5 . 13.5 Cd 23 22 'U-235 0.783
8/02 INSW INSW INSW INSW VOCs all U
11/99 - 10.74 3.997 Cd 1.6 1.5 VOCs U or <Tier Il
. 6/00 8.39 4.33 Cd 0.68 .56 VOCs U or <Tier 11
) 3.70
‘ I‘;(‘“‘Ni”g’:‘;d‘igﬁt 1100 | 8.60 3.34 Cd 061 INSW | VOCs U or <Tier Il
: 3/01 9.03 3.20 Tl 0.75 1.2 VOCs all <2
7/01 . 9.20 INSW Cd 0.71 0.79 VOCs all <2
1/02° 991 3.9 All < Tierll | 3.2 NS
8/96 2.335 2.13 Cd 4.6 1.9 - VOCs U or <Tier 11
11/96 2.325 1.836 Tt 7.8 0.65 VOCs U or <Tier 11
3/98 3.01 2.68 NA NA VOCs U or <Tier 11
8/98 2.86 2.40 NA NA VOCs U or <Tier 11
2/99 3573 ] 3.011 Cd 017 NA VOCs U or <Tier I
22996 - 8/99 3.38 2.48. Cd 0.18 NA VOCs U.or <T?er 11
Downgradient 11/99 3.58 2.399 3.3 VOCs U or <Tier Il
2/00 3.598 2.509 . INSW VOCs U or <Tier 11
’ 6/00 " 4.62 3.02 - Cd 0.1 . 4.2 VOCs U or <Tier Il
12/00 2.30 1.60 0.9 VOCs U or <Tier Il
3/01 2.42 1.87 |- ) 2.4 VOCs all <2
8/01 " 1.64 1.02 o : 0.77 VOCs all <2
9/02 1.45 0.834 Tl 43 - 0.66 VOCs all U

Notes: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier I shown in Italicized 4Bo|d, U = non detect,
(B) = Analyte detected in the Method Blank, NA = not analyzed, INSW = Insufficient water available for sample collection, NS =not -
sampled

“Samples from downgradient well 41099 contained nitrate concentrations greater than the Tier II
action level for every D&D sampling round completed to date. No other Building 886 D&D weil
_ has nitrate concentrations that apprbach the Tier Il action level. There have been no VOC
‘ - detections above Tier Il action levels at any Building 886 D&D Wells, and most of the VOC
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- results have been non-detect. Metals results indicate that downgradient well 41099 has been -

impacled by cadmium and thallium in concentrations greater than th¢ Tier II action levels;

; duwngradient well 22996 has been impacted by thallium in concentrations greater than the Tier II

action levels. Upgradient well 40999 showed:a first time thallium result greater than Tier II (5
ug/L) during the 3" quarter 2002. Fourth quarter nletals results at well 40999 were all below Tier

L

An average linear groundwater flow velocity of 45 ft/yr has been calculated for Building 886
utilizing 2““ quarter 2002 water level data. Hydraulic conductivity for the Qrf and effective

' uOrqsity values were used as described in Section 3.2 of this report.

Baselines (Appendix C) were calculated for every analyte at every downgradient well that llad the
required ruinimum of four results. Tl'le M2SDs will bé used to cumpare to post-D&D Building
886 grbundwater monitoring results. Should a post-D&D monitoring result for a sueciﬁc analyte
at a given downgradient well exceed the calculuted M2SD, the appropriate parties will be
notified, an attempt will be made to identify the source, and monitoring will continue as sbeciﬁed

“in the IMP. .

In summary, tlxe most impacted well at the Building 886 site is downgradient well 41099. This
well has the highest U-isotope activities, and is the only Building 886 D&D well with nitrate and
cadmium concentrations above their Tier II action levels. The elevated nitrate values observed in
downgradien"t well 41099 may be a result of historical practices in the building as there does not

' appear to be an upgradient source of this nitrate.
5.5 Building 779

Building 779, placed into service in 1969, housed minor production and Pu recovery opleratiorls
but was primarily a research and devélopment facllity. Some metal parls were assembled in this
building and bulk Pu residues were recovered (DOE, l992a) The remainder of thé operations
conducted in Building 779 were research and development activities which mcluded the
following operations: pyrochemical technology, coatmgs Pu and non-Pu physical metallurgy,

chemical technology in support of Pu recovery operatlons in Building 771, and product phys1cal.
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chemistry (DOE, 1992a). The building, located in the former Protected Area (PA) approximately
200 feet south of the westernmost SEP, was demolished in 1999. Figure 5-9 presents the building

location and the associated D&D monitoring wells.

Three D&D monitoring wells (02297, 02397; and 02497) were installed in 1997. Well 02397 is
used for upgradient D&D monitoring; wells 02297 and 02497 were for downgradient D&D

. monitoring. However, during building D&D activities in late 1999, monitoring well 02297 was

destroyed; it was replaced in 2000 with downgradient monitoring well 02500. Monitoring well
02500 is similar in well construction to well 02297 and, therefore, D&D monitoring data from

that locaﬁon ihcludes data previously collected from weli 02297. In addition, at the request of

CDPHE, another new D&D well, 00100, was added to the program during 2000. This well,

located near the northeast corner of Building 779, is a relatively deep well (approximately 32 feet

- below ground surface [bgs]) positioned to monitor groundwater quality downgradient of the

Building 779 basement and sub-basement. The sub-basement is shown on Figure 5-9 as four

small rectangular areas within the basement area.

The alluvial deposits are very thinly saturated in the vicinity of Building 779. In addition, a

foundation drain dewaters the northwest corner and north side of the former building. These

circumstances combine at drier times of the year to allow only minimal amounts of groundwater

to be available for sample collection. No sampling rounds were complefed during 1997 at the
Building 779 D&D monitoring wells because of lack of water. Upgradient well 02397 produced
no samples during 1999 and only one set of samples during each of 2000, 2001, and 2002.
Downgradient wells 02297/02500 and 02497 have fared better. Through CY 2002, downgradxent(
well 00100 had five complete sample sets (except for metals in 10/02).

A minimum of four sampling events are required to collect a data set to be used for determination
of a unique chemical baseline for each building that will undergo D&D. Unfortunately, in
addition to the construction of replacement D&D well 02500 and additional D&D well 00100, the

" schedule for Building 779 D&D became accelerated, and it was not possible to collect the

required amount of pre-D&D data to derive baseline values for the analytes of interest. This
situation was compounded by the fact that there was not an appropriate number or distribution of

preexisting monitoring wells in the vicinity of Building 779 that could be utilized for D&D
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monitoring. Because a baseline cannot be established, water quality with respect to Building 779
will be evaluated in terms of an upgradient]downgradient comparison. Analytes. at Building 779

have been screened in terms of concentrations relative to Tier I and Tier II groundwater action

. levels.

The D&D analytical suite for Building 779 consists of VOCs, metals, U-isotopes, Pu/Am, and
nitrate. Table 5-7 presents summary results of all D&D groundwater sampling at Building 779 to
date. These data indicate that there were no contaminant concentrations from any Building 779
D&D monitoring well greater than Tier I action levels. All four Building 779 D&D wells have at
least one analyte concentration greaterithan a Tier II action level. Until 2001, upgradient well
02397 had the only nitrate concentrations which were greater than Tier II action levels and
downgradient well 00100 was the only well that exhibited VOC concentrations (TCE and CT)
greater than Tier II action levels. During 2001, well 02297/02500 exhibited first time TCE and
nitrate concentrations gréater than Tier II action levels. Downgradient monitoring well
02297/02500 has produced samples with concentrations of U-233/234 and U-238 that are greater .

than the Tier II action levels for all sampling rounds in which there was enough groundwater

. available for a U-isotope sample. Until 2002, upgradient well 02397 had not had any U-isotope

results above Tier II. All the U-isotope results were below Site background M2SD values. There
have only been two historic Am results above Tier II; well 02497 (0.233 pCi/L) in May 1999 and
well 00100 (0.321 pCi/L) in April 2002. There have only been two historic Pu results above Tier
II; well 00100 in December 2000 (0.68 pCi/L) and April 2002 (2.21 pCi/L). Each of the three
downgradient wells has had at least one thallium result greater than the Tier II action level. |

A linear groundwatef flow velocity of 73.0 ft/yr (7.06 x 10~ cm/sec) was calcuiated between
upgradient well 02397 and downgradient well 02500 utilizing 4™ quarter 2002 water level data.
Hydraulic conductivity for the Qrf and effective porosity values were used as described in Section
3.2 of this Annual Report. This flow velocity would allow groundwater to travel from well 02397
to well 02500 in approximately 5.1 years. Actual contaminant travel times would be longer for
retarded contaminants. The groundwater travel time from the sub-basement to well 00100, a

distance of épproximate]y 210 feet, would be about 2.9 years.
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An upgradient versus downgradient statistical analysis has been performed between wells 02397
and 02297/02500 for TCE and nitrate. This analysis should also include U-233/234, but there are
not enough upgradient results from well 02397 for this analyte. This analysis is similar to the one
performed for Building 123 (Section 5.1 of this report). Figures 5-10 and 5-11 depict the results
of this analysis. F igure 5-11 suggests that although the fnean nitrate concentration in upgradient
well 02397 is higher than the mean nitrate concentration in downgradient well 02500, that there is
no probably statistical difference between the concentration of nitrate in wells 02397 and 02500.
The same cannot be said for the TCE concentratjons in the two wells (Figure 5-10). The mean
TCE concentration in downgradient well 02500 is almost seven times greater than the M2SD for
TCE in upgradient well 02397, which suggests that there may be a statistical difference in the two

concentrations.

In summary, nitrate concentrations upgradient of Building 779 and observed in well 02397 are
greater than Tier Il action levels and are similar to the 2001 nitrate concentrations observed in |
downgradient D&D well 02500. There are no Building 779 upgradient VOC, metals, Pu/Am, or
U-isotope (except 5/02, U-233/234) concentrations to date that approach the concentrations of

these analytes observed in downgradient D&D wells.

Table 5-7 Historical Building 779 D&D Groundwater Monitoring Data.

U
02367 11/98 U 1.0 12 INSW INSW
Uperadient 5/00 U U 19 INSW INSW INSW
4/01 U 0.1 1 0.61 0.29 INSW
5/02 U U 107 1.07 0471 | Metals INSW
3/98 U 1.0 5.9 INSW INSW INSW
6/98 U 06 6.2 INSW INSW INSW
11/98 U 3 | INSW INSW INSW INSW -
5/99 0.5 2 INSW 2599 | 1.076 Am 0.233
11/99 03 2 87 1.842 0.918
o 02497 5/00 04 4 4.7 1.42 0.808 -
owngradient Cd 151
11/00 U 24 INSW INSW INSW el
5701 02 3 75 105 | 04zi
10/01 U 32 33 INSW INSW INSW
10/02 U 28 5.1 INSW INSW | Metals INSW
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% : .
12/00 14.8 61.8 3.1 1.10 0.61 Pu 0.68
5/01 5 38 32 311 0.972
00100 | _11/01 5.7 55 36 23 1.08 T 2.9
Downgradient _ Pu 2.21
4102 441 a7 2.59 1.42 0.459 g
10/02 6.99 527 4.7 1.07 0.54 Metals INSW
6/98 U 2 INSW INSW INSW INSW
5/99 0.8 2 8.2 8.169 4.103 INSW
11/00 U 15 74 4.20 2.10
%2225%3)/ 6/01 0.2 18 11 6.01 3.02
.' 10/0] U 19 157 6.27 3.26 T 74
Downgradient —77 U 153 8.65 7.18 3.08
8/02 ] 9.79 55 5.94 325
12/02 NS NS 3 738 353 T 48

Notes: Concentrations greater than Tier I shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, NS = not sampled, INSW = Insufficient water available for sample collection, CT =

carbon tetrachloride

5.5.1 SW085 Sampling

SWO08S5 is the surface water sampling station that is located at the outfall of the Building 779

foundation drain. This outfall was sampled in May and August of 2001 and March and June of

2002. In addition, a Pu/Am sample was collected in September 2002. Currently this location is

not sampled as part of the IMP requirements for D&D sampling at Building 779 but was part of

the previously concluded sump and basement sampling project (see Section 5.5.1 of the 2000

RFCA Annual Groundwater Monitoring Report). The recent samples collected from this location

could not be collected earlier because the location only producés water durihg or following

significant precipitation events. In addition, there are some inherent prdblems with the outfall

itself as the water collected at this location comes out of the hillside (soil around the pipe) and not

out of the outfall pipe. This leads to the question of _whethef the sample that is col}ected at this

location is water that the foundation drain collects, water from some other origin seeping out of

the hillside at this location because of a preferential flowpath, or some combination of the two
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The results of these recent SW085 sample events indicate that CT and TCE were not detected,
nitrate results were-all below the Tier II action level, and U-233/234 and U-238 activities were all
above Tier II action levels. The Pu/Am results for the May 2001, and September 2002 sampling

events were above the Tier Il action level for both analytes. The Pu result for June 2002 was also

above Tier I; the rest of the Pu/Am results were below the Tier I action levels. The three rounds

of sampling have confirmed the results of historic surface water samples for this outfall.

Additional samples will not be collected from this location after 2002.
5.6 Building 707
Building 707 is located on the north side of Central Avenue between Eighth and Ninth Streets in

the former PA. ‘It is just south of the Building 776/777 complex. - Buil,diné 707 isa tWo-sto’ry

Buildihg with a single story section on its east side. The two-story portion is 72,240 square feet,

while the single story section is 18,560 square feet. The main floor of the building is

compartmentalized into eight modules (A through H). There is a small ‘basement (referred to as
the C-pit) under Module C with an area of 1,000 square feet. During its operation, no significant

changes were made to the building design.

Construction of Building 707 began in 1967 to support production tﬁat could not be fully
accommodated in Building 776/777. Because of a major fire in Building 776/777 in 1969,
Building 707 acquired additional Pu foundry, casting, and-'machining functions that were moved
from‘Buildin.g 776/771. After the fire, Building 707 became the main: Pu components production
facility at the plant. Pu manuf'acturing operations began in May 1970, and between 1970 and
1989, Building 707 provided metallurgical support for Pu and was involved in final product
assembly. Pu was cast into ingots in the foundry, then rolled and formed prior to being machined,
cleaned, and assembled in various areas withi'n the building. Plant operations involving
fadi_dactive and fissile material were discontinued in 1989. As of 1992, certain non-production

operations. had resumed in Building 707.

A Final Sampling and Analysis Plan for the D&D Groundwater Monitoring of Building 707

(RMRS, 2000c) was submitted to the Ageﬁcies in August 2000. Building 707 is currently
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scheduled for demolition in early FY 2005, which should provide adequate time to construct a

k;hemica] baseline for the D&D monitoring wells.

Monitoring wells 60499, 6.0599, and 60699, which weré installed for the East Industrial Area
Plurﬁe (EIAP) characterization.project, are utilized as upgradient Building 707 D&D wells.
During 2000, downgradient D&D monitoring wells 00200 aﬁd_00_300 were installed and partially
developed. EIAP well 61499 and older well P218089 are also ptilized as downgradienf D&D '

~ wells. Because P218089 was not sampled between May 1995 and December 2000, the previous

three years of data is not available for baseline determination. Besides the monitoring wells, the
Building 707 D&D SAP states that a VOC sample will be collected from the Building 707
foundation drain at FD-707-4, which is a manhole within Building 763 just southeast of the
building. In addition, radionuclide and metals samples are routinely collected from a surface

water location east of the 750 Pad, designated GS40, where the outfall from the Building 707

foundation drain is located. Figure 5-12 presents the site location as well as the location of D&D

* monitoring wells and other sampling locations.

The deletion of FD-707-4 and GS40 from the IMP designated sampling for Buﬂding‘ 707 will be
implemented. FD-707-4 has been most currently sampled for VOCs only. There are two reasons
fqr making this change at FD-707-4; first, the manhole sample is a composite of water from
various storm drains and the Building 707 foundation drain. The origin of the water is not
definitive. Second, sampling a manhole is not an effective way to collect a VOC sample; voC
samples were collected from FD-707-4 in May and October of 2002. There wefe very few
detections of VOCs at this location during 2002; most were laboratory blank (B)»qualiﬁ.ed and
none were grééter thaﬁ the respective Tier II action level for the analyte. With regard to GS40,

the surface water samplés from this location are collected under different protocol than

- groundwater samples (i.e., there is no field filtering of U-isotope or metals samples; all analyses

are for total U and metals), and the origin of this water is also undefined. It is known that under
baseflow conditions the water at GS40 is generally just from the Building 707 foundation drain;
during precipitation events there are é;ontn’butions to this outfal]l from storm water runoff. Very
little information pertinent to groundwater is obtained from these two ]ocatiohs, and they will not

be sampled, with respéct to Building 707 D&D,-in the future.
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For upgradient well 60699 and downgradient well 61499, there has been little groundwater
available for sampling through CY 2002. The alluvial saturated thickness in this portion of the
site is very thin. This is compounded by the fact that Building 707 contains an extensive

foundation drain that encompasses the entire building except for the northwest corner. At certain

times of the yeaf UHSU groundwater flow may be restricted to the weathered bedrock.

Based on the research ﬁerformed in support of the Building 707 D&D SAP, the most abundant
potential contaminants associated with Building 707 are Pu/Am, U-isotopes, chlorinated solvents
(TCE, TCA, and CT), and a variéty of metals including lead, chromium, and mercury. The D&D
analytical suite for Building 707 is VOCs, metals, U-isotopes, Pu/Am, and néptunium. '
Neptunium, a décay product of Am-241, was noted in research for the SAP as a potential analyte

of interest for this building. ‘Table 5-8 presents a summary of Building 707 D&D groundwater

monitor'ing data collected through CY 2002. Until a baseline is established for Building 707,

-analytes will be discussed in terms of concentrations relative to Tier I and Tier II groundwater

action levels.

The results of the D&D sampling rounds through CY 2002 indicate no concentrations of any

analytes above Tier I action levels. Upgradient well 60599 has been impacted by PCE in
concentrations greater than the Tier II action level during all six D&D sampling events to date.
Downgradient wells 61499 (PCE) and 00300 (TCE) have been impacted by the listed VOCs at or
slightly above Tier Il action levels. There are no detections of TCA 6r CT above Tier II action
levels, and most results for these two VOCs are non detect. Samples from all Building 707

upgradient D&D wells have activities of U-233/234 and U-238 greater than their Tier II action

* levels, and at well 60699, these isotopes approach Tier I action levels.during 2001, where .

sufficient water was available for U-isotope samples. At well 60699,,the activity concentrations
of all U-isotopes (includihg U-235) are greater than Site M2SD background values. U-233/234
and U-238 activity concentrations from downgradient wells P218089 and 00300 are all above

_ Tier II action levels. All historical results of neptunium have been non-detect and, therefore, we

would like to discontinue sampling for this analyte. There have not been any historical activity
concentrations of Pu/Am above Tier II action levels at Building 707. Metals results indicate there
have been some concentrations of thallium, mostly at-downgradient wells, which are greater than

the Tier II action level. There have been no detections of beryllium at Building 707. Upgradient
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wells 60599 and 60699 and doanradient wells 00300 and P218089 appear to be the most

impacted at this time.

An average linear groundwater flow velocity of 97 ft/yr has been calculated for Building 707
utilizing 2™ quarter 2002 water level data. Hydraulic conductivity for the Qrf and effective

porosity values were used as described in Section 3.2 of this report.

Table 5-8 Historical Building 707 D&D Groundwater quitoring Data.

: - 12/00 INSW INSW 1.1 1.5 .
60499 5/01 5.33 3.39 0.6 2 :
Upgradient _ 10/01 4.74 2.81 .0.72 1 TI. 35.
4/02 2.62 1.83 1.2 3.94 -
10/02 - 2.86 1.92 U 0.75
2/00 INSW INSW 100 U INSW Metals
12/00 INSW INSW - 111 U INSW Metals
5/01 163 - 13.2 260 0.6 -
60599 10/01 16.5 10.5 170 0.25
Upgradient 4/02 . 295 20.8 118 U - U-235 2.07
‘ ) U-235 1.77
10/02 18.5 11.6 171 U INSW Metals
) INSW Pw/Am
5/00 INSW INSW | U U INSW
3/01 . 95 60.9 .01 U U-235 2.81
6/01 70 . 48 U U U-235 2.1
U:g?'g?iigent 11/01 INSW INSW U U
4/02 INSW INSW U U INSW Metals
) y INSW Metals
10/02 INSW INSW U U CT 71.42
5/00 - INSW INSW . 5 0.1 INSW
61499 12/00 INSW INSW U U INSW
Downgradient 4/01 8.11 6.72 5 0.2
2002 Dry Dry Dry Dry
12/00 3.30 2.30 U U
4/01 1.50 0.90 U U )
Do}\):x:ggr(;tsi?ent 10/01 413 2.04 1.2 U Tl 4.5
4/02 1.06 1.23 U U
10/02 2.35 1.09 U T 34
Cd 849
11/00 U U U 0.27 T 378
00200 4/01 0.16 0.1 0.1 U
Downgradient | 10/01 0.0343 0.0911 U U T 3.9
4/02 U U U U
10/02 U U U U
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11/00 Dry Dry Dry Dry Dry
. 5/01 27 ' 19 U 17 .
T I o T
Downgradient . INSW Metals
' 10/02 17.9 12.2 U 4.86 INSW PwWAm
: INSW Np

Note: Concentrations greater than Tier I shown in Bold, Concentrations greater than Tier I shown in Italicized Bold, U = non detect,
NA =not analyzed, INSW = Insufficient water available for sample collection, CT = carbon tetrachloride, Np = neptunium

In summary, a baseline for Bliilding 707 wi'll be calculated once the aboveground portion of the
Bu_ilding comes down. The impacts to upgradient wells 60599 and' 60699, and possibly '
downgradient well 00300, are probably not related to contamination from Bnilding 707. A
process waste line that runs north-south on the west side of the building, along Eighth Street, has
documented leaks along a section of the line to the southwest of the building. Based on current

potentiometric data, this section of process waste line is upgradient of the three wells, and may be

- responsible for the high U-isotope activities observed in those locations (and potentially the high

PCE concentration in well 60599). -
5.7 Building 776/777

The Building 776/777 complex is located in the former PA, between Eighth and Ninth Streets,
just north of Building 707. Buildings 776 and 777 share a common wall, utilities, and
maintenance facilities. All floors in the building are reinforced concrete slabs. The main floor
has an area of 135,000 square feet. Metal processing facilities and waste handling each occupy
approximately half of this space. The second' floor contains 88,000 square feet and is almost

entirely occupied by utilities. There are two sub-basement areas: a four bay area of

‘ approximately 1,600 square feet and an elevator pit area which is adjacent to the tunnel

conriecting Buildings 776 and 771.

Building 776/777 began operations in 1957 and has undergone several major production changes

. since then. Beginning in 1958 and continuing through 1969, Building 776 was the main

‘manufacturing facility for Pu weapons components and housed a Pu foundry and fabrication
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operations. The main function of Building 777 was assembly of parts. A major fire in 1969

required that the majority of the Building 776/777 foundry and fabrication operations be

transferred to Building 707. Limited production operations were resumed in Building 776/777

. several months after the fire; however, the main focus of the building moved towards waste and

residue handling, disassembly of site returns, and speéial projects. Processes included waste size

reduction, pyrochemistry, coatings operations, machining, and product assembly and disassembly

. (including testing and inspection). Post-1989 activities included waste handling and maintenance

activities in Building 776, and a tritium sur}?eillance laboratory and container repackaging

operations in Building 777 (DOE, 1994a).

The Fihal Sémpling and Analysis Plan for the D&D Groundwater Monitoring of Building
776/777 (RMRS, 2000c) was submitte& to the Agencies in August 2000. Building 776/777 is
currently scheduled for demolition in early FY 2004. This should allow adequate time for

construction of a chemical baseline for all of the downgradient D&D rﬁonitoring wells.

During 2000, upgradient monitoring well 00400, located between Building 778 and Building 777,
and dowhgradient monitoring wells 00500, 00600, and 00700, were installed and sampled during
the 4" quarter. Preexisting EIAP monitoring well 60299 is utilized as an upgradient D&D well.

Figure 5-13 presents the building location along with the locations of the D&D monitoring wells.

Based on the research performed in support of the Building 776/777 D&D SAP, the most
abundant potential contaminants associated with the building are Pu/Am, U-isotopes, tritium,
chlorinated solven‘ts, a variety of metals including beryllium, and potentially nitrate. The
analytical suite for D&D wells at Building 776/777 includes VOCs, metals, U-isotopes, Pu/Am,
tritium, and nitrate. Table 5-9 presents summary Building 776/777 D&D groundwater
monitoring data collected through CY 2002. Until a baseline is established for Building 776/777,
immediately after the aboveground portion of the building is demolished, analytes will be

discussed in terms of concentrations relative to Tier I and Tier II groundwater action levels.

Except for upgradient b&D well 60299, all of the Building 776/777 D&D wells generally
produced full sample suites (VOCs, metals, U-isotopes, Pu/Am, tritium, and nitrate) during the
2" and 4™ quarters of 2001 and 2002. Monitoring well 60299 only produced enough water for
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VOC and nitrate samples during the 2™ quarter of 2001 and the 2™ and 4" quarters of 2002; the

" well was dry during the 4™ (juarter of 2001.

- The results of the Building 776/777 D&D sampling to date indicate that the CT concentration in

ddwngradient well 00700 for the five sampling rounds completed to date is greater than the Tier I
action level. There were no concentrations of any other analytes that were above Tier I action

levels from Building 776/777 D&D wells. Well 00700 also contains CF; 1,1-DCE; 1,2-DCA;

‘and PCE in concentrations greater than their respective Tier II action levels for all five sampling

rounds to date. None of the other four Building 776/777 D&D monitoring wells had any VOC

 detections above Tier II action levels before 2002. Dliring 2002, upgradient well 60299 had first

time detections of TCE above the Tier 11 action level for both the 2™ and 4" quarters.

Upgradient well 00400 has been impacted by U-isotopes, cadmium, and thallium in
concentrations greater than their Tief II action levels. No other Building 776/777 D&D well had
activities of U-isotopes above Tier II action levels before 2002. Downgradient well 00500
exhibited first time U-233/234 and U-238 activities greater than the Tier II action level during the .

- 2™ quarter of 2002. Subsequent U-isotope analyses from this well during 2002 ‘were below Tier

I or non-detect.

Well 00500 has also exhibited manganese and thallium concentrations greater than their
rcspecfive Tier Il action levels. No other Building 776/777 D&D well has exhibited manganese
concentrations greater than the Tier II action level, although downgradient well 00600 has

relatively high manganese concentrations that are approaching the Tier II action level. Tritium

was detgéted in downgradient well 00700 at an estimated activity concentration of 300 pCi/L in
4™ quarter 2000, at 264 pCi/L in 4™ quarter 2001, and at 332 pCi/L in 2™ quarter 2002 (all below

Tier II); tritium was not detected at any other wells.

Americium was detected for the first time above the Tier II action level at downgradient wells

" 00600 and 00700 during the 4™ quarter of 2002. There have been no other detections of Am

above the Tier II actibn level at'any Building 776/777 D&D well. Beryllium and nitrate were
either non detect or detected at concentrations below their Tier II action levels at all wells for all

D&D sampling rounds to date.
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Table 5-9 Histqrical Building 776/777 D&D Groundwater Monitoring Data.

11/00 INSW INSW INSW
60299 ,
Urgiadient 5/01 INSW INSW INSW |
| 4/02 INSW U INSW TCE 20.8
10/02 INSW INSW INSW TCE 39
11700 0,012 U-233/234 2.60 Cd 7.09
U U-238 1.20 TI 4.95
- U-233/234 32 ~
. 3/01 u U-238 1.88
00400 o1 00173 U-233/234 2.05
Upgradient 0.0142 U-238 1.01
‘ U-233/234 1.74
4/02 U U-238 1.44
U-233/234 1.68
10/02 U pstanion T 2.27
100 0.058 U-233/234 0.18 T 382
U U-238 0.16 Mn 2540
] U-233/234 028 | .
5/01 0.013 U-238 021 - | Mn 4660
‘ U-233/234 0.1a1 | Mn 2610
Dovg?s:giem 1ot U U-238 0.23 Tl 24
gradient- 02 0.0235 0-233/234 1.63 | Mn 1760
U U-238 1.19 As 39.1
U U-233/234 0.947
802 0012 U-238 0.294 Mn 3700
10/02 ] U INSW
100 0.016 U-2337234 0.19 | Mn 1150
U U-238 0.20 As 116
U-233234 0563 | 11 44
) 6/01 U U-238 0429 Mn 1420
00600 U-233/234 0.288
Downgradient 11/01 U U-238 U Mn 1180
' - U U-233/234 0.476
4/02 0.0265 U238 U Mn 1210
U U-233/234 0596 |
10/02 0,198 s 0961 M 1630
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U-233/234 0.035
U-238 0.028

CT 3920

CF244
1,1-DCE 366
1,2-DCA 8

PCE 9.9

5/01

0.0112
0.0191

T

U-233/234 U
U-238 U

CT 2900
CF 230

1,1-DCE 330

PCE 11
TCE 17

11/01

0.00811
U

- U-233/234 0.216
U-238 U

CT 3000
CF 340

1,1-DCE 500

1,2-DCA 7.9
PCE 11°

5/02

CT 2830
CF 278
1,1-DCE 352
1,2-DCA 9.6
PCE 10.2

10/02

U,
0.168

CT 2020
CF 292
1,1-DCE 282
1,2-DCA 6.7
PCE 7.5

Note: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier I shown in ltalicized Bold, U = non detect,
NA = not analyzed, INSW = Insufficient water available for sample collection, CT = carbon tetrachloride, Np = neptunium.

An average linear groundwater flow velocity of 22 ft/yr has been calculated for the western
portion of Building 776/777 (Building 776) and a velocity of 100 ft/yr for the eastern portion of
Building 776/777 (Building 777) utilizing 2™ quarter 2002 water level data. The western portion

~ of Building 776/777 is affected by the Building 771 foundation drain and the unnamed southwest-

northeast trending drainage east of Building 371/374. Hydraulic conducﬁvity for the Qrf and

effective porosity values were used as dcs‘cribed‘in Section 3.2 of this report.

In summary, beryllium and nitrate do not appear to be pre-D&D analytes of interest for Building

776/777. Tritium, although detected at low concentration in downgradient well 00700, does not

appear to be of consequence at this point as a pre-D&D analyte of interest. The Tier 1 CT and

high CF concentrations observed at downgradient well 00700 are likely associated with IHSS
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118.1, which is Jocated immediately north of the central portion of Building 776/777. Slightly
elevated U-isotope activities observed in well 00400 (well below Site M2SDs), and Am activities
in wells 00600 and 00700 (4™ quarter 2002 only), appear to be from an upgradient source.

5.8 Building 371/374

"The Building 371/374 complex is located in the northwestein portion of the IA at RFETS, and it

is the only building complex within the newly configured PA. The building is a four level,
partially buried s&ucture constructed of reinforced concrete. It contains approximately 186,000
square feet of floor space. :The building contains.a large basement beneath the ground floor and a
sub-basement beneath the basement. Building 371 proper contains a glovebox system, a large
central storage area, office areas, maintenance shops, and outside loading docks. Bﬁilding 374
proper contains office space and liquid waste processing facilities. Figure 5-14 presents a sité
location map of the Building 371/374 complex and surrounding area along with the locations of

the D&D monitoring wells.

-'Building 371 was originally built to assume the Pu recovery operatiohs of Buildings 771 and 776

'using advanced technology for Pu handling, recovery, and safety. The projected operations for

the building focused primarily on the recovery of Pu from both solid and liquid wastes. Pilot-
scale recovery operations began in 1981 and continued until the mid-1980s when serious design
and construction deficiencies were identiﬁed (DOE 1994a). The last recovery operations in the
facility were terminated in 1986. Since that time, operations in Building 371 have focused
mainly on Waste and Special Nuclear Material (SNM) handling and storage and laboratory
operations. The majority of Building 371 is used for haﬁdling and storing SNM and wastes.
Wastes stored in the building include transuranic waste, transuranic mixed waste, low-level

waste, and low-level mixed waéte (DOE, 1994a).

" Building 374 was constructed for the purpose of handlin‘g process waste generated in Building
371 and high-level waste from Building 771. It began waste treatment operations in 1978 and

began handling radioactive wastes from Building 371 in 1980 (DOE, 1994a).
A complex foundation drain system is present beneath Building 371/374. The system operates by -

gravity flow. The perimeter portion of the drain is located at an approximate elevation of 5,984
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feét above msl and is associated with the basement. The inner, deeper, portion of the drain is
located at an approximate elevation of 5,967 feet above msl and is associatédwith the sub-
basement. The drain system impacts the localized water table in the immediate vicinity of
Building 371/374, and creates a steep groundwater sink (effectively, a cone of depression)

encompassing the building (as shown on Plates 2 and 3 and Figure 5-14).

The Final Sampling and Analysis Plan for the D&D groundwater monitoring of Building 371/374
(RMRS, 2000c) was submitted to the Agencies in Augusf 2000. Building 371/374 is currently

scheduled for demolition in early to mid FY 2006, which will allow adequate time for

construction of a chemical baseline for the D&D monitoring wells.

Seven D&D monitoring wells (37101 through 37701) v'vere.installed and de?eloped during the
spring of 2001 and the first round of groundwater samples were collected during the 3" quarter of
2001. Wells 37101, 37201, and 37301 are upgradient wells. Wells 37401, 37501, 37601, and
37701 are 'downgradient wells. Monitoring well 37401 was subsequently destroyed by activities
related to the removal of a cement silo and replaced in 2002 with well 37402 (Figure 5-8).

Based on the research performed in support of the Building .371/374 D&D SAP, the most
abundant potential contaminants associated with Building 371/374 are Pw/Am, nitric acid, and
VOCs. The D&D analytical suite for the Building 371/374 complex consists of VOCs, metals,
U-isotopes, PW/Am, and nitrate. Table 5-10 presents a summary of Building 371/374 D&D
groundwater monitoring data collected through CY 2002. Until a baseline is established for
Building 371/374, analytes will be discussed in terms of concentrations relative to Tier I and Tier

II groundwater action levels.

All of the Bixilding 371/374 D&D monitoring wells (except 37401/37402) produced full sample
suites (VOCs, metals, U-isotopes, Pw/Am, and nitrate) in 2001 and 2002. There have been very

- few detections of VOCs and no concentrations above Tier I action levels. The metals results

indicate that there have been very few detections of beryllium (listed in the SAP as a potential
metal of interest) and none above Tier I action levels. Manganese and barium were observed at
concentrations well above their Tier II action levels in well 37301 for all three sample rounds

completed to date. Thallium has been observed at four sampling locations (3720 1‘, 37501, 37601,
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basement) at a concentration greatef than the Tier II action level. Well 37701, the basement, and
" subbasement all had U-233/234 and U-238 concentrations that were higher than their Tier II
" action levels for ail three sampling rounds completed to date. There have been no activities of
Pu/Am above their Tier IT action levels. Nitrate was detected at concentrations greater than the
Tier II action level for the first time in the samples collected during 2002 from downérédi_ent well

. 37501.

An average linear groundwater flow velocity of 252 ft/yr has been calculated for Building
371/374 utilizing 2™ quarter 2002 water level data. Hydraulic conductivity for the Qrf and

effective porosity values were used as described in'Section 3.2 of this report.

Table 5-10 Historical Building 371/374 D&D Groundwater Monitoring Data.

. §/01 0.049 | 0019 3.6
uﬁgggi'em 1/02 1 8 0.0gZI 2
7102 O’ffs o 2.3
8/01 o o 0.84 | T 39
U:gzggilent ) Vo2 ] 23(8)52) 0.0?114 ! T 39
8/02 g:gzg o 1.6
| s 0328 U v Ba 2300
Upgradient 1102 os | 0w 031 "B 2190
y02 vies | ooms u Ty
37401137402 8/01 £y N 13
Downgradient 3/02 INSW INSW 0.16 INSW.
7102 o o 4
O - A
Ddﬁﬁgsr‘iéient 02 o o'.olf73 106 T S
7102 o 0.0156 2 Ba 2900
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Dox\?r;];r(;:‘lient 1702 367787 o.ogzs 2 2.4
7102 0.236 o 3
T N
7102 258 0.0144 0023

| 801 239 o 27

Dai Outfal 202 0546 00292 0.85
8/02 s o 13 4
8/01 24 v 0.57

o | ||

' 8/02 pes o 0.42

Notes: Concentrations greater than Tier Il shown in Bold; Concentrations greater than Tier 1 shown in ltalicized '

Bold, U =non detect, INSW = insufficient water available for sample collection, Mn = manganese, Ba = barium

In summary, based on the limited sampling completed to date, Pu/Am, VOCs, and beryllium do '
not appear to be pre-D&D contaminants of interest at Building 371/374. U-isotopes appear to be
a downgradient, pre-D&D contaminant of interest at Building 371/374. Manganese and barium

are potential upgradient contaminants of interest for this building.

5.9 Building 865

Building 865 is l(_)cated immediately south of Central Avenue and east of Eighth Street in the
south central portion of RFETS. The building is due south and across Central Avenue from the
previously existing Portal 1 entrance to the former PA: The southwest corner of Building 865 is

approximately 100 feet due east of the northeast corner of Building 883.

Building 865 was piaced into service in 1972. This building was used for material processing and

development work, including: fabrication, processing, and testing of metal parts. Depleted U and
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beryllium were processed in this building (DOE, 1992b). Beryllium p‘owder was mixed with
other metals, placed in molds, and compressed into shapes. In addition, from 1983 through 1986,
ultra-pure beryllium metal was produced electrolytically (ChemRisk, 1992). There is little

available literature regarding the historic configuration of the building or the description and time

* line of historical operations at this building.

The Final Sampling and Analysis Plan for the D&D groundwater monitoring of Building 865
(RMRS, 2000c) was submitted to the Agencies in August 2000. Building 865 is currently"
scheduled for demolition in late FY 2003 to early FY 2004. This will allow adequate time for

construction of a chemical baseline for most of the D&D monitoring wells (except well 86701). -

During 2001, upgradient monitoring well 86501 and ‘downgx"adient. monitoring wells 86601 and

86701 were installed and developed. Preexisting monitoring wells 40999 (upgradient D&D well
for Building 886) and P317989 are utilized as additional downgradient monitoring wells. In
addition, surface water station BS-865-2, a foundation drain outfall located in a manhole at the
northeast portion of the building, was sampled. Figure 5-15 presents the location of Building 865
and tﬁé locations of the D&D monitoring wells. Preexisting well P317989 had no samples
cdllecfed ﬁ'orﬁ it between March 1995 and November 1999, but there are three rounds of pértial

. samples from this well, previous to the first Buildiqg 865 D&D data (2001), which can be utilized

for baseline calculations. There are also four rounds of partial samples from well 40999 that were
collected previous to the first Building 865 D&D samples, which can be utilized for baseline
calculations. These two wells have historically had problems producing enough water for a full

sample suite.

, Based on the research performed in support of the Building 865 D&D SAP, the most abundant

potential contaminants associated with Building 865 are U-isbtopés, beryllium, and nitric acid.
The D&D analytical suife for Building 865 is VOCs, metals, U-isotopes, and nitrate. Table 5-1 1
presents a summary of Building 865 D&D groundwater monitoring data collected through CY
2002. Until a baseline is established for Building 865, analytes will be discussed in terms of Tier -

I and Tiér IT action levels.
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Table 5-11 Historical Building 865 D&D Groundwater Monitoring Data.

11/01 0.43 S W |

2/02 ' 075 | 192

. 86501
Upgradient - 5/02 3.2 N 2132

7102 | | 36 3.45

~ 10/02 Thallium 2.5 INSW. _ 8.72

11/01 ' _ U 0.565

2/02 ' 0.17 1.22

86601 . »
Downgradient 3/02 0.56 01; ]67

7/02 0.74 1.09

10/02 Tl 34 0.6 2.99

102 13 1.27 TCE 34.

502 1.5 2.9 TCE 38.7
86701 415
Downgradient ' . ‘358 _
' : 7/02 1.6 3.6 TCE 314

10/02 TI 9.8 1.6 : 4.6 " TCE 36
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11/00

NS

3/01

NS

7/01

0.47

‘NS

2/02

INSW

INSW

NS

5/02

INSW

INSW

NS

~ 8/02

0.67

NS

10/02

INSW-

NS

P317989
Downgradient

11/99

Se 121

38

6/00

Se 120

INSW

12/00

Se 128

Tl 445 -

INSW

7/01

Se 96

6/02

INSW -

1.4
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12/01 61 ©0.242

2/02 v 6.5 U

BS-865-2 . 354
NE cormer of 5/02 : : 3.5 U
B865 _ 2.67

. 1.47
7/02 : 33 8]
0.56

- 1.54
11/02 NS U
) 2.16

Notes: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier 1 shown in ltalicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, NA = not analyzed INSW = insufficient water available for sample collection, NS = not
sampled, Se = selenium.

Monitoring wells 86501, 86601, ahd 86701 ail produced full sample suites (VOCs, metals,
U-isotopes, and nitrate) for all four quarters of 2002. Well P317989 produce only a partial 2™

quaﬂer sample in 2002; well 40999 produced partial 1%, 2“d and 4™ quarter samples and a full
sample suite in the 3™ quarter of 2002.

The results of the sampling to daté at Building 865 indicate that there have been almost no -

detections of VOCs; and none above Tier II action levels with the exception of TCE at well
86701 for all four quarters of 2002. Nitrate concentrationé at all sampling .locations are below
The Tier II action level. Metals results indicate that beryllium has been non detect or detected at
very low concentrations for all Btiilding 865 D&D monitoring locations including manhole
BS-865-2. Selenium has historically been found in well P317989 at concentrétions above the

Tier II action level, but at no other Building 865 D&D locations above detection limits. Thallium

-~ has been detected at least once above the Tier II action level at all five wells. U-233/234 and

U-238 are found at activities above Tier Il action levels at all sampling locations, and at activities

approaching or greafer than the Site M2SDs at wells 86501, 86701, and P317989. U-235 is found
above the Site M2SD at wells, 86501, 86601, 86701, and P317989.
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An average linear groundwater flow velocity of 102 ft/yr has been calculated for Building 865
utilizing 2™ q_uarter 2002 water level data. Hydraulic conductivity for the Qrf and effective

porosity values were used as described in Section 3.2 of this report.

In summary, historical and current sampling results indicate that beryllium and nitrate are not pre-
D&D contaminants of interest in groundwater at Building 865. Based on the sampling completed
to date, U-isotopes appear to be the contaminant of interest at Building 865. Selenium and

thallium are potentially metals of interest in groundwater at this location.
5.10 Building 883

Building 883, located approximately 300 feet south of the southeast corner of thé intersection of
Central Avenue and Eighth Street in the south central portion of RFETS, is a two-story steel
framed building that is connected to Building 881 (located 150 feet due south) by a tunnel. The
tunnel connects the southwest basement corner of Building 883 to the northwest corner of the

second floor of Building 881. Building 883 has a partial basement containing approximately

*7,600 square feet, and a small second floor on the north and south ends. The building consists of

76,500 square feet of space, most of which is taken up by a high bay metal workmg facility
containing large equipment (DOE, 1994a)

Building 883 was put into service in 1957. At that time there were two parallel U fabrication
operations that involved the use of presses, rolling mills, and annealing furnaces. One operation

was for enriched U fabrication and the other was for depleted U fabrication. The enriched U

. work was discontinued in the mid 1960s. In addition, beryllium ingots were also rolled into sheet

material and etched in this building. Beryllium machining occurred in this building from the mid-

~ 1960s through the mid-1970s. Later, Building 883 served as a metals preparation area where

parts were cleaned, rolled, formed, swaged, sheared, bent, and grit blasted before they were
further used by other machining and production processes at various locations at the plant (DOE,
1992b). A majér addition to Building 883 was completed in 1985 to support manufacturing of
armor plates containing depleted U for the M1A1 tank (DOE, 1994a).
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The Final Sampling and Analysis Plan for the D&D groundwater monitoring of Building 883

(RMRS, 2000c) Was'submi'tted to the Agencies in August 2000. Building 883 is currently

scheduled for demolition in late FY 2004 to mid-FY 2005. This should allow adequate time for

construction of a chemical baseline for the D&D monitoring wells.

Two new downgradient D&D wells, 83101 and 83201, were installed, déveloped, and sampled '
during the ,.4"?' quarter of 2001. Preexisting monitoring wellé 61099 and 61199 are utilized as
Building 883 upgradient D&D wells. Figure 5-16 presents the building location along with the
location of the D&D monitoring wells. '
Based on the research performed in support of the Building 883 D&D SAP, the contaminants of
interest associated with Building 883 are U-isotopes, beryllium, and nitric acid. The D&D
analytical suite for Building 883 consists of VOCs, metals, U-isotopes, and nitrate. Table 5-12
presenfs a summary of Building 883 D&D groundwater monitoring data collected through CY
2002. Until é baseline is established for Building 883 wells, analytes wil_l be discussed in terms

of concentrations relative to Tier I and Tier Il action levels.

Table 5-12 Historical Building 883 D&D Groundwater Monitoring Data.

- 0.916

g ’ 1.19
12/01 U , 59 0.053 0.92 15
0.804 ’ .

0.825

-2/02 U 49 U 1.5 32 T 3.0
6109 | - 0.245 _

Upgradlent - - 0.783

5/02 0.05 5.1 U 13 199
: 0.491 :

‘ - 1.61
8/02 U 56 | u | 17 34
0322

' ‘ 1.28 ,
10/02 U 4.5 u 1.33 <278
0.482 :
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3/01 NS ‘NS 0.14 17 230

12/01 U 49 - | 0165 12 160 T 22

61199 A2/02' : U 5.1 . U 16 200 T 2.7

| Upgradient

5/02 006 | 54 u | 245 293
: 1.12

) . 2.32.
8/02 9] NS . 0.209 159, 224
: 1.32 - .
2.66
10/02 8] - 51 8) 12.8 ) 202
) 1.75 L
. : 8.14 .
12/01 U 4 "~ 0.636 8.6 29 Cd 53 .
7.56 i
. 6.56 .
2002 . U - 4.1 . U 13 42 T 2.2
) 4.6
L . 7.56
5/02 0.07 5 8] 133 49.4(B)
: 7.47 :
- 4.9
8/02-9/02 0.03 5.1 0.71 10.8 40.7
3.9 ) )
4.24
10/02 NS 5.7 0.257 9.1 386 .
3.99
- 161 Hg 2.9
12/01 ‘U 0.56 7.19 0.62 0.63 " Se 58.3
: . - A27 ' Tl 3.6
. : . 142 . ’
2/02 8] 2.6 8.34 0.73 0.63 Tl 33
: 108
’ 160 ’
5/02 0.13 © 24 -6 0.81 0.89(B)
133 '
' : : : 171 ' 4
8/02 0.04 1.3 6.19 1.49 0.49. -
130 )
) ) 157
10/02 NS 23 10.6 8} U NS
- : 117 '
Notes: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier I shown in ltalicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, NA = not analyzed, INSW = Insufficient water available for sampie collection, NS = not
sampled .

83101
Downgradient

83201
Downgradient
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Momtormg wells 61099, 61199, 83101, “and 83201 genera]ly produced full sample suites (VOCs
metals, U-isotopes, and mtrate) for all four quarters of 2002. The results of sampling to date

indicates PCE is found in concentrations greater than Tier II action levels at all wells except

- downgradient well 83201; TCE is found in concentrations greater than the Tier II action level at

wells 61199 and 83101.  No other VOCs are found at concentrations greater than Tier II action
lev_elé. U-233/234 and U-238 are found in activity concentrations greater than Tier II action
levels at wells 61199 and 83101 for all sampling rounds to date, and at activities greater than Tier
I'action levels at well 83201 for all sampling rounds to date. In addmon the U-235 activity
concentmtlon at well 83201 is  greater: than the Tier II action level for all samplmg rounds to date.
All of the U-1sotope activities at well 83201 are greater than the Site Background M2SD values
for those analytes. Berylhum was non detect or detected at very low concentrations, well below
Tier II, at all locations. Nitrate was detected at all locations at concentrations below the Tier II
action level. A few metals concentrations above Tier II action levels have been observed; most of
them at downgradient well 83201. Thallium is the metal seen most; at least one historical

occurrence above the Tier II action level at each monitoring well.

An average linear groundwater flow velocity of 14 ft/yr has been calculated for Building 883
utilizing 2™ quarter 2002 water level data. The hydraulic gradient is extremely flat in the area
encompassing this building. Hydraulic cbnductivity for the Qrf and effective porosity values

were used as described in Section 3.2 of this report.

In summary, based on the sample results to date, beryllium and nitrate do not appear to be pre-
D&D contaminants of interest in grbundwater at Bﬁilding 883. PCE and potentially TCE appear
to be upgradient contaminants of interest at Buﬁding 883; the source of the high PCE in well \
61199 is probably responsible for the PCE concentration in downgradient well 83 IOI-. "I'he high
U-isotope activities in downgradient well 83201 are naturally occurring based on ICP/MS
analyses (Safe Sites, 2002b). ‘

5.11 Building 881

Building 881, a three-story reinforced concrete structure, is located immediately south of

Building 883 in the south central JA at RFETS. A tunnel, described above, which connects the
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* buildings (DOE, 1994b). The total Building 881 floor area of 245,160 square feet generally

_ plant, to fabricate weapon parts from enriched U (ChemRisk, 1992). Operations producing U

buildings, was originally used to convey enriched U parts and other materials between the two

consists of an 86,000 square foot first floor, an approximately 121,000 square foot second floor,

and approximately 14,000 square foot second floor mezzanine, and an approximately 18,000

sqﬁare foot basement (DOE, 1994b). .

During the early 1950s, the United States adopted a nuclear weapons defense pblicy that called
for at least two installations to have the capability to produce any of the nuclear components for

the national stockpile. Rocky Flats Building 881was selected, alohg'with the Oak Ridge Y-12

components began in the summer of 1952. The specific process operations involved in the

fabrication of U components included heating and casting of parts, parts shaping and formihg,

‘machining, assembly, and U recovery (ChemRisk, 1992).

Enriched U fabrication operations were moved to Oak Ridge between 1964 and 1966 when the '
U.S. Atomic Energy Commission adopted a single mission policy and made thé production of Pu
components the focus of operations at Rocky Flats. From this time until 1984, Building 881
housed the manufacturing process for precision stainless steel parts that were used in Pu based
weapons. After stainless steel manufacturing was moved to Building 460 in 1984, the role of
Building 881 was expanded to a multipurpose facility for research and development, analytical

support, administrative, and computer functions (DOE, 1994b).

During the period of U and stainless steel component production, most of the production related
operations occurred on the second floor. Floors in the process areés' were covered with stainless
steel sheeting with welded seams to contain spills and facilitate cleaning (DOE, 1994b). In
addition, some floors were covered yviih stairzless steel sheeting to cover ﬁrevious spills. Support
funqtions such as laboratories, utilities, and maintenance were located on the first floor and in the

basement (ChemRisk, 1992).

~ Building 881 has a gravity-flow foundation drain system at approximate elevations that range

from 5,973 feet above msl at the north end of the building to 5,949 feet above msl at the south

end of the building. The drain is located around the exterior of thé foundation at elevations that
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impact localized potentiometric contours based on the potentiometric surface of permeable units
of the UHSU presented in Plates 2 and 3 and Figure 5-17. The foundation drain outfall, referred
to as surface water station SW13494, is located immediately south of the security fence on the

south side of Building 881. The foundation drains of Buildings 881 and 883 are possibly

' com_lected; If true, this could provide a pathway for the migration of contaminants from Building

883 to surface-water station SW13494,

The Final Sampling and Analysis Plan for the D&D Groundwater Monitoring of Building 881
(RMRS, 2001d) was submitted to the Agencies' in July 2001. Building 881 is currently scheduled

for demolition in early FY 2004. This may allow adequate time for construction of a chemical

_ baseline for some of the D&D monitoring wells.

Well installation and grpundwater_ sampling activities that took place at this building during 2001
include the installation and partial development of downgradient well 88101 in addition to the -
installation of upgradient well 83 101 (discussed above and associated with Building 883).
Preexisting monitoring wells 37791 and 39691 are utilized as upgradient D&D monitoring wells;
preexisting well 5187 is utilized as a downgradient D&D monitoring well. In addition, data from
SW13494, currently sampled quarterly, will be utilized. Figure 5-17 presents the location of
Building 881 along with the D&D monitoring locations.

Based on the research performed in support of the Building 881 D&D SAP, the contaminants of

‘interest associated with Building 881 are U-isotopes and chloripated solvents. The D&D

analytical suite for Building 881 consists of VOCs, metals, U-isotopes, Pu/Am, and nitrate. Table

5-13 presents a summary of Building 881 D&D groundwater monitoring data collected through
CY 2002. Until a baseline is established for Building 881, analyies will be discussed in terms of

concentrations relative to Tier I and Tier II groundwater action levels.

* Four D&D sampling rounds were attempted during 2002 at Building 88 1. Existing well 39691

was dry for all four quarters of 2002 and existing well 5187 produced only one full sample suite
(minus nitrate; 3™ quarter) during 2002. The results to date from D&D sampling at Building 881
indicate that upgradient D&D well 83101 is impacted with VOCs (PCE and TCE) and U-isotopes
(U-233/234 and U-238) at concentrations/activities greater than their Tier II aétion levels.
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Table 5-13 Historical Building 881 D&D Groundwater Monitoring Data.

12/01 Ll | o4l 23
0.0376 5.87
U 13
2/02 0.74 0.326 ' NS
0.0188 109 .
: 124
37791 U
. 402 : 0.36 1.05
Upgradient ‘ U 104
U 8.87
8/02 U NS 0.732
6.35
. .Ul 11.5 .
10/02 0.98 0.501 : T 3.2
0.0158 103
39691
Upgradient All - Dry Dry Dry Dry Dry
. . , 8.14
1200 | NS 4 0.636 TCE 86 .| (4 53
. : . PCE 29
7.56. .
6.56 .
| TCE 13
2/02 8748} 4.1 U PCE 42 - T 2.2
: 4.6
7.56
83101 TCE 133
Upgradient 5/02 U/0.0217 5 7117 PCE . 49.4
- : TCE 10.8
8-9/02 [8/48] 5.1 07]
. 3.99 PCE 40.7
) 4.24
10/02 U/u 4.7 0.257 TCE 9.1 NS
. PCE 38.6
: 3.99
12/01 Dry - Dry Dry Dry Dry
} 8/02 - U NS 5.31 PCE ' 6.46 Ni 192
5187 .
. U 0.921 .
Downgradient ) _ ) 3.7
10/02 INSW INSW INSW INSW
' U ) 246 : .
- 2/02 U 0.047 12.1 Tt 3.6
- 173 :
115 . :
4/02 0'?}'- NS 4.76 Li 746
88101 - 79.5
Downgradient . 60.2
8/02° NS NS 245
38.1
U 60.5
10/02 U NS 2.27 NS
37.7
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12001 0.4 5.4 0.203 PCE 27
) 2.53
» U 288
3/02 - 0.0253 4.2 ) U PCE 225 Tl 2.8
SW13494 - . 24 -
South of U 4.87 .
B881, 5/02 ) U ) 4.6 ' 0.285 PCE 30.5
Foundation - : 1.67
Dram'Outfal] 402 0.046 ) NS _1.32 TCE 88
. 0.029 PCE 89
1.49
U . 1.82 i
11/02 NS U PCE 14 T 3.9
‘ u 1.45 :

Notes: Concentrations greater than Tier II shown in Bold, Concentrations greater than Tier I shown in ltalicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, NS = not sampled, INSW = Insufficient water available for sample collection

Upgradieﬁt D&D well 37791 had U-233/234 and U-238 (and one detection of U-235) at activities

- greater than their Tier I action levels. Downgradient well 88101 has high activities of all U-

isotopes, including Tier I U-233/234 and U-238 results during the 1*' and 2™ quarters'of 2002 and
Tier IT U-235 results for all 4 quart;:rs 0f 2002. There have been no VOCs detected above Tier II
action levels at upgradient well 37791 and downgradiént well 88101. There has been no PwW/Am
or nitrate detected above the Tier II action level at any Building 881 D&D well. Surface water
sampling station SW13494 has exhibited U-233/234, U-238, and PCE at activities/concentrations

greater than their Tier II action levels for every sample since D&D monit_oring began.

An average linear gfoundwater‘ flow velocity of 51 ft/yr has been calculated for Building 881

: utiiizing 2™ quarter 2002 water level data. Hydraulic conductivity for th¢ Qc and effective

porosity values were used as described in Section 3.2 of this report.

In summary, Pu/Am and nitrate are not analytes of interest at Building 881. Based on the sample
resul}s to date, U-isotopes, PCE, and TCE may be the analytes of interest at Building 881. The
PCE in upgradient well 83101 is probably from a groundwater source upgradient of Building 883,
which has impacted wells upgradient of that building. This PCE source upgradient of Building

- 883 may ultimately be responsible for the PCE concentration at SW 13494, especially if the

foundation drains from Buildings 883 and 881 are linked. The high activities of U-isotopes
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' 881, especially because there are no'similar concentrations of these anafytes in aﬁy Building 881

'upgradient wells: If no pem'hent data are retrieved from dry well 39691 during calcndar year

~ vaults, currently scheduled for demolition in mid-FY 2003, are referréd. to as Buildings 996, 997,

" was used for shipping, receiving, final assembly; storage of classified material and SNM,
laboratories, and housing of the PA alarm maintenance system. Offices occupy the south side of '

 the building (DOE, 1994b).

- Building 991 was the first production building td_bc completed at the Rocky Flats and was ' @

(RFCA) Groundwater Monitoring Report

observed at downgradient well 88101 are probably a result of historical activities within Building

2003, it will be removed from the IMP as a D&D monitoring well and abandoned.

5.12 Building 991

Building 991 is located in the southeast corner of the former PA at RFETS and is the center of a

complex that includes a series of four underground storage vaults connected by tunnels. The

998, and 999. Building 991 encompasses 37,880 square feet on a first floor and basement. The
four uﬁderground vaults have a total area of 20,940 square feet. The north half of Building 991

constructed between 1951 and 1952. At that time the building was designated as the "D" Plant

and was used for shipping and receiving, and for the final assembly of Pu, cnfiched U, and

depleted U components received from onsite fabrication operations. In addition, components .
from Qak Ridge and Hanford were assembled into final products (ChemRisk, 1992). Building
991 also served to house Rocky Flats administrative functions until Building 111 was completed. -

During 1957, when new weapons design began, final pit assembly took ‘place_in newly

constructed Building 777. 1t is believed that assembly of the older U-based weapon continued in

Building 991 until 1960. However, after 1957, the mission of Building 991 increasingly became
one of a shipping, receiving, and storage facility. As of 1994, this buildihg had the only 4
shipping/receiving docic at the plaht capéble of handling offsite shipments of SNM and classified
materials (DOE, 1994b). o '

The current D&D plan is that the vault and tunnel network will be left in place and that the main

tunnel entrance(s) on the north side of Building 991will be sealed from top to bottom with

'
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expansive foam at least four feet thick to block any preferential pathway towards the main

- building (personal commumcatlon with JR Marshall, July 2003).

- The Final Sarhp]ing and Analysis Plan for the D&D Groundwater Monitoring of Building 991

(RMRS, 2001d) was submitted to the Agencies in July 2001.  Building 991 is currently scheduled
for demolition in early FY 2004. This will allow adeduate time for construction of a groundwater

contaminant baseline for the D&D monitoring wells.

During 2001, upgradient monitoring wells 99101 and 99201 and downgradient monitoring wells

99301 and 99401 were installed. Only monitoring well 99301 could be fully developed during

2001; well 99101 was dry during 2001; moniforing wells 99201 and 99401 were in the process of

being developed and were not able to be sampled during the 4™ quarter 2001. Sampling results
for 2002 ranged from three full sample rounds at well A99301 to one partial round for 99101. The
SAP referenced above speciﬁed a D&D sampling location for the foundation drain for Building
991 (FD-991-1) as a manhole approximately 35 feet south of the northeast corner of the building.
The location of this manhole could not be identified and therefore it was not sampled; this D&D

sampling location has been removed from the IMP. '_Figure 5-18 presents the building location as

" well as the locations of the D&D monitoring wells.

Based on the research perforrhed in support of the Building 991 D&D SAP, the contaminahts of
interest associated with Building 991 are U-isotopes and various VOCs. The D&D analytical

suite for Building 991 consists of VOCs, metals, U-isotopes, Pu/Am, nitrate, and total pétroleum :
hydrocérbons (TPH).. A TPH sample was collected from each of wells 99301 and 99401 during’

| 2002. TPH will be eliminated from the analytical suite, unless an excessively high result is

obtained, once a sample has been collected frdm each of wells 9_9101 and 99201. Table 5-14
presents a summary of Building 991 D&D groundwater monitoring data collected through CY
2002. Until a baseline is established for Building 991, analytes will be discussed in terms of

concentrations relative to Tier I and Tier II groundwater action levels.

Results of analyses performed on samples from Building 991 D&D wells indicate that, at all
wells where groundwater has been available, activities of U-233/234 and U-238 are above Tier II

action levels. At downgradient well 99401, U-233/234 and U-238 activities are above Tier I
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Table 5-14 Historical Building 991 D&D Groundwater Monitoring Data.

. Upgadient 9/02 INSW 150 INSW U 039 INSW
: ' 334 A —
2/02 INSW 0.76 0.897 U U INSW
2.6
99201 5702 INSW 27 INSW U U INSW
Upgradient —— 6.2
8/02 INSW 2.5 3.8 U 18.7 INSW
40.1
21.4
1201 | Se 164 0.23 0.852 1.8 55 0.0123
10,0445
16.2 A
\ 192 '
3/02 %e '233 0.47 0.766 11 242 8'3{1’;
99301 T2 13.2 ‘ :
Downgradient _ ' 12.6 ~
< 5/02 | o031 U R Y 0'0693
998 | :
15.1 0
8/02 Se 175 12 | 164 22 58.9
& 0.0311
. 241 0
102 Se 424 2 . 9.68 U U
o 0.0283
317
99401 502 | . INSW 24 19.8 U U INSW
Downgradient ,
233
' . 317
702 | Se 360 28 | 134 U U 0.0087
T 3.4 po U

Notes: Concentratioris greater than Tier Il shown in Bold, Concentrations greater than Tier 1 shown in Italicized Bold, U = non detect,
(B) = Analyte detected in the Method Blank, NA = not analyzed, INSW = Insufficient water available for sample collection, NS = not
sampled

action levels, and U-235 activities are greater than the Tier II action level. The only nitrate result

above Tier II is at upgradient well 99101. Downgradient wells 99301 and 99401 exhibit elevated -

concentrations of selenium for every sample round that grbundwater has been available. The
only VOC observed at a concentration greater than 1ts Tier II action level is TCE in upgradient
well 99201 (3™ quarter 2002 only) and downgradient well 99301 (all four sampling rounds to
date). There has been insufficient water for any Pu/Am or metals samples from either of the two
upgradient wells (99101 and 99201). There have been no Pu/Am detections above Tier II action

levels at either of the downgradient wells.
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An average linear groundwater flow velocity of 290 ft/yr has been calculated for Building 991
utilizing 2™ quarter 2002 water level data. Hydraulic conductivity for the Qvf (Valley Fill

Alluvium) and effective porosity values were used as described in Section 3.2 of this report.

In sumniary, the limited results to date for Building 991 indicate that U-isotopes, TCE, and
selenium may be the analytes of interest in groundwater at Building 991. Pu/Am and PCE do not
appear to be pre-D&D analytes of interest in groundwater at Building 991.

5.13 Building 559

Building 559, placed into service in 1968, is located approximately 190 feet west of Building 707
and 175 feet southwest of Building 776/777. The building contains laboratory facilities used to
pérfonn analyses of samples from production processes and products from all areas of the plant
(DOE, 1992a). ‘ChemRisk (1992) provides the following description of Building 559. The
Building 559 Laboratory (the Plutonium Analytical Laboratory) was ohe of the four original
service laboratories at Rocky Flats. The laboratory conducted analyses to determine the purity of
Py, what the impurities were and in what concentrations; and the concentrations of Pu alioys,
whether in metal, liquid, or oxide form. The laboratory also analyzed gases and organics. The
primary purpose of the laboratory was to sample incoming Pu site returns and feed material, and
that which was recovered and/or purified and cast at the Site, for the production of weapons.
Building 561, located immediatély south of Building 559, houses all of the ventilation ahd'air

filtering systems associated with Building 559

The Final Sampling and Analysis Plan for the D&D Groundwater Monitoring of Building 559
(RMRS, 2001d) was submitted to the Agencies in July 2001. Building 559 is currently scheduled
for demolition in mid-FY 2005. This should allow adequate time for construction of a chemical

baseline for the D&D monitoring wells.

* Well installation and sampling ac_:tivitiés that took place at Building 559 during 2001 included the

installation of five D&D wells; including the development and sampling of upgradient wells
56201 and 56301 and downgradient well 56901. Monitoring well 56001 could not be fully
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developed during the 4™ quarter of 2001; monitoring well 56101 was dry during the 4™ quarter of
2001. Figure 5-19 presents the building location and the locations of the D&D monitoring wells.

Béséd on the research performed in support of the Building 559 D&D SAP, the contaminants of
interest associated with Building 559 are Pu and CF. The D&D analytical suite for Building 559
consists of VOCs, metals, U-isotopes, Pw/Am, nitrate, and PCBs. PCB samples have been
discontinued at Building 559 because there have been no historical detections. Table 5-15
presents-a summary of Building 559 D&D groundwater monitoﬁng data collected through CY
2002. Until a baseline is established for Building 559, analytes will be discussed in terms of

concentrations relative to Tier I and Tier II groundwater action levels.

Table 5-15 Historical Building 559 D&D Groundwater Monitoring Data.

56201 P oot03 | O cT 34
Upgradient . 8] 0.587 TCE 17.2
" 2.94
U cT 58.5
10/02 4 U

0.0223 26 TCE o o12s

» T,I-DCE 21

1201 R 0.0361 B cr . a4

0,067 s PCE Y

e : TCE 16

| 56301 U 2.54 LIDCE g
Upgradient 3/02 201 07 e PCE 742
67 TCE 15.1

| U 176 T,1-DCE 9.98

10/02 1.6 o 1.03 cr 45.5

- - 15 TCE 7.61
0,446 T1-DCE DR

12/01 58 U U cT 49

: : 0.0211 0454 PCE 5.5

- : TCE 14

55901 ' o 7.42 1,1-DCE 18.6
Downgradient 4102 62 | ool 0.411 cT 70.4
: ' : 5.65 TCE 13
o 4.2 ,1-DCE 8.95

10/02 6.2 Y 0.432 cT 79.8

3.56 TCE 186
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56001 U 235
Downgradient U 2.23
: 10/02 ‘NS - 0.19
0.0066. v
17.1
4002 1.8 INSW 0.602
56101 . 1
Downgradient ‘ U " 16.4
10/02 3.5 o 347
10.1

0.0093 135 ! ’lle?rCE '1](:0

12/01 38 0.0205 0608 PCE . 55

' " TCE 270-

FD-559-561 I v | W ]'lél')rCE 1;;2

Upgradient B 5/02 39 U 0%5 ' PCE 6.19 -

' TCE 204

0,943 1.1-DCE 162

10/02 34 v U CT = 273

0.0408 o4 PCE 6.21

: TCE 353

Notes: Concentrations greater than Tier Il shown in Bold, Concentrations greater than Tier | shown in Italicized Bold, U = non detect, '
NS = not sampled, INSW = Insufficient water available for sample collection, CT = carbon tetrachloride

Three of the new D&D monitoring wells (55901, 56201, and 56'301) produced full sample suites
in the 4™ quarter of 2001. All five well produced two sets each of full sample suites during 2002
(except for Pw/Am at well 56101 during the 4™ quarter). The results of the sampling completed to

' dateat Building 559 indicate that Pu and CF may not be, as suggested in the SAP, the ana_lytes of

interest at Building 559. Neither Pu nor CF has been detected at concentrations above the’ Tier I1
action level, and Pu is génerally non detect. Nifrate has not been detected abdye its Tier I action
level at any well or FD-559-561. VOCs including CT; 1',1-DCE‘; and TCE were detected at
concentrations greater than their Tier II action levels for all sample rounds at wells 56301
(upgradient) and 55901 (downgradfent), and FD-559-561. PCE is the only other VOC detected at
concentrations greater than the Tier Il action level. There have been no detections of VOCs
above Tier II action levels at downgradieht wells 56001 and 56101. Each well and FD-559-561
has had at least one detection of a U-isotope above the Tier IT action level. The only metal
detected at a concentration greater than the Tier II action levél is thallium at downgradient wells

56001 and 56101 during the 4™ quarter of 2002.
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An average linear groundwater flow velocity of 65 ft/yr has been calculated for Building 559
utilizing 2™ quarter 2002 water level data. Hydraulicco_rllductivity for the Qrf and effective

porosity values were used as d_escribed in Section 3.2 of this report.

In surhmary; based on the sampling results to date, Pu, CF, and nitrate are not pre-D&D
contaminants of interest. VOCs are potentially upgradient contaminants of interest for this
building, and the concentrations of VOCs seen in upgradient wells 56201 and 56301 and: A
downgradient well 55901 are pfobébly attributed to chemical storage areas-and documented spills
to the southwest of Bliilding 559. U-isotopes are potentially a D&D contaminant of interest for

this building. -
5.14 Future Activities

Building D&D monitoring was initiated at RFETS to determine if building demolition might

result in adverse environmental impacts to groundwater, ultimately for the purpose of providing

protection to surface water should such impacts be detected. While examining the preliminary

data from D&D wells, a plan was being formulated as to how contamihant data from these areas

. might be best used to guide future decisions related to surface water protection. The immediate

answer is clear — only a few of the D&D wells contribute what might be considered “éssential” -
Site knowledge uniquely suited for that purpose. Those few wells are the ones lying along the
exterior of the IA, downgradient of buildings and upgradient of drainages. D&D wells at -
buildings located' more mterior to the JA ,cohtribute no information that is not adequately céptured
by ofher “Program” wells, located between the buildings and surface water, which are-currently‘
sampled and potentially of better construction. These Program wells are better suitéd to monitor

the effects of significant releases in these areas.

Water Program staff will discuss discontinuation of all or a portion of this monitoring program

with Agency staff and stakeholders at future IMP meetings.
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Figure 5-2
Upgradient vs Downgradient Comparison
Building 123
Well 10198 vs 10498 for Nitrate
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—eo— Well 10498 (downgradient)
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Figure 5-3

Upgradient vs Downgradient Comparison

Building 123

Well 10198 vs 10498 for U-233/234

—a— Well 10198 (upgradient)
—eo— Well 10498 (downgradient)
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Figure 54
Upgradient vs Downgradient Comparison
Building 123
Well 10098 vs 10298 for Nitrate

—a— Well 10098 (upgradient)
—eo— Well 10298 (downgradient)

: M+250, Well 10298

Mean, Well 10098
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Figure 5-11
Upgradient vs Downgradient Comparison
Building 779
Well 02397 vs 02500 for Nitrate
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—a— Well 02397 (upgradient)

—eo— Well 02500 (downgradient)
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6.0 PRESENT LANDFILL - 2002 UPDATE

This section presents the CY 2602 groundwater quality data for the Present Landfill (Landfill),
previously known as OU7, wh_ich is located in the BZ north of the IA. Throughout 2002,

. groundwater monitoring was conducted in accordance with the requirements of the RFCA

(RFCA, 1996) as set forth in the IMP (K-H, 2002e). “The landfill occupies approximately 44

acres (including the Landfill and Landfill Pond) at the western end of the No Name Gulch
drainage (Figure 6-1). A seep exists at the east face of the Landfill, as a result of infiltration of
precipitation and the migration of groundwater .throughthe landfill. The Landfill served as a

former solid waste disposal facility for RFETS and has not been operational since 1998.

The Annual RCRA Groundwater Monitoring Reports for RFETS (DOE, 1990; 1991a, 1992d, _
1993c, 1994c 1995, and 1996a) describe groundwater data for 1989 through 1995 at the Landfill. -
The Phase I RCRA Faczlzty Investigation/Remedial Investigation Work Plan for Operable Unit 7:
Present Sanitary Landfill (DOE, 1991b) presents additional information. Subsequent
groundwater monitoring activities conducted under RFCA during calendar years 1996, 1997
1998, and 1999 are presented in annual Present Sanitary Landfill Groundwater Monitoring
Reports (DOE, 1997b; 1998a, 1999, and 2000). Since 1999, the yearly data assessment for the
landﬁll is included in the Annual RFCA Groundwater Monitoring Reports (Safe Sites 2001a;

. 2002b). Additional background information regarding the landfill can be found in the Draft

Interim Measure/Interim Remedial Action for Operable Unit 7 (IHSS 114) and RCRA Closure of
the RFETS Present Landfill (K-H 2003b). :

6.1 Current Present Landfill Groundwater Monitoring Program
Chénges to the Site groundwater monitoring program implemented in 2002 are outlined in the
IMP (K-H, 2002e), which includes the monitoring and reporting requirements for the Landfill,

including well identification, sampling frequency, and analytical requirements.

The Landfill currently operates under CDPHE and EPA guidelines for solid waste disposel sites

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

RFCA, as further defined in the IMP for RCRA units. RCRA interim status groundwater
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monitoring 1;s currently conducted to detect potential releases bases on comparisons of upgradient
to downgradient groundwater quality. If the mean concentration for an individual constituent in a
downgradient well is statistically different from the mean concentration in an upgradient well,
and the concentration in the downgradient well shows a statistically signiﬁcanf increase with
time, then the results are reported to EPA and CDPHE. An evaluation is conducted to determine
potential impacts to surface water via groundwater and monitoring continues. Reporting to
CDPHE and EPA would be through the quarterly groundwater monitoring reports and during the
quarterly data exchange meetings.. Consistent with the IMP, attention is given to the
groundwater contaminants listed in RFCA Attachment _5'(RFCA 1996 et. al), which, if exceeded
may trigger an evaluation, remedial action, and/or management action. Non-ALF constituents,
such as the major cation metals sodium, potassium, calcium, and magnesium, are not reportable
under RFCA, and therefore not erhphasized in this report. Figure 6-1 present the locations of the
eight existing RCRA wells in relation to relevant surfacé and subsurface features at the Landfill. -

For the cYy 2002 reporting period, quérterly sampling of the four upgradient RCRA wells (70193,

70393, 70493, and 5887) and four downgradient RCRA wells (4087, 52894, 52994, and
B206989) was attempted to ensure compliance with RFCA. Downgradient well pair

© 52894/52994 was dry the entire year. Table 6-1 summarizes sampling activities and shows the
~ hydrostratigraphic unit monitored and material screened for these wells. The limited number and

— position of existing wells makes it difficult to construct potentiometric surface maps and

concentration isopleth maps, thus current and future reports will only assess impacts to or from

the Landfill at the upgradient and downgradient Landfill boundaries. .

Groundwater elevat_iOn_S for active wells were measured quarterly, if possible, as directed in the -
IMP. Quarterly groundwater samples from the RCRA wells were ahalyzed for tritium and
U-isotopes, VOCs, metals, major anions, sulfate, fluoride, and nitrate/nitrite, in accordance with

Appendix E-2 of the IMP. Itis normally impossible to collect complete doanradient sample

~ sets for each quarterly sampling period during the year. The incomplete analyte suites collected

for most 2002 quarters in the downgradient RCRA wells were due to slow recharge and/or
limited saturated thickness superimposed on extremely dry conditions at the Site din‘ing the 2™

half of 2001 and all of 2002.
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Table 6-1 WeII Completlon Information and CY 2002 Sampling Summary for
Present Landf' ] Wells

Uraient ells

5887 Upper Qrf | V,WNM,T,U |[V,WNM,T,U|[V,WNMT,U v,w,N,M,T,U
70193 Upper WBR | VVWNMT,U [V,WNMT,UIV,WNM,T,U V,W.NM,T,U
70393 Upper Qrf V,WNM,T,U [V,WNM,T,UV,WNMT,UV,WNM,T,U
70493 Upper " WBR | V,WNM,T,U |V,WNM,T,UV,WNMT,U|V,WNM,T,U

' Downgradient Wells |
4087 Upper Qvf Dry V,W,NM,T,U V.N Dry
52894 Upper Qvf Dry Dry Dry Dry
52994 Upper WBR Dry Dry Dry Dry
B206989 Upper WBR | WNMT,U - Dry V,WNMT,Ul V,WNU

Notes: V=volatile organic compounds; W=water quality parameters; N=nitrate/nitrite; M=metals; T=tritium; U=uranium isotopes;

No sulfate samples were collected from well B206989 during 2002; WBR = weathered bedrock.

. Some historical contaminants, such as semivolatile organiq compounds (SVOCs), were not -

included in the sampling program as a result of contaminant screening conducted during the IMP

monitored for in wells within and near thé Landfill.

6.2 Physical Characteristics of the Groundwater System

6.2.1

Hydrogeology of the Present Landfill

DQO process and acceptance of the plan by EPA and CDPHE. Table 6-2 lists the constituents

The “uppermost aquifer”, described in Section 1.2.4.1 of this report, is equ’ivaleht to the UHSU.

The uppermost aquifer in the vicinity of the Landfill is defined to include alluvium (Rocky Flats

Alluvium and Valley Fill Alluvium), colluvium, and weathered bedrock of the Arapahoe

Formation that is in direct hydraulic communication with the overlying surficial deposits.

Weathered bedrock materials are generally more permeable than unweathered bedrock.

Unweathered claystones are considered part of the LHSU. Bedrock wells were assigned to a
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hydrostratigraphic unit (either upper or lower) based on geological information from borehole
logs, sampling results, and, where available, hydraulic conductivity measurements. In the '
Landfill proper, the uppermost aquifer also includes artificial fill (the Landfill wastes mixed with

daily cover material).

UHSU Groundwater is present in Qrf, Qvf, Qc, artificial fill, wéathercd claystones, and
potentially weathered sandstones in the érea of the Landfill. The Qrf 'is 25 to 30 feet thick on the
northwest, west, and southwest sides of the Landfill, and 10 to 15 feet thick on the divides north |
and south of the Landfill Pond. The Qc is 1 to 5 feet thick on the slopes around the Landfill Pond
and below the dam. The Qvf ranges in thickness from 3 to 8 feet in the area of the Landfill and
becomes thicker downstream (to the east). The thickness of artificial fill ranges from about 5 feet
at the edges of the Landfill to about 45 feet near the centerline of the valley (DOE, 1996c¢).
Weathered bedrock thickness varies considerably in the vicinity of the Landfill, ranging from
approximately 4 to 35 feet, as indicated by weathered bedrock isopach mapping of the area

(EG&G, 1995a). .

Table 6-2 Chemical and Radiological Constituents Monitored at the Present:
Landfill. - :

TR

- 1,1,1,2-Tetrachloroethane Cis-1,2-Dichloroethene Cadmium

1,1, l-Tﬁchloroethané Cis-1,3-Dichloropropene Calcium
1,1,2,2-Tetrachloroethane Dibromochloromethane " Chromium.
1,1,2-Trichloroethane ' Dibromomethane 4 Cobalt
l,l-Dié.hloroe‘thane Dichlorodifluoromethane Copper
1,1-Dichloroethene Ethylbenzene . * Iron
~ 1,1-Dichloropropene Hexachlorobutadiene . ~ Lead
1,2,3-Trichlorobenzene " Isopropylbenzene ' Lithium
1,2,3-Trichloropf0pane , Mcthylene Chloride Magnesium_
1,2,4-Trichlorobenzene Naphthalene . Manganese
1,2,4-Trimethylbenzene n-Butylbenzene ~ Mercury
. 64
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1 ,2-Dibomo-3- n-Proylzen Mlydenum
chloropropane :
1,2-Dibromoethane o-Chlorotoluene ‘Nickel
. 1,2-Dichlorobenzene p-Chlorotoluene Potassium
1,2.—Dichloro‘efhane " 4-Isopropyltoluene Selenium
1,2-Dichloropropane sec-Butylbenzene Silver |
I,3,5-Trimethy1benzene Styrene Sodium
1,3-Dichlorobenzene tert-Butylbenzene . Strontium
1,3-Dichloropropane - Tetrachloroethene . Thallium
1,4-Dichlorobenzene Toluene Tin
Bromobenzene Trans-1,3-Dichloropropene Vater €
Bromochloromethane Trichloroethene _ Fluoride
Bromodichloromethane Trichlorofluoromethane Nitrate/Nitrite
Bromoform Vinyl Chloride Sulfate
Bromomethane Total Dissolved Solids
Carbon Tetrachloride Aluminum cid
_Chlorobenzene Antimony Tritium
Chloroethane Arsenic Uranium-233/234
Chloroform Barium Uranium-235
Chloromethane Beryllium Uranium-238

6.2.2 Groundwater Conditions

Groundwater flow patterns m the UHSU at RFETS tend to mimic the surface topography. Within
| the Landfill artificial fill, groundwéter generally flows toward the center of the Landfill, and then
east toward the Landfill Pond, although, hydrologic modeling performed by the Water Program

has predicted that, within the waste, groundwater can locally flow toward the Landfill drain

system (laterally outward). Outside the Landfill, groundwater generally flows eastward within
saturated UHSU deposits, except within stream valleys, which function as drains for UHSU
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groundwater. For examplé, adjacent to the Landfill Pond, groundwater flows to the north and
south toward the pond because of its low topogréphic position in the No Name Gulch drainage. -

Groundwater entering the pond mixes with surface water and is discharged by evaporation oris

‘pumped to Pond A-3. To some extent, pond water may percolate downward into underlying

bedrock materials and beneath or laterally through the dam.

Groundwater elevations in monitoring wells are measured at least quérterly. Historically, water

levels in the sﬁrﬁcial deposits of the UHSU are characterized by seasonal variations of as much as

10 feet. The water table elevation is generally lowest in late winter and early spring, prior to
recharge by snownidt, and highest during June and July. Groundwater elevations in UHSU

weathered bedrock have shown seasonal variations of as much as 15 feet.

In the past, the average depth to groundwater ranged from 5 to 15 feet in surficial deposits,
excluding artificial fill (EG&G, 1995b): Most of the well pairs within the Landfill have been
abandoned in recent years in preparation of closure of the facility. Historically, within the -

Landfill, groundwater was found at approximately 20 feet at the western end, 16 feet in the

" “middle, and 33 feet at the eastern end (DOE, 1996¢). The depth to groundwater in weathered

bedrock is generally gieater than in the overlying surficial deposits be;:aus)e of downward vertical
gradients in bedrock materials.- The saturated fhickness of UHSU deposits varies widely across
the Landﬁll, with the thickest sections found in theQrf at the western end. The thinnest saturated
sections are found in Qc and Qvf deposits east of the Landfill Pond and in the Qrf along the south
divide.. EG&G (1995b) reported saturated thickness ranging from 0 to 20 feet for surficial

. deposits at the Landfill.

Nested upgradient RCRA well pair 70393/70493 is located approximately 400 feet southwest of

the western édge of the groundwater intercept system. Well. 70393 is scr_eeried fo the base of the
Qrf and well 70493 is completed in the weathered bedrock just below the alluvium/bedrock
contact. The screened interval and sandpack of this well does nbt connect with the overlying -
alluvium. These RCRA wells generally maintain a water elevation within approximafe]y one foot
except for short periods after large recharge events like the one experienced at RFETS during

March 2003.
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This situation varies from the scenario observed at downgradient nested RCRA well pair
4087/B206989, located approximately 250 feet east of the crest of the Landfill Pond dam. Wéll
4087 is screened to the base of the Qvf and well B206989 is completed in the weathered bedrock
just below the alluvium/bedrock contact. The screened interval and sandpack of this. well does
not connect with the overlying alluvium. The head .differenée in these two RCRA wells at the
most ;écenf time that they bdth contained water (July 2002) was appfoximately 17 feet, with the
deeper watei' level found in the weathered bedrock well. The fact that the water level in the
alluvial well fluctuates more and is dry more often than the bedrock well, and that the alluvial
weil is dry at times when the weathered bedrock well appears to be recharging suggests that
'recharge to the weathered bedrock well may be from upgradient and/or beneath the dam; recharge

to the alluvial .well may largely be from precipitation.

The upgradient RCRA locations usually have ample groundwater available for sampling.
Mounding immediately upgradient of the Landfill, which méy be caused by inﬁltfation fromthe
unlined surface watef diversion ditch, may be ,r'esponsible for the abundant recharge to the
upgradient wells. Alternately, the alluvium and weathered bedrock at the downgradient locations
are frequently dry or thinly saturated because the Landfill Pond damactsas a Barrier to alluvial °
groundwater flow from the west, and the volume of groundwater flow beneath the Landfill and
dam in weathered bedrock is relatively small. In addition, ET consumes much of the available

shallow groundwater in the No Name Gulch drainage during the summer months.
6.2.3 Vertical Hydraulic Gradients
The vertical hydraulic gradient is the ratio of the differences in water levels measured

concurrently in two adjacent wells with different screened intervals, and the vertical distance

between the two measuring points, described here as the midpoint of each screened interval.

Vertical hydraulic gradient calculations provide a means to evaluate whether groundwater flow

has a potential for movement either downward or upward through geologic media.

" As stated above, most of the well pairs within the Landfill have been abandoned in recent years.

Consequently, current water level data from within the Landfill are unavailable. The historic

vertical hydraulic gradients that were calculated for well pairs within the Landfill generally

6-7




13

RFETS-2002-RFCA-GWMR
2002 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report

indicated a downward (recharging) component of flow, with values ranging from 0.022 to 1.099

ft/ft. At one well pair, 72393/72093, situated within the center of the Landfill, groundwater hada .

slight upward (discharging) vertical gradient that fanged from 0.020 to 0.026 fv/ft. Historical data
from all the ‘well pairs indicate that vertical hydraulic gradients generally remained constant over

time.

A current (July 2002) vertical hydraulic gradient for downgradieﬁt well pair 4087/B206989

indicates a downward (recharging) component of flow at 0.686 ft/ft.
6.2.4 AVerage Linear Flow Velocities

The exisﬁng RCRA Wellshave flow boundaries between them (Landfill east face, the Landfill

" Pond and dam) and calculating flow velocities between them would be difficult and probably

inaccurate. Historically, the average linear grdundwater flow velocity was calculated for three
flowpaths in UHSU surficial deposits and three flowpaths in UHSU bedrock in the -vicinify of the
Landfill (DOE, 1996b). The following paragraph, summarized from the 1995 RCRA
Groundwater Monitoring Report (DOE, 19963), is generally considered indicative of historic

flow velocities within the Landfill.

The calculated average linear groundwater flow velocities in fill materials ranged from
approximately 1 foot per year at the west end of the Landfill to approximately 160 feet per year at
the eastern face .of the landfill. Calculated average linear groundwater flow velocities in UHSU .
bedrock at the Landﬁl_i ranged from approximately 0.20 feet to 0.22 feet per year beneath the |
Landfill, to approximately 0.07 feet to 0.41 feet per year downgradient of the Landfill (DOE,
1996a). The calculated average linear groundwater flow velocities for UHSU bedrock in 1995
were similar to those reported in the 1994 Annual RCRA Groundwater Monitoring Report (DOE,
1995).

6.3 Groundwater Quality at the Present Landfill

The assessment of current groundwater chemistry at the Landfill includes a discussion of the

spatial distribution of groundwater constituents in and around the Landfill, and a statistical
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evaluation of the chemistry of downgradient groundwater with respeét to upgradient groundwater,
as specified in 6 CCR 1007-2, 6 CCR 1007-3, and the IMP. Statistical comparisons between
downgradient and upgradient groundWater data were made using methodology deécribed in the
1995 Annual RCRA Groundwater Moni)ofing Repbrt (DOE, 1996a) and Statistical Analj)sis of
Ground-Water Monitoring Data at RCRA Facilities (EPA, 1992b).

6.3.1 Areal Distribution of Groundwater Constituents — 2002

_ There were only five sampling events (including four incomplete sample suites) at the

downgradient RCRA monitoring wells during 2002. As discussed above, well pair 52894
(alluvial) ahd 52994 (weathered bedrock) produced no samples. Downgradient well pair 4087
(alluvial) produced one full sample suite in April-and VOCs and nitrate in July, and B206989
(weathered bedrock) produced three partial sets of samples in January (no VOCs or sulfate), July

(no sulfate), and November (no metals or sulfate).

The four upgradient RCRA monitoring wells each produced four full sample suites during 2002;

one suite at each well during each quarter.
6.3.1.1 Volatile Organic Compounds in Groundwater

At downgradient RCRA wells 4087 and B206989, there were no concentrations of any VOCs

"~ above Tier II action levels from any of the sampling events at eithef of the two wells, and very

few detections of VOCs 6verall.

At the upgradient RCRA locations, wells 5587, 70193, and 70493 exhibited no concentrations of

VOCs above Tier II action levels from any of the sampling events and very few detections of

- VOCs overall. Alluvial well 70393 had concentmtions of PCE; TCE; and 1,1-DCE which were

greater than their Tier II action levels for all four sampling rounds (except for PCE during the 3™

quarter; 4.9 ug/L). All of the concentrations show little variation during the course of the year

" and hover near the Tier II action level. The VOCs at well 70393 are associated withv the PU&D

Yard.
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6.3.1.2 Metals in Groundwater

' Downgradient RCRA alluvial well 4087 did not have any metals results above Tier II action

levels during the 2" quarter sampling event. Weathered bedrock well B206989, exhibited

concentrations of selenium, lithium, and thallium that were greater than their Tier II action levels

“for both sampling rounds during 2002 where metals samples were collected (1* and 3™ quarters).

The only metals detections above Tier I action levels at the upgradienf RCRA wells were for _
thallium. Alluvial well 5587 had two (1 and 3™ quarters), and weathered bedrock well 70493

had one (4™ quarter). The range for the three detections was 2.2 to 6.2 pg/L; most results for
thallium were non detect. There were no detections of any metals above groundwater Tier I

action levels at seep SW097 during the one sampling event that occurred during 2002.
6.3.1.3 Radionuclides in Groundwater

Downgradient RCRA wells 4087 and B206989 have results above Tier II for U-233/234 and

+ U-238 for all 2002 sampling rounds where U-isotope samples were collected. Well B206989 also

exhibits results above Tier II for U-235 for two sample events. The concentrations of U-233/234
and U-238 in weathered bedrock well B206989 are about five times greater than the

concentrations of these analytes in alluvial well 4087.

In contrast, three of the four upgradient RCRA wells have no results above Tier II action levels -

for U-isotopes and many results are non detect or estimated (J qualified) values. All of the
U-233/234 and U-238 results above Tier Il in the upgradient wells were from weathered bedrock
well 70493. The activity concentrations of the U-233/234 and U-238 results in upgradxent well
70493 are approx1mately 50 times lower than downgradlent well B206989.

| Based on ICP/MS analyses, the U-isotope activities at the Landfill have been detérmined to be

naturally occurring (Safe Sites, 2001a). Tritium and étrontium-89/_90 were not detected above

their Tier Il action levels in any of the Landfill RCRA wells.
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6.3.14 Nitrate in Groundwater

Nitrate was found in downgradient weathered bedrock well B206989 at concentrations above the

Tier Il action level (10 mg/L) for all three sampling events. Nitrate was not found above 1 mg/L

. in downgradient alluvial well 4087.

- At the upgradient RCRA wells, there were no detections of nitrate above the T1er II action level,

although well pair 70393/70493 had detections ranging from 2 to 5 mg/L.

Tables 6-3 and 6-4 summarize the analyticgl data for 2002 at the Landfill RCRA’\;vells.

6.3.2 Statjsticél _EvaluatiQn'bf Groundwater Constituents

Accor:ding to the IMP, the decision logic for RCRA designated wells requires the performance of

a comparison of pooled upgradient groundwater sample means to individual doanradient well

sample means to evaluate potential contaminant releases from the regulated unit into the UHSU.

Table 6-3 Analytical Summary of Downgradient UHSU Weathered Bedrock Well
B206989, Tier ll Exceedances-2002

1/02 55.2/<Tier I1/33.9 1150 259 69.4 24
7/02 56.6/2.07/35.1 1200 410 40.3 4.6
11/02 59.4/1.99/36.9 NS NS 19' NS
Tier II .
Action 1.06/1.01/0.768 730 50 10 2
Level

Tier 1l exceedances for U-233/234 and U-238 only (see text).

6-11

Notes: NS = not sampled; There were no Tier II exceedances for VOCs in well B206989 Downgradlent well 4087 had
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Table 6-4 Analytical Summary of Upgradlent UHSU Wells 70393 and 70493
Tier | Exceedances-2002.

2/02 6/20/1 1 < Tier II < Tier II
502 6.4/21.7/12 < Ti < Tier II
70393 - o ier I1 ier Il _
Huvial ’ er . .
(alluvial) 7/02 _ 11/16.4/10.2 < Tier I < Tier II
11/02 5.2/17/9.2 <Tierll < Tier I
2/02 < Tierll 1.04/< Tier II < Tier I
70493 5/02 < TierII 1.12/0.833 < Tier Il
(weathered ; . .
bedrock) 7/02 < Tier II < Tier 11 _ < Tier II
- 10/02 < Tier II < TierlT 2.4
Tier IT :
Act o L evel 5/5/7 1.06/0.768. 2

Notes: Upgradlent wells 5887 and 70193 had Tier Il exceedances, 2 each, for thallium only (see text).

" This type of comparison is usually accomplished using the statistical analysis procedures

described in Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities (EPA,
1992b). The 2001 assessment of the individual downgradient well data sets indicated that the

number of sample analyses in all downgradient sets (maximum three samples) were insufficient

for performirig nonparametric analysis (rninimum four samples) on an individual well basis. The

lack of samples was because of dry conditions in all-of the downgradient wells during 2001. To

provide adequate data for nonpérametric statistical analysis, it was necessary to pool the 2001

downgradient well data for comparison to the upgradient data. Because of the continued lack of

A groundwater downgradient of the Landfill, this same approach to pooling downgradient well data
" was used during 2002

: Table.6-5 presents a satrlpling and detection summary for groundwater analytes that were

detected at least once during 2002. Statistical comparisons were not performed for analytes with
upgradient sample means that were equal to or greater than downgradient sample means; analytes

with less than 30 percent quantifiable results; or analytes with less than three quantifiable results.

6-12
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VOCs were excluded from statistical analysis because groundwater upgradient of the Landfill has

historically been contaminated with VOCs relative to downgradient groundwater due to the

PU&D Yard; there were almost no détectione of VOCs in downgradient groundwater during
2002. Data for aluminum, arsenic, barium, beryllium, cobalt, iron, lead, mercury, silver, tin,
vanadium, zinc, and tritium were excluded from statistical evaluation because upgradient sample
means were greater than downgradient sample means, or there were no detections for the analﬁe
in the. downgradient wells. In the case of cobalt and tin, there were no detections in either

upgradient or downgradient wells.

Table 6-5 Groundwater Sample Summary for Detected Analytes
in Landfill RCRA Wells - CY2002.

Water Quality (mg/)
Fluoride ‘ 16 i 9 1 5625 | 1000 | 0.289 2.55
Nitrate/Nitrite, as N 16 5 16 5 1000 | 1000 | 3.269 | 2588
Sulfate 16 o 16 1 1000 | 1000 | 2341 352
TDS 16 1 16 1 1000 | 1000 | 1533 841
Metals (ug/L) )
Aluminum | 16 3 13 | 3 | 81.25° | 1000 | 1135 | 370
Antimony , 16 3 3 1 1875 | 3333 | 0.654 0.817
Arsenic | 16 3 2 1 1250 | 3333 | 1.849 1217
| Barium 1 6 3 16 3 1000 | 100.0 | 80.21 15.96
Beryllium 16 3 4 0 2500 | 000 | ND ND
Cadmium 16 3 2 3 1250 | 1000 | 0.162 0.43
Calcium 16 3 16 3 1000 | 1000 | 24491 | 336,033
Chromium | 16 3 12 2 75.00 | 66.67 | 1.176 10.62
Cobalt 16 3 0 0 000 | 000 | ND ND
Copper’ 16 3 9 3 5625 | 1000 | 1.159 4.4
Iron 16 3 12 1 7500 | 3333 | 5251 13.93
Lead , 16 3 2 o | 1250 | 000 | ND ND
Lithium 16 3 13 3| 8125 | 1000 | 110 826.3
6-13
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16 3 1 1000 100.0 5299 136,067

Mgnesium 16 ‘ 3
Manganese - 16 3 14 3 87.50 100.0 | 2696 | 1548
Mercury , 16 3 1 i 6.25 3333 | 0.048 0.027
Molybdenum - 16 3 10 3 62.5 100.0 | 2.402 4.0
Nickel - 16 3 9 2 5625 | 66.67 | 2.581 3.533
Potassium - 16 3 13 3 8125 | 1000 | 9478 11,029
Selenium ' 16 3 7 3 43.75 | 100.0 | . 2.695 228.3
Silver 16 3 4 0 25.00 |- 0.00 ND ND
Sodium 7 16 3 16 3 ‘1000 | 100.0 | 13,440 | 530,333
Strontium 16 3 16 3 100.0 | 1000 | 1579 4236
Thallium 16 3 3 3 18.75 .| 100.0 | 1.298 | 2967
Tin ‘ 16 3 0 0 000 | 000 | ND ND
‘ - |Uranium, total .16 3 0 3 000 | 100 10.87 65.9
Vanadium 16 T3 7 1 4375 | 3333 | 1459 0.817
Zinc 16 3 1 2 68.75 | 66.67 | 8.617 8.017
Radionuclides (pCi/L) '
Tritium ' 16 3 1 0 6.25 0.00 ND ND
U-233/234 16 4 4 4 2500 | 100.0 | 0.246 45.45
U-235 16 4 0 4 0.00 100.0 | 0.023 1.244
U-238 . 16 4 3 4 18.75 | 100.0 | 0.127 28.36
Volatile Organic Compounds ‘ ' .
1,1,1-TCA 16 4 5 0. 31.25 0.00 ND° ND
1,1-DCE 16 4 4 0 [ 2500 0.00 ND ND
Carbon tetrachloride 16 4 2 0 1250 | 0.00 ND ND
Chioroform 16 4 0 0 0.00 000 | ND 'ND
|Cis-1,2-DCE 16 4 0 0 0.00 0.00 ND ND
Methylene Chloride 16 4 2 0 1250 | 0.00 ND ND
PCE 16 4 4 0 25.00 0.00 ND ND
TCE 16 4 8 0 50.00 0.00 ND ND.

1 =Includes non-detects at 0.5 x detection limit; ND = Not determined because all downgradient results are U qualified

‘ 6" ' 6-14
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Based on EPA guidance for statistical evaluations involving two data groups (EPA, 1992a), for
analytes with greatefr' than 30 percent quantifiable results,Anonparametric Mann-Whitney (alsd
referred to as Wilcoxon Rank-Sum) testing was performed. All UHSU results (alluvial and
bedrock) were grouped by analyte into upgradient and downgradient data sets to simplify
analyses and pi'ovide adequate data to perform statistical testing. This approach is justifiable
because all dqwngradient wells are closely located in a well defined, narrow dréinag(: that defines
the primary groundwater ﬂowpath.emanatirig from the Landfill. The reader is referred to the
EPA guidance document for further description of the statistical methods and parameters used in

this section.

Table 6-6 summarizes the results of statistiéal comparisons for wells that had downgradient -
analyte concentration means that were gfeater than upgradient analyte concentration means. Of
the 23 analytes listed, statistically significant differences (at the 90 percent confidence level) in
downgradient versus upgradient mean concentraﬁons were found for all but ﬁve§ antimony,
chromium, manganese, nickel, and nitrate. bAlthough' it does not show a significant difference in

mean downgradient versus meadn upgradient concentration, nitrate is the only one of the five that

exhibits a mean downgradient concentration greater than the Tier II action level.

Of the 18 analytes listed in Table 6-6 as having a statistically significant increase in downgradient

versus upgradient concentration, only six, lithium, selenium, thallium, U-233/234, U-235, and

. U-238 have mean downgradient concentrations that are greater than Tier II action levels; there are

- none greater than Tier I action levels. (This list would probably include sulfate, had a sample for

this analyte been collected from well B206989 during 2002; the only sulfate sample from a
downgradient well, 4087, during 2002 was below Tier II; see Figures 6-10 and 6-11). Si;( other
analytes, cadmium, copper, fluoride, molybdehum, strontium, and sulfate all exhibit statistically
significant increases in downgradient versus upgradient concentraﬁoné, although the mean |
downgradient concentration of each analyte is below the Tier II action level. Calcium,'

magnesium, potassium, sodium, and TDS all show a statistically significant increase in

~ downgradient versus upgradient mean concentrations; however, these constituents are non-

hazardous and lack RFCA groundwater action levels. Total U also exhibits a statistically
significant increase in downgradient versus upgradient concentration; it has no groundwater

action levels.

6-15
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“6.3.3 Trend Plots

Analyte trend plots (16; Figures 6-2 through 6-17) weré prepared for downgradient wells, either

~B206989 or 4087, in which there was a significant difference exhibited between downgradient

-and upgradient concentrations (except for five of the six analytes listed above with no

groundwater action levels; the exception being TDS). Two plots each were prepared for TDS and
sulfate. In addition, a trend plot was prepared fqr nitrate in well B206989 because the

concentration of nitrate at this location is greater than the Tier II action level. Trend lines, plotted

by calculation of least square regression analysis, were added to the plots.

The trend lines on the p}otsvfor downgradient wells 4087 and B206989 indicate that, in general,
analyte concentrations have remained relatively constant with time. Cadmium (Figure 6-2),
copper (Figure 6-3), fluoride (Figure 6-4), molybdenum (Figure 6-6), and nitrate (Figure 6-7)
exhibit flat or slightly decreasing trend lines. Sulfate and TDS in well 4087 (Figures 6-10 and

6-16, respectively) exhibit concentration trends that are decreasing slightly, whereas sulfate and

Table 6-6 Comparison of Upgradient and Downgradient Groundwater Quality
at the Present Landfill, CY 2002.

Antimony Mann-Whitney | 90 : No
Cadmium Mann-Whitney - 90 Yes
Calcium ' Mann-Whitney 90 'Y‘es
Chromium - Mann-Whitney " 90 . No
" Copper Mann-Whitney 929 Yes
Fluoride Mann-Whitney : 90 Yes
Lithium Mann-Whitney 90 Yes
Magnesium Mann-Whitney 90 _ Yes
Manganese Mann-Whitney 90 No
Molybdenum Mann-Whitney 90 Yes
Nickel Mann-Whitney 90 "~ No
6-16
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Nitrate Mann-Whitney No
Potassium Mann-Whitney 90 Yes
Selenium - Mann-Whitney 90 Yes
Sodium Mann-Whitney 90 Yes
Strontium " Mann-Whitney 90 Yes
Sulfate Mann-Whitney 90 Yes.
“Thallium Mann-Whitney - 90 Yes
TDS Mann-Whitney .90 Yes
'Uranium, total Mann-Whitney 90 Yes
'U-233/234 Mann-Whitney 90 Yes
U-235 Mann-Whitney 90 Yes

U-238 Mann-Whitney 90 Yes

Note: The statistical results are for analytes with downgradient sample rheans greater than upgradient sample means
and greater than 30% sample detections. - '

TDS in well B206989 (Figures 6-11 and 6-17, respéctively) exhibit concentration trends that are

_increasing. These two analytes are important because of their relevance as potential indicators of

leachate contamination from landfills. Of the six analytes having a statistically significant

increase in downgradient versus upgradient concentration with mean downgradient

concentrations that are greater than Tier II action levels (lithium, selenium, thallium, U-233/234,
U-235, and U-238), lit_hium (Figure 6-5) and selenium (Figure 6-8) exhibit apparent increasing
trends, and thallium (ngure 6-12) and the U-isotopés (Figures 6-13 through 6-15) exhibit
apparent slightly increasing trends. The current concentrations of all three U-isotopes in v‘vell" :
B206989 are near the Site t;ackgrounds. Strontium metal (Figure 6-9) also exhibits an apparent
increasing concentration trend. It should be noted that although concentrations of lithium,
selenium, thallium, and U-isotopes appear to be increasiné, the trend lines were not analyzed

statistically to determine if the apparent increasing trends are statistically significant.
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6.3.4 Data interpretation

A conceptual apd numeric integrated hydrologic flow model was developed by the Water
Program for the Landfill and utilized in the Draft IM/IRA. Although the calibrated model
assumed that the external groundwater interceptor system (GWIS) drain was operational, a
sensitivfty analysis was performed to evaluate how the system responded without an operational
GWIS drain. Results showed that heads increased slightly external to the landfill GWIS, but in
general, simulated heads reproduced obsefved heads reasonably well without the external drain
operating. In addition, the seep discharge also increased as a result of the increased gradient
towafds the intemaj GWIS landfill drain, which preferentially drains to the former western pond
~ area and then to the Landfill seep. Either way, simulated heads, flowpaths and seep discharge
rates were similar for both cases. Thereforé, the model results were generally not sensitive to .
whether the external drain is operational 6r‘not. Ultimately; itﬁi_s likely that the external GWIS
drain simply drains groundwater from areas of higher heads to areas along the GWIS where

‘ : levels are lower, but vn‘ever discharges into the non-perforated portion of the pipe.

Based on the model, all saturated zone flow upgradient bf the Landfill seep is c_oncebtuzilized as
discharging to the surface at; or immediately downgradient of, the Landfill seep. The seep
discharge then flows into the Landfill Pond after being treated. From the Landfill Pond,
groundwater flows beneath (within the weathered bedrock) and through the dam at a sldw rate
because of low associated permeabilities. Groundwater from the Landfill Pond is largely

. cdnst(ainéd downstream of the dam to flow within the Valley Fill Alluvium, or weathered |
bedrock. From here, it mixes with lateral inflows from the northern and southern hillslope
colluvium and landslide deposits and becomes subject to loss as ET. Thé model predicts that, -
based on the fuhctionality of the Landfill trench system and associatcd' clay barrier, groundwater
‘on the exterior of the Landfill does not mix with groundwater on the interior of the Landfill. In
addition, the hydrologic model predicts that water {n the Landfill waste _méterial is derived mostly

form direct recharge of precipitation than by lateral or vertical groundwater inflow.
“Results of previous hydrogeologic investigations suggest that the groundwater intercept system

may not completely isolate the landfill from the surrounding groundwater. Hydraulic

‘ a_ssessments for specific areas of the GWIS indicate that groundwater may flow into the Landfill

,,rgﬁ | | | : 618
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on the north side where the leachate collection system may not have been completely keyed into

bedrock (DOE 1996b). In addition the leachate collection trench was buried during Landfill

- expansion (DOE 1996b). ‘Therefore, the clay cutoff wall no longer extends to the surface of the

Landfill; this may allow groundwater to flow across the clay cutoff wall if the water table were to

rise sufficiently.

Most doanradjent analyte concentrations do not appear to be incréasing, and upgradient versus

downgradient analyte concentrations currently appear to be in a steady-state condition. This

indicates that potential contaminants are not currently migrating eastward at concentrations

significantly greater than they have in the past. There is still a hydraulic gradient towards the east

~ and existing contaminant concentrations will continue to migrate to the east through the low

permeability weathered bedrock. The elevated concentrations of inorganic constituents in

downgradient weathered bedrock groundwater may be caused by several factors. Potential

“explanations include: .

e Vertical and horizontal seei)agé of Landfill leachate from beneath the Landfill into and/or
beneath the Landfill Pond and beneath and through the dam; and/or,
® Another contaminant source located upgradient of the impactedA wells, which is not

associated with the Landfill or Landfill Pond.

6.4 Surhmary

Grbundwatér conditions at the Landfill in 2002 are generally consistent with the results of

previous monitoring. Statistical comparisons of upgradient versus downgradient UHSU

' groundwater at the Landfill were performed for analytes meeting the minimum evaluation criteria

of >30 percent detections and at least three samples per upgradient and downgradient data set.
Significant differenées (at the 90 percent confidence level) in downgradient versus upgradient
groundwater quality were found for 18 analytes: cadmium, calcium, copper, fluoride, lithium,
magnesium, molybdenum, potassium, selenium, sodium, strontium, sulfate, thallium, TDS, total
U, U-233/234, U-235, and U-238. VOCs were not evaluated statistically because they were only
found in upgradient samples. The VOC contamination ubgradient of the Landfill probably

originates at the PU&D Yard.
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Based on results greater than Tier Il action levels, it appears that groundwater immédiately
downgradient of the Landfill Pond has been impacted by nitrate, lithium, selenium, sulfate ‘
(historically in well B206989; no 2002 results), U-isotopes, and possibly thallium. Most of the

18 analytes for which downgradierit trend plots were constructed appear to show relatively stable
cOncentratiqh trends, and upgradient vérsus downgradient analyte concentrations currently appear
 tobe steady-state. Although contamination observed in dbwngradient wells B206989 and 4087
may be associated with seepage beneath or through the dam, or an unknown source, the

concentration of analytes observed in these wells are relatlvely static.

Althbugh the upgradient wells are important for.comparison to the downgradient wells, the

- overriding issue is potential impacts to surface water downstream of the Landfill. Because the
_impacts of the Landfill or other source are observed more in well B206989, this well, at the very
least, should continue to be monitored. The continued monitoring of well 4087, nested with .
B206989, wﬁl provide additional hydrauiic and analytical data pertinent to the dynamics of the
groundwater system at the Landfill. Downgradient RCRA nested wells 52894 and 52994 may

" provide little future information as they are dry much of the time.

Regardless of the source of groundwater contamination immediately downgradient of the Landfill
Pond, it poses little or no threat to surface water because ET losses in No Name Gulch are
typically high and surface water discharge along this reach does not occur every yeér, based on

surface water data collected at station SW033, which is located along No Name Gulch just above

thé confluence with Walnut Creek.
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Figure 6-2
B206989 Cadmium
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Figure 6-5
B206989 Lithium
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Figure 6-8
B206989 Selenium
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Figure 6-11
B206989 Sulfate
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7.0 BIODEGRADATION EVALUATION

Routine groundwater data were collected during 2002 to support plurﬁe degradation monitoring.
During the course of reviewing and analyzing these data, the Water Program embarked on a Site-
wide evaluation of VOC natural attenuation and biodegradation, instead of the analysis of plume
degradation monitoring in specific areas at RFETS. This type of evaluation fits with the current

concept of characterizing and remediating the entire Site instead of by specific areas (i.e., OU).

Section 7.1 provides background information regarding plume degradation monitoring. Section

* 7.2 has been abstracted from the November 2003 draft report, Evaluation of Natural Attenuation '

-~

and Biodegradation Potential of Chlorinated Aliphatic Hydrocarbon Compounds in
Groundwater at Rocky Flats (K-H, 2003d). A summary of this report is included in the 2002

. Annual RFCA Groundwater Monitoring Report because this information may be useful to

support remedial, D&D, and long-term monitoring decisions.

The PU&D Yard Plume Treatability Study was performed by the Environmental Restoration

.group at RFETS. For a full description of the project to date, including ﬁgur_es, diagrams, and

tables, please review the Annual Report for the Rocky Flats Environmental T echnology Site
Groundwater Plume Treatment Systems, January through December 2002 (K-H, 2003a). -

71 Plume Degrédation

Plume degradation is defined as a measured feduction in contaminant concentrations as
groundwater contaminants migrate from their source. This reduction in concentration can be a
result of a number of groundwater fate and transport processes including dilution, dispersion,
sorption, volatilization, and biotic and abiotic transformations. | Biodegradation or bioremediation
describes the portion of plume degradation that is brought abou.t by biological degradation
mechanisms. Biological degradaﬁon_ typically.involves bacteria that occur naturally in soil and

groundwater. Under the right conditions these bacteria break down certain fuel hydrocarbons and

certain chlorinated organic compounds.
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The rﬁain mechanism for the biological breakdown of chlorinated aliphatic hydrocarbons (CAHs)
is through reductive dechlorination reactions: Under reductive dechlorination, a CAH such as CT
serves as an electron acccptdr, causing the compound to gain a hydrogen atom at the expense of a
chlorine atom. The successive dechlorination of CT forms CF, methylene chloride (MC), and

chloromethane as chlorine atoms are progressively removed from the origihal CT molecule.”

For biodegradation to-occur there must bé an electron acceptor, a source of éarbon to serve as an
electron donor, an appropriate bacterial community, and a favorable environment for the
metabolic reactions to take place. Previously, the sampling programs at JHSS 118.1, the 903
Pad/Ryan’s Pit Plume, and the PU&D Yard Plume were implemented to investigate whether
these processes were taking place at the Site. These investigations employed the method
described by Wiedemeier et al (1996) which determineé whether biodegradation is océurring toa

significant degree at a site based on applying scores to certain chemical parameters.
7.1.1 Electron Donors

The main mechanism that degrades CAHs, such as CT, is reductive dechlorination. Reductive
dechlorination is the substitution of hydrogen for chlorine atoms within the CAH, which causes it
to progressi\-rely break down into‘daughter products. This process requires a source of electron
donors, which is typically orgahic carbon. Carbon can be used either as natural carbon in the -
aquifer, or can be acquired from the breakdown of petroleum hydrocarbons. Total organic carbon
(TOC) samples have been lesed to ascertain the availability of carbon in the RFETS environment,

which could then serve as an energy source for reductive dechlorination.
7.1.2 Electron Acceptors:

VOCs were analyzed to determine if daughter products were being formed by reductive
dechlorination. In order to undergb reductive'déchlorination, CAHs must be potential electron
acceptors. This reaction mechanism occufs when there is a sufficient electron donor source
pres_eht, the proper chemical environment exists, and there is a relative lack of competing electron
acceptors. Dissolved oxygen (DO), ratﬁer than solvents, is the favored electron acceptor used by

bacteria for the biodegradation process. Anaerobic bacteria cannot function at DO concentrations

7-2
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above 0.5 mg/L and hence, reductive dechlorination cannot occur (Wiedemeier et al, 1999).
Nitrate and _sulfat;’ were ahalyzed because these species, along with dissolved oxygen, can

compete with chlorinated solvents as electron acceptors. If high levels of nitrate and/or sulfate

. exist in groundwater in the vicinity of a plume source, reductive dechlorination of a parent CAH

‘and its by-products could be retarded.

'7.4.3 Metabolic By-Products

Measurement of the biodegradation metabolic by-products is a valuable indicator of the

predominant microbial and chemical processes occurring during contaminant transformation.

- Ferric iron (Fe*) is reduced to ferrous iron (Fe*") during anaerobic biodegradation of organic
g

compounds. Therefore, an increase in ferrous iron concentration in the source area can suggest

. that biodegradation is occurring. The production of hydrogen‘ sulfide oc'c_urs'during sulfate

reduction and verifies that sulfate is acting as an electron acceptor during biodegradation. The
presence of methane in groundwater is indicative of strongly reducing conditions. Methane can

be produced through the biodegradation of petroleum hydrocarbons. The presence of methane in

- groundwater containing chlorinated solvents suggests that the chemistry of the groundwater is

favorable for reductive dechlorination. The presence of elevated concentrations of chloride in
groundwater relative to upgradient locations suggests that reductive dechlorination of organic
solvents is taking place. This is because the replacement of hydrogen for chlorine in the chemical

structure of the CAH during reductive dechlorination releases chlorine in the process.

' 7.2 Evaluation of Nanral Attenuation and Biodegradation Potential

The draft report Evaluation of Natural Attenuation and Biodegradation Potential of Chlorinated
Aliphatic Hydrocarbon Compounds in Groundwater at Rocky Flats (K-H, 2003d) presents
evidence of the extent of néturél ‘attenuation processes reducing CAH constituents in groundwater
at RFETS. This report uses available groundwater quality data to estimate-several CAH -
attenuation or degradation rate constants. The report also uses a number of geochemical lines of

evidence regarding the extent of biodegra'dation-at RFETS.
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A site-specific conceptual model was developed for natural attenuation prpcesses.' This model

" views biodegradation at RFETS as occurring within small “islands”, in which anoxic conditions

are locally maintained to support reductive dechlorination (the main process of biodegradation) of
relatively oxidiud,CAHs like CT, PCE, and TCE. These “islands” of biodegradation are
surrounded by a “sea” of oxidizing groundwater that probably does not support reductive _
dechlorination. The mean concentration of DO in shallow groundwatel' at RFETS is relatively
high at 5.7 mg/L. Biodegradation should be halted by these oxidizing conditions, although vinyl
chloride (VC) may be fapidly oxidized under these conditions.

Under oxidizing or reducing conditions, the solvent 1,1,1-TCA undergoes rapid hydrolysis (half-
life 0.5 to 1.7 years) to acetic acid. Thus, 1,1,1-TCA has the best chance for rapid remediation of
the primary solvents used at RFETS. ' |

Fuel spllls and detectable benzene, toluene, ethyl benzene, and xylenes (BTEX) spatially
associated with some CAH plumes, provide an organic substrate for bacterial growth and help

produce locally anoxic condmons (“at the islands™) through microbial respiration. The lathe

" coolant used at RFETS would be particularly amenable to biodegradation since the hydraulic oils .

m the coolant provide a substrate for bacteria and reducing conditions that support reductive

dechlormatlon of the CAHs.

The rates and spatial distributions of CAH compounds undergoing natural attenuation in
groundwater at RFETS have been evaluated using various “lines of evidence” suggested by
published technical literature. These lines of evidence include estimation of biodegradation rate
constants, bulk attenuation rate constants, point attenuation rate constants, and overall mass

removal of CAHs from groundwater in terms of moles per year.

ASeveral hundred two dimensional charts were prepared to interpret water quality data for:

- » Determination of attenuation rate constants;

.o Interpretation of redox environments suitable for biodegradation;

e Visualization of the extent of natural attenuation of CAHs through elapsed time; and
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.o Interpretation of the attenuation of CAH concentrations with groundwater migration

distance along a contaminant plume.

The Wiedemeier scores ranking system is a screening tool used to quickly assess the extent of |
biodegradation in the subsurface. This system is based on the concept that biodegradation will
cause predlctable changes in groundwater chemistry (EPA 1998). If most of the relevant water
quality parameters have been measured, then their concentratlons can be compared agamst thls
scoring system, which assigns points to certain chem1cal parameters. The points for all

parameters are summed to produce a Wiedemeier score for each well.

RFETS groundwater analytical data for field i)arameters and laboratory-generated concentrations

were scored under the Wiedemeier system. Wiedemeier scores for 579 monitoring wells at

. RFETS ranged from a minimum of -3 points to a maximum of +22 points, with a mean of 3.0

points, and a standard deviation of 3.4 points. The M2SD was 9.8. If the data are noﬁnally
distributed, about 98 pércent of the wells at RFETS should have Wiedemeier scores below 10

points, indicating limited to no evidence of biodegradation at the Site.

Based on presently available data, well 33502 is the only well at RFETS exhibiting strong

evidence of biodegradation. Well 33502, located on Sage Avenue just north of Building 335, had
a Wiedemeier score of 22. This location is known for its elevated VC concentration, reaching

1200 pg/L during February, 2003. The Tier I groundwater action level for VC is 200 pg/L.

Only one other well, 1986, had adequate evidence pf biodegradation, with a Wiedemeier score of

- 19. Well 1986 is located about 1500 feet northeast of well 33502 in the unnamed drainage
" between Buildings 371/374 and 771. All other Site wells had Wiedemeier scores of 14 points or

less:

® 125 wells fell in the category of limited evidence of biodegradation (6 to 14 points); and

5

e 349 wells had inadequate evidence of biodegradation (1 to 5 points).

No positive evidence of biodegradation was found for hundreds of other wells and foundation

" drain outfalls atRFETS.

7-5
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Apprdximately 170 charts were prepared in which the natural log of confamiriant concentration
(In C) was plotted against contaminant migration distance (D) using daf_a from wells located al(_mg
a groundwater flowpath from a CAH source area. .Ea_ch chart shows the trend in detected
concentrations of a single CAH compound, carried by groundwater through multiple wells

located along the flowpath, during a restricted time period.

~ These In C versus D plots were prepared to determine bulk attenuation rate constants (Ks) for

individual CAHs in each of seven areas of interest in or near the IA. Bulk attenuation rate
constants are uScful for two purposes. First, they can be used to prediét the future extent, or size
of a plume and_Whether it should grow, shrink, or remain at steady state. Second, for steady-state
plumes, the same data used to compute K, values can be uséd to estimate biodegradation rate

constants.

Natural attenuation processes are widely believed to decrease contaminant concentrations during
groundwater migration along a flowpath from a contaminant source area. Looking at the RFETS
results, 103 of the plots had regression lines with negative slopes (positive Ky, rates) indicating :
that.the concentrations of CAHs were, indeed, naturally attenuating during coqtaminant
migration. However, another 64 of the In C versus D plots exhibited positive slopes .(negative K,
rates) indicating that the concentrations of some contaminants in groundwater were actually
increasing' through time at RFETS. The most likely explanation for this increasing trend is that
the plotted plume segments with positive sldpes are showing only the rising limb of increasing

daughter product concentrations. If more complete groundwater monitoring data were available

along the full extent of the central flowpath of each CAH plume, then the daughter concentrations

should peak‘and then attenuate with distarice in accordance with the conceptual model.

Plumes that are ﬁredictgd to shrink are attenuatiné faster, at an average bulk attenuation half life
of 7.5 years. Plumes predicted to grow 'ar_e attenuating slower, with average bulk attenuation half .
lives of 19.8 years. The half life of steady-state plumes averaged 15.1 years. A wide range of
predicted decay times (durations) was found for CAH compounds to attenuate in concentration
and reach a Tier Il action level. Positive decay duratibns ranged from one year to more than 1200

years to attenuate to Tier II.
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Biodegradation rates have been qomputed'for the attenuation of CAHs in groundwater at RFETS.
This was done using the one-dimensional (iD) method of Buscheck and Alcantar (1995), with the
rec'ognitién that this method likely overestimates the true biodegradation rate (Zhang and
Heathcote, 2003). Lack of data concerning tﬁe dimensions and exact location of contaminant

source areas precludes the application of more sophisticated methods.

The 1D method'fequires that the plume be at steady state during the time period, otherwise the

4 computed rate constant Will be a less reliable approximation of the biodegradation rate. Thirty-

five biodegradation rate constants were computed for plumes of individual CAH compounds that
were predicted to remain at steady state. The mean biodegradation half livés for speciﬁc CAH
chemicals in groundwater at RFETS afe: 1,1,1-TCA, 15.9 years; 1,1-DCA, 30.3 years; 1,1-DCE,
3.0 years; CF, 0.8 years; cis-1,2-DCE, 10.4 years; MC, 8.1 years; PCE, 10.8 years; and TCE, 22.4

years.

For comparison, biodegradation rate statistics have been compiled from published field and.
laboratory biodegradation rate investigations (Aronson and Howard, 1997). All of the mean

biodegradation rates at RFETS are less than 1 per year except for CF at 2.65 per year. The mean

~ biodegradation rates for the non-RFETS sites are much faster. For example, the non-RFETS CF

mean is 29.2 per year, 11 times faster than at RFETS. The non-RFETS PCE rate is 9.86, about
143 tim_es faster than the mean rate at RFETS. The non-RFETS TCE rate is 4.02, about 12 times
faster than the RFETS mean rate. Assuming that 1,2-DCA decays at a similar rate to' 1,1-DCA,

* then the non-RFETS mean rate is 2.78, about 9 times faster than 1,1-DCA decays at RFETS.

Finally, comparing the estimated biodegradation rate of 0.163 per year for CT at RFETS, to the
pubhshed studies mean of 124 per year, we find the pubhshed mean is 760 times faster than
biodegradation at RFETS.

In summary, biodegradation rates for CAH compounds in groundwater at RFETS are at or near
th¢ low end of published biodegradation rate constants. Worse yet, biodegradation rate constants
computed from the 1D method of Buscheck and Alcantar (1995) are believed to overestimate the
true rate constant by upfto 65 percent in comparison to a more rigorous 3D method (Zhéng and

Heathcote, 2003). Thus, the true biodegradation rates at RFETS are likely to be even slower than
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 those reported here. These slow rates may mean that Monitored Natural Attenuation is not a

- practical groundwater remedial option for RFETS.

~ Another line of evidence demonstrating natural attenuation of the CAH plumes in groundwater at
RFETS is to look for decreases in CAH chemical mass (or number of molecules in moles) over'
time. The approach taken here was to compute total moles of CAH compounds per liter of water
collected from these wells during two widely separated time periods, 1992-1993 and 2002-2003.
Possible seasonal effects on eoncentration were reduced by averaging the concentrations within
each two year ‘period. If natural attenuation is occurring, large molar decreases should be

observed durmg the more recent period.

* A total of 122 wells had sufficient data to compare CAH abundance over the decade. Total moles
~ of CAHs decreased during the decade at 91-monitoring wells; evidence of natural attenuation at
those wells. The average molar decrease at these wells was 14.0 pMoles/L per well. The
remaining 31 wells showed no evidence of attenuation, but instead showed increases in CAH
mass. The average molar increase was relatively small at 3.5 pMoles/L per well. If the molar
changes at all- 122 wells are summed, the net change is an overall loss of 1,169 pMoles, or 9.58
" uMoles/L per well. This is evidence that, on a sitewide basis, CAH plumes at RFETS are
undergoihg natural attenuation. The overall decline is actually a rate, 9.58 pMoles/L per decade
at each well. Therefore, the RFETS average “molar attenuatlon rate” is 0.958 pMole/ liter/ year

for CAH compounds as a group in groundwater.

The ratios of the cis and trans stereoisomers of 1,2-DCE have been used in published literature as
a qualitative Ain,dicator' of biodegradation.l This usage is based on the fact that the manmade
solvent is a mixture of cis- and trans-1 ,2-DCE. In eontrast, biodegradation processes produce
“mainly cis-1,2-DCE (EPA, 1998). The cis/trans ratio is typically greater than 25 to 1 in
groundwater where biodegradation is actively proceeding. The cis/trans ratio was computed for
each well and sampling event at RFETS with detections for both isomers. Although some wells
have low ratios, most wells had high ratios between 26 and 684. This is taken as evidence of

,Biodegradation in these areas.
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Extensive samplihg and analysis of groundwater by the Shapshot Sampling Project (Snapshot),
completed in -Au'gust 2003, generated data that provide a current picture of the distribution of
CAH chemicals in groundwater at RFETS. The Snapshot data indicate that six CAH analyte
plumes presently remain in groundwater at RFETS at concentrations exceeding Tier I
groundwater action levels; CT, CF, PCE, TCE, VC, and 1,1-DCE. Section 8.0 includes four
individual analyte plume maps (CT , PCE, TCE, and VC) that show the spatial‘distribution of the
concentrations of these CAH compounds in Site groundwater during the period of 2001-2003. -

In summary, the report Evaluation of Natural Attenuatioh qhd Biodegradation Potential of -

| Chlorinated Aliphatic Hydrocarbon Compounds in Groundwater at Rocky Flats (K-H, 2003d)

has analyzed various lines of evidence bearing on the extent and rates of natural attenuation
prdcesses operating in groundwater at RFETS. The overall conclusion is that biodegradétion of
thorinatgd solvent compounds dissolved in groundwater is taking placein local portions of the

IA and East Trenches. Howéyer, the biodegradation rates are very slow, and are near the low end -
of the range of rates published for other industrial sites. These slow rates may mean that

Monitored Natural Attenuation is not a practical groundwater remedial option for RFETS.
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80 WELL ABANDONMENT AND REPLACEMENT PROGRAM

Over 1,400 moﬁitoring wells have been installed at RFETS to characterize groundwater quality.
The WARP abandons unnecessary, damaged, and temporary wells and installs replécement or
new wells as needed. Replacement wells are installed to replace damaged or temporary wells in
areas requiring'continued monitoring and new wells are installed in areas lacking data. The
objective of the WARP is to maintain and provide a streamlined, functional monitoring well

network. This section presents a summai'y discussion of the WARP activities performed in 2002,

' begiming with well abandonments and concluding with well installations.

8.1  Program Planning

. The Well Abandonment and Replacement Program Work Plan: FY 2002 through Site Closure

(Work Plén; K-H, 2002g) was written to support the current objectives of the WARP. This
document provides the overall requirements of the WARP, while incorporating Site well
aban(_iohment and well installation standard operating procedures (SOPs). Specific well

abandonments énd'installations"ére implemented through addenda to this Work Plan.

Because of the changing configuration of the Site, the need to plan the WARP around closure
projects, and our evolving understanding of groundwater contamination and its sources; a single,
well-specific Work Plan was not feasible. As the Site approaches closure; removal of buildings
and characterization and remediation activities produce new data, particularly regarding potential

sources of groundwater contamination. These activities may also cause damage to or require the

abandonment of wells.

" Instead, the Work Plan (K-H, 2002g) is designed to provide general guidance, while each year’s.

specific scope .isAoutlined in one or more Work Plan Addenda (WPA). The dynamic nature of
D&D activities at the Site caused three WPAs to be issued in FY02:

 The Fiscal Year 2002 Well Abandonment and Replacement Prog