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EXECUTIVE SUMMARY

In October 1989, the Bureau of Land Management (BLM) began a comprehensive remedial investigation
(RI) at the former Lee Acres Landfill to characterize environmental conditions and contaminant migration
pathways. This investigation was completed in July 1991. The BLM conducted this RI according to the
Comprehensive Environmental Restoration, Compensation, and Liability Act/Superfund Amendments and
Reauthorization Act and the National Contingency Plan, with appropriate U.S. Environmental Protection
Agency (EPA) guidance in anticipation of the site’s placement on the National Prioritles List (NPL). In
August 1990, the former Lee Acres Landfill was, in fact, placed on the NPL by EPA. This RI Is part of an
overall remedial investigation/feasibility study (RI/FS) being conducted by the BLM to determine the extent
of contamination at the landfill and to select a preferred remedial action that will eliminate or significantly
reduce to acceptable levels any threat to human health and t

3 environment. The RI was designed to

characterize all media, sources, and potential contaminant 6n pathways for the landfili.

Data collection activities conducted during the Rl foci
included air photo interpretation, geophysical surve
sampling, soil boring installation and sampling, mo well installation and sampling, waste trench
studies, hydrogeologic investigations, and Al westigation. The technical rationale and

procedures for completing these activities are pi eé Sampiing and Analysis Project Plan for the

loromethane. Second, a mass of organic groundwater
of the landfill (Figure ES-1). This mass, referred to as the
Is identified as a contaminant slug because there is currently no

southern area of contamination ét it
continuous upgradient contaminant s to indicate an avallable constant contaminant source. This
southern area of contamination conslsts of organic petroleum and chlorinated hydrocarbons at ranges of
up to approximately 200 sg/L. Because this organic groundwater contamination is not continuous, it is

concluded that its source may have been a single or an isolated release event.

RI results also show that manganese forms a contaminant plume in alluvial groundwater within Site 1 at the
former Lee Acres Landfill (Figure ES-1). Upgradient background manganese concentrations range up to
423 xg/L, which Is approximately twice the New Mexico human health standard of 200 zg/L. Within and
south of the landfill is an elevated plume of manganese. Well BLM-57 is within the area of the former
northern liquid waste lagoon. At well BLM-57, an average manganese concentration of 7,905 ug/L
indicates that past liquid waste lagoon operations have introduced manganese into the alluvial aquifer.
This manganese plume decreases in concentration to the south at wells BLM-78, BLM-67, and BLM-68,
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where the manganese piume is generally measured at or below the upgradient background concentration
range (Figure ES-1).

The Site 1 manganese plume Is attributed to past disposal of liquid petroleum byproduct (brine waters) in
the former liquid waste lagoons. It is a continuous plume; concentrations are measured highest near the
former liquid waste lagoon source area and decrease southward. The manganese source was most likely
added to the lagoons for an extended period during the liquid waste lagoon operations. Boyer (1986)
documents the existence of elevated levels of manganese in petroleum brine waters up to 2,800 uxg/L.
Groundwater modeling results and groundwater quality data show that the Site 1 manganese
contamination has migrated from the former lagoons to its existing location.

Organic contamination measured at the Site 1 southern area Is centered around Giant-Bloomfield Refinery

(GBR) wells GBR-32, GBR-48, and GBR-49 (Figure ES-1). At these wells, measured 1,2-dichloroethene
_edichloroetnene

concentrations range from 1.2 to 200 xg/L. Adjacent BLM wells installed during the Rl show comparatively
lower levels ranging up to 16 ug/L at well BLM-74. RI data show that this mass of contamination is
disconnected from the former landfill. Well clusters located at the southern perimeter of the former landfill
and between the former liquid waste lagoons and the Site 1 southern area are free of organic
contamination. The lack of a continuous plume indicates that there is currently no active migration of
organic contaminants from the landfill to the Site 1 southern area (Figure ES-1).

A third important finding of the Rl is the presence of two masses of groundwater contamination at the
former Giant-Bioomfield Refinery (Site 2). One contaminant mass is a gasoline plume containing free-
floating product located approximately 1,000 ft south of well BLM-68. The other mass is a groundwater
plume (diesel fuel components) located more than 3,000 ft south of the landfill, with free-floating product at
the southern part of the Giant-Blocmfield Refinery property. This plume extends south across U.S. 64 into
the subdivisions and is being investigated and remediated by Glant industries, Inc., under the regulatory
guidance of the New Mexico Oll Conservation Division; R contains both petroleum and chlorinated
hydrocarbons. Rl results indicate that these Site 2 contaminant masses are derived from a source or
sources separate and unrelated to the former Lee Acres Landfill.

Groundwater modeling results show that approximately 22 years would be required for the leading plume
edge of the organic plume to migrate from the former landfill liquid waste lagoons to the area just south of
U.S. 64. In 1969, liquid waste lagoons were not in existence at the landfill, and solid waste disposal was not
in an active phase until approximately 1975. Liquid waste lagoons came into existence in 1979 and were
active until 1985. The Rl report documents the past existence of a number of local Site 2 contaminant
sources within the former Giant-Bloomfield Refinery, such as tanks and storage facilities, that contained
both petroleumn and chiorinated hydrocarbons. Also, it Is shown that Site 2 contamination found in wells
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BLM-65 and BLM-66 may be derived from former production well sites on adjacent San Juan County
Fairground property. This possibility is supported by the fact that manganese concentrations measured in
these wells are elevated, and range up to 3,400 xg/L.

The magnitude of Site 2 groundwater contamination indicates that it is unrelated to the landfill. Site 2
contamination is generally 1 or 2 orders of magnitude higher in concentration than that in Site 1.
Additionally, no northward and increasing concentration gradient is present in Site 2 groundwater that
would indicate that Site 2 contamination is derived from the former landfill. Additionally, Site 2 wells show
floating petroleum product on the water table. In summary, there is no evidence that a highly
contaminated mass left the former landfill and spread south of U.S. 64, more than 3,600 ft downgradient, at
current Site 2 plume locations. For this reason, any risk or hazard assoclated. with Site 2 contamination Is
not estimated or considered further as part of the risk assessme or FS process.

This report presents a conceptual site model identifying ntial contaminant migration pathways.
andfill to the alluvial aquifer and (2)

These are (1) any future leaching of contaminants fro
jwatir. Ingestion of contaminated solls within the

Ingestion, inhalation, or dermal contact with Site 1 gr
landfill is rejected as a potential pathway because pubii
have been covered with 2 to 10 ft of native matgrial
pathway because landfill contents would not be in

0SS Is secure and waste cells at the landfill
e water pathway Is ldentified as a dormant
eat:Contact with any surface water drainage in the

pathway is rejected as an active
contaminant vapors being released.fr.

aste lagoons were active. During this period, lagoons provided
the moisture and the release m : ‘requlred to induce the leaching of landfill contaminants to
groundwater. In 1985, the lagoons weére evaporated, treated with ferric chloride, and filled with native
material. A simulation of the landfill leaching process resulted in the lack of any apparent effect on the
quality of the alluvial aquifer because of the current lack of any available moisture to drive a downward
leaching process. Although leaching of contaminants from the former landfill to groundwater through the
vadose zone is not an active process and Is not expected to be, this pathway is not eliminated from further
consideration. Any future addition of moisture to the landfil may provide a flow mechanism that will
reactivate the leaching pathway. Consequently, the leaching pathway is retained as a potential pathway.
Elimination of any future potential risk posed by contaminant leaching to groundwater Is identified as a
primary remedilal objective and Is identified as Operable Unit (OU) 1. As presented above, Rl data show
that there is currently no migration of organic contaminants from the landfill to the Site 1 southern area.
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The second potential pathway, Site 1 groundwater, is identified as OU 2. OU 2 is defined as the alluvial
aquifer groundwater contamination beneath and immediately south of the former Lee Acres Landfill.

A baseline risk assessment was completed as part of the Rl. Maximum and average risk estimates indicate
that ingestion, inhalation, and dermal contact with Site 1 groundwater exceed acceptable risk. Maximum
risk to a hypothetical future resident who is assumed to use Site 1 groundwater for domestic supply
exceeds a 1-in-1,000 carcinogenic risk; average carcinogenic risk exceeds a 1-in-10,000 risk. There is
currently no actual risk for this pathway because no residents are living in proximity to Site 1 who would
use Site 1 groundwater for any purpose. However, reduction of the risk posed by the Site 1 groundwater
pathway is accepted as a primary remedial objective because in the absence of remedial action the
potential exists that Site 1 contamination may mix with Site 2 contamination in the future.

The Lee Acres Landfill FS consists of three phases to allow integration of results from interim data
collection activities during the FS process. After an initial screening for technical feasibility and
implementability, remedial alternatives will be retained for OU 1 and OU 2. These retained alternatives will
provide a combination of process options and technology types for each OU that includes institutional
actions, containment, treatment, collection, and disposal actions. A detalled analysis of aiternatives will be
completed for these alternatives as part of Phase lii of the FS.

In summary, the only active pathway that can be attributed to past Lee Acres Landfill disposal practices Is
the migration of manganese from former liquid waste lagoons to the Site 1 southern area of groundwater
contamination located south of the southern landfill property boundary. Within the Site 1 southern area of
contamination, organic compounds occur in the groundwater at levels which exceed the Safe Drinking
Water Act maximum contaminant levels. However, no active source for this contamination has been
identified. This contaminant migration pathway Is off BLM property and exceeds acceptable risk, and
contaminant levels currently exceed federal Safe Drinking Water Act maximum contaminant levels or New
Mexico human health standards. Site 1 groundwater contamination poses no immediate threat to human
health and the environment. However, It is recommended that the FS and remediation be established
according to a rigorous schedule to minimize any further migration of Site 1 contaminants.
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1. LEE ACRES LANDFILL RI/FS PROGRAM

1.1. GENERAL INFORMATION

1.1.1. Program Description

In September 1988, the Bureau of Land Management (BLM) contracted with Roy F. Weston, Inc.
(WESTON) to complete a remedial investigation (Rl) and feasibility study (FS) for the former Lee Acres
Landfill near Farmington, New Mexico (Figure 1-1). The RI/FS is belng conducted in accordance with the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act (SARA), and with various documents containing U.S.
Environmental Protection Agency (EPA) guidance. The general jpurpose of the Lee Acres RI/FS program
nce with CERCLA/SARA to reduce risks
Acres Landfill to acceptable levels.

is to evaluate, select, and plan a remedy or remedies in com

associated with contamination resulting from activities at t " )

On August 30, 1990, the EPA added the former Lea
Although the RI/FS program was started prior to being Hist
RI/FS in a manner that will satisfy all technical;
listed site.

Landfill to the National Priorities List (NPL).
n the NPL, the BLM chose to conduct this
and regulatory requirements for an NPL-

The following is a list of the prima
activities within the Lee Acres Landfill St

timents used to design and implement the RI/FS

- The National Ol

and:Hazardaous Substances Pollution Contingency Plan (NCP), Final
Rule, 55 FR 8666, 1

‘March 1

- Guidance for Conducting::Remedial Investigations and Feasibility Studies under
CERCLA, interim Final, OSWER Dir. No. 9355.3-01, October 1988 (EPA 1988a).

- Interim Guidance on Superfund Selection of Remedy, OSWER Dir. No. 9355.0-19,
December 1986 (EPA 1986a).

- Guidance on Remedial Actions for Contaminated Ground Water at Superfund Sites,
OSWER Dir. No. 9283.1-2, December 1988 (EPA 1988b).

- Remedial Investigation/Feasibility Study Improvements and Follow-up, OSWER Dir.
No. 9355.3-05, February 1989 (EPA 1989a).

The Lee Acres Landfill RI/FS is being conducted in phases designed to follow the process that the
Superfund program has established for characterizing the nature and extent of risks posed by uncontrolled
hazardous waste sites and for evaluating potential remedial options. The Rl activities are designed to
define the nature and extent of sources and contamination through field sampling and laboratory analysis.
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This characterization program was implemented according to data quality objectives (DQOs) summarized
in this Rl Report (RIR) and defined in the Data Quality Objectives/Applicable or Relevant and Appropriate
Requirements Working Paper (WESTON 1989a). This process does not attempt to achieve the goal of
removing all technical uncertainty associated with the final selection of the remedial aiternative. It is

designed to gather sufficient information to make an informed risk management decision for remedy
selection.

The Lee Acres Landfill Study Area Is classified geographically into two sites and three study subareas
(Plate 1). The two sites are (1) the 60-acre former Lee Acres Landfill and contamination migrating from the
former landfill and (2) all property within the study area south of the former landfill and south of monitoring
well BLM-68 to the San Juan River, including the former Giant-Bloomfield Refinery. Each of the four study
subareas represents a distinct geographic region, as detailed below: ‘

- Site 1, subarea 1: Defined as the area north of the northern Lee Acres Landfill

property boundary. Results of groundwater sampling events and other activities in
this subarea are considered background data.

- Site 1, subarea 2: Defined as the area of the former Lee Acres Landfill and the area
west of the landfill to Crouch Mesa Road. This subarea contains the well network

within the former landfill and wells in the unnamed arroyo adjacent to and west of the
landfill.

- Site 1, subarea 3: Defined as the area south of the landfill property boundary and
north of Glant-Bloomfield Refinery (GBR) monitoring well GBR-17. This subarea
contains the downgradient well network west of the former fire water storage ponds,
and north of the former Glant-Bloomfield Refinery, located north of and adjacent to
U.S. 64.

- Site 2: Defined as the area south of and including well GBR-17 to the southern study
area boundary at the San Juan River. The former Glant-Bloomfield Refinery and the
Lee Acres Subdivision are the primary features of this subarea.

These study subareas are shown on Plate 1 and referred to frequently in this RIR to allow general

comparison of data sets, and to simplify references to study area wells, boreholes, or other sampling points
or features.

The RI fleld program involved a dally evaluation of current data to identify data gaps and implement
subsequent data collection activities to fill them. The data collection program was adjusted to place wells,
soll borings, and other sampling stations In locations considered most likely to measure contamination and
provide important information regarding any migration of contamination from the landfill.

A Record of Decision (ROD) will be prepared to certify that the remedy selection process was carried out in
accordance with CERCLA and to provide the public with a consolidated source containing information
about the site, technical details about the chosen remedy, and the rationale for selection of the chosen
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remedy. Prior to the ROD being issued, the BLM will implement a program to satisfy public participation
requirements specified in Section 117 of CERCLA. This process will provide the public with reasonable
opportunity to make relevant comments regarding the proposed remedial action through the issuing of the
Proposed Plan for Public Comment. Additionally, project documents will be made available for public
review in the form of an Administrative Record. The BLM will include public comments in the Administrative
Record file. A more detailed description of the Lee Acres Landfil community relations program is
presented in subsection 1.3 of this RIR and in the Community Relations Plan (WESTON 1389b).

1.1.2. Program Schedule

The Lee Acres Landfill RI/FS program schedule is presented in the form of a Gantt chart that shows
anticipated start and stop dates for major program milestones_ (Figure 1-2). A detailed schedule of all
activities was presented In the Data Management/Project Ma A_gément Plan (WESTON 1990a). However,
there have been changes to this schedule since the Da .

sgement/Project Management Plan was
issued. These changes to the schedule are refiected on:Eig '
1989 through July 1991. This work period includes a
from May to November 1989. Initial Rl activities were
activities were performed from April 1991 througt

. ,Eégctivities were performed from May
/ stop work order that delayed field activities
eted in May 1990. Additional data collection

1.1.3. Program Documents

Previously issued documents rep

nt components of the CERCLA RI/FS process and the Lee
Acres Landfill RI/FS program. Th g

s and plans are listed and described below.

The Lee Acres Landfill RI/FS prug" itially included a requirement for an environmental impact
statement (EIS). However, due to the Gpinion recently issued by the Department of Justice that an EIS is
not required, the EIS has been dropped from Lee Acres Landfill RI/FS program. However, a majority of
program documents were published in anticipation of an EIS and therefore have EIS in their titles.

- lity A n | ntrol Work Plan for the Lee Acr fill RI/FS/EI
(WESTON 1989¢): This plan contains all elements required by CERCLA to define
sampling procedures, sample custody, the quality assurance sampling and analytical
program, internal quality control, and performance audits.

- Scoping Report for the Lee Acres Landfill RI/FS/EIS (WESTON 1989d): The Scoping
Report presents a summary of the sie history and conditions, Initiates the community

relations program, presents public comments and responses to initial public Rl
scoping meetings, and plans subsequent project phases.

Dt G ,.1 ADIC 3 9 i s
Working Paper f I’th L Ac l’ fill RI F El (WESTON 1989&) Thls report
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presents data quality objectives and preliminary identification of applicable or relevant
and appropriate requirements (ARARs) for the Rl and FS.

Pr vestigation Acr fill, Farmington, New Mexi
(WESTON 1989e): This report presents the results of the preliminary investigation
conducted from September 1987 to September 1988. The investigation includes
installation and sampling of 19 groundwater monitoring wells at the study area.

Community Relations Plan for the Lee Acres Landfill RI/FS/EIS (WESTON 1988b):

Key issues, past involvement, community concemns, key persons, and the timing of
public involvement are presented in a detalled description of the planned community
relations program.

Backaround Report for the Lee Acres Landfill RI/FS/EIS (WESTON 1990k): This
report summarizes landfill history and all existing studies and data used as part of the

scoping process and as the basis for the design of the RI.

Environmental Im tatement Work Pian for the Lee Acr ndfill_RI/FS/E]
(WESTON 1990b): The EIS Work Plan presents National Environmental Policy Act
requirements and plans activities leading to the completion of the draft EIS.

oty Pla (WESTON 1990c): Safety
procedures for all Rl actMtles are presented to satisfy all CERCLA and Occupational
Safety and Health Administration (OSHA) requirements. Levels of protection,
responsible personnel, upgrade procedures, and required personal protective
equipment are included.

(WESTON 1990d) Thls plan presents the rationale, approach technlcal details, and
procedures for all activities that comprise the Rl. A description of the standard
operating procedures (SOPs) used for these activities are presented in Appendix A.
A preliminary baseline risk assessment and a presentation of general response
actions, technologles, and process options are also included in this plan.

(WESTON 1990a) This plan presents the procedures for pro]ect documentatlon and
information flow including fleld records, chain of custody, the technical database
system, and the project document control system. Reporting requirements for the
analytical program and heaith and safety program are included.

og Landfill WESTON 1991):
Thls brieﬂng document summarizes RI results completed through December 1990.
Examination of Rl data collected revealed insufficient information to adequately
characterize and explain contamination directly south of the landfill. Additional data
collection activities designed to address the data gaps are outlined.

: | : eport (WESTON 1990h): This
report presents the ﬂnal as-bullt drawlngs and detalls of the construction of gabion
walls along the northwestern and southwestern comers of the former Lee Acres
Landfill.

Th ing R for th Acr Il_El Ing Meeting (WESTON
1990e): This report summarizes and analyzes the issues and concems expressed by
the citizens attending the EIS scoping meeting.




- Potentially Responsible Parties (PRPs) Search and Source Identification Plan for the
Lee Acres Landfil RI/FS/EIS (WESTON 1989f). This plan details the activities to
search for and identify PRPs and sources for the surface and subsurface
contamination within the Lee Acres Landfill Study Area May 1989.

- Potentiglly R nsible Parti rch rce Identification Baseline Report for

the Lee Acres Landfill RI/FS/EIS (WESTON 1990j). This report provides a summary
of procedures used, and the information obtained from the baseline search activities
for identifying PRPs for surface and subsurface contamination at the Lee Acres
Landfill Study Area.

These documents are referenced in or tiered to this RIR and are considered to be important components of
all Lee Acres Landfill RI/FS program phases. Consequently, a complete understanding of the technical
approach and results presented in this RIR requires a certain level of familiarity with each of these reports
or plans. The reports and plans may be reviewed at public information repositories established as part of
the community relations program (see subsection 1.3 for list).

1.1.4. RI/FS Goals

The primary goals of the Lee Acres Landfill RI/FS progtam
contamination at the former Lee Acres Landfill.and an contamination from the landfill and select a
preferred remedial action that will eliminate o
environment. The objective of the RI/FS
risk management decision leading to the:

to determine the extent and magnitude of

educe any threat to human health and the

The RI serves as the mechanism oflécting data to characterize site conditions, to determine the
chemical and physical nature of the landfiil ste.' to define pathways and rates of migration, and to assess
risk to human health and the envifcnm f necessary, It also serves as the mechanism for conducting
treatability testing to evaluate the potential performance and cost of treatment technologies being
considered. All these activities support the selection and design of a preferred remedial action. The FS
serves as the mechanism for the development, screening, and detailed analysis of alternative remedial
actions.

In accordance with SARA, an emphasis will be placed on remedial actions that

protect human health and the environment,
- meet ARARs (or provide grounds for obtaining a waiver),
- are cost effective,

- use permanent solutions and alternative treatment technologies or resource recovery
technologies to the maximum extent possible, and
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- significantly reduce the toxicity, mobility, or volume of waste.

In addition to the goals listed above, specific technical data requirements have been established for the RI.

These data requirements are as follows:

All the activities described above are being conducted according to the NCP and CERCLA/SARA. The
community relations program is designed to satisfy Section 117 of CERCLA and to provide the public with
reasonable opportunity to comment on a proposed plan for remedial action and its impacts. Subsection
1.3 summarizes past and future community relations activities for the Lee Acres Landfill RI /FS program.

determine the horizoﬁtal and vertical extent of contamination within the former landfill,
estimate the volume and boundaries of waste contained in the former landflll,
determine the chemical and physical characteristics of waste in the former landfill,
determine the pathways of migration and rates of movement, and

determine if contamination is migrating from the former landflll and, if so, delineate
downgradient contaminant mass.

1.1.5. P f the Rl

This RIR follows the completion of the Lee Acres Landfill Rl. The general purpose of this RIR Is to report
and describe results that satisfy the technical data requirements listed In subsection 1.1.4. Listed below are
the primary purposes of this document. Report sections where these ltems are addressed are shown in

parentheses.
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Provide a comprehensive summary of all previous studies and data collection
activities (subsection 1.2).

Present the technical rationale and location for each Rl data collection activity
(Section 2). _

Present results and Interpretation of Rl data collection activities (Sections 3, 4, 5,
and 6).

Provide an estimate of the vertical and horizontal extent of waste at the former Lee
Acres Landfill (Section 5).

Present a characterization of the physical and chemical nature of contamination in the
former Lee Acres Landfill (Section 5).

Define active contaminant migration pathways and the extent of contamination
measured in each pathway (Section 8).

Provide a characterization of background water quality (Section 6).



- Define the vertical and horizontal extent of any groundwater contamination migrating
from the former Lee Acres Landfill (Section 6).

- Present an overall picture of how the site operates in the form of a site conceptual
model that is represented by data collected during the Rl (Section 9).

- Present results of a baseline risk assessment for selected pathways that evaluate the
risk to human health and the environment in the absence of remedial action
(Section 10).

- Identity any data gaps (Section 11).

- Provide a summary of future Lee Acres Landfill R!/FS program activities and planned
milestones (Section 11).

This RIR is preceded by the SAPP (WESTON 1990d), issued in March 1990, and was reviewed and
approved by the BLM and the New Mexico Environment D
Environmental Improvement Division [NMEID]). The next

1/l FS Working Paper, which will present the results

fil. The:Phase I/1l FS Working Paper will be
ed or supplemented if treatability testing or

alternatives for the contamination at the former Lee A
published concurrently with this RIR. This RIR may'

further data collection Is considered necessary.to co ,_:'t‘e a detailed analysis of possible remedial

alternatives. Subsection 1.9 summarizes the R

1.2. SITE BACKGROUND

1.2.1. Site Description

The former Lee Acres Landfill is'g] .rb ately 4.5 miles east of the city of Farmington, in Section 22,
Township 29 North, Range 12 Wesf (T29°N, R12 W) of San Juan County, New Mexico (Figure 1-1) (USGS
1979a). The study area consists of approximately 611 acres. It includes the former Glant-Bloomfield
Refinery and four residential subdivisions (F. L. Lee, Lee Acres No. 1, Lee Acres No. 2, and Suburban
Heights; all located south of the landfill property). U.S. 64 (Bloomfield Highway), located south of the
former Giant-Bloomfield Refinery, divides the study area and provides access to the study area from the
cities of Farmington and Bloomfield (Plate 1).

The former landfill is located in the eastern portion of San Juan County, which consists of a dissected high
plateau within the Navajo section of the Colorado Plateau. This high plateau is dissected by the San Juan
and Animas Rivers. These rivers originate in the San Juan Mountains of southern Colorado, merge near
Farmington, and flow west to the Colorado River. The former landfill is located on the southern drainage
basin of the interfluvial ridge between the two rivers, just east of the intersection of Gallegos Canyon and
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the San Juan River. Surficial waters from the study area drain toward and through an unnamed arroyo
system that joins the San Juan River south of the Lee Acres subdivisions.

The elevation within the study area ranges from 5,340 ft to 5,500 ft above mean sea level. The site and
vicinity are characterized by nearly level to gently sloping terrain, consisting of shallow, well-drained soils
formed by alluvial and eollan deposits.

The former Lee Acres Landfill overlies alluvial deposits and bedrock formations. The alluvial deposits
consist of sand, gravel, and cobbles. The bedrock Nacimiento Formation underiies the alluvium and can
be traced almost continuously from the Animas Valley south across the San Juan River, then southeast and
east to the point of Cuba Mesa. The bedrock Ojo Alamo Formation underlies the Nacimiento Formation
and outcrops to the west of the study area.

1.2.2. Site Higtory

1.2.2.1. .Physical Appearance

For the Lee Acres Landfill RI/FS project, an area larger than the former landfill itself was defined for all Rl
fleld and data collection activities. The evolution of the Lee Acres Landfill Study Area from approximately
3,000 acres to its cumrent size of approximately 611 acres is presented In Appendix B.
Plate 1 shows the current study area based on the Rl activities. )

As part of the Rl data collection activities, air photos for.the study area were acquired and reviewed. The
alr photo study presents the history of the study area through the identification of industrial activities
through time, potentlal contaminant releases, physical changes within the study area, and changes in the
former Lee Acres Landfill and its operation. The history of the study area through the air photos Is
presented in detail in Appendix B. However, the major activities that occurred within the Lee Acres Landfill
Study Area are summarized below.

The major surface activities within the Lee Acres Landfill Study Area occurred during the 1970s. The area
between U.S. 64 and the San Juan River developed from an agricultural area during the 1950s to a
residential and commercial area Iin the early 1960s. However, the most activity occurred at the Giant-
Bloomfield Refinery. The refinery was fully developed by 1975, although it did not reach its maximum size
until 1981 when the number of tanks had increased and the fire water ponds were In existence. Pits,
trenches, and excavated areas on refinery property were identified from the alr photos.

The air photo study also attempted to identify potential releases Into the environment, including soil
discoloration and vegetation stress. The major location of apparent surface staining was at the Glant-
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Bloomfield Refinery. From 1975 through 1980 air photos, numerous potential stained areas were identified
around refinery tanks, along refinery roads, and in the area between U.S. 64 and the main refinery
processing facliity. In addition, liquid was apparent in containment are‘ps around two tanks from 1981 to
1986. One other area with apparent staining is at the El Paso Natural Gas substation located north of the
Lee Acres Landfill. Stains appeared at the El Paso Natural Gas substation in air photos from 1950 through
1986.

An additional objective of the air photo study was to identify changes in the unnamed arroyo. Only the
major and most obvious changes in the arroyo were identified. These changes included the alteration of
an island north and west of the former landfill by water erosion, rerouting of the arroyo due to a new road to
the landfill, and rerouting due to the addition of fill material at the northwestern comer of the landfill.

The air photo study also documented the operational history of the former Lee Acres Landfill through the
riods: 1964 to 1974, 1975 to 1980, and
sal areas thought to be present at

identification of pit and trenching operations during three t
1981 to 1986. Figures 1-3, 14, and 1-5 lllustrate the majo
the former Lee Acres Landfill during these period

‘1o constraints involved in transferring the
information from the various photographic scales to t
approximate. Appendix B presents in detail the
the former solid waste disposal areas, the former

es, the locations of the pits and trenches are
ill operation history, including the history of

talagoons, and the liquid waste lagoon breach.
The operational history descriptions are ow and incorporate information gained from the air
photo study and reports from inspect res Landfill by the BLM and the NMEID.

1.2.2.2. Operational History

In May 1962, San Juan County lea deres (W1/2 NW1/4 SW1/4 sectlon of section 22, T29 N, R12 W)
from the BLM for a county landfill wlled:l.ée Acres Landfill (BLM 1962). By 1980, the activities at the landfill
had increased and San Juan County required additional land for the landfill and leased an adjacent 40
acres of land (S1/2 SW1/4 NW1/4; NW1/4 NE1/4 SW1/4; and NE1/4 NW1/4 SW1/4 sections of section
22, T29 N, R12 W) (BLM 1881).

Two types of waste disposal areas were present at the landfill: solid waste disposal areas and liquid waste
lagoons. Tables 1-1 and 1-2 present the chronology of events pertaining to the history of the former solid
waste disposal areas and the former fiquid waste lagoons, respectively. Activity in the landfill was minimal
during the 1960s. However, by the early 1970s, approximately 4 acres In the center part of the landfill were
in use (Table 1-1). Approximately 14 trenches and one dead animal pit existed at various times from 1964
to 1974 (Figure 1-3).
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Between 1975 and 1980, activities at the landfill increased and the areal extent of the landfill expanded to
approximately 20 acres (Table 1-1, Figure 1-4). A series of trenches along the landfill edges and berming
activities along the northern and western edges also appeared during this time, as shown in Figure 1-4.
The exact number of pits and trenches is unknown.

From 1981 through 1986, the disposal activities increased at the Lee Acres Landfill. In 1981, San Juan
County leased additional land adjacent to the landfili (BLM 1981). Unlike the previous lease, the 1981 lease
required a development and operation plan for the landfill. Detalils of the plan requirements are provided in
Appendix B. With the acquisition of additional land, the Lee Acres Landfill expanded to approximately 30
acres. Figure 1-5 shows several large east-west trenches and other trenching activities along the northern,
eastern, and southemn fence lines.

From 1981 through 1986, liquid waste disposal was being conducted at the Lee Acres Landfill, as both the
alr photos (Figure 1-5) and the inspection reports (Table 1-2) indicate. The exact date liquid disposal
began at the Lee Acres Landfill is unknown; however, air photos indicate the first evidence of liquid waste
disposal was in 1979. Berms were noted In the 1980 air photos along the western and northern edges of
the landfill (Figure 1-5). By 1985, two liquid waste lagoons existed at the landfill: one In the northemn
portion, and one in the southern portion of the landfill (Flgufe 1-5). Between these two lagoons, two
additional bermed and terraced areas also existed, which may have been either additlonal lagoon areas or
areas created to hold overfiow (Figure 1-5). Throughout the early 1980s, several complaints were received
and Iinspections were conducted regarding the liquid waste lagoons; these are summarized in Table 1-2.

On April 18, 1985, the Farmington field office of the NMEID received information that a lagoon at the Lee
Acres Landfill had been breached (NMEID 1985a). This incident is described in Appendix B. The incident
occurred from April 18 to May 3, 1985. The area was sealed off, the breach was sealed, and sampling
activities were performed. Eleven people were treated for nausea, vomiting, and dizziness, symptoms of
hydrogen sulfide poisoning (NMEID 1985a). The NMEID, National Guard, State Police, San Juan County
and EPA responded to the incident. After the incident concluded, the NMEID restricted the Lee Acres
Landfill to solid waste disposal only, and in April 1986, the BLM.suspended the leases for the Lee Acres
Landfill (BLM 1986).

As a result of the lagoon breach incident at the Lee Acres Landfill In April 1985, a number of investigations
have been conducted for the BLM by private contractors, the NMEID, and other agencies. Table 1-3
presents a list of the eight investigations conducted previous to the RI, the objective of the investigation,
and the types of samples collected. During these investigations, information was obtained concerning the
contamination at the Lee Acres Landfill, including liquid waste lagoon analyses, groundwater monitoring,
and hydrogeologic investigations; this information is summarized in Appendix C. These data collection
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activities provided preliminary data for developing the Rl activities. However, the eight investigations did
not provide sufficient information to meet the Rl goals and technical data requirements outlined in
subsection 1.1.4. Specifically, the investigations did not gather sufficient information to support an
informed risk management decision for the selection of a remedial action. The resuits from these various
investigations did, however, initiate the issuance of a consent decree by the NMEID. The BLM responded
to the consent decree by immediately supplying bottled water to 12 residents in the Lee Acres Subdivision.
In December 1986, an agreement was reached between the BLM and the Lee Acres Water Users
Assoclation to permanently connect 14 Lee Acres residents to the community water supply system
(WESTON 1989g).

1.3. COMMUNITY RELATIONS

”:ities have been conducted according to
). This plan was prepared to aid the

To comply with CERCLA requirements, community relation
the Community Relations Plan issued in May 1989 (WEST,

posed by the former Lee Acres Landfill and the
involvement are in the form of public m
repositories.  In addition, the BLM mal
agencies and individuals, such as local:and.
residents.

Heation of fact sheets, and access to Information
Ing list to disseminate information to concerned
mment legislators, newspapers, radio stations, and

Community relations activiti ¥ 1988 through March 1990 are described in subsection 1.3.1.
Future community relations activitiés::are described in subsection 1.3.2, information repositories in
subsection 1.3.3, and the Administrative Record for the Ri/FS in subsection 1.3.4.

1.3.1. P mm Relation (|

Community relations activities from October 1988 through July 1991 have Included public meetings and
the publication of fact sheets. Four public meetings were held during this period. Three meetings were
held in October and November 1988, prior to the beginning of the project, to provide the public with an
overview of the project, increase the understanding of technical issues, and initiate public involvement.
They were held in Farmington, Santa Fe, and Albuquerque, New Mexico. A summary and analysis of these
meetings is provided in a scoping report (WESTON 1989d).
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A fourth public meeting was held in Farmington on February 22, 1990. One purpose of this meeting was to
detail the progress being made in the investigation at the former landfill. Another purpose of the meeting
was to present the scoping of the EIS that was to have been prepared for the project. Copies of the EIS
work plan (WESTON 1990b) were provided to those meeting attendees that requested a copy. A scoping
report was also prepared to summarize and analyze the issues and concerns expressed by the citizens at
this meeting (WESTON 1990e). The current opinion by the Department of Justice is that an EIS is no
longer required and the EIS has been dropped from the program.

In addition to public meetings, fact sheets have been distributed to the residents within the study area. The

fact sheet is a newsletter that presents the progress of the project to date. It also reiterates the need for

community invoivement, and gives the name and address of the BLM public affairs officer, who can be
contacted for additional information concerning the project. Four fact sheets were published on the
following dates: October 1988, January 1989, February 1990, and April 1991. These four fact sheets are
presented in Appendix D.

1.3.2. F mm tion iviti

Future activities will be coordinated between the BLM and EPA and will comply with CERCLA Sections
113(k), 117(a), and 121(f). Specifically, CERCLA requires the publication of a notice of any proposed
remedial action in a local newspaper of general circulation, a reasonable opportunity for submission of
written and oral comments, and an opportunity for a public meseting or hearing at or near the facility (EPA
1988a).

These community relations activities will commence upon the completion of the feasibility study, when the
selection of a proposed remedy will be documented in the Proposed Plan. The Proposed Plan will be filed
with the EPA and, at the same time, will be made available for comment 1o the public and to concerned
agencies through the information repositories. A notice of the filing of the Proposed Plan will be published
in the Federal Register and in the local newspaper. After a comment period and the receipt of comments,
a public meeting will be heid If sufficlent interest is demonstrated. Depending upon the degree of concern
expressed through the comments, the public meeting may be changed to a public hearing that requires
legal notification in the Federal Ragister and will include a legal transcript (CEQ 1986).

Response to the comments on the Proposed Plan will be incorporated in the ROD. The ROD certifies that
the remedy selection process was completed In accordance with CERCLA, and provides the public with
concise information about the site, technical details about the remedy, and the rationale regarding the
selection of the remedy.

Lee Acres Landfill Remedial investigation Report Lee Acres Landfill RI/FS Program
Draft (Revision 0) February 1992 Section 1, page 12
BLMNEW1Y.DOC



1.3.3. Public Information Repositories

As part of the Community Relations Plan and to aid in keeping the public informed, seven publicly
accessible information repositories have been established. These repositories, three in Farmington, one in
Aztec, two in Santa Fe, and one in Albuquerque, New Mexico, have been established so the public may
have access to project documents In order to increase their understanding of the project. Addresses for
the seven repositories are provided in Table 1-4. Final versions of project documents will be maintained at
sach repository. A current list of available project documents is provided In subsection 1.1.3.

1.3.4. Adminigtrative R

The BLM maintains an Administrative Record for the Lee Acres Landfill RI/FS project in accordance with
CERCLA Section 113(k) at the BLM Albuquerque District ¢a. 435 Montafo Road, N.E., Albuquerque,
New Mexico. An Administrative Record serves two pu irst, the basis for the remedial actlon

‘#cts as a vehicle for public participation in the
}.for the Lee Acres Landfill RI/FS project Is
established according to “Interim Guidance ‘
Response Actions” (EPA 1989c). The Ad
s that show that the public had an opportunity to
participate in and comment on the se 7L ;;onse action.

1.4. DATA QUALITY OBJEC]

DQOs are quantitative and qualitat ments specified to ensure that data of known and appropriate
quality are obtained during RI activities to support the selection of a remedial action altemative. DQOs for
all phases of the Lee Acres Landfill RI/FS are determined based on the end uses of the data cotlected.
Although the term connotes quality, DQOs also clarify the objectives of the Rl. A working paper was
published in March 1989 (WESTON 1988a) to develop the DQOs for the general scope of the RI/FS and
specifically for the Rl. The DQO working paper developed the DQOs for the Rl using a three-stage

process:
1) Identifying the objectives of the overall RI/FS and each of its components.

2) lIdentifying the specific uses for which data must be coilected and the data quality
required for each use.

3) Developing a sampling and analysis plan that will meet the RI/FS objectives in the
: most efficient and effective manner possible.
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Stage 1 of the DQO process identified the key RI/FS decision as remedy selection, and the primary data
users as those Iindividuals responsible for and invoived in the ongoing RI/FS process, including BLM and
WESTON personnel. A conceptual model identifying the source of contamination, the pathways it may
take, and the potential receptors of the contamination was developed from available information before the
Rl began. This model has been refined based on Ri data and is presented in Section 9 of this report.

Stage 2 of the DQO process determined that the data collected during the RI/FS will be used for the
following:

- waste characterization,

- site characterization,

- development of alternative remedial action technologies,
- development of remedial alternatives,

- screening and evaluation of remedial alternatives,

- risk assessment, and

- remedial design.

The specific data types and quality and quantity needs that were selected to make possible these data uses
are presented in the discussion of Rl data collection activities (Section 2 of this report). The uses to which
the data collected during Ri activities will be put make it necessary that the data be of certain levels of
quality. To achieve these levels of quallty, all data were gathered or developed using appropriate
procedures and techniques. To reduce the effects of many factors that critically affect data quality, such as
sample variability and the use of different sample collection and analytical preparation techniques, SOPs
have been developed (subsection 1.8). The SOPs (WESTON 1988a) include procedures for monitoring
well Installation, drilling of boreholes, and other field activities, as well as instrument calibration and
sampling techniques. The SOPs ensure the level of data quality and maintain known and acceptable levels
of precision, accuracy, representativeness, completeness, and comparabliity for all data sets.

The analytical techniques by which results are obtained must also provide data of sufficient quality.
Analytical resuits are required to confirm and quantify suspected contamination. A screening technique
would not provide data of sufficient quality to complete a risk assessment. However, a more rigorous
analytical method with a known detection limit and supporting documentation would provide the level of
data quality necessary for such an assessment. Therefore, analytical techniques have been divided into
five analytical levels, each appropriate to different RI/FS data uses (EPA 1987a). These analytical levels are

Lee Acres Landfill Remedial Investigation Report Lee Acres Landfiit RI/FS Program
Draft (Revision 0) February 1992 Section 1, page 14
BLMNEW1.DOC



distinguished by type of technology and documentation, as well as by degree of sophistication, and are
defined as follows:

- Level I: Field screening or analysis using portable instruments. Results are often not
compound-specific and not quantitative, but they are available in real time.

- Level ll: Field analyses using more sophisticated portable analytical instruments or a
mobile onsite laboratory.

- Level lil: Analyses performed in an offsite analytical laboratory. If the analytical
laboratory is a Contract Laboratory Program (CLP) laboratory, CLP procedures may
or may not be used. When CLP procedures are used, the data package does not
include the extensive documentation required by CLP, but it is availabie from the
laboratory.

- Level IV: CLP routine analytical services. Analyses are performed in an offsite CLP
analytical laboratory following CLP procedures, including rigorous quality
assurance/quallty control protocols. Extensive dagtimentation is provided.

- Level V: Analyses by nonstandard meth
laboratory that may or may not be a CLP la ratory
modification may be required for specific:éonstitiients or detecnon limits. CLP special
analytical services are Level V (EPA 19874

i  are performed In an offsite

nalytical level for the Lee Acres Landfill RI/FS.
sk'to public health and the environment and for
priate for each data use, and all levels have been

Table 1-5 identifies the data uses that correspor
The highest quality of data is required fol ete
engineering design. Several analytical

1.5. OPERABLE UNITS

The EPA defines an operable unit (OU) as “portions of an overall response action that by itself eliminates or
mitigates a release, a threat of release, or an exposure pathway" (EPA 1988b). Two OUs are defined for the
former Lee Acres Landfill (Site 1) that coincide with two types of anticipated response actions. First, it is
possibie that source control measures will be Implemented at the former landfill to eliminate or significantly
reduce the impact of future releases of contaminants from the landfill. This anticipated response action
defines OU 1 as any selected remedial action or actions implemented as source control measures at the
former landfill.

Secondly, it Is possible that any contaminated groundwaters in the alluvial aquifer system beneath the
former landfill location will require restoration or some other form of remedial action. OU 2 Is defined as the
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response to groundwater contamination in the uppermost alluvial aquifer system beneath and immediately
south of the former Lee Acres Landfill that is considered to be directly related to past activities at the
landfill. Such a response would be implemented to include the alluvial groundwater in study subareas 2
and 3, from the northern landfill fence line southward to monitoring weil BLM-68 (Plate 1).

These two OUs are defined for Site 1, as the Lee Acres Landfill and any contamination migrating from the
landfil, on the basis of current and available data collected before and during the Rl. OUs for
Site 2, the property south of well BLM-68, Including the former Glant-Bloomfield Refinery, have not been
defined because contamination occurring within Site 2 is not a result of activities at the former Lee Acres
Landfill.

1.6. CONTAMINANTS OF CONCERN

A major task of the Rl is the identification of contaminants found in soil and groundwater that may have
resulted from past disposal activities conducted at the former Lee Acres Landfill. This section presents the
strategy and process used to identify contaminants of concem (COCs) within the Lee Acres Landfill Study
Area. Figures 1-6 and 1-7 present the process decision trees for identifying COCs in soll and groundwater,
respectively. The data collection activities conducted for the RI that identify contamination are presented In
Section 2 of this RIR. The Integration and analysis of the results from Rl data collection activities are
presented in Sections 5 and 6. The nature and extent of contamination in the landfill soils and in
groundwater are characterized through the review and analysis of laboratory data. The contaminants
Identifled as describing the nature and extent of contamination In soill and groundwater media are defined
as COCs and the results of the COC identification process presented in this section are in Sections 5 and 6.
The initial list of COCs is then refined to identify those contaminants that pose a risk to human heaith and
the environment. The refinement process of COCs is performed in the baseline risk assessment (Section
10) and is based on comparison with regulatory standards and on carcinogenic and noncarcinogenic
toxicity.

The Lee Acres Landfill Study Aréa is divided geographically into Site 1 (study subareas 1, 2, and 3) and
Site 2 (Plate 1). COCs are identified for the three study subareas in Site 1 and for Site 2. The criteria used
for identifying COCs are dependent upon the chemical group of the contaminant. Generally in nature,
organic compounds are not expected, whereas inorganics such as iron and sulfate are relatively common
and abundant in nature. Therefore, two different types of criteria are used for the identification of COCs
based on two contaminant groups: Inorganic compounds (metals and lons) and organic compounds
(volatile and semivolatile organic compounds, pesticides and polychlorinated biphenyls [PCBs]).
Subsections 1.6.1 and 1.6.2 describe the criteria used in identifying COCs In soil and in groundwater,
respectively.
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1.6.1. Identifying COCs in Soil

Soil samples were collected and analyzed from boreholes and monitoring wells. The analytical programs
for borehole and wellbore soil samples are presented in subsections 2.4 and 2.7, respectively. Only one
soil sample can be collected from any one depth in any one borehole. Therefore, due to the nature of
collecting and analyzing soil samples, frequency of detection Is not a viable screening criterion for
identifying COCs. To Iidentify COCs for soils, concentrations are compared with proposed regulatory
standards. Promulgated regulatory standards for solils do not currently exist; however, there are proposed
soil action levels from the Corrective Action Rule of the Resource Conservation and Recovery Act (RCRA)
(55 FR 30865).

All analytical results reported above laboratory detection limi
laboratory detection limit are considered. The soil ana

_or identified as present but below the

'results are first screened to eliminate

concentrations considered invalid due to laboratory conta or:{Figure 1-6), as described in subsection
2.4.3. In general, organic compounds do not occur nat"@r‘élly in :
detected in soll is considered a potential COC. The
of concentrations with proposed regulatory standards (F:
concentrations exceed the proposed soil action

exists, then the contaminant is also Identiﬂ

Therefore, any organic compound
identifying COCs in soil is the comparison
re 1-6). COCs in soll are identified if their
. If no proposed action level

: by: Extraction Procedure (EP) Toxicity and by Toxicity
' _ethdds (subsections 2.4 and 2.7). Therefore, metals
? ards. Those metals exceeding the TCLP standard are
Il source characterization and identification of COCs in soil

Metals analyses for soil samples wel
Characteristic Leaching Proced
concentrations were compar ;
identified as COCs. Discuss
are presented in Section 5 of this re

1.6.2. identi in Gr

The identification of COCs in groundwater is performed for each subarea in Site 1 and for Site 2 (Plate 1).
COCs are also separated by the two aquifers that have been identified below the Lee Acres Landfill Study
Area: an alluvial aquifer and a bedrock aquifer. Details regarding the hydrogeology of the study area are
presented in subsection 4.2 of this report.

Subsection 2.9 describes the groundwater monitoring program implemented for the Rl. The Rl was
conducted in stages with monitoring wells installed and sampled during each stage. The program included
a total of 11 sampling events. A preliminary investigation (P} was also conducted within the Lee Acres
Landfill- Study Area prior to the Rl that included 10 monthly sampling events (Appendix B). Therefore,
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groundwater analytical results are available for 64 BLM and 5 GBR monitoring wells at a frequency ranging
from 3 to 21 sampling events (subsection 2.9). Frequency of detection of a contaminant is the main
criterion used in Identifying organic COCs for groundwater. '

The data reviewed for COCs are groundwater analytical results detected above laboratory detection limits.
Concentrations that are identified as present below detectlon limits are also considered. A preliminary
screening to eliminate concentrations considered invalid due to laboratory contamination Is performed as
described in subsection 2.9.3 (Figure 1-7). The data sets (by aquifer and subarea or site) are then divided
according to inorganic and organic compounds. The criteria for identifying inorganic and organic COCs
are presented below (Figure 1-7). “

1.6.2.1. Inorganic COCs in Groundwater

Because metals and ionic compounds such as sulfate are relatively common in groundwater, the
frequency at which they occur does not generally provide information regarding contamination. Therefore,
three comparison criteria are used to identify inorganic COCs: comparison of inorganic analytical results
to regulatory standards, to regional background concentrations, and to study area background
concentrations. The three criteria for identifying inorganic COCs are implemented as described below,
folldwing the process shown in Figure 1-7.

Inorganic analytical resuits for all four study subareas are initlally compared with New Mexico hdman health
standards (HHSs) (NMWQCC 1988) and promulgated Safe Drinking Water Act (SDWA) maximum
contaminant levels (MCLs) (40 CFR 141). However, It is also necessary to compare concentrations to
regional background concentration ranges because in some cases the regional background
concentrations are higher than the regulatory standards. The aqulférs at the Lee Acres Landfill Study Area
are high in total dissolved solids (TDS) and generally of poor quality (subsection 6.1). Therefore,
exceeding the drinking water regulatory standard alone does not necessarily indicate that the constituent is
a COC. The regional background concentration ranges used for inorganics in groundwater are from
*Hydrogeology and Water Resources of San Juan Basin, New Mexico" (Stone et al. 1983).

The third comparison is the study area background grbundwater results (study subarea 1) to the inorganic
groundwater analytical results from the remaining subareas in Site 1 and Site 2. Monitoring wells BLM-14,
BLM-15, and BLM-39 (Plate 1) are considered background alluvial aquifer wells because they are located
upgradient of the Lee Acres Landfill. Monitoring wells BLM-16 and BLM-40 (Plate 1) are background
bedrock wells. Minimum and maximum concentrations for inorganic compounds from these wells are
determined to establish a study area backgroUnd concentration range. Inorganic data from monitoring
wells within the other two subareas (2 and 3) and Site 2 are then compared to the background ranges.
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Study area background concentrations for inorganics are determined in order to provide information
regarding the nature of groundwater before it reaches the Lee Acres Landfill. This strategy allows COCs to
be more clearly identified.

The three comparison criteria (to regulatory standards, to regional background, and to study area
background concentrations) are implemented aimost simultaneously, although Figure 1-7 shows two
distinct steps. As stated above, exceeding a regulatory standard alone does not indicate contamination
when the regional concentrations for the area also exceed the standard. Also, establishing a study area
background concentration provides information on groundwater before it reaches the landfill area. If an
inorganic compound exceeds the regulatory standard and the regional background concentrations, it may
be within the range for the study area background concentrations.

The results of the COC determination are presented In s
Discussion of background groundwater quality (all
subsection 6.1.

bedrock aquifers) is presented In

1.6.2.2. Organic COCs in Groundwater

+ therefore, their presence Indicates potential

In general, organics are not naturally found in
contamination. However, there is the '
during sample collection, during labol
that a contaminant is present is used
number of times a contaminant |4
for that contaminant.

The frequency criterion for identifying Cs is an elimination-type of screening process. All contaminants
detected above the laboratory detection limits or below detection limits are identified for each aquifer and
subarea and site. Due to modifications made during the groundwater monitoring program
(subsection 2.9), the total number of samples analyzed varies from subarea to subarea, site to site, and
contaminant to contaminant. The frequency of detection is then calculated for each contaminant.

Generally, one-time detections are eliminated as COCs (Figure 1-7). The number of sampling events per
well ranges from 3 to 21. In most cases when a contaminant was detected once, it was in an early
sampling event and the nondetections in later groundwater samples provide confirmation of the absence of
the contaminant.

The second elimination step Is the review of where detections occurred and their concentration. For
example, a contaminant may be detected in 3 of 52 samples, and the occurrence of detection was once in
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three different wells in the middle of the monitoring program. Because of the one time detection per well,
- this contaminant may be eliminated from the COCs (Figure 1-7). In addition, concentrations reported as
present but below the laboratory detection limit have a degree of uncertainty associated with them as they
are only estimated concentrations that are limited by the analytical instrument. |

The implementation of the frequency criterion for identifying COCs in groundwater, along with justification
of the elimination of a COC, is presented in the groundwater characterization section of this RIR
(Section 6). Where frequency is not a strict elimination criterion, an analysis of trends in a well, subarea,
site, or region Is also discussed in Section 6.

1.7. APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

1.7.1. Preliminary ARARS

The 1990 revision to the NCP requires that CERCLA remedial actions "attain or exceed applicable or
relevant and appropriate environmental requirements to the extent practicable" (55 FR 8666, March 1990).
EPA guidance that defines the process by which requirements are determined to be either applicable or
relevant and appropriate Is contained within the "“CERCLA Compliance With Other Laws Manual® (EPA
1987b). Section 120 of SARA states that federal facilities shall comply with applicable or relevant and
appropriate requirements (ARARSs) in the same manner and extent that a nongovernmental entity shall. The
Data Quality Objectives/Applicable or Relevant and Appropriate Requirements Working Paper
(WESTON 1989a) provides detailed rationales and criteria for the selection of ARARs for the Lee Acres
Landfill RI/FS program, and presents a comprehensive list of preliminary ARARs.

To determine if compliance with an ARAR Is practicable, the revised NCP specified two factors that
determine practicability. The factor of urgency Is evaluated to determine whether appropriate remedial
activities must be identified and implemented quickly to ensure protection of human heaith and the

environment, without complete attainment of ARARs. No receptors are immediately threatened as a result

of the Lee Acres Landfill site and, at this time, urgency is not considered an important factor. Receptors
are identifled as being affected by groundwater contamination on Glant-Bloomfield Refinery property.
However, ARARs are not identified for Site 2.

The second factor is the scope of the remedial action. ARARs may not be attained by certain remedial
actions, but the remedial action may minimize and mitigate potential harm rather than totally eliminate it.
For both factors, attainment of ARARs "to the extent practicable” requires that protection of human health
and the environment be ensured. In selecting remedies, the NCP emphasizes ériteria for long-term

effectiveness and permanence and for reduction of mobility, toxicity, or volume. The Phase Ill FS will .
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present the rationale and technical strategy used to identify final ARARs and select a final remedy. If a
remedy or remedies are selected that do not attain ARARs, this presentation will include an examination of
the factors of urgency and scope to establish that protection of human health and the environment Is
ensured.

Subsection 1.5 presents the technical and regulatory rationale for defining two OUs within the former Lee
Acres Landfill (Site 1). OU 1 is defined as the landfill soils; OU 2 is defined as groundwater beneath and
immediately south of the former landfill that is considered contaminated due to past activities at the landfill.
The body of data collected during the Rl allows selection of preliminary chemical-specific ARARs for
groundwater for those contaminants identified as contaminants of concemn in Table 1-6. These ARARs ars
generally considered applicable to OU 2. This section presents an updated revision of chemical-specific
ARARs based on results from the RI.

Preliminary location-specific and activity-specific ARARs tha y be applied as part of any selected
remedial action at the former Lee Acres Landfill are prese
above (WESTON 1989a). Location-specific ARARs ma)

they occur, such as within a floodplain or an archa

remedy has not been selected, these types of ARARs a Jiscussed In this RIR, but will be presented as
part of the detailed analysis and selection.sf reinedial alternatives during the Phase lil FS.

1.7.2. ndwater Clagsificati

The EPA classifies groundwatié according io general use (EPA 1988b). Class | or Il groundwater Is a
current or potential source of drinkit . Groundwater immediately downgradient and adjacent to the
former Lee Acres Landfill meets the reqtiirements for Class 1IB groundwater, based on current knowledge
of groundwater use and site conditions. It is potentlally available for drinking water, agricultural, or other
beneficial use. It is not irreplaceable; the public water supply Is not currently being used for drinking water
purposes iImmediately south of the former landfill. It is also not considered at this time to be ecologically
vital because it does not supply the base flow for a particularly sensitive ecological system that, if polluted,
would destroy a unique habitat. This classification may be upgraded in the future to represent more
knowledge about site conditions as it becomes available.

1.7.3. Selection of Preliminary Groundwater ARARs

During the RI, preliminary groundwater ARARs were established that represented current knowledge of site
condttions (EPA 1988b). These levels are modified during subsequent phases of the RI/FS process as
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more information is collected. It is possible that further examination of data may reveal that aggregate
affects should be considered, and aggregate risk should be calculated to define final groundwater ARARs.
Preliminary ARARs are usually based on available chemical-specific ARARs. Where no promulgated
chemical-specific requirements for groundwater exist, an alternative type of requirement is a factor to be
considered (TBC). TBCs include nonpromuigated or proposed standards that may be selected as
applicable requirements that are relevant and appropriate. Table 1-6 lists federal and state of New Mexico
ARARs and TBCs according to each COC. This table also presents selected preliminary groundwater
ARARs, and the basis for their selection.

The SDWA MCLs and New Mexico HHS provide a comprehensive set of enforceable standards for
groundwater at the Lee Acres Landfill Study Area. Proposed and secondary MCLs are classified as TBCs.
Table 1-6 identifies whether each preliminary groundwater ARAR was selected on protection- or
promulgation-based criteria. Specific guidetines used for ARAR selection were derived from the “CERCLA
Compliance With Other Laws Manual® (EPA 1987b), and are summarized below:

Protection criteria:

- Comparison of stringency for two or more promulgated ARARS resulted in selection
of the most stringent requirement.

- Comparison of both ARARs and TBCs resulted in selection of the most stringent
- promulgated requirement.

- Avallability of a single TBC resulted In the selection of that TBC as the protective
ARAR.

Pr Igat

- Comparison of promulgated relevant and appropriate New Mexico HHSs and federal
TBCs resulted in the selection of the state-promulgated HHSs.

- Comparison of a single federal relevant and appropriate requirement and TBCs
resulted in the selection of the federal promuigated relevant and appropriate
requirement.

- Availability of a single promulgated relevant and appropriate requirement resulted in
the selection of that requirement as the protective ARAR.

Final ARARs will be presented as part of the Phase Ill FS and will reflect factors related to exposure,
uncertainty, and technical limitations. These factors are as follows:

- technical !imitations associated with measurement of contaminant levels in
groundwater;

- uncertainty, retlability, and technical limitations of available remedial actions;
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- frequency of expected exposure; and

- rellability of exposure data.

Federal SDWA MCLs and New Mexico HHSs are considered to provide a level of protection associated
with an acceptable risk to human health and the environment. Preliminary groundwater ARARs presented
in this Rl report provide a basis for developing final cleanup levels for each identified contaminant of
concern for OU 2.

1.7.4. Contaminated Waste and Soil ARARsg

There are no promulgated chemical-specific ARARs for comtaminated wastes or solls that may be appiied
at the former Lee Acres Landfill. Therefore, soil ARARs for OU 1 will be determined according to a
calculated risk of danger to groundwater, or established ac
action level standards, or other standards to be considered. .1-7 provides proposed RCRA soll action
levels for COCs listed for OU 1 that are Kdentified in Sectioh 5 of this:RIR. RCRA TCLP soil contaminant
levels were promulgated by EPA in March 1990 (55 These ievels were established to assess
whether or not contaminated solls are subject to RCRA
used as a soll ARAR for the former Lee Acres Lapgifit: Final
of a selected remedial action will be presented as'

ing to recent proposed RCRA corrective

nd Ban treatment requirements, and may be
s cleanup standards that will be used as part
Phase Il FS.

1.8. STANDARD OPERATING PR

sample collection and preservation; handling, shipping and packaging of samples; documentation of field
activities; and meeting heaith and safety requirements.

The SOPs provide field personnel with a list of activities to be performed before, during, and after a field
procedure. Included within an SOP are references to any assoclated SOPs, a checklist of equipment and
supplies, and instructions for performing the procedure. Also included are examples of data collection
forms to be completed and instructions for completing the forms. Appendix A provides the title and a brief
description of all the WESTON Southwest Operations SOPs.
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1.9. REPORT ORGANIZATION

EPA format presented in "Guidance- for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA" (EPA 1988a) was followed as closely as possible in designing the format of this RIR. Presented

below is an annotation of the general content of each RIR section..
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Section 1, Lee Acres Landfill RI/FS Program: Lee Acres Landfill Ri/FS program
description, purpose, goals, and site background. DQOs, ARARs, SOPs, and the
community relations program are described to provide important technical,
administrative, and institutional information before Rl data results and interpretation
are presented in subsequent sections.

Section 2, Rl Data Collection Activities: The technical rationale and strategy used for
the design and implementation of all Rl data collection activities is presented.
Locations, methods, protocols, and schedules are included with a complete technical
description of each data collection activity.

Section 3, Environmental E i t Activitl Results: This section
provides the rationale, technical approach, and resuits for air quality, ecologic, and
archeologic investigations.

Section 4, Geologic and Hydrogeologic Characterization: Rl and previous data sets
are integrated, compared, and interpreted to present the geologic and hydrogeologic
site characteristics.

Section 5, Squrce Characterization: Rl data sets are integrated, compared, and
interpreted to present the physical and chemical characteristics of Lee Acres Landfill

waste (OU 1) and of Site 1, southern area soils. Estimated former landfill boundaries
and volumes are presented.

Section 6, Groundwater Characterization: RI and previous data sets are integrated,
compared, and interpreted to describe background groundwater quality and the
nature and extent of groundwater contamination beneath the former Lee Acres
Landfill and south of the landfill (OU 2) and in Site 2.

Section 7, Contaminant Fate and Transport: This section presents the results of
modeling efforts to predict the rate and concentration of selected contaminants in the
landfill leaching to the groundwater and to predict the rate and concentration of
selected contaminants In groundwater migrating from the former landfill to the San
Juan River.

Section 8, Pathway Analysis: An evaluation of all potential contaminant migration
pathways and their combinations is presented in an analysis of contaminant fate and
transport for the former Lee Acres Landfil. Sources, transport mechanisms,
receptors, and operating processes are described, and active pathways are identified
that will be quantitatively evaluated in the bassline risk assessment.

Section 9, Sit nceptual Model: A site conceptual model is presented that
integrates site characteristics, source characteristics, the nature and extent of
contamination, and pathway analysis to present a current picture of how the site
operates.



Section 10, Baseline Risk Assessment: An evaluation is presented of the potential
threat to human health and the environment for active pathways in the absence of
remedial action. Three major components are the exposure assessment, the toxicity
assessment, and the risk characterization.

Section 11, Summary and Conclysions: The nature and extent of contamination and
potential contaminant migration from the former Lee Acres Landfill are summarized
presentations of Sections 5, 6 and 7. The baseline risk assessment is also
summarized, and preliminary remedial action aitematives for the FS are
recommended.
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Table 1-1. Former Solid Waste Disposal Chronology

Date Description of Evants

May 1, 1962 Lee Acres Landfill officially opened. San Juan County Board of Commissioners leased
from the BLM the W1/2, NW1/4, SW1/4 section in section 22, T29 N, R12 W for the
Lee Acres Landfill. The lease number was NM 088452 {BLM 1962).

1964 Landfill activity was minimal with one trench and one pit (1964 photo).

Feb. 2, 1968 BLM inspection indicated the Lee Acres Landfill site was not being used as a sanitary
landfiit (BLM-DLM 1968).

Apr. 23, 1968 Reply from San Juan County stated the Lee Acres Landfill had been used and future use
was anticipated (SJC 1968).

1971 Landfill was graded and defined. Pits and trenches existed along the northwestern
corner and northern edge (1971 photo).

1972 -1973 Center of the landfill was heavily used {1972-1973 photos).

1975 - 1980 Pit and trenching activities occurred in the central and southern portions of the leased
area (1975-1980 photos).

1978 Activities at the Lee Acres Landfill exten thward to the iease boundaries {1978
photo). .

Aug. 13, 1980 | NMEID-Farmington inspection found new pit h )gén constructed near the entrance
to the landfill; however, this pit w t adé quate for the high volume of waste entenng
the landfill (NMEID 1980a).

Nov. 10, 1980 { NMEID-Farmington inspection e pit was aimost full and had not been
compacted or covered at th y. The NMEID suggested the County
acquire either additional lan r a new location as the landfill was nearing

Apr. 25, 1980 art of the documents of application for additional

an County Department of Public Works signed
the Lee Acres San ! opment and Operational Plan filed with the BLM on
October 30, 19 80, BLM 1980a)
Apr. 16, 1981 ditional area for the Lee Acres Landfill. San Juan County
Public Wasks |eased from the BLM the S$1/2, SW1/4, NW1/4 section, the
ction, and the NE1/4, NW1/4, SW1/4 section in section 22,
T29 N, R12 W.~ Se number was NM 40709 {BLM 1981).

1981 - 1986 Lee Acres Landfill wias very active. Trenching activities occurred along the northern and
eastern edges of the leased area (1981-1986 photos).

Sept. 9, 1981 NMEID Solid Waste Evaluation Report noted noncompliance regarding the required 2 ft
of final cover over the area in the first lease. The old leased area had not been
adequately reclaimed or reseeded (NMEID 1981a).

1982 Trenching activities occurred along the northern, eastern, and southern fence lines.
Material piles, pits, and trenching existed in the southern area of the landfill {1982
photo).

March 1985 Lee Acres Landfill extended eastward. One east-waest trench existed {1985 photo}.

Apr. 25, 1986 Lee Acres Landfill officially closed. Decision from BLM to San Juan County Department
of Public Works suspending NM 40709 and NM 088452 leases, except for a 5-acre
area for a transfer station. The transfer station area is the W1/2, NE1/4, NW1/4,
SW1/4 section in section 22, T29 N, R12 W (BLM 1386).

Mar. 12, 1987 NMEID inspection reported the solid waste trench was still present; however, the site
had not received solid waste since April 1988 (NMEID 1987).
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Table 1-2. Former Liquid Waste Lagoons Chronology

Date

Dascription of Events

May 1, 1962

Lee Acres Landfill officially opened. San Juan County Board of Commissioners leased from
the BLM the W1/2, NW1/4, SW1/4 section in section 22, T29 N, R12 W for the Lee Acres
Landfill. The lease number was NM 088452 (BLM 1962).

1979

Air photos showed first evidence of liquid waste disposal at the Lee Acres Landfill.

Apr. 25, 1980

Development plan was submitted as part of the documents of application for additional
area for the Lee Acres Landfill. San Juan County Department of Public Works signed the
Lee Acres Sanitary Landfill Development and Operational Plan filed with the BLM on
October 30, 1980. The plan included provisions for a combined pit for sludge and dead
animals (SJC 1980, BLM 1380a}.

Aug. 12, 1980

NMEID-Farmington inspection reported large puddles of septic material flowing toward the
arroyo (NMEID 1980a).

Nov. 10-12, 1980

NMEID-Farmington inspection reported toxic chemicals {acids and caustics) being disposed
of in the dead animal pit (NMEID1980a).

Apr. 16, 1981

Second lease obtained for additional area for the Lee Acres Landfill. San Juan County
Department of Public Works leased from the BLM the $1/2, SW1/4, NW1/4 section, the
NW1/4, NE1/4, SW1/4 section, and the NE1/4, NW1/4, SW1/4 section in section 22, T29
N, R12 W. The lease number was NM 40709 (BLM 1981).

June 30, 1981

EPA Potential Hazardous Waste Site Identification reports surface impoundments (lagoons)
existed at the Lee Acres Landfill that contained oil and oily wastes (NMEID 1981b).

Aug. B, 13881

Anonymous memo to the NMEID stated the sludge pit was overflowing into the arroyo
(NMEID 1981¢c).

Aug. 24, 1981

EPA Patential Hazardous Waste Site Inspection report submitted by NMEID found a surface
impoundment existed with liquids, sludge, oily wastes, drilling fluids, and drilling muds.
The lagoon was described as a free-form pond without embankments or liner which
increased and decreased capacity with the dumping practices and weather conditions
(NMEID 19814d).

Mar. 22, 1982

NMEID-Farmington inspection reported there was not a well defined area for septage
disposal (NMEID 1982).

Apr. 23, 1984

Complaint received by the BLM concerned waste petroleum products being dumped in a
shallow unfenced pit at the Lee Acres Landfill (BLM 1984).

Lagoon breach and vapor release incident occurred at the Lee Acres Landfill. Eleven people

Apr. 18, 1985
treated for hydrogen sulfide poisoning (NMEID 1985a).

May 8, 1986 A BLM compliance exam reported the siudge pit was fenced and a ‘No Dumping’ sign
posted. Two pits contained liquids, one by the solid waste trench and one near the wash
(BLM 1985).

July 8, 1985 NMEID inspection reported the liquid waste lagoon was 95% evaporated (NMEID 1985b).

Oct. 4, 1985 NMEID inspection reported the liquid waste lagoon was 96 to 97% evaporated (NMEID
1985c¢).

Jan. 14, 1986 NMEID inspection reported the liquid waste disposal site was being covered (NMEID
1986a). .

Apr. 24, 1986 NMEID inspection reported the liquid waste lagoon was completely covered with soil
{NMEID 1986b).

Apr. 25, 1986 Lee Acres Landfill officially closed. Decision from BLM to San Juan County Department of
Public Works suspending NM 40709 and NM 088452 leases, except for a 5-acre area for a
transfer station. The transfer station area is the W1/2, NE1/4, NW1/4, SW1/4 section in
section 22, T29 N, R12 W (BLM 1986).
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Table 1-4. Lee Acres Landfill RI/FS Information Repositories

Bureau of Land Management

Contact: Bob Moore/Charlie Beecham
1235 La Plata Highway
Farmington, New Mexico 87401

Alturian Public Library
Contact: Suzy Horvath
201 W. Chaco

Aztec, New Mexico 87410

Bureau of Land Management
Contact: Bill Murphy

435 Montano NE

Albuquerque, New Mexico 87107

Bureau of Land Manageme
Contact: Kay Thomas

P.O. Box 1449, Mail
Santa Fe, New Mexl

\gton Public Library
5% Nancy Gorman
. Broadway

Farmington, New Mexico 87401

Lee Acres Landfill Remedial investigation Report Lee Acres Landfill RI/FS Program
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Tabie 1-7. Proposed RCRA Soil Action Levels

Contaminant Operable Unit 1 RCRA Action Level®
Analytical Group Contaminant of Concern {mg/kg)

Volatile Organic 1,1-Dichloroethane NA

Compounds: 1,2-trans-Dichloroethene NA
Benzene 24
Chloroethane NA
Chloroethene (vinyl chioride) >0.2 mg/L®
Chloromethane NA

Semivolatile Organic 1,2-Dichlorobenzene NA

Compounds: 1,3-Dichlorobenzene NA
1,4-Dichlorobenzene >7.5 mg/L®
2.,4-Dimethylphenol NA
2-Methylnaphthalene NA
2-Methylpheno! NA
4-Methylphenol NA
Acenaphthene NA
Anthracene NA
Benzo(alanthracene NA
Benzo(alpyrene NA
Benzo(b)fluoranthene NA
Benzo(g,h,ilperylene NA
Benzo(k)fluoranthene NA
Benzoic acid NA
Chrysene NA
Dibenzofuran NA
Di-n-butyl phthalate NA
Di-n-octyl phthalate NA
Fluoranthene NA
Fluorene NA
indeno(1,2,3-cdlpyrene NA
Naphthalene NA
Phenanthrene NA
Pyrene ' NA
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Table 1-7. (page 2 of 2)

Contaminant Operable Unit 1 RCRA Action Level®
Analytical Group Contaminant of Concern (mg/kg)
Pesticides: Beta-BHC 4.0
Delta-BHC NA
Dieldrin 0.04
Matals: Strontium NA
Tin NA
Taken from: RCRA Proposed Corrective Action Rule 55 FR 30798, 27 July 1990.
BConcentration that will not leach by TCLP.
NA: not available
RCRA: Resource Conservation and Recovery Act
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2. RIDATA COLLECTION ACTIVITIES

The RI consists of three stages: 1) the Accelerated Program, 2) the major stage of the Rl during which the
main data collection activities occurred, and 3) a secondary stage of the R! focused on Glant-Bloomfield
Refinery property. Prior to the RI, a Pl was performed from December 1987 through September 1988
resulting in the Iinstallation of 19 monitoring wells (BLM-14 through BLM-32) and a 10-month groundwater
monitoring program. A summary of the Pl and other Investigations relating to the former Lee Acres Landfill
Is presented in Appendix C. After the completion of the ‘PI, the BLM elected to conduct an RI/FS.

Data collection activities for the Rl began in January 1989 with the Accelerated Program and continued
through July 1991 with two additional stages of Rl activities. Four groundwater manitoring wells were
installed during the Accelerated Program: BLM-33, BLM-34, BLM-35, and BLM-37. Monitoring wells BLM-
33 through BLM-35 are bedrock wells located inside the landfil
fourth well, BLM-37, is an alluvial well located south of

jong the southern fence line (Plate 1). The

:in the northern part of the Lee Acres

residential area (Plate 1). The 10-ft well screen in BI.Mé covers the. entire saturated thickness of the

alluvium; therefore, the shallow alluvial well (BLM-C ‘the well ‘screen located at the top of the

saturated zone was not installed (WESTON 1990d). A tion of the sampling and analysis performed

fithe SAPP. Soil and groundwater analytical

results from the Accelerated Program are conside he Rl and are integrated and compared with

the Pl and R! data sets as appropriate.

- an air photo interpr,
- an air quality invéstr
- geophysical surveys,
- cone penetrometer tests (CPTs),

- hydrocone sampling,

- soil boring installation and sampling,
- awaste trench study,

- lysimeter installation and sampling,
- monitoring well installation,

- a hydrogeologic investigation,

- a groundwater monitoring program,
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- asurface water program, and

- fire water pond sediment sampling.

Procedures and methodologies for the planned Rl activities are described in the SAPP (WESTON 1990d)
and the RI Briefing Document (WESTON 1991). Table 2-1 presents a summary of the planned and actual
RI data collection activitles. The overall technical strategy of the Rl was to examine and compare sample
results as they were obtained with previous data in order to select subsequent sampling locations in areas
of potential migration pathways or sources. For example, the selection of locations for wells BLM-65 and
. BLM-66 (Plate 1) was based on groundwater data showing low-level contamination that was collected from
upgradient hydrocone sampling points in the unnamed arroyo (subsection 2.3). CPTs, which revealed the
lack of moisture in the shallow subsurface, helped define alluvial aquifer boundaries and played an
important role in the design of the alluvial aquifer monitoring well network. Other examplas of this staged
process are presented in following subsections and provide the technical rationale for the design and
implementation of each Rl activity. The goals of this strategy were to avoid subsequent phases of remedial
investigation by evaluating and responding to data as they became avallable and Integrating new findings
into the ongoing work, and to obtain the data required to satisfy the Rl goals presented in subsection 1.1.4.

The following subsections present the téchnlcal rationale, summarize each activity, and describe the
analytical program. Detailed descriptions of theory, methods, and procedures not fully described in the
SAPP are included in the appendixes of this report. Also provided, where appropriate, is a presentation of
results that excludes interpretation or comparison with other data sets. Results are compared and
integrated In Sections 4, 5, and 6 of this report, which present the detalled analyses of study area
hydrogeology, source characterization, nature and extent of groundwater contamination, contaminant
migration pathways, and the site conceptual model.

The air photo study was conducted prior to Rl field work to identify disposal or industrial activities that may
represent contaminant sources within the study area. The methods and results of the air photo study are
presented in Appendix B and summarized in Section 1.2. The information obtained from the air photos
provided guidance in the placement of initial sampling locations.

To support the risk assessment (Section 10) portion of the Lee Acres Landfill RI/FS project, an air quality
investigation was performed during the RI activities. The results of this air quality investigation are
presented in Section 3.1 of this report.
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2.1. GEOPHYSICAL SURVEYS

Three types of geophysical surveys were performed as part of the RI at the Lee Acres Landfill Study Area.
Magnetometer and electromagnetic (EM) 31 (metal detection and terrain conductivity) surveys were
performed in the former landfill to Identify buried waste, trenches, and lagoons. In addition, a seismic
refraction survey was performed in the arroyo to the west of the former landfill to identify bedrock channels
that may provide preferential pathways for contaminant migration.

2.1.1. Magnetometer and Terrain Conductivity Surveys

Magnetoineter and EM 31 surveys were performed by WESTON from November 2 through 8, 1989, at the
former Lee Acres Landfill. Resuits of the geophysical surveys were used to

delineate horizontal landfill boundaries,

provide data needed to estimate landfill wast

delineate trench locations and buried

guide the placement of subsequent:
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presents the field acquisition, fiid comparison of geophysical data sets. Integration of

geophysical data with other daf

The magnetometer and EM 31 surveyswere confined to the landfill (Figure 2-1), and were performed with a
model EM 31 terrain conductivity meter manufactured by Geonics, Ltd., and two model GS-19
magnetometers manufactured by Gem, Inc. Table 2-2 presents the type of information provided by EM 31
and magnetometer surveys. Procedures for the acquisition and interpretation of data for the EM 31 and
magnetometer surveys are presented in Appendix E-1.

2.1.1.1. Cultural interference

One of the greatest obstacles to surface geophysical investigations in populated areas Is cuitural
interference. Overhead powerlines, metal fences, underground utilities, and concentrations of scrap metal
all create interference for magnetometers and EM Instruments. There is scattered metal debris on the
surface throughout the former Lee Acres Landfill and the area is surrounded by a metal fence. Figure 2-1
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shows the location of metal debris and other cultural features visually located at the landfill. In interpreting
the data, the effects of proximal metals on discrete instrument readings were evaluated.

The fencelines within and surrounding the landfill posed the greatest cultural interference problem for
interpretation of geophysical data. Geophysical signatures consistent with disposal activities were
identified near fencelines. However, it was difficult to accurately resolve trench boundaries adjacent to the
fence.

2.1.1.2. EM 31 Survey

The EM 31 survey was performed along north-south traverses spaced 25 ft apart, with measurements taken
every 6.25 ft. Quadrature component and in-phase values were measured simultaneously at each point to
determine apparent conductivity of materials and proximity to burled metals, respectively. Values
measured during the survey were automatically recorded on a data logging system, allowing for rapid and
efficient data acquisition. The theoretical foundations of terrain conductivity instruments and the operation
of the EM 31 instrument at the former Lee Acres Landfill are presented in Appendix E-1.

2.1.1.2.1. Apparent Conductivity Anomalies

The quadrature component of the EM 31 instrument measured apparent conductivity of shallow materials
across the former landfill. Apparent conductivity values ranged from -187.8 to 407.2 millisiemens per meter
(mS/m), with a mean value of 53.2 mS/m. Data were numerically plotted on postings maps, and zones of
anomalous conductivity were identified (Figure 2-2). The cross-hatched areas on Figure 2-2 show zones
where apparent conductivity is greater than 100 mS/m (highly conductive soils). The other shaded areas
are zones where readings were above or below background values for the landfill. Based on careful
analysis of readings over areas of undisturbed soil and base station readings, it was determined that
background EM 31 apparent conductivity values range from 15 to 50 mS/m at the former Lee Acres
Landfill.

There are several zones with anomalous apparent conductivity throughout the former landfil. While some
of these zones are attributed to burled wastes, some anomalies are caused by shallow underlying bedrock.
An anomaly exists in the southern portion of the former landfill where mudstone bedrock outcrops were
observed. An anomalous zone also occurs In the easternmost portion of the landfill over shallow bedrock
(Figure 2-2). Bedrock depths determined from three boreholes In this area range from 0 to 1.8 ft. The
bedrock underlying the former Lee Acres Landfill is thought to be more conductive than the unconsolidated
sediments. Table 2-3 presents the conductivities of various materials. Clean quartz sandstones tend to
exhibit low conductivities relative to unsorted, unconsolidated sediments, while sandstones with a clay
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matrix and mudstones have relatively high conductivities (Table 2-3). Rock units of the Nacimiento
Formation sampled in the landfill soil borings are immature sandstones and mudstones that contain clay
and, therefore, are relatively conductive. The assumption that the underlying bedrock at the former landfill
is more conductive than the unconsolidated sediments is substantiated by two other EM studies conducted
prior to the RI.

The NMEID conducted a study that involved an EM 34 survey at the former Lee Acres Landfill in October
1985 (McQuillan and Longmire 1986). Measurements were taken with vertical coils at 40- and 20-m
intercoll spacings across the former landfill and adjacent land. The wider of the two coil spacings provides
deeper penetration than the narrower spacing. The data from this study consistently showed higher
conductivity readings for the 40-m coil spacing, indicating an increase in conductivity with depth. The

increase in conductivity may be attributed to conductive bedrock, saturated materials, or groundwater with

generally increases with depth in areas where major
saturated zone (Peter et al. 1987). This information .ij

ater, bedrock, or cultural interference indicate the
tive wastes may consist of buried metal, liquid waste, bulk

réadlngs may also indicate water that is high in TDS. To
sractive comparison of quadrature phase EM 31 readings with
other geophysical data is presented in subsection 2.1.1.4.

distinguish among these possibil

2.1.1.2.2. In-Phage Anomalies

EM 31 in-phase data provide locations of burled metal at the landfill, including nonferrous metals such as
copper, brass, and aluminum. In-phase values are also somewhat affected by large-scale variations in
conductivity. Readings across the former landfill ranged from -32.2 to 44.7 parts per thousand (ppt), with
an average value of 3.6 ppt.

Figure 2-3 shows zones of anomalous in-phase EM 31 readings across the former landfill. After
examination of readings at the base station and over areas of undisturbed soil, a background range of in-
phase values from -2 to 7 ppt was selected to resolve buried metal targets in the former landfill. The
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shaded areas on Figure 2-3 indicate where in-phase readings differed from background, but do not include
areas with cultural interference (metal) on the surface.

While the in-phase component of the EM 31 is effective for identifying buried metals, It is limited by a
shallow penetration depth. The depth at which targets can be detected depends on the mass and
dimensions of the metal objects in question, but penetration Is generally limited to approximately 5 to 8 ft
below the instrument. Therefore, with the instrument held at waist height, penetration Is limited to about 3
to 6 ft below the ground surface at the former landfill. Because of this shallow depth of penetration and
relative insensitivity to changes in bulk conductivity, in-phase readings are compared with conductivity and
magnetometer data in subsection 2.1.1.4 to provide the most comprehensive evaluation of site conditions.

2.1.1.3. Magnetic Surveys

The magnetic survey at the former Lee Acres Landfill was conducted along north-south traverse lines, with
measurements taken every 12.5 ft. The survey was performed using two Gem model GS-19 proton
precession magnetometers, one for field measurements and the other as a dedicated base station. Both
vertical gradient (gradlometer) and total field (magnetometer) measurements were taken at each point.
The theory of magnetometer surveys and the operation of the GEM GS-19 instrument at the former Lee
Acres Landfill are presented in Appendix E-1. '

2.1.1.3.1. Residual Magnetic Field Anomalies

Residual magnetic fieid values were derived by subtracting field readings from simultaneous base station
readings after the two magnetometer were synchronized. Readings are affected by the presence of ferrous
metals and geologic units containing large amounts of pyrhotite, magnetite, or other magnetic minerals.
Because geologic materials at the site have low magnetic susceptibilities, magnetic anomalles at the
former landfill are belleved to result from buried ferrous wastes. Measured values across the landfili ranged
from -52,352 to 89,727 gammas (G), with an average value of 596.0 G.

Figure 2-4 provides a map showing anomalous zones Iidentified in the residual magnetic field data.
Selected background values range from -50 to +50 G to resolve objects as small as a single, buried 55-
gallon drum. Anomalous residual fleld readings were present over a large portion of the former landfill.
These were caused by cultural interference, such as fences and metal debris on the surface, and by the
presence of buried ferrous waste. The resolution of the residual field measurements was not precise
enough to differentiate individual zones of buried waste at the former landfill. However, the data indicate
that the eastern-most portion of the former landfill is free from buried ferrous waste (Figure 24).
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The residual total magnetic field data are useful for defining large-scale variations in the magnetic field, but
are not well-suited for defining discrete anomalies at sites where cultural interference may be a problem.
Because of the low resolution of residual total magnetic field readings, greater emphasis is placed on the
magnetic vertical gradient information to locate distinct zones containing buried ferrous wastes.

2.1.1.3.2. Magnetic Vertical Gradient Anomalies

Magnetic vertical gradient measurements do not require information from a base station magnetometer
because they are based on the difference between readings of sensors at two different heights over the
same point at the same moment in time. Vertical gradient values measured at the former landfill range from
-1000 to 999.3 gammas per meter (G/m), with an average value of -6.0 G/m.

Magnetic data were used to locata ous wastes. Areas of buried nonferrous metallic wastes were
identified with the In-phase componenit:6f the EM 31, and conductive nonmetallic wastes were identified
with the quadrature component of the EM 31. An interactive comparison of the geophysical data sets is
necessary to characterize and locate waste anomalies across the former landfill.

Anomaly maps for each geophysical data set were digitized and stored on computer disk for comparison
and processing. In this way, they could be combined and compared to provide information regarding the
location and composition of buried wastes at the former landfill. Figure 2-6 compares anomalies identified
with the in-phase component of the EM 31 with the anomalies identified with magnetic vertical gradient
measurements. Each Instrument defined some anomalous areas not defined by the other, while some
areas were identified by both.

Areas defined as anomalous by the in-phase component of the EM 31 are interpreted as zones containing
buried nonferrous metallic waste such as aluminum, copper, or brass. Anomalous zones identified by the
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magnetic measurements probably represent areas where ferrous metallic wastes are buried, but are
deeper than the effective penetration of the EM 31 instrument. Zones defined as anomalous in both data
sets contain buried ferrous wastes and may also contain non-ferrous metallic waste. These areas contain
buried metal at relatively shallow depths. While Figure 2-6 provides locations and some properties of
buried metallic wastes, a comparison with the quadrature component EM 31 data set is necessary to define
areas of nonmetallic, conductive wastes.

A comparison of the magnetic vertical gradient data with both the quadrature and in-phase components of
the EM 31 provides the most comprehensive information about the location and nature of buried wastes at
the former landfill. Figure 2-7 shows the locations of buried conductive waste, buried metallic waste, and
buried conductive and metallic waste anomalies. Metallic anomalies are those identified by the in-phase
component of the EM 31 and/or the magnetometer, but not strongly identified by the quadrature
component of the EM 31. The conductive anomalies are those ldenﬁﬂed with the quadrature component of
the EM 31 only. Conductive and metallic anomalies are those detected by the magnetometer and/or the
in-phase EM 31 and the quadrature component of the EM 31.

Conductive anomalies indicate the presence of buried nonmetallic conductive wastes, such as liquid waste
or water high in TDS. Metallic waste anomalies indicate areas containing buried metallic waste that are not
associated with large quantities of conductive liquid waste or water high in TDS. Conductive and metallic
anomalies may define areas contalning buried metals and liquid waste, or areas containing large
concentrations of metallic waste only.

Several anomalous zones exist throughout the western and central portions of the former landfil.
Conductive waste anomalies in the southwestern and west-central portions of the former landfill may
represent buried lagoons that received liquid waste. The association of some of these areas with metallic
anomalies indicates that scrap metal or metal containers were also buried in these areas.

An east-west oriented linear anomaly is present in the northwestern portion of the former landfill. The
anomaly runs from 23500 east to 24075 east and has an approximate axis of 78525 north. The axis of the
anomaly Is also evident in the apparent conductivity anomaly map (Figure 2-2), as readings of greater than
100 mS/m are present in the central portion of the area. The center of the anomaly Is both conductive and
metallic, while the perimeter is conductive only. This may be related to a central trench from which liquid
waste has spread laterally over time. Another explanation would be a central trench containing metallic
waste that was filled in and later excavated to a shallower depth for liquid waste disposal. These
preliminary interpretations are based solely on the geophysical data. Conclusions based on a combination
of geophysical and other data will be presented in the source characterization (subsection 5.4).
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A profile showing quadrature and in-phase EM 31 values along line 23800 east (A-A’ on Figure 2-1) that
crosses this zone is shown in Figure 2-8. Anomalous in-phase readings are present from 78175 north to
78375 north, while quadrature readings remain fairly consistent over this interval. Quadrature readings
begin to increase at about 78475 north, while in-phase readings increase somewhat further north. The in-
phase anomaly is narrower than the quadrature component anomaly and is centered on the same axis.
Elevgted values at the northern end of the line are the resuit of proximity to a metal fence.

Another linear anomaly, oriented north-south, is present to the east of the east-west trending zone. This
feature is also defined on the apparent conductivity anomaly map (Figure 2-2). The axis of this linear
anomaly is at approximately 24150 east, and runs from 78150 to 78450 north. It appears that metallic
wastes and bulk waste with high conductivity are both present in this area.

A broad anomalous zone Is present to the east of the two_lifiéar anomalous zones. It extends from
approximately 24300 east to 24800 east, and from 78150 ngfth tn, 78475 north. The central portion of this
zone Is primarily metallic and conductive, while areas on; n

ontain primarily metallic wastes.

Figure 2-9 is a north-south profile of magnetic vertical: measurements along line 24500 east (B-8’

on Figure 2-1) that crosses this zone. The profile sh number of strong positive and negative

anomalies in succession. The data show simil
net effect is a number of subparallel zones.of alterr
approximately east-west and may be felat

her north-south profiles across the zone. The
g positive and negative signature. These zones run
riifber of trenches with the same orientation. The
positive anomalies occur above the':c trenches and the negative anomalies occur between the

trenches.

iand in-phase values along the same (B-B') line. The in-phase

ra

Figure 2-10 Is a profile of EM 31°qg
data show sharp fluctuations across t

Zone, while the quadrature values increase across the zone but do

not fluctuate as sharply. Again, the data indicate the presence of several subparallel trenches across the
zone. It appears that the trenches primarily contain metallic wastes, although some liquid waste may be
assoclated.

2.1.1.5. Summary

Several anomalous zones were identified through geophysical investigation at former Lee Acres Landfill.
General characteristics of wastes assoclated with these anomalous areas were derived from the
geophysical data. However, an additional objective of the geophysical study was to use the data to guide
the placement of auger boreholes and cone penetrometer holes. Figure 2-11 shows the borehole locations
with respect to the integrated waste anomalies. Figure 2-12 shows the cone penetrometer locations with
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respect to the Integrated waste anomalies identified from the EM and magnetometer surveys. Sites were
selected to provide information about anomalous zones as well as background areas. While the
geophysical data provide information about the characteristics and lateral distribution of buried wastes,
borehole and cone penetrometer data provide additional information, including thickness of buried waste
and physical properties of waste materials. In addition, analyses of water samples from wells at selected
locations are used in conjunction with geophysical, borehole, and cone penetrometer data to identify
potential paths of waste migration. Interpretations of historical air photos and their relationship to
geophysical data also provide important information about waste disposal in the former landfiil.

The integration of geophysical data with other information to provide quantitative information about the
hydrogeology of the site is discussed in Section 4 and in Section 5 to determine the volume and
characteristics of wastes in the former landfill, hydrogeology of the site, history of waste disposal at the
landfill, and potential paths of contaminant migration. The use of geophysical data to guide other field
efforts was an Important component of a cost-effective and efficient approach to characterizing
contamination at the former Lee Acres Landfill.

2.1.2. Seismic Refraction Survey

A seismic refraction survey was performed from March 5 through 9, 1990, as part of the Rl at the former
Lee Acres Landfill to delineate the top of bedrock beneath the unnamed arroyo to the west and south of the
landfill. Bedrock elevation profiles were generated based on the seismic refraction data to locate bedrock
channels that might provide preferential pathways for contaminant migration. When possible, seismic lines
were located adjacent to existing boreholes to provide a direct comparison between known lithology and
geophysical interpretations. Additional boreholes were placed along some seismic lines for verification of
geophysical interpretations. Locations of seismic lines and boreholes are shown in Figure 2-13. Seismic
lines were placed in an west-east orientation across the unnamed arroyo, and two additional seismic lines
were placed along the northwestern and western perimeter of the former landfill. Lengths of seismic lines
represented in Figure 2-13 are based on measurements from the first to the last geophone in the array, with
each array consisting of either 24 or 36 geophones. Depths below end shot points are omitted in the
interpretations because "end effects® may introduce error into the interpretations. Figure 2-14 shows a
typical unprocessed field record. The theory and limitations of seismic refraction are presented in
Appendix E-1, and seismic refraction profiles are presented in Appendix E-2.

The individual discussions of each seismic refraction line are provided in Appendix E-1. Table 2-4 presents
velocities of seismic wave propagations along the eight seismic lines (Figure 2-13). Seismic velocities
represent an average value for the array, and may vary along the seismic profile. Three layers with distinct
velocities of seismic wave propagation were measured along each line. Layer 1 consists of loosely packed
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alluvium with propagation velocities ranging from 800 to 1,060 feet per second (ft/s). Layer 2 consists of
more compact alluvium with propagation velocities ranging from 1,400 to 2,040 ft/s. Layer 3 consists of
Nacimiento Formation bedrock with velocities ranging from 6,740 to 8,600 ft/s (Table 2-4). Changes in
seismic velocity through bedrock may be explained by differences in weathering of the bedrock surface or
by lithologic changes, such as a change from mudstone to sandstone. A layer of saturated alluvium was
identified overlying bedrock in several boreholes, but the layer was not detected in the seismic refraction
survey. The significance of this layer is discussed in the following subsection.

2.1.2.1, Correlation of Seismic Refraction Results with Borehole Data

Seismic refraction profiles were collected adjacent to monitoring welis and boreholes where possible, and
several additional wells and exploratory boreholes were drilled after completion of the seismic refraction
survey. Bedrock depths independently determined from saismic data are accurate in areas where

saturated alluvium is not present. However, in areas where s: alluvium is present above the bedrock

surface, predicted depths were consistently too shallow.

In the saturated alluvium, seismic waves propagate th pore waters at an approximate velocity of

was not measured, and this zone repn
detected by the seismic refraction A .fndre detailed discussion of the hidden layer effect is
ted bedrock depths do not include the intermediate velocity
from seismic refraction data were too shallow where

When the elevation of the water table is known or can be estimated, layered earth elevation profiles may be
corrected to include the thickness of saturated alluvium. The process is based on an assumed seismic
wave velocity (5,000 ft/s) through saturated alluvium, and on the assumption that the water table Is flat
along a given line. Water table elevations were derived through measurement in boreholes and wells
adjacent to seismic refraction profiles, or through an extrapolation from water table measurements in weils
or boreholes that are offset from the lines. ‘

The amount of time required for refracted waves to reach geophones was accurately measured in all
cases. However, the component of the ray-path in which the velocity of wave propagation was
approximately 5,000 ft/s (saturated alluvium) was not measured. The difference between the time it would
take a ray to reach the measured water table elevation and the time it took to reach the predicted bedrock
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surface can be measured, and for this length of time the velocity of propagation is assumed to be 5,000
ft/s. Thus, the additional depth not measured as a result of the hidden layer can be defined, and the
profiles can be corrected to include the saturated alluvial thickness. Where the depth to the water table is
greater than the interpreted bedrock depth, there is no saturated alluvium present and the original
predicted depth is correct. Table 2-5 presents the correlation of the bedrock depths logged in boreholes
with the bedrock depths estimated from the seismic refraction data. All of the elevation profiles presented
in Appendix E-2 are corrected based on water table measurements from wells and exploratory boreholes.

2.1.2.2. Location of Bedrock Channels

The seismic line locations and the interpreted axis of the bedrock channel, derived from results of the
seismic refraction survey are shown on Figure 2-13. The axis was Identified by locating the deepest
portions along each seismic profile. The center of the bedrock channet is 60 to 80 ft from the northwest
comer of the former landfill at the intersection with seismic lines 1, 2, and 3. At the intersection with line 4,
the axis of the channel is approximately 200 ft from the west boundary of the landfill. At line 5, the channel
axis is approximately 175 ft from the western landfill boundary, and the channel runs parallel to the west
fenceline to the southem boundary of the former landfill. The bedrock channel appears to spiit into two
less incised channels on the east and west sides of a wide depression between lines 6 and 7. The broad
depression In the bedrock surface persists southward to line 8. A more detailed description of the
topography of the bedrock surface, based on an integration of geophysics and borehole data, is presented
in subsection 4.1.

2.2. CONE PENETROMETER TESTS

From November 1989 through January 1990, 139 CPTs were performed at the former Lee Acres Landfill in

conjunction with the hydrocone sampling (subsection 2.3). The CPTs ranged from 3 to 54.5 ft below
ground surface and were located within and adjacent to the study area (Plate 1).

The electronic CPT is a soll property sensing technique that has been used for over 40 years In
geotechnical applications (Robertson and Campanella 1984), but has only recently been applied to
environmental studies. A detailed explanation of CPT theory and procedures is provided in Appendix F
with measured cone penetrometer profiles. Figure 2-15 is a schematic of the cone penetrometer used for
this study. For the RI, CPTs were conducted within and outside the former landfill for different purposes.
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CPTs within the landfill were used to

- help characterize the horizontal and vertical extent of buried waste within the fence
boundaries,

- determine stratigraphy,
- confirm the geophysical Interpretation,

- determine depth to and lateral boundaries of the water table in the alluvial aquifer
system,

- determine if perched water tables exist, and

help determine locations for boreholes.

At locations outside the landfill, the CPTs were used to

- characterize the properties of unconsolidated.ali
Behavior Type Chart (Figure 2-16),

and colluvium using the Soll

- determine stratigraphy,

(subsection 2.1), an air photo
trench excavation and descrif tion 2.5). Surface geophysical data collected in the former
landfil resulted in a map of waste ariamalies (Figure 2-7). CPT locations were then chosen to confirm the
geophysical interpretation as shown in Figure 2-12 and to establish depths to the bottom of solid waste. As
the CPT data from the former landfill did not allow the exact identification of subsurface materiais, borehole
sampling was necessary to describe chemical and physical characteristics of the solid waste.

In addition to geophysics, an air photo study (Appendix B) was used to map areas of former sotid waste
burial and trench activity (Figures 1-3, 14, and 1-5). CPT locations were also chosen to confirm burial
trench locations identified from the air photo study. CPTs were conducted at the former Lee Acres Landfil
on a grid of approximate 200-ft centers in areas identified from the geophysical data (Figure 2-12). The
data obtained from inside the landfill boundary were evaluated as they were collected and, if needed.
additional testing points using 100-ft centers (inside the landfill boundary) were added. CPTs were not
performed for locations at or near bedrock outcrops, near fencelines, or where the ground surface was 0o
steep for the CPT rig to operate safely.
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2.2.2. Data Analysis

As described in Appendix F, the CPT data are automatically logged by a computer that can then generate
profifes showing lithology versus depth. The data logged were continuous readings of tip and friction
resistance in kilograms per square centimeter (kg/cm?), and conductivity in micromhos per meter
(kmhos/m) versus depth. Computer-generated lithologic descriptions of the CPT profiles are an
approximation. A typical 40-ft profile might identify as many as 50 to 60 "lithologic intervals." In order to
develop a more usable format for the profiles, the data were analyzed using a computer  program
developed by a private consuitant. This program allows the handpicking of intervals by grouping similar
intervals on the profile into one interval. The refined profile typically contained 5 to 10 lithologic intervals for
a depth of 40 ft. This data compilation made the profiles more manageable, the multi-profile comparisons
more valuable, and comparisons to adjacent borehole logs more meaningful. Refined CPT profiles are
given in Appendix F. [n addition to providing lithologic information, the depth to groundwater was
determined by examining conductivity (smhos/m) versus depth profiles. The conductivity recorded on the
CPT profile shows a background increase to over 30 amhos/m when the cone encountered the saturated
zone. Direct field testing helped substantiate this relationship. A water level obtained from the conductivity
reading of a CPT adjacent to an existing well was usually within 1 ft of the static water level in that well.
This relationship was used for hydrocone groundwater sampling by generating a conductivity plot to
determine if the alluvial aquifer was present. CPT conductivity data were also used to determine the depth
at which the hydrocone screen should be set to collect a water sample. The conductivity profile also
indicated, at some CPT locations, the presence of conductive solid waste. Material with high tip resistance
and low friction resistance Is interpreted as sand on Robertson and Campanella’s Soil Behavior Type Chart
(Figure 2-16). Commonly, spikes occurred on the conductivity plot within these sand intervals when
conductive (metal) debris was encountered. Further analysis and integration of CPT data will be presented
in subsection 5.4, where the profiles are used to help determine the boundaries and volume of buried solid
waste in the former landfill. Also presented in subsection 5.4 is a general characterization of the subsurface
conditions in thé study area. CPTs were primarily conducted to provide a preliminary picture of subsurface
conditions at the former Lee Acres Landfill that could be used to design a groundwater monitoring well
network and other data cdlectlon activities.

2.3. HYDROCONE GROUNDWATER SAMPLING

From December 1989 through January 1990, the hydrocone groundwater sampler was used to collect
samples at 39 locations within Lee Acres Landfill Study Area in conjunction with the CPTs. The samples
were obtained from 2 to 5 ft below the water table of the alluvial aquifer system using the CPT rig to push

the sampier.
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2.3.1. Activity Description and Technical Rationale

A hydrocone groundwater sampling device is a fast and relatively inexpensive method for geochemical
sampling of groundwater, to locate permanent monitoring wells, or to define the areal extent of
contaminant plumes. Samples are collected from a retractable hydrocone tip (similar to the CPT
apparatus) that Is pushed Into the saturated alluvium. The tip has a 1-ftdong well screen that is protected
as it Is advanced, but is exposed when the casing is pulled back approximately 1 to 2 ft toward the surface.
Hydrocone sampling can provide accurate, expeditious, and cost-efficient sampling of a large area,
especlally when water analysis is completed at an onsite mobile lab, as was done for this project. The
methodology and analytical resulits for the hydrocone sampling are provided in Appendix G.

As part of the Rl, hydrocone locations were sampled covering four geographic areas, each with a distinct
data strategy. Hydrocone sample locations are shown on F :
strategies for the following areas:

52-17. Table 2-6 presents the sampling

- within or near the unnamed arroyo upg

ent. of the Tormer Lee Acres Landfill in
study subarea 1 (for background charac ]

),

- within the unnamed arroyo south ef.the fo

indfill and north of the highway in
study subarea 3 and Site 2 (to tra '

- within the arroyo south of tt
extent of potential contamiga

- within the subdivisions east
potential dispersion of:Eéitam

he ulinamed arroyo in Site 2 (to characterize the

Nine samples were collected” ent to the unnamed arroyo upgradient of the former landfill.
Fifteen samples were collected in aid #djacent to the unnamed arroyo from the southern boundary of the
landfill to the highway (Plate 1). At 3 of the 15 locations (HP-13, HP-14, and HP-15, approximately 10 ft
apart), samples were collected at two depths: just below the water table, and approximately 5 ft below the
first sample. This was done to test the accuracy of hydrocone sampling (by checking the reproducibility of
water samples) and to determine any variations in groundwater chemistry with depth. Three samples were
collected in or near the unnamed arroyo south of the highway, and 14 samples were collected in the
subdivisions east of the arroyo.

2.3.2. Analytical and Quality Control Program

Groundwater samples were collected in two 40-mL giass vials for VOC analysis, and a 1-iter plastic bottle
for TDS, chioride, and sulfate analyses. In addition, approximately 500 mL was collected for field
measurements of temperature, pH, and conductivity.
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Most of the samples collected with the hydrocone sampler were analyzed onsite in the WESTON mobile
laboratory. The mobile laboratory was equipped to perform volatile organic analyses (VOAs) and chioride
analysis. The samples were analyzed by EPA Methods 8010 and 8020 using a Varian gas chromatograph
~ equipped with a photoionization detector (PID) and a Hall electrolytic detector (Hall). The PID was used to
determine the concentration of the aromatic volatile compounds (Method 8020), and the Hall was used to
determine the concentration of the halogenated organic compounds (Method 8010). The samples were
usually analyzed within 24 hours. The availability of analytical resuits in real-time provided the capability of
changing or adding hydrocone locations based on those results.

The analyses for TDS and sulfate were performed by WESTON's laboratory in Stockton, California. In
addition, four samples were sent to the Stockton laboratory when the mobile lab was not operational
(HP1331, HP1336, HP1431, and HP4131). These samples were analyzed for volatile organic compounds
(VOCs), chioride, TDS, and sulfate.

Quality assurance/quality control (QA/QC) samples collected in the field consisted of one duplicate and
one rinsate blank for every ten samples collected. In the mobile laboratory, daily QA/QC procedures
included a method blank, calibration blank, matrix spike, and replicate samples. In addition, surrogate
spikes were added to all samples at concentrations of 50 ug/L.

2.3.3. Results

All hydrocone sample analytical results are presented in Appendix G. The positive results for VOCs and
inorganics are summarized in Table 2-7. Chlorinated hydrocarbons were detected at six sampling
locations that fall into two geographical groups (Figure 2-17). One area Is located in the center of the .
unnamed arroyo, immediately southwest of the southwest comer of the landfill fence. The other area is
located south of U.S. 64, in the center of the arroyo, 200 ft east of the arroyo, and 400 ft west of the arroyo.
Interpretation of hydrocone geochemical data Is presented in subsection 6.5. The detection of chiorinated
hydrocarbons in hydrocone samples south of U.S. 64 in the unnamed arroyo resulted in the placement of
two additional permanent monitoring wells as part of the Rl (subsection2.7). The results at three
hydrocone sample locations (HP-23, HP-24, and HP-40) prompted the installation of BLM-65 and BLM-686.
The position of these two wells sufficiently identified the downgradient extent of any detectable
concentrations of chlorinated solvents in unnamed arroyo groundwater between U.S. 64 and the San Juan
River. The hydrocone samples with chlorinated hydrocarbons found in the unnamed arroyo adjacent to
the southwaest corner of the former landfill prompted the installation of wells BLM-59 and BLM-60 within 100
ft of HP-13. Trichloromethane was detected in 14 samples, some of which were rinsate blanks. Because 1t
was detected in the rinsate blanks, the source of the trichloromethane Is attributed to the potable water
supply used for decontamination. The other contaminants detected in the hydrocone samples were not

Lee Acres Landfill Remedial investigation Report ‘ Ri Data Collection Activities
Draft (Revision 0) February 1992 Section 2, page 16
BLMNEW2.00C '




detected in the rinsate blanks. Discussion of the potable water analysis and potential contamination in
rinsate blanks are discussed in subsection 2.4.3, the Soil Boring QA/QC requirements.

2.4. SOIL BORING PROGRAM

A total of 53 exploratory boreholes, BH-01 through BH-53, were drilled in and around the landfill area
during two periods (Plate 1). From November 1989 through March 1990, 39 boreholes were drilled, and
from April 1991 through May 1991, an additional 14 boreholes were drilled. The 1991 drilling program
included five boreholes located on Glant-Bloomfield Refinery property south of the former landfill, and nine
boreholes located within the unnamed arroyo (Plate 1).

2.4.1. Activity Description and Technical Rationale

The borehole data were used to define the alluvium and |
characteristics; provide vertical control for existi

structural, lithologic, and permeability
ndaries; and detect subsurface

contamination in the unnamed arroyo. The placeqﬁht tho boreholes was based on (1) geophysical

(2) air photo study information; (3) data gaps e:
and (4) CPT profiles.

geophysical investigation (subsection 2 ntified anomalous areas within the landfill where both solid

and liquid waste may have :Borehole locations were selected to provide information
about both the anomalous a
with respect to the anomalous
collected to describe the physical and

as the area lithology.

 areas of the landfill. Figure 2-11 shows boreholes locations

ntified by the geophysical investigation. Soil samples were
emical characteristics of the landfill subsurface materials, as well

Nine boreholes were located on Giant-Bloomfield Refinery property south of the landfill (subarea 3). Four
boreholes, BH-30 through BH-33, were drilled west of the former Giant-Bioomfieid Refinery firewater
storage ponds (Plate 1) to determine whethar subsurface contamination exists south of the landfill due to
the firewater storage ponds. Three boreholes were drilled adjacent to existing monitoring wells instalied by
the Giant-Bloomfield Refinery: BH-40 located approximately 15 ft south of GBR-48, BH-41 located
approximately 15 ft north of GBR-49, and BH-42 located approximately 15 ft north of GBR-32 (Plate 1).
These three boreholes were drilled to identify possible localized contaminant sources near these three
wells. Two boreholes (BH-43 and BH-44) were drilled in the attempt to install a monitoring well east of
BLM-70 (Plate 1); however, both boreholes were dry.
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Sixteen boreholes, BH-34 through BH-39 and BH-45 through BH-53, were drilled in two north-south lines
within the unnamed arroyo (subareas 2 and 3) (Plate 1). These boreholes were drilled and sampled to
determine whether subsurface contamination exists in the arroyo.

Discussions of the drilling, sampling, and logging methods and disposal of cuttings are presented In
Appendix H. Borehole logs are also provided in Appendix H.

2.4.2. Analytical Program

Geochemical samples were collected from 2 to 5 ft below the surface at the start of each borehole and at
subsequent 5 to 10 ft intervals, depending on the desired position of vertical characterization within the
vadose zone. Geochemical samples were collected from specific depths in the following cases: (1) where
positive readings were obtained from monitoring instruments during screening of the core, (2) where some
visual indication of soil /sediment contamination (staining, residues, waste, etc.) was recognized, and (3) at
the top of the zone of saturation of the alluvial aquifer. At each sample point, one geochemical sample
suite was collected for offsite laboratory analysis. These samples were collected immediately after the spiit
barrel was opened according to SOP 5.1, Soil and Rock Borehole Logging and Sampling (revision 2)
(WESTON 1988a). No compositing of samples was performed.

Geochemical samples collected during drilling of boreholes BH-01 through BH-39 were analyzed for VOCs
and semivolatile organic compounds, pesticides/PCBs, and metals. Soil samples were analyzed for VOCs
using EPA Methods 8010 and 8020. EPA Method 8270 was performed on soil samples to detect the
- presence of any semivolatile priority pollutants, such as base-neutral acids (BNAs). EPA Method 8080 was
performed on soil samples to detect organochioride pesticides and PCBs. Soll samples were also
analyzed for metals by the EP Toxicity method. Samples collected during drilling of boreholes BH-40
through BH-53 were analyzed for VOCs (EPA Methods 8010 and 8020), TCLP metals, chioride, and suifate.

In cases where the sample recovery was limited, the avallable sample material was selected for VOC
analysis only. All samples coilected for geochemical analysis were labeled with the borehole 1D, sample ID,
date and time collected, and analysis requested. Detalls of the soil boring analytical program are
presented in Section 6 of the SAPP (WESTON 1990d), and Section 5 of the Rl Briefing Document
(WESTON 1991). Table 2-8 provides a summary of the borehole geochemical sampling and analytical
program Including borehole ID, sample date, borehole depth, sample interval, geochemical analyses
requested, chain-of-custody ID, and laboratory analytical batch number. Table 2-8 also presents the
number of samples identified In the two work plans and the actual number of samples collected. The
geochemical analytical results are provided in Appendix i-1. Results are interpreted and summarized in
Section 5.
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For selected boreholes, geotechnical samples were also collected during drilling and were analyzed for
selected geotechnical parameters in accordance with their respective standard methods and protocols.
Analytical procedures included the following:

- grain size distribution, and hydrometer, ASTM D 422-63 (reapproved 1990),
- Atterberg limits, ASTM D 4318-84,

- dry density, ASTM D 2937-83 (reapproved 1990),

- moisture content, ASTM D 2216-90,

- triaxial permeability, EM 11110-2-1906 App. VIl, U.S. Army Corp of Engineers,
Engineers Manual, and

- percent organic carbon, ASTM D2974,

In addition, some samples were tested to determine mois ntent when the in situ moisture content

was preserved.

Geotechnical samples were collected at 5-ft intervalg at observed changes in lithology. Bedrock
geotechnical samples were collectad just below. the all im/bedrock contact, and from the archived
W of the sandstone with respect to depth,
ere selected that represented relative changes in

bedrock core. To help determine the satu

samples of sandstone from within the archived ¢

approximately 1 month after col ese samples were wrapped in aluminium foil and contained in

sealed plastic bags.

Only samples that wera coated with paraffin wax immediately upon collection were tested for moisture
content. All samples collected for geotechnical analysis were labeled with the borehole ID, depth interval,
and sample ID. The sample identification sequence included a sample-type indicator letter, the borehole
number, and the end depth of the sample interval. For example, a geotechnical sample was collected from
exploratory borehole BH-36 at a depth interval of 44.7 to 45.0 ft; the sample was designated G36450.
Select geotechnical samples collected in 1990 were submitted to Chen-Northern, Inc., in Denver, Colorado.
Geotechnical samples collected in 1991 were analyzed by WESTON's Lionville Laboratory. Table 2-9
provides a summary of the borehole gectechnical sampling and analytical program, including borehole 1D,
sample ID, sample date, borehole depth, sample interval, geotechnical analyses requested, and total

Lee Acres Landfill Remedial Investigation Report RI Data Collection Activities
Draft (Revision 0) February 1992 Section 2, page 19
BLMNEW2.00C




number of samples. Appendix J provides all geotechnical test results. Subsection 4.1 presents a
discussion of the geotechnical test resulits. .

2.4.3. R irements and Resgult

In addition to the samples collected from each borehole for laboratory analysis, the following QA/QC
samples were taken to satisfy CLP requirements and to augment laboratory QA/QC samples in
documenting and ensuring the quality of sample collection, decontamination, and analysis.

- Ons fleld duplicate for every 10 samples was analyzed for all analyses.
- One equipment rinsate sample for every 10 samples.

- One trip blank per shipment of VOCs.

The potable water supply used for decontamination and steam-cleaning of drilling equipment was also
sampled. One sample was collected on March 21, 1990, during the first drilling program. During the 1991
drilling program, a sample was collected on April 24, 1991. Table 2-10 presents a summary of the potable
water supply analytical results. Bromodichloromethane and dichioromethane were detected at 4.9 and 5.3
#g/L, respectively, in the March 1990 sample. Trichloromethane was detected in both water supply
samples at 45 and 37 xg/L

In addition to performing field QA/QC procedures, the analytical laboratory, in accordance with CLP
protocols, must comply with CLP QA/QC requirements. These requirements are not sample dependent;
they specify performance requirements on matters that should be fully under a laboratory’s control. These
specific areas include blanks, calibration standards, performance evaluation standard materials, and tuning
(EPA 1988c). These performance requirements must be met before, during, and after analysis. For
example, satisfactory instrument calibration ensures that the instrument is capable of producing acceptable
quantitative data. Initial calibration demonstrates that the instrument is capable of acceptable performance
in the beginning, and continuing calibration checks document satisfactory maintenance and adjustment of
the instrument on a day-to-day basis. Reanalysis is the result of noncompliance. Noncompliance and
corrections are reported on the case narrative of the CLP data package.

However, the use of method blanks not only confirms the acceptable performance of the analytical
instrument, but also defines the level of laboratory background contamination. A method blank is an
analytical control sample consisting of all reagents and laboratory standards that is carried through the
entire analytical procedure. No contaminants should be present in the blank(s). However, if problems with
a blank exist, all assoclated data must be carefully evaluated. This evaluation is not performed by the
laboratory, but is part of data validation procedures conducted prior to the lhterpretatlon of the analytical
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results by technical personnel. The lab blank evaluation for the Rl analytical data is performed as
described in the following paragraphs and according to “Laboratory Data Validation Functional Guidelines
for Evaluating Organics Analyses” (EPA 1988c).

During the review of the analytical results, the results of all associated blanks are also reviewed. In both the
samples and blanks, compounds attributed to lab contamination are flagged by the laboratory with a “B*
qualifier. If a compound is found in a blank, but not found in the sample, no action is taken. For samples
with compounds identified as present in the blank, the results are not considered to be a positive detection
unless the sample concentration of the compound exceeds 5 or 10 times the amount in the laboratory
blank, depending on the compound (EPA 1988b).

Five compounds are considered to be common lab contaminants: dichloromethane (methylene chloride),
acetone, toluene, 2-butanone (methy! ethyl ketone), and commeniphthalate esters. The common phthalate
esters include bis(2-ethythexyl) phthalate, di-n-butyi phthalate
in the lab blank is any of these five common lab contami

di-n-octyl phthalate. If the contaminant
Qnly sample concentrations exceeding
‘positive detections.

10 times the lab blank concentration are considered to:}

For any other compound present in the lab blank, sam goncentrations exceeding five times the lab

blank concentration are considered to be posith ons. In the instances where more than one lab

blank is associated with a given sample, t ntration was used for a conservative evaluation.

The soil analytical results presented in' pe -
the lab blank. Appendix I-2 presesntgithe |
blank concentration, the 5- or 10:ti '
be a positive detection.

iclude all compounds flagged as also being present in
ank evaluation, including the sample concentration, the lab

lation, and whether the sample concentration is considered to

2.5. TRENCH STUDY

Three trenches were excavated within the former landfill area during mid-January 1990 to help define the
location, nature, and extent of waste contained wifhin the northwest portion of the landfill, including
verification of former liquid waste lagoons suspected to contain hydrocarbon residues. The location of the
trench network was based on a review of air photos (Figure 1-5) and exploratory borehole information
(Figure 2-18).

2.5.1. Activity Desgcription and Technical Rationale

The air photo study was conducted to identify and confirm both landfill and industrial-related historical
activities that may have generated or contributed to contamination sources within the study area (see
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Appendix B). The presence of two former liquid waste lagoons within the northwest and southwest
portions of the landfill was confirmed. A secondary containment berm surrounded the northern lagoon
(Figure 1-5).

A total of 29 exploratory borehoies (BH-1 through BH-29) were drilled within the landfill area (Plate 1). The
boreholes defined the subsurface lithology and characterized the chemical and physical nature of landfill
waste. Exploratory borehole data verified that the two former liquid waste lagoons contain hydrocarbon
residues. The secondary containment berm was suspected to contain hydrocarbon residues; however, the
borehole data were unable to confirm this. The trench configuration was designed to span the area for the
secondary containment associated with the former northem liquid waste lagoon to examine the possibility
that remnant hydrocarbon residues exist, and to provide coverage in areas where borehole data are
unavailable (Figure 2-18). '

2.5.2. Trench Study Results

Stewart Brothers Drilling Co. was subcontracted to excavate the trench network under direction of
WESTON personnel. Three trenches, TR-1 through TR-3, were excavated with a backhoe (Figure 2-18).
TR-1 was excavated to 300 ft in length and 3 to 5 ft In depth along an easterly trend. TR-2 intersected the
approximate center of TR-1 and was excavated 170 ft in length and 4 to 5 ft in depth along a northeast
trend. TR-3 intersected TR-1 and TR-2 and was excavated 151 ft In length and 5 ft in depth along a north-
south trend (Figure 2-18). Due to healith and safety requirements for excavations, the trench depths were
restricted to less than 6 ft depths.

The cross-sectional area exposed along the walls of each trench revealed various types of solid waste
debris that were recorded and mapped by field personnel. Mapping information included the length,
depth, and thickness, and descriptions of layers, lenses, and capsules of solid waste debris identified within
each trench. Cross sections of TR-1, TR-2, and TR-3, illustrating the distribution of waste debris in each
trench, are shown in Figures 2-19, 2-20, and 2-21, respectively. All three trenches were backfilled with
native sediment upon completion of mapping.

The trench study confirmed the absence of hydrocarbon residues within the bermed area south of the
former northem liquid waste lagoon. No hydrocarbon residues were observed in the bermed area during
trenching activities. The bermed area appears to have been a secondary containment area that probably
never received liquid hydrocarbon wastes.

The waste debris encountered In the trenches consists of common municipal landfill materials, such as
concrete, wire, paper, plastic, wood, glass, and metal. No hydrocarbon contaminant sources were
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identified and, therefore, no sampling was conducted. The distribution and types of waste debris
encountered in the trenches are presented in Figures 2-19, 2-20, and 2-21.

2.6. LYSIMETER INSTALLATION PROGRAM

From late January to mid-February 1990, six lysimeters were installed within the former liquid waste
lagoons to create two, three-lysimeter clusters. The lysimeters were used to collect vadose zone moisture
within the landfill for chemical analysis.

2.6.1. Activity Degcription and Technical Rationale

The lysimeters were located to monitor any residual vadose zone contamination associated with the two

former liquid waste lagoons (Figure 2-18). These former lagoofi§ are the landfill features considered most

likely to contain residual contamination. The former lagoo

installed about 4 to 5 ft below ground surface. The
30 ft below ground surface, and the lower lysimeter
(Figure 2-22). Two clusters of three lysimetars
lagoons, one cluster in each lagoon. Table 2-11
including the lysimeter ID, installation date; total
lysimeter cup, and lysimeter assem :
installation and sample methodot
analytical results from the lysimek

summary of lysimeter installation information,
rth of the lysimeter, depth interval of the porous
ude a transfer vessel. Appendix K presents the
: é analytical results. Subsection 5.2.2 discusses the
ses In relation to the former liquid waste lagoons.

2.6.2. Analytical Program

Typically, the vadose zone does not contain enough soil moisture to provide sufficient sample volume for
all parameters of the analytical suite. Based on available soll moisture, samples were analyzed on a priority
basis. The prioritized analytical program is presented in Table 2-12.

VOC samples were collected first because they are generally found to be the most mobile. VOC analysis
requires a sample volume of 80 mL. inorganic compound samples were second priority because they

| provide a fingerprint of the vadose zone moisture as part of contaminant source analysis. The remaining

parameters are prioritized in order of importance to the contaminant source characterization study of the

site.

Lee Acres Landfill Remedial Investigation Report RI Data Collection Activities
Draft (Revision 0) February 1992 - Section 2, page 23
BLMNEW2.00C '




Lysimeter sampling was conducted on April 4 and 5 (early April), April 24 and 25 (late April), and May 18,
1990. In early April 1990, a total of 360 mL of water was obtained from LS-5, 55 mL from LS-6, and 85 mL
from LS-7. The 55 mL collected from LS-6 was obtained on two separate days. The total amount collected
on either day was insufficient to completely fill a 40-mL VOA vial, and no sample was submitted. Samples
for VOA EPA Methods 8010 and 8020 were submitted from LS-5 and LS-7. In late April 1990, two
lysimeters produced water. A total of 65 mL was obtained from LS-3, and 2 mL from LS-6. A sample for
VOA EPA Method 8010 was submitted only for LS-3. In May 1990, 38 mL of water was obtained from LS-5,
20 mL from LS-6, and 25 mL from LS-7. An insufficient amount of sample to fill the 40-mL vials for VOA
EPA Methods 8010 and 8020 resulted in no samples being submitted for the May 1990 sampling event.
Table 2-13 provides a summary of the lysimeter sampling and analytical program, including lysimetar |D,
sample date, sample depth, the geochemical analysis requested, chain-of-custody ID, and laboratory
analytical batch number. Analytical results of the lysimeter sampling program are presented and discussed
in subsection 5.2.2.

2.7. WELL INSTALLATION PROGRAM

A total of 64 groundwater monitoring wells (BL.M-14 through BLM-35, BLM-37, and BLM-39 through
BLM-79) were installed within the Lee Acres Landfill Study Area (Plate 1). The purpose of installing the well
network was to collect subsurface soil samples, to define subsurface lithology, to provide vertical control
for existing landfill boundaries, to determine the depth to the top of bedrock that underiies the study area,
to determine hydraulic properties and flow gradients, and to define the extent of any groundwater
contamination migrating from the former landfill. The activity description and technical rationale for the RI
monttoring well installation program, the well compietion description, and the analytical program for soil
samples collected during well installation are presented in the following subsections. The Rl groundwater
monitoring program is presented in subsection 2.9.

2.7.1. D | ni tional

The monitoring well installation program for the former Lee Acres Landfill was performed by WESTON and
consisted of 1) a Pl, 2) an Accelerated Program, and 3) the Rl. Stewart Brothers Drilling Co. was
subcontracted by WESTON to complete the installation of 64 monitoring wells during these three stages.
The P! included the Installation of monitoring wells BLM-14 through BLM-32 from mid-October through mid-
December 1987. The Accelerated Program included the installation of monitoring wells BLM-33 through
BLM-35 and BLM-37 during January 1983. During the RI, monitoring wells BLM-39 through BLM-66 were
installed from late November 1989 through mid-March 1990, and monitoring wells BLM-67 through BLM-79
were installed from April through mid-May 1991. All project monitoring well locations are shown on Plate 1.
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The rationale for the placement of monitoring wells instalied during the Pl and the Accelerated Program are
presented in the Preliminary Investigation Report (WESTON 1989e) and the SAPP (WESTON 1990d),
respectively. Table 2-14 summarizes the objectives of well placement for these two investigations and for
the Rl. Section 6 of the SAPP (WESTON 1990d) presents the Rl wark plan for the monitoring well
installations conducted in 1990. In addition, the air photo study, geophysical surveys, boreholes,
hydrocone sampling information, and data gaps existing from previous investigations conducted by the
BLM and others were combined to promote optimum placement of the Rl monitoring well locations. The RI
Briefing Document (WESTON 1991) identifles the second stage of Rl well installation activities. A brief
description of the rationale for well placement is presented below. Table 2-14 summarizes the planned
monitoring well installation activities from Section 6 of the SAPP and Section 5 of the Rl Briefing Document
with the actual RI monitoring wells installed in the Lee Acres Landfill Study Area.

Monitoring wells were required within the Lee Acres Landfill
groundwater quality (BLM-39 and BLM-40) and monitor vement of contaminants from the former
landfill (BLM-41 through BLM-49, and BLM-59 through BA.M-64) (T ._:'.:2-14 and Plate 1). In addition, two
former liquid waste lagoons were identified withi e It (Figure 1-5) by the air photo study.
Exploratory borehole data verified that each of the two ford
have percolated downward through the vadosée :
through BLM-58 were placed in suspect

y Area to further establish background

r.lagoons contains hydrocarbon residues that
ehole logs in Appendix H). Wells BLM-53
rmef Jagoon locations (Plate 1). One alluvial well (BLM-57)

hydrocarbon residues. Two alluvial wells (BLM-56 and
the secondary containment berm. However, hydrocarbon
the drilling of these two wells located within the secondary
)  in the areas of the former liquid waste lagoons to prevent any
potentlal cross-contamination of the:ibedrock aquifer. One bedrock well (BLM-53) was installed
approximately 150 ft east-southeast and cross gradient from BLM-56 and BLM-58 to sample the bedrock
aquifer but not induce potential contaminant migration. One bedrock well (BLM-54) and one alluvial well
(BLM-55) were installed approximately 50 ft south of the southemn edge of the southern lagoon. No
evidence of contaminant migration in the form of stained solls or elevated air monitoring instrument
readings was detected In the alluvial sediments during the drilling of the well borehole for BLM-54, so
consequently, the bedrock was cored and a bedrock monitoring well was installed.

In addition, one well cluster (BLM-50, BLM-51, and BLM-52) was placed in a bedrock channel determined
by a preliminary top-of-bedrock contour map (Plate 2). Additional wells were located at data gaps
determined from previous monitoring well investigations conducted by the BLM and others.
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Hydrocone groundwater sampling data confirmed the existence of low-level contamination within the
alluvial aquifer that lies below the southern portion of the unnamed arroyo located south of U.S. 64 and
west of the San Juan County Fairgrounds (Plate 1). Alluvial weil BLM-65 was installed downgradient from
the contaminated hydrocone wellpoint. Alluvial weil BLM-66 was installed approximately 2,000 ft southwest
of BLM-65 to determine if contamination has migrated in the unnamed arroyo channel past BLM-65 to the
San Juan River.

After the Initial stage of the Rl was completed in March 1990 and the data were reviewed and analyzed, it
was determined that additional monitoring wells south of the former landfill were required. The RI Briefing
Document, issued in January 1991 (WESTON 1991), summarized the findings of the Initial stage of the RI.
Identification of an area of contamination around Giant-Bloomfield Refinery monitoring wells GBR-32, GBR-
48, and GBR-49 resulted in the need to define its southernmost extent between monitoring well GBR-49
and monitoring well GBR-17 (Plate 1). Based on the recommendations presented in the RI Briefing
Document, 13 additional monitoring wells, BLM-67 through BLM-79, were installed in April and May 1991
(Plate 1). Of the 13 additional monitoring wells, four wells, BLM-74 through BLM-77, were installed as 5-
inch-diameter wells in order to serve in the future as pumping wells if remedial action is determined to be
necessary. Bedrock wells were not installed during the second stage of the RI.

2.7.2. Well Completion

WESTON’s Southwest Operations SOPs (WESTON 1988a) were followed while performing soil sampling,
monitoring well installation, well development, chemical analyses, and data compilation. The SAPP
(WESTON 1990d) outlines the general field investigation methods and presents the Rl work plan with
respect to monitoring well installation. As stated in the SAPP, the drilling methods used were hollow-stem
auger and conventional air rotary techniques. A Falling F-10 drill rig was used to advance augers through
artificlal fill and alluvial sediments to the top of bedrock. An air rotary technique was used to core the
bedrock to the approximate well depth with the augers acting as a temporary surface casing. The drilling
fluld consisted of air misted with water, and no additives were used during rotary coring. The air supply
was filtered to remove any organic materials, and the recirculated water was contained within a tined sump.

During drilling operations, vapor concentration monitoring, decontamination of well materials and
equipment, and disposal of soil cutting were conducted as presented in the discussion of soil boring
methodologies in Appendix H. A summary of the type and quantity of vapors encountered during drilling
operations is presented in subsection 5.5.

The monitoring wells were installed in clusters, usually consisting of one shallow alluvial weil, one deep
alluvial well, and one bedrock well as described in subsection 5.3.9 of the SAPP. Figure 2-23 illustrates the
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typical well cluster design for shallow alluvial, deep alluvial, and bedrock wells. Within each cluster, the
shallow alluvial well was installed so that the upper 3 ft of the well screen extended above the water table.
The deep alluvial well was installed so that the bottom of the well screen was located flush with the
alluvium/bedrock contact. The bedrock well in each cluster was installed so that the screened interval
spanned the top of the first saturated bedrock zone. Each well cluster configuration was designed with
respect to the inferred hydrologic gradient; the deep alluvial well was located downgradient of the shallow
alluvial well, and the bedrock well was located downgradient of the deep alluvial well. This was done to
prevent grout contamination between wells during well completion.

In certain locations of the study area, the alluvium was dry and, consequently, only bedrock monitoring
wells were installed. These wells are BLM-35, BLM-53, BLM-61, BLM-63, and BLM-64 (Plate 1). in some
cases, the saturated thickness of the alluvial aquifer was less than the length of the well screen and,

Ellwhl aquifer. These wells are BLM-38,
BLM-74, BLM-76, and BLM-77.

therefore, only one shallow alluvial well was required to span
BLM-55, BLM-57, BLM-60, BLM-62, BLM-65, BLM-66, BLM

' .tely 10 ft apart. The bedrock well
lechnical samples collected at prescribed intervals
werg: gubsequently drilled and Installed using the
‘sgmpling. In cases where a bedrock monitoring

The three monitoring wells in each well cluster were I
was drilled and installed first, with geochemical and gex
as described in subsection 2.7.3. The two all
hollow-stem augers, without geochemical or g
cal and geotechnical samples were collected at

bed and recorded. The bedrock core was placed in core boxes,
ber, date, depth of sample Interval, property location, the words

of the deep alluvial well was visual
then labeled with the well borehole n
"Roy F. Weston," and the Initlals of the geologist logging and recording the core data. The core was
photographed prior to its delivery to the BLM Farmington Resource Area Office warehouse. Core
photographs are archived in WESTON's document control files. Lithology of the soils and bedrock is
discussed in subsection 4.1.

The monitoring wells were completed as described in subsection 5.3.9 of the SAPP. Figures 2-24 and 2-25
iilustrate the well completion used. Sixty monitoring wells, (BLM-14 through BLM-73), were compieted
using 2-inch-diameter, 316-L stainless steel, flush-threaded, blank casing and a 10-ft length of 0.010-inch
wire-wrap screen. Four monitoring wells, BLM-74 through BLM-77, were completed as 5-inch wells using
5-inch-diameter, 316-L stainless steel, flush-threaded, blank casing and a 10-ft length of 0.010-inch wire-
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wrap screen. Table 2-15 presents the monitoring well completion information for the 64 BLM monitoring
wells. Well logs are presented in Appendix L.

Once the grout seal had set for a minimum of 24 hours, newly installed wells were developed to remove
natural aquifer fines and drill cuttings from the well screen and sand pack. Well development was
performed as described in subsection 5.3.10 of the SAPP and according to SOP 4.4. Conductivity and pH
readings were recorded throughout the development process. Stabilization of these measurement
readings was used as an additional indication that development was complete. Once the development
process was complete, water level measurements were taken in each new well (subsection 5.3.11 of the
SAPP).

2.7.3. Analytical Program

The analytical program for soil samples collected during monitoring well installation consisted of two types
of analyses: geochemical and geotechnical. During the drilling of all bedrock and sbme deep alluvial well
boreholes, soil samples were collected for geochemical analysis. However, the frequency of sample
collection for geochemical analysis varied during the RI. For the Initial stage of the Rl, in accordance with
Section 6 of the SAPP, sémples from monitoring wells BLM-39 through BLM-66 were collected from 2 to 5
ft below the surface at the start of each borehole and at subsequent 5- to 10-ft intervals within alluvial
sediments, depending on the desired precision of vertical characterization within the vadose zone.
Additional geochemical samples were collected from specific depths in the following cases: 1) where
positive readings were obtained from monitoring instruments during screening of the core; 2) where some
visual indication of soil contamination (staining, residues, or waste) was recognized; and 3) at the top of the
zone of saturation of the alluvial aquifer.

For the second stage of the Rl conducted in 1991, in accordance with the Rl Briefing Document (WESTON
1991), samples from monitoring wells BLM-67 through BLM-77 were collected only at the top of the zone of
saturation of the alluvial aquifer. Soil samples were not collected from BLM-78 and BLM-79 as they are the
shallow alluvial wells adjacent to BLM-67 and BLM-75, respectively.

The analytical program for soil samples collected from the well boreholes used the standard analytical
procedures established by the EPA SW-846 (EPA 1986b) and the EPA CLP. Samples were labeled,
packaged and shipped according to SOPs 1.3 and 1.5. Table 2-16 provides a summary of geochemical
sample information, including well II_J. sample date, analysis requested, laboratory analytical batch number,
and chain-of-custody ID.
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For the initial stage of the RI (monitoring wells BLM-39 through BLM-66), soil samples were analyzed for
VOCs (EPA Methods 8010 and 8020), semivolatie organic compounds (EPA Method 8270),
pesticides/PCBs (EPA Method 8080), and metals (EP Toxicity). In cases where the sample recovery was
limited, the available sample material was selected for VOC analysis only. WESTON's laboratory in
Stockton, Callfomla.' performed the analyses. For the second stage of the Rl (BLM-67 through BLM-79),
soil samples were analyzed for VOCs (EPA Methods 8010 and 8020), metals (TCLP), chioride and suifate.
WESTON's laboratory in Lionville, Pennsytvania performed the 1991 analyses. Soil sample analytical
results above detection are provided in Appendix I-1. Data interpretation is presented in Section 5.

Geotechnical samples were also collected during drilling. Thirteen geotechnical samples were collected
from six wells, BLM-50, BLM-51, BLM-61, BLM-68, BLM-71, and BLM-76. These samples were subjected to
tests to determine grain size distribution, in situ density, saturated permeability, and percent organic
carbon. Sampling and test methods for the geotechnical '
Appendix J.

les are presented in subsection 2.4 and

2.7.4. Requirement Result

The QA/QC requirements for the soil sample ‘the drilling of the monitoring wells are the
ion:2.4.3. Field QA/QC requirements inciude one

same requirements for soll borings presented in &
; r every ten samples collected, and a set of trip

duplicate sample and one equipment d.sam
blanks for each shipment of VOC samgiés

The analytical laboratories used:forthi
requirements are summarized

xhemical analyses follow CLP protocol. The CLP QA/QC
' 2'.'4.3. The evaluation of the monitoring well soil analytical
fiin was performed as described in subsection 2.4.3. Appendix |-
t for the nondetections. Included with the results are those
compounds identified as present in the laboratory blank. Appendix |-2 presents the lab blank evaluation.

results for possible laboratory co
1 presents all analytical resuits, ex

2.8. HYDROGEOLOGIC INVESTIGATION

To analyze data relating to the distribution and movement of contaminants in the subsurface, or to predict
future aquifer conditions at the former Lee Acres Landfill, it is necessary to obtain a working knowledge of
the local hydrogeology. A working knowledge is generally defined as knowledge of the physical properties
and three-dimensional characteristics of water-bearing geologic units; the locations of recharge and
discharge zones; the piezometric surfaces for each hydrogeologic unit; seasonal or long-term fluctuations
in water levels; groundwater velocity and flow properties; and aquifer characteristics. The culmination of
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these items is an assessment of the ability of aquifer systems at the Lee Acres Landfill Study Area to
transmit and store water.

Subsection 4.2 presents the overall hydrogeologic characterization of the Lee Acres Landfill Study Area by
integrating and comparing a number of data sets. This section outlines Rl data and past data sets,
activities, and strategies that are used to present the hydrogeologic characterization. Presented below is a
discussion of the data and strategy used to evaluate various hydrogeologic properties at the Lee Acres
Landfill Study Area.

2.8.1. Groundwater Occurrence

Groundwater occurrence at the Lee Acres Landfil Study Area Is generally defined by two aquifers, the
uppermost alluvial aquifer in the unnamed arroyo and the lower bedrock aquifer. The unconfined alluvial
aquifer system is found in the unnamed arroyo and Is bounded by bedrock on both sides of the arroyo
channel. The bedrock aquifer consists of a poorly sorted gray sandstone that is partially confined below
the arroyo alluvium by a discontinuous shale unit. Depth from ground surface to the water table In the
alluvial aquifer varies from approximatety 30 to 40 ft. Depth from ground surface to the bedrock aquifer
plezometric surface varies from approximately 25 to 40 ft.

The primary data set that helps define the lateral and vertical extent of groundwater at the study area
consists of water level elevation data collected from the groundwater monitoring well network during
sampling events. The most recent events are the most valuable because they include wells drilled during
the latest phases of drilling completed in May 1991. CPTs performed during December 1989 and January
1990 afiowed the delineation of areas where alluvial groundwater does and does not occur, and
subsequent well locations were based on CPT resuits.

The piezometric surface contour maps presented in subsection 4.2 for the alluvial and bedrock aquifers
were developed from water elevation data collected during Rl groundwater sampling events. These maps
illustrate the lateral distribution of groundwater at the Lee Acres Landfill Study Area, and represent the most
comprehensive site coverage. The cross sections presented in subsection 4.1 were developed from well
logs, borehole logs, geophysical data, and the water elevation data for the sampling event described
above. These sections illustrate the vertical distribution of groundwater at the former Lee Acres Landfill.

2.8.2. Hydrostratigraphy

Subsection 4.2 discusses hydrostratigraphic relationships found at the Lee Acres Landfill Study Area. The
discussion is based on interpretation of geologic logs and a comparison of hydrographs for selected wells
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completed In the alluvial and bedrock aquifers. Confinement of the bedrock aquifer is discontinuous. In
some locations along the unnamed arroyo, the lower bedrock aquifer is hydraulically connected to the
alluvial system, and no upward or downward hydraulic gradient is apparent. In other locations along the
arroyo, an upward gradient is observed, suggesting that the bedrock aquifer recharges the alluvial system.

Subsection 4.2 also provides an assessment of hydrostratigraphic relationships and the distribution of
upward and downward gradients within the alluvial aquifer, and between the alluvial aquifer and the
underlying bedrock aquifer. Well hydrographs, water-elevation contours, and geologic cross sections are
used to establish vertical gradients and identify areas of hydraulic connection between aquifers.

2.8.3. Groundwater Movement

Groundwater in the alluvial aquifer system is controlled by the:unnamed arroyo bedrock channel and

moves south from the former landfilt toward the San Juan River:(Plate 1). Flow in the bedrock aquifer is

Acres Landfill on Giant-Bloomfield R
transmissivity of 1,690 gallons per day per foot (gpd/ft) was used to characterize the unconfined alluvial
aquifer system (GCL 1988). WESTON conducted a series of slug tests in 11 wells in December 1987, in 6
wells in March 1990, and in 11 wells in June 1991. In subsection 4.2, these data are integrated and
compared to establish a range of hydraulic conductivity and transmissivity values that can be used to
characterize the alluvial and bedrock aquifer or to simulate future groundwater conditions at the Lee Acres
Landfill Study Area.

property in 1986 for Giant. Based on these tests, an average

Physical characteristics of subsurface materials are estimated from geotechnical test data collected from a
number of core samples during the Rl. Core sampies were retrieved from boreholes, sealed with wax, and
transported to Chen-Northern, Inc., in Denver for analysis. Subsection 4.1.7 presents a summary of grain-
size analysis, permeability, porosity, specific gravity, bulk density, and moisture content data for materials.
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2.9. GROUNDWATER MONITORING PROGRAM

Rl groundwater monitoring well locations were selected to characterize impacts from suspected
contaminant sources and to establish upgradient background groundwater quality (Plate 1). Subsection
2.7.1 and Table 2-14 present rationale for well placement. At most locations, monitoring well clusters
consisting of three wells and using 10-ft screens were constructed. Three-well clusters were constructed
where the saturated alluvial interval exceeded 8 ft in thickness. In such cases, one alluvial well was
screened so that the middie of the screen intersected the top of the alluvial water table, another alluvial well
was screened from the bedrock/alluvium contact, and the third well was screened at the top of the first
bedrock saturated zone. If the saturated alluvial thickness was less than 8 ft thick, a two-well cluster was
constructed. In this case, the alluvial well was screened over the entire saturated thickness, extending
across the water table. If the alluvium was dry, only a bedrock well was installed. Typical well construction
design for the three types of wells is presented in subsection 2.7. Monitoring wells were constructed in
clusters to enable characterization of the top and bottom of the alluvial aquifer and the bedrock aquifer.

The RI groundwater monitoring program activities and technical rationale, analytical program strategy, and
QA/QC requirements are presented in the following subsections. Appendix M presents the groundwater
monitoring program according to sampling event. Analytical resuits for the Rl groundwater monitoring
program are presented in Appendix N-1. A discussion of these results is presented in Section 6, where the
horizontal and vertical extent of groundwater contamination migrating from the former Lee Acres Landfill is
discussed.

2.9.1. Acti ion Techni tional

The RI groundwater monitoring program began in 1989 and consisted of 11 total sampling events with four
events in 1989 (February, May, September, and December) and four events in 1990 (February/March,
April, May, and August), and concluded with three events in 1991 (May, June, and July). The analytical
program strategy for the program is described in subsection 2.9.2. The wells Included In each of the
groundwater monitoring program sampling events are presented in Appendix M and are described below.

The wells sampied during 1989 included the 19 Pl wells (BLM-14 through BLM-32) and the wells installed
during the Accelerated Program (BLM-33 through BLM-35, and BLM-37). In mid-1989, Giant-Bioomfield
Refinery installed two monttoring wells south of U.S. 64 (SHS-1 and SHS-2) in response to the
contamination and petroleum product found in BLM-37. Wells SHS-1 and SHS-2 were sampled as part of
the RI groundwater monitoring program in September and December 1989.
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The wells sampled during 1990 Included the Pl wells, the Accelerated Program wells, and the newly
installed Rl wells (BLM-39 through BLM-66). Glant-Bloomfield Refinery monitoring wells GBR-48 through
GBR-50, GBR-32, and GBR-18 were also added to the RI groundwater monitoring program in 1990. Wells
GBR-48 through GBR-50, (Plate 1), were installed during 1989 by Giant-Bloomfield Refinery and were found
to have detectable concentrations of chiorinated solvents. Previous groundwater analytical results for
GBR-32, collected by Giant-Bloomfield Refinery, also indicated concentrations of chlorinated solvents.
Wells GBR-32, and GBR-48 through GBR-50 are located immediately south of the Lee Acres Landfiil fence
line, and therefore, were added to the Rl groundwater monitoring program in order to characterize the
contamination in the area south of the former landfill. GBR-18 Is a bedrock monitoring well located east of
the former firewater storage ponds (Plate 1) and was added to the groundwater monitoring program to
determine whether contamination was migrating from the ponds.

During the August 1990 sampling event, GBR-17 was added e RI groundwater monitoring program to
define the southern extent of any contaminant migration &

Glant-Bloomfleld Refinery property.

eached known contaminated wells on

The second stage of the Rl included the installation of
Sampling of the 13 new wells (BLM-67 throug |
Bloomfield Refinery wells GBR-17, GBR-32, a
June, and July 1991. The groundwater; ok
Briefing Document (WESTON 1991). . \
four times. Therefore, during 199 :
bedrock wells BLM-61, BLM-63;

lonal monitoring wells in April and May 1991.

sampled. The bedrock well BLM-47 was sampled in May
1991 for confirmation of pest % that w etected In the April 1990 sample. Alluvial wells BLM-65, and
BLM-66, located south of U.S. 64 | 1), were sampled in May 1991 to provide additional information
concerning contamination downgradient of the known plume migrating from the former Glant-Bloomfield
Refinery. Bedrock wells BLM-33 and BLM-59 were added to the groundwater monitoring program in July
1991 to determine whether contamination has impacted the bedrock aquifer.

The wells sampled for each sampling event, the geochemical analyses performed, the laboratory analytical
batch number, and the chain-of-custody ID are presented in Appendix M. Groundwater analytical results
above detection are presented in Appendix N-1, and the groundwater characterization based on these
results is presented in Section 6.

Groundwater sampling protocols are presented in subsection 5.3.12 of the SAPP. WESTON'’s SOPs were
followed for conducting all activities associated with the collection of groundwater samples from
monitoring wells. These activities include presample purging of wells (SOP 2.1); field measurements (SOP
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2.2); sampling with bailers, bladders or submersible pumps (SOPs 2.3 through 2.5); sample control and
documentation (SOP 1.3); sample containers and preservation (SOP 1.4); sample handling, packaging,
and shipping (SOP 1.5); and equipment decontamination (SOP 1.6). All sampling equipment was
decontaminated between each well, and as an additional precaution against cross contamination, well
sampling progressed from wells considered to be least contaminated to those most contaminated.

The actual sampling method varied slightly for the 1991 sampling events. A Grundfos 2-inch diameter
stainless steel submersible pump was used for sample collection. Previous sampllng'events used a
bladder pump, a Teflon bailer or a stainless steel bailer for sample collection. During the May 1991
sampling event, samples from the five GBR wells were collected by bailer. In June 1991, samples from the
five GBR wells and BLM-68 were collected by both bailer and submersible pump. In July 1991, samples
from the five GBR wells and six of the 1991 wells, BLM-68, BLM-70, BLM-73, BLM-74, BLM-76, and BLM-77,
were also collected by both baller and submersible pump. The six BLM wells were selected because, of
the new wells, they were the only ones with positive VOC resuits. Previously existing BLM wells were not
sampled by both collection methods because data from previous sampling events were sufficient to
determine the existence of contamination. Table 2-17 presents the analytical data collected during 1991 for
those wells that were sampled by both baller and submersible pump. Samples collected by bailer are
identified with a sample ID of 1111, Samples collected by submersible pump are identified with a sample
ID of 0001. In most cases, sample collection by pump resulted in a higher concentration of VOCs
compared to those samples collected by bailer. Therefore, it is concluded that the submersible pump did
not cause the organics to volatilize and this method of sample collection resulted in data that were
acceptable for comparison with previous data sets.

2.9.2. A ical Pr t

This section presents the technical objectives and regulatory strategy for selection of particular chemical-
specific analytical methods developed for the RI. Appropriate analytical strategy was chosen based on
technical data requirements, DQOs, desired detection limits, and known or suspected contaminants of
concemn. The Rl program used CLP QA/QC and analytical requirements except where substituted for
standard EPA VOC analytical methods (8010 and 8020). This substitution was made to enable lower
analytical detection limits to be attained for this group of compounds. EPA Methods 8010 and 8020 are the
recommended methods, as specified in "Test Methods for Evaluating Solid Waste (SW-846)" (EPA 1986b),
for VOC analytical testing activities under Subttle C of RCRA, and are also applicable under
CERCLA/SARA. The CLP-specified method for conducting VOC analyses Is EPA Method 8240. EPA
Method 8240 Is performed using gas chromatography/mass spectrometry (GC/MS), whereas 8010 and
8020 are GC methods. In general, the difference between GC and GC/MS analytical methods is that GC

Lee Acres Landfill Remedial Investigation Report RI Data Collection Activities
Draft (Revision 0) February 1992 Section 2, page 34
BLMNEW2.00C




methods are compound-specific and detection limits are low. In contrast, GC/MS methods screen for a
large variety of chemicals, but detection limits are higher. EPA Method 8240 has detection limits that
exceed SDWA MCLs in many cases. Based on groundwater data collected during the P!, the suspected
contaminants of concern were relatively known (WESTON 1990d). Much of past groundwater samples
collected at the study area were analyzed with GC/MS methods. This fact, and the value in obtaining lower
detection limits resulted in the decision to use GC methods for VOCs during the Rl. A more detailed
discussion on rationale for selection of GC versus GC/MS for the RI methods is presented in Section 4 of
the SAPP (WESTON 1990d).

All samples collected during the Rl were analyzed for selected parameters in accordance with the
procedures established by EPA SW-846 (EPA 1986b) and the EPA CLP. CLP protocols are designed to
provide analytical data of a known level of quality to determing, the nature and extent of contamination,

perform risk assessments, and select and design remedial, Actions. Detalls concerning data reduction,

The various analyses performed during the RI
s 8010 and 8020), BNA extractables (EPA
.8080), dissolved metals (as outlined in SW-

pendix M presents, by sampling event, the analyses

during the Accelerated Program and Rl. The RI
Or:completion of the Accelerated Program wells in the first
wells that were present in concentrations below required CLP
reporting levels for two consecutiv y sampling periods were dropped from subsequent sampling

events.

An occasional deviation from this analytical program was made when Giant-Bloomfield Refinery wells were
sampled and Giant-Bloomfield Refinery personnel were given spiit samples. This was to ensure that similar
data were obtained for both split samples. Analytical suites similar to those conducted by Giant-Bloomfield
Refinery personnel were selected. The deviations included analyzing the Giant-Bloomfield Refinery wells
for total rather than dissolved metals.

In addition to the laboratory analytical protocol described above, a set of field parameters was measured
by the monitoring well sampling crew. Parameters measured in the fleld included pH, redox potential (Eh),
specific conductance, alkalinity, and temperature.
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2.9.3. QA/QC Requirements and Results

In addition to the investigative samples collected from each well, the following samples were taken to
satisfy CLP requirements and to augment the laboratory-prepared spikes and blanks in documenting and
ensuring the quality of sample collection, decontamination, and analysis.

- One field duplicate for every 10 samples was analyzed for VOCs and select inorganic
compounds.

- One equipment rinsate sample for every 10 samples.

- One trip blank per shipment of VOCs.

Data collected during the field work are managed as presented in the project QA/QC Plan
(WESTON 1989c), Data Management/Project Management Plans (WESTON 1990a), and the SAPP for the
Lee Acres Landfil (WESTON 1990d). Data management protocols outlined in these plans, such as
document preparation, record maintenance, and documentation of field observations were followed.
Appendix O presents the QA/QC sample identification and analytical batch number for the QA/QC
samples collected during the RI.

Laboratory QA/QC requirements for groundwater analyses foliow CLP protocol and are the same
requirements presented in subsection 2.4.3 for soil analyses. The CLP QA/QC requirements specify
performance on matters that shouid be fully under a laboratory's control. Noncompliance and corrective
actions are documented on the case narrative in the CLP data package. The corrective action for
noncompliance is reanalysis; therefore, all data meet QA/QC requirements before being released by the
analytical laboratory.

Lab contamination, however, cannot be corrected. As described in subsection 2.4.3, a method blank is an
analytical control sample that is carried through the entire analytical procedure. No contaminants shouid
be present in the blanks. Howaever, lab contamination of samples Is a common occurrence and data
validation procedures were developed by EPA to correct the problem (EPA 1988c). The lab evaluation
described in subsection 2.4.3 is aiso used for the Rl groundwater analytical results. For samples with
compounds identified as present in the blank, the resuits are not considered to be a positive detection
unless the sample concentration exceeds 5 or 10 times the amount in the laboratory blank, depending on
the compound (EPA 1988c). The 10-times rule is used if the compound is one of the five common lab
contaminants (dichloromethane, acetone, toluene, 2-butanone or phthalate esters).

If the compound is not one of the common lab contaminants, the 5-times rule is used. The groundwater
analytical results are presented in Appendix N-1 and include all resuits above detection limits and those
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identified as present in the lab blank. Appendix N-2 presents the lab blank evaluation. Only 25 samples of
the 318 samples identified as being lab contaminated are considered to be positive detections.

2.10. SURFACE WATER PROGRAM

A surface water sampling program was planned for the Rl if flow in the unnamed arroyo was encountered
during Rl field activities. However, no surface water flow occurred, and no samples were collected.

In March 1990, surface water samples were obtained from the San Juan River south of the landfill at the
approximate confluence of the unnamed arroyo. These samples were analyzed for ions, TDS, isotopic
strontium, and isotopic suifur. The isotopic strontium and sulfur analyses were performed to compare with
similar analyses conducted on monitoring well groundwater samples and are described in subsection 6.6.

VOAs were not performec n the San Juan River sampies dug:to the type of upstream sources, such as

refineries.

2.11. FIRE WATER POND STUDY

Giant-Bloomfield Refinery used fire water por omg! .With OSHA requirements for fire fighting

capabilities. The two fire water ponds were ue east of monitoring well GBR-32, which is

contaminated with organic hydrocarbon

Bloomfield Refinery property
source of contamination.

valuiate whether this feature was once or is now a potential

Five soil /sediment shallow subsurface:samples were obtained from the bottom of the pond. The samples
were obtained from the four comers and the middle of the square pond. Sample locations are shown on
Figure 2-26, and sample location details are presented in Table 2-22.

Channel samples along the entire depth of the hole were obtained at each location. The VOC samples
were obtained first by forcing soll/sediment directly into the sample container. The soil/sediment in VOC
containers was firmly packed to minimize the potential for volatile loss. The remaining samples at each
location were obtained by placing equal aliquots from each depth interval Into a stainless steel bowl. This
material was then homogenized and placed into the appropriate laboratory containers.

Approximately 4 to 8 inches of very thinly bedded (1-2 mm) brown to gray clay was encountered just
beneath the surface in each of the four corners of the fire pond. Siity clay with no discernible laminations
was present in the center sample location. The laminated material is thought to represent cyclic periods of
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clay deposition in the fire pond. Beneath the laminated clay in each of the sampling locations, sandstone
bedrock was present less than 1.5 ft below the surface.

Each sample was analyzed for VOCs (EPA Methods 8010 and 8020), semivolatile organic compounds
(EPA Method 8270), organochiorine pesticides/PCBs (EPA Method 8080), EP Toxicity metals (silver,
arsenic, barium, cadmium, total chromium, mercury, lead, selenium, strontium, and tin), and inorganics
(chloride, sulfate) (Table 2-23). Analytical results are presented In Appendix | and summarized below.

Analytical results for the five fire pond sediment samples show no indication that the ponds acted as a
primary contaminant source. Samples FO01, F003, and FO04 contained relatively low levels of xylenes
ranging up to 56 ug/kg (Appendix I-1). EP toxicity results show detected levels of strontium and selenium
up to 1440 and 212 pg/L, respectively. Neither exceed former EP Toxicity characteristic levels.
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Figure 2-15. Schematic of Fugro-type cone penetrometer.
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Zone Soil Behavior Type
1 Sensitive Fine-Grained Soil
2 Organic Material
3 Clay
4 Silty Clay to Clay
5 Clayey Silt to Silty Clay
6 Sandy Silt to Clayey Silt
7 Silty Sand to Sandy Silt
8 Sand to Silty Sand
9 Sand
10 Gravelly Sand to Sand
11 Hard Fine-Grained Soil
12 Cemented Sand to Clayey Sand
Ref.: Robertson and Campanella 1982
Figure 2-16. Soil Behavior Type chart.
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Table 2-3. Conductivities of Various Materials

Material

Conductivity (mmhos/m)

Sandy soil
Loamy soil
Clayey soil
Permafrost
Alluvium and sand
Shale
Sandstone
Limestone
Dolomite
Granite
Diorite
Andesite
Gabbro
Basalt
Tuff
Schist
Slate
Gneiss
Marble
Quartzite
Pure water
Seawater
Copper
Iron

0.14 (dry) to 6.9 (wet)
0.11 (dry) to 21 (wet)
0.27 (dry to 50 (wet)

0.27 (dry to 50 {wet)

1.3 (dry) to 100 (wet)
0.5 to 50

< 0.01 to 1000

< 0.01t0 20

0.210 2.8

< 0.01t03.3

Ref: adapted from:

BLRIPD11.23 Februsry 12, 1992

Lee Acres Landfill
Draft (Revision 0)
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Table 2-5. Correlation of Borehole Bedrock Depths with Bedrock

Depths Estimated from Seismic Refraction Data

Measured Badrock Estimated Bedrock Percentage

Location Depth (ft) Depth (ft) Error
BH-30 18.6 18.0 2.7
BH-36 44.6 42.6° 4.5 |
BH-41 36 41° 13.8 |
BH-44 26.4 27.3 3.4
BH-82 445 46.6° 4.7
BH-53 49.0 49.5° 1.0
BLM-44 45.4 42° 7.4
BLM-47 48.9 5.9
BLM-75 38.3 3.8
GBR-18 10/25° 150/0°
GBR-50 35.4 1.6

2Claystone-mudstone contact at 25 ft; top
PValues adjusted based on measure,

Lee Acras Landfill
Draft (Revision 0)

BLMNEW2.00C

Remedial Investigation Report
February 1992

dstone at 10 ft {see Appendix E-2)
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Table 2-6.

Hydrocone Sample Location Rationale

Hydrocone Sample Location®

Location Rationale

Observed Trends

HP-16, -17, -18, -189, -20, -21, -01,
-02, -41

Background characterization north
of the Lee Acres Landfill boundary
(study subarea 1).

No VOCs were detected
other than trichloromethane.

HP-08, -09, -10, -13, -14, -15, -22,
-03, -04

Trace potential contamination in
unnamed arroyo south of landfill
and north of U.S. 64 (study
subarea 3).

Chlorinated hydrocarbons
were detected at locations
in the northern part of this
area.

HP-05, -06, -07, -23, -24, -40

Trace potential contamination in
unnamed arroyo north and south of
U.S. 64 (Site 2).

Chiorinated hydrocarbons
were detected at all three of
these locations.

HP-25, -26, -27, -28, -29, -30, -31,
-32, -33, -34, -35, -36, -37, -38

Trace potential contamination in
subdivisions south of U.S. 64
{Site 2).

No VOCs were detected.

*Hydrocone sample locations are shown on Figure 2-15.

VOCs: volatile organic compounds
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Table 2-10. Summary of Potable Water Supply Analytical Results®

Sample Date

Parameter March 21, 1990 April 24, 1991
Bromodichioromethane 4.9 U
Trichloromethane 45 37
Dichloromethane (methylene chloride) 5.3 V]

Notes: Analytical data presented in Appendix N-1.

Concentrations in ug/L.

3Concentrations above detection limit only.

U: value less than detection limit
BLRIPD11.210 02/12/82
Loe Acres Landfill Remedial investigation Report RI Data Collection Activities
Draft (Revision 0) February 1992 Section 2, page 87
BLMNEW2.00C



2661 ‘7Y Ammaay |12 LIOJIW A

19A9] €3S URAW IS

1313WnSA} JAMO] (|

1213WISA] JIppIw 1w

19)3wisA] 1addn :n

3lejd UO UMOYS SUONEIO0| JAIAUNSAT 310N

0661 024 ¥1 ‘€1 S9A (w) 9°6€-T°6¢ 18°6€ 06¥8L0C -5
0661 9248 ‘L S9A N 9°62-z°6¢ 662 009ezty S6¥840C 9-S1
0661 Q34 ¢ ON (N 9°G-Z°G ve'9 oog’'ezy 0058L0¢ S-S1
0661 934 | SIA 1 9°6¢€-2°G¢ v’ 9t 6vv'S SLEETY GT6LL0T v-S1
0661 uer (¢ SBA {w) 56'92-G59°9¢ GE'L2 6vv'S SLEETY 0€6LL0T €-S1
0661 ver gz ON (N 6¢S¢ 1 4 6vv'S GLEETY SE6LLOT L-S7

p8jjeisu; e1eq [9SSOA dn) snosod ejoyesog fiswy) (¢7)] an al

jejsuel | jo jeaseru) yideq 0 yideg uoneasy 1583 Yuon J010UnSAY
8281NG PUNOIY)

Asewwng J313wsA] “|L-Z d1qey

R! Data Collection Activities

Remedial Investigation Report

Loe Acres Landfill
Draft (Revision 0)

BLMNEW2.DOC

Section 2, page 88

February 1992



Table 2-12. Analytical Methods for Lysimeter Sample Analysis in Order of Priority

Required Sample

Priority Parameter EPA Method Volume {(mL)
1 VOCs 8010/80202 80
2 Inorganics 310.1, 429, 353.1, 1000
376.1, 160.1°
3 Semivolatile organic 82702 1000
compounds
4 Pesticides/PCBs 8080* 1000
5 Dissolved metals 6010 (tin, strontium), 1000

and as described in
EPA CLP Statement
of Work 7/87°

aTest Methods for Evaluating Solid Waste, EPA SW-846, (EPA 1986b).

®Handbook for Analytical Quality Control in Water and Wastewater Laboratories, (EPA 1979).
CLP : Contract Laboratory Program

EPA : U.S. Environmental Protection Agency

PCB: polychiorinated biphenyl
VOC: volatile organic compound
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Table 2-17. Comparison ot Groundwater Sample Methods

Sample Method Concentrations

Database Stainless
Monitoring Location Submarsible Steel Bailer”
Paramater Name Waell ID [o] Log Date Pump® (wg/L) (ug/L)
1,1,1-Trichioroethane GBR-48 G048 06/21/91 1.2 U (1.0
07/18/91 U (1.0} 1.3
1,1-Dichloroethane BLM-68 B068 06/19/91 5.4 4.7°
07/16/91 4.6 3.6
GBR-32 G032 06/21/91 2.8 2.7
07/18/91 3.7 4.1
GBR-48 G048 06/21/91 7.559 2.9
07/18/91 5.8¢ 5.1
1,2-trans-Dichloroethene BLM-68 B0O68 06/19/91 150 g96°
07/16/91 125 96
BLM-70 B0O70 07/186/91 11 11
BLM-73 BO73 07/17/91 1.4 1.5
BLM-74 8074 07/16/91 14 7.5
BLM-76 B0O76 07/16/91 10 10
GBR-32 G032 06/21/91 78 70
07/18/91 130 140
GBR-48 G048 06/21/91 964 81
07/18/91 196.7¢ 190
GBR-50 G050 07/18/91 U (1.0 1.2
Trichloromethane BLM-68 BO68 06/19/91 1.7 1.8
07/16/91 1.6 1.4
GBR-32 G032 07/18/91 1.6 1.8
GBR-48 G048 06/21/91 3.1¢ U (1.0}
07/18/91 2.4¢ 2.8
Dichloromethane BLM-74 B074 07/16/91 5.6 5.3
hy! hiori
(methylene chioride] BLM-76 BO76 | 07/16/91 6.7 6.4
GBR-17 G017 06/21/91 B 13 B 14
07/18/91 5.0 5.8
GBR-48 G048 06/21/81 9.6¢ U (4.0)
07/18/91 U (4.0) 15
GBR-50 G050 07/18/91 14 13
Tetrachloroethene BLM-68 B0O68 06/19/91 14 13¢
07/16/91 12 9.7
BLM-70 B0O70 07/16/91 3.1 3.3
BLM-74 8074 07/16/91 2.7 2.3
BLM-76 B0O76 07/16/91 3.4 3.3
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Table 2-17. {page 2 of 2)

2

Sample Method Concentrations
: Database _ Stainless
Monitoring Location Submersible Steel Bailer®
Paramater Name Wall ID 1D Log Date Pump® (ug/L) {(ugiL)
Tetrachloroethene GBR-32 G032 06/21/91 6.0 12
{continued) 07/18/91 10 12
GBR-48 G048 06/21/91 16.5¢ 9.6
07/18/91 13.7¢ 14
Toluene GBR-17 G017 07/18/91 1.4 1.6
Trichloroethene BLM-68 BO68 06/19/91 9.4 8.2¢
07/16/91 7.9 6.1
BLM-70 B070 1.6 1.8
BLM-74 B074 2.0 1.4
BLM-76 B0O76 1.7 1.6
GBR-32 GO3 4.3 6.9
6.5 7.3
GBR-48 14,54 7.5
11.3¢ 11
Note: Sample locations shown on Plate 1.
Groundwater analytical results presented i .
U = Value less than detection Iim ows in parentheses.

*Database sample ID = 0001 for submg
Sample IDs for duplicate samples are (502
bDatabase sample ID = 1111 for bailét sami
°Bailed sample collected 06/22/91
dAverage of duplicate samples

Lee Acres Landfill
Draft (Revision 0)
BLMNEW2.00C

February 1992

celigeted in 1991.
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Table 2-18. Volatile Organic Compounds Analyzed and

Reported by EPA Methods 8010 and 8020

Bromodichioromethane
Bromoform
Bromomethane

Carbon tetrachloride
Chlorobenzene
Chloroethene (vinyl chioride)
2-Chloroethylvinylether
Chloromethane
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
Dichlorofluoromethane
1,1-dichloroethane
1,2-dichloroethane
1,1-dichloroethene
1,2-trans-dichloroethene

1,2-dichloropropane
1,3-cis-dichloropropene
1,3-trans-dichloropropene
1,1,2,2-tetrachloroethane
Tetrachioroethene

1,1, 1-trichloroethane
1,1,2-trichlioroethane
Trichloroethane
Trichloromethane

Maethod 8010

—_—

Dichloromethane (methylene chloride)

Mathod 8020

Benzene
Chlorobenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
Ethylbenzene
Toluene

Xylene (all isomers)

EPA: U.S. Environmental Protection Agency

BLRIPD11.218 02/12/92
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Table 2-19. Semivolatile Organics (BNAs) Analyzed and Reparted

by EPA Method 8270

Semivolatile Organics

Phenol

2-Chlorophenol
1,4-Dichlorobenzene
1,2-Dichiorobenzene
bis(2-chloroisopropy!)ether
N-Nitroso-di-n-propylamine
Nitrobenzene
2-Nitrophenol

Benzoic Acid
2-4-Dichlorophenal
Naphthalene
Hexachlorobutadiene
Hexachlorocyclopentadiene
2,4,5-Trichiorophenol
2-Nitroaniline
Acenaphthylene
Acenaphthene
4-Nitrophenol
2,4-Dinitrotoluene
Diethiphthalate

Fluorene
4,6-Dinitro-2-methylphenol
4-Bromaphenyl-phenylether
Pentachlorophenol
Anthracene

Fiuoranthene

Butyl benzyl phthalate
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(a)pyrene
Dibenza(a,hlanthracene
2-Methylnaphthalene

bis{2-chioroethylether
1,3-Dichlorobenzene
Benzyi aicohol
2-Methylphenol
4-Methylphenol
Hexachloroethane
Isophorone
2,4-Dimethyiphenal

1,2,4-Trichlorobenzene
4-Chloroaniline
4-Chioro-3-methyiphenol
2,4,6-Trichiorophenol
2-Chlorgfidphthalene

n-butyl phthalate
Pyrene
3,3’-Dichlorobenzidine
bis(2-ethylhexyl) phthalate
di-n-octyl phthalate
Benzo(k)fluoranthene
Indeno(1,2,3-cd)pyrene
Benzol(g,h,ilperylene

bis(2-chloroethoxy) methane

BNA: base-neutral acid

EPA: U.S. Environmental Protection Agency

BLAIPD11.218 02/12/92
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Table 2-20. Pesticides and Polychlorinated Biphenyls Analyzed and

Reported by EPA Method 8080

Pesticides

PCBs

Alpha-BHC
Beta-BHC
Deita-BHC
Gamma-BHC (lindane)
Heptachlor

Aldrin

Heptachlor epoxide
Endosulifan |
dieldrin

4,4'-DDE

Endrin

Endosulfan i
4,4-DDT
Methoxychlor
Endrin ketone
Alpha chlordane
Gamma chlordane
Toxaphene

Aroclor-1016
Aroclor-1221
Aroclor-1232
Aroclor-1242
Aroclor-1248
Aroclor-1254
Aroclor-1260

EPA: U.S. Environmental Protection Agency

PCBs: polychiorinated biphenyls
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Table 2-21. Inorganics Analyses

Maetals Groundwater (Soluble}

General Chemical Parameters

Isotopes

Silver
Aluminum
Arsenic
Barium
Calcium
Cadmium
Cobalt
Chromium
Copper
Iron
Mercury
Potassium
Magnesium
Manganese
Sodium
Nickel
Lead
Selenium
Strontium
Tin
Vanadium
2inc

Chioride

Nitrate/nitrite

Sulfate

lodide

Sulfide

Total dissolved solids
Bicarbonate
Carbonate

Bromide

Total Kjeldahl nitrogen

Isotopic suifur
Isotopic strontium

BLRIPD11.221 February 12, 1992
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Table 2-22. Fire Water Pond Sample Location Descriptions

Sample 1D

Depth (ft}

Soil/Sediment Description

FP-SE

1.5

0.2 ft of topsoil underlain by 0.7 ft of laminated, brown

to light gray clay; underlain by weli cemented, orange
stained, sandstone.

FP-NE

1.8

0.3 ft of topsoil underlain by 0.7 ft of fissile, laminated,
dark brown clay; underlain by well cemented, orange
stained, sandstone.

FP-NW

1.5

0.2 ft of topsoil underlain by 0.3 ft of fissile, laminated,
dark brown clay; underiain by 0.6 ft orange stained,
sandy soil; underlain by 0.4 ft of light gray, well
cemented sandstone.

FP-SW

1.0

0.1 ft of topsoil underiain by 0.6 ft of laminated, fissile,
dark brown to light gray clay; underlain by Q.3 ft of
orange stained sandy soil; underlain by light gray
sandstone.

FP-C

1.0

0.2 ft of topsoil undertain by 0.3 ft of green silty clay
with orange staining; underlain by light gray sandstone
bedrock.

BLAIPD11.222 Febsuary 12, 1882
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3. ENVIRONMENTAL AND ECOLOGICAL STUDY ACTIVITIES AND RESULTS

To support the baseline risk assessment (Section 10 of this report) and the FS, several environmental and
ecological investigations were performed during the Rl. An air quality and meteorological investigation was
conducted within the Lee Acres Landfill Study Area, and a summary of the investigations and their results
are presented in subsection 3.1. Subsection 3.2 presents the land use and demographics within the study
area; subsection 3.3 presents the ecology, including threatened, endangered, and rare species; and
subsection 3.4 presents the archaeological, historical, and cultural resources found within the study area.
The latter three subsections are intended to provide an overview of the environmental information required
for the FS. Detailed analysis of the environmental impacts resulting from a remedial alternative will be
présented in the Phase Il FS to be issued after remedial action alternatives have been developed,
screened, and evaluated. |

3.1. AIR QUALITY AND METEOROLOGY

In October 1989, a monitoring program was implamentéd to characterize the air quality and the

meteorology at the former Lee Acres Landfill. The mon -program continued through May 1991. The
purpose of the air quality and meteoroiogical in tiiywas to determine the concentration of airborne

contaminants both onsite and offsite in the_ Lee A ndfil Study Area, to monitor onsite meteorology,

survey using an HNu P-101 was us _cfeen for the presence of VOCs. Soil samples identified a list of

metals that could be present in airborne particulates. A list of the potential airborne contaminants (VOCs
and metals) for which samples were analyzed is shown in Table 3-1.

Four different air sampling techniques were used to quantify and qualify the air quality at the Lee Acres
Landfill and at a background monitoring location (Figure 3-1). A survey for VOCs was conducted with an
HNu PID. Ambient air VOC samples were coliected with SUM'MA evacuated canisters. Ambient air
particulate and metals concentrations were measured using total suspended particulate (TSP) samplers
and samplers for inhalable particulates of 10 microns or less (PM 10). Finally, VOC emissions from the soil
surface were measured using flux chambers and SUMMA evacuated canisters. All measurements followed

- EPA guidelines whenever possible.

Lee Acres Landfill Remedial Investigation Report Environmental Activities and Results
Draft (Revision 0) February 1992 Section 3, page 1
BLMNEW3.00C




3.1.1. Air Quality investigation

3.1.1.1. HNu Survey

Through previous investigations, it is believed that wastes containing VOCs had been disposed of in the
former Lee Acres Landfill. Therefore, as part of the R, the landfill was surveyed using an HNu P-101 PID to
screen for the presence of VOCs. The HNu has an electric pump that puils an air sample past an ultraviolet
light source. The sample constituents are ionized proportional to their lonization potential. A relative
instrument response is produced when the ionization potential is equal to or less than the ionizing energy
supplied by the ultraviolet light source.

A 25- by 25-ft grid was established within the Lee Acres Landfill boundary for the HNu survey.
Approximately 1,300 nodes (grid intersections) were monitored for VOCs using the HNu. Readings were
taken 2 to 6 inches above the soil surface. Significant VOC concéntrations above background levels were
detected only at one node, which is identified as canister sampling location 2 (Figure 3-1). The soil at this
location was composed of a black carbonaceous material.

3.1.1.2. Ambient Air VOC Sampling

In October 1989, ambient air samples were collected in 2-iter stainless steel SUMMA canisters (EPA
Method T0-14). Six onsite canister locations were sampled: locations 1, 2, 3, 4, 5, and the meteorological
site (met site) (Figure 3-1). A stainless steel canister sample was also collected from the offsite background
monitoring location at the fire station (Figure 3-1). The seven stainless steel canister samples were
analyzed for 40 VOCs by Southwest Research Institute, San Antonio, Texas. The air canister analytical
results from Southwest Research Institute are presented in Appendix P. Results for ambient air VOC
concentrations are presented in subsection 3.1.1.4.

©3.1.1.3. Ambient Alr Particulates and Metals Sampling

While the VOC screening was being conducted, three particulate monitoring locations were installed. Two
-locations were within the landfill, one at the southern end near the meteordlogical site (met site) ahq one at
the center of the landfill (mid site) approximately 300 yards north of the met site (Figure 3-1). The third
location was established as a background iocation at the Lee Acres Fire Station, approximately .75 mile
south of the landfill (Figure 3-1). The Lee Acres Fire Station was selected as a background location
because it was representative of the air quality at the nearest community to the landfill. At each location.
two particulate samples were installed. One high-volume air sampler collected particulate matter of less
than 10 micrometers () in size (PM 10), and one collected TSP. In addition, at the beginning of the
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program, a PM 10 sampler was alternated among the three sites to collect a duplicate PM 10 sample. The
high-volume samplers collected the particulates by pulling ambient air directly through an 8-inch by 10-inch
glass fiber filter at a flow rate of 40 cubic feet per minute (cfm). in the PM 10 sampler, particles are
accelerated through muitiple circular impactor nozzles. Particles smaller than 10s are carried vertically
upward with the air flow through an impaction chamber and down through muitiple vent tubes, and are
deposited on the filter. By virtue of their greater momentum, particles larger than 10 settle in the
impaction chamber where they are subsequently removed during cleaning and maintenance. Both the PM
10 and TSP samplers operated at a flow rate of approximately 40 cfm using a mass flow controller for
approximately 24 hours. During sampling, the filters were located in the breathing zone, approximately 6 ft
above the ground surface.

The high volume samplers were operated continuously for seven.days during late October 1989 in order to

obtain a relative assessment of particulate and trace metal contaminants in the ambient air. Subsequently,

the samplers were operated for five days in November ays in December 1989, two days in
January 1990, and one day per month from January ; | Septemitier 1990. Weighing the dry filters
Jlaté collected on the filters. Dividing this weight
by the volume of air sampled provides the conce ration of  ’ iculate in the ambient air. After determining
the total weight of particulate on the filter 4

concentration of the 12 trace metals. Sub

Prior to any data manipulation, all results were checked for consistency. As part of the quality control

program, the individual TSP and PM 10 concentrations were compared for each location. The total mass
of PM 10 was compared with the total mass of TSP collected by the collocated sampler. For the samples
to be valid, the PM 10 sample must have a total mass less than or equal to the total TSP mass, because the
PM 10 sample is only a fraction of total TSP. No samples were rejected based on this criterion.
Additionally, prior to statistical analysis, the raw data were preprocessed to account for media
contamination and analytical non-detects. Metals classified as not detected in 75 percent or more of

samples after preprocessing were removed from consideration.

Media contamination was corrected using analyses of unexposed blank filters. Total amounts of each
metal for all blank filters analyzed during the study were tabulated. For each metal, the arithmetic mean
and standard deviation of the amounts found in the blanks were calculated. The blank correction was
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conservatively defined by taking the mean blank value minus two standard deviations. This correction was
then subtracted from exposed sample results before calculating concentrations. This approach
conservatively underestimates the true mean contamination level, using instead the lower 95 percent
confidence bound for the mean blank value. This assumption is conservative in that it will result in slightly
higher ambient concentrations when the lower corrections are subtracted from the measurements. This
approach was applied only to results where compounds were detected by the analysis.

Analytical non-detects result when the laboratory analysis is unable to positively identify and quantify an
analyte. Non-detects are typically reported as the lowest quantity of the analyte that can be positively
detected. The approach used for this study was to incorporate all values reported by the laboratory
(including non-detects), then apply the blank filter corrections. Subsequently, values less than or equal to
zero are classified as non-detects and one-half of the compound-specific detection limit reported by the
laboratory (less the blank correction) is used. This approach is more conservative than replacing the non-
detects with zero (a physically unrealistic approach) or excluding the data entirely.

After these preprocessing steps, a final cut was made to remove any compounds not routinely found at a
sampling location. if a compound was not detected consistently at a sampling site; statistical analyses of
the compound are not practical and are of reduced value due to the interference from non-detected values.
Therefore, any compound with more than 75 percent non-detects (i.e., found in less than 25 percent of all
samples at a location) was eliminated from consideration. A single element (nickel) was eliminated from
consideration on this basis.

3.1.1.3.2. Statistical Analysis - Metals

The goal of the statistical analysis of the metals data is to determine whether the site is a discernable
source of air contaminants. This is achieved by conducting hypothesis tests to determine whether the air
levels of metals are higher at the meteorological tower and/or at the mid site locations, when they are
compared with air levels of the same metals at the fire station (located well away from the site influence).

The first statistical test used in the analysis is the Wilcoxon test, which determines whether the median
(50th percentile) concentration at the onsite locations (taken as a single group) Is greater than the median
concentration at the offsite location. The Wilcoxon test is a robust, non-parametric test that performs a
similar function to the traditional t-test. Unlike the t-test, the Wilcoxon test is more generalized in that it
does not rely on assumptions of normally distributed data. If the Wilcoxon test indicates that there are
generally higher concentrations on the site, it must be determined whether the site and activities on the site
are the source of the increases.
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The Wilcoxon test results for all metals indicated that none of the median concentrations was higher at the
onsite locations than at the offsite location (fire station). The actual median concentrations for each metal
by group are tabulated on Table 3-2, along with whether the Wilcoxon test indicated a difference in the
medians. The median concentrations for several of the 11 metals considered were different at the 96
percent confidence level; in these cases, the median was always greater at the offsite background location
(Table 3-2). This indicates that the background site is affected by localized particulate sources (i.e,
woodburning stoves) that do not influence the onsite monitors on a routine basis. Therefore, it can be
concluded that the site or activities on the site are not a significant source of toxic metals, relative to the
ambient background levels at the fire station.

In the absence of evidence that the site is a detectable source of trace metals, all data were pooled and

analyzed to determine appropriate concentrations for use in health risk calculations. Typically, air pathway

risk assessments focus on the inhalable fraction of airborne;particulate matter (i.e., the PM 10 fraction).

Therefore, only data from PM 10 samples were conside conservative, risk assessments often
estimate exposures using the upper 96 percent confider und (i:@:'for a normally distributed variable,

the mean value plus 1.96 standard deviations) for ind ample concentrations.

Before calculating an upper bound concentrati K andlyses, the underlying assumption that the data
ental data sets are not normally distributed.

distribution. In this case, the distributity

Smirnov (K-S) test. The K-S test'is
determine whether arithmetic or geomietric means and standard deviations were most appropriate for

f-parametric test used to evaluate the data distribution and to

determining the upper bound concentrations. If the K-S test showed that the data closely followed a
standard normal distribution, the arithmetic mean and standard deviation were used. If the test indicated a
log-normal distribution, the geometric mean and standard deviation were used. If the K-S test showed that
the actual distribution was not similar to either distribution, a standard normal distribution was assumed as

a default.

The results of the K-S test are summarized on Table 3-3, along with the appropriate statistics. The second
and third column show which distribution assumption was used, based on the K-S tests for each metal.
The next columns show the appropriate mean, standard deviation, and upper bound limits. The final
column shows the maximum concentration measured for comparison with the upper 96 percent bound. If
the log-normal assumption was used, the mean, deviation, and upper bound were first calculated as
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logarithms and then transformed back (exponentiated) into the original units. Due to the nature of the
geometric mean and standard deviation, the upper 96 percent bound can be calculated by multiplying the
geometric standard deviation raised to the 1.96 power by the geometric mean. This will only approximate
the number shown in Table 3-3 due to rounding errors. The original metals data were reported in
nanograms (10°g) per cubic meter, but the resuits for Table 3-3 were calculated in picograms (10'%g) per
cubic meter. This unit change was made to offset the small magnitude of the concentrations to be used in
the statistical computations.

One general conclusion regarding the results of the K-S test is that the PM10 particulate and TSP appear
to be naturally occurring. This conclusion can be made because the data are generally log-normal or
normally distributed and do not appear to be skewed. In addition, the data are not distributed abnormaily
in response to local airborne contaminant sources.

3.1.1.4, Surface VOC Emissions

The sampling for VOCs at the former Lee Acres Landfill was divided into two techniques: 1) ambient air
and 2) soil emissions. The goal of the ambient air sampling was to determine if levels of VOCs in air at and
adjacent to the tormer landfill are higher than typical ambient VOC levels, thus posing a possible heaith
risk. The methodology for ambient air sampling is presented in subsection 3.1.1.2. However, due to the
similarity in techniques for ambient air and surface soil emission sampling, the resuits of both techniques
are discussed below.

The goal of the soil emissions sampling was to determine whether the landfill substrate is producing
emissions of toxic VOCs that may be of concern. Surface VOC emissions were monitored using a surface
isolation flux chamber (EPA Method TO-14). The isolation flux chamber collects gaseous emissions from
an isolated surface over a specified period. The flux chamber is 16 inches in diameter and 10.8 inches in
height from the soil surface to the top of its dome. The top of the chamber is clear Plexiglass, which allows
solar heating of the ground surface. Prior to sampling, inert gas is swept through the chamber at a rate of
5 liters per minute for 24 minutes to purge the chamber. During purging, the flow rate and the internal
temperature are monitored, and the air in the chamber is stirred to promote good mixing for the
subsequent collection of a representative sample. Following purging, the air and gas mixture is drawn
through an exit port into an evacuated 2-iter stainless steel canister for analysis.

In October and November 1989, five locations were sampled using a surface isolation flux chamber. These
sampling locations are shown in Figure 3-1. Three onsite locations (met site and canister sampling
locations 1 and 6) and one offsite location were sampled for surface VOC emissions. The fifth sampling

location was the HNu survey node, canister sampling location 2, where VOC concentrations significantly
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higher than background levels were detected. The offsite location was the Lee Acres Fire Station
approximately .75 mile south of the Lee Acres Landfill. In July 1990, two additional isolation flux chamber
samples were collected at canister sampling location 7 and met site (Figure 3-1). Samples were also
collected in August 1990 south of U.S. 64 at canister sampling locations 8 and 9 (Figure 3-1).

The results of the ambient air VOC sampling are presented in Table 3-4. The mean, median, and maximum
concentrations by compound are given for the nine ambient air samples collected. Most of the
compounds were rarely if ever detected, and were predominantly presented at low singlé-digit, part-per-
billion (volume) levels. There are no known ARARs for VOCs in ambient air; however, the American
Conference of Governmental Industrial Hygienists (ACGIH) has established the threshold limit value - time-
weighted average (TLV-TWA) for VOCs as the TWA concentration for a normal 8-hour workday and a 40-
hour work week to which nearly all workers may be repeatedly exposed daily without adverse effect
(ACGIH 1990). The VOC concentrations detected in the isolat
air samples were significantly below the respective TLV-TW,

n flux chamber samples and the ambient

The Lee Acres Landfill ambient air sample results ' pared with results from similar studies in
Table 3-5. The National Ambient Air VOC Database -

canister-based studies of ambient air. The results

1988d) was used to obtain information from

with the Lee Acres Landfill.

The flux chamber results are sum
mean, median, and maximum
ambient air samples are preser
source of these compounds. Neverithe levels of the emitted compounds in the ambient air are
generally higher than those collected by the flux chambers. Since emissions are diluted by atmospheric
turbulence, this relative comparison indicates that the landfill is not a major source of VOCs. Other local
sources are suggested to be more significant contributors to ambient VOC levels.

3.1.1.5. Impact of Other Sources

The former Giant-Bloomfield Refinery located south of the Lee Acres Landfill has not been in operation as a
refinery since 1982, and Is currently used as office space only. According to Giant-Bloomfield Refinery
personnel, operations at the refinery produced leaded, unleaded, and premium gasoline; number six fuel
oil; diesel fuel; and kerosene. The tanks are all empty, except for occasional bottom sediment and water.
it is doubtful that this facility is producing emissions that could impact the air quality at the sampling

locations.
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Giant-Bloomfisld Refinery personnel also indicated that the air stripper at the refinery is automated. The air
stripper extracts groundwater (50 gpm to 1,000 cfm of air) and strips VOCs, specifically benzene, toluene,
ethylbenzene, and xylene (BTEX) aromatic, from the water. The water exiting the stripper is returned to the
ground through an infiltration gallery, and the compounds stripped are released to the atmosphere. A
typical benzene concentration found in the water is <10 ppb, and meets the New Mexico groundwater
standards. No records are kept of the hours of operation or the emissions; therefore, it is not possible to
determine the air stripper's contribution of potential contaminants to the air pathway during the air quality
investigation.

in addition to the former Giant-Bloomfield Refinery, there are other refineries and industries nearby. U.S. 64
also runs through the study area and is a highly travelled road. The contribution of potential contaminants
from these sources to the air pathway during the air quality investigation was not determined.

3.1.2. Meteorological Investigation

3.1.2.1. Instrumentation

From October 1989 to May 1991, a Climatronics electronic weather station (EWS) was in operation at the
former Lee Acres Landfill to continuously monitor and record weather conditions. Meteorological sensors
were installed at the top of a 10-meter (33-foot) tower. The tower was erected away from structures that
could obstruct or influence wind flow. The tower location is identified as met site and is shown in
Figure 3-1.

The meteorological parameters monitored at the site included wind speed, wind direction, standard
deviation of wind direction, and temperature. Wind speed Is sensed by a photochopper using a solid-state
light source, and wind direction is sensed by a precision potentiometer with 540 degrees of output to
eliminate the problem of crossover. The temperature sensor uses a precision thermistor with :0.2°F
accuracy.

Sensors were oriented via a compass, siting scope, and topographic maps to ensure proper orientation. A
digital voltmeter was used to ensure that instrument output reflected the actual sensor direction. Sensor
orientation was visually checked on a monthly basis. The tower was audited three times during the
program, at which time all sensors were replaced.

All sensors were connected to a Campbell CR10 data logger that continuously monitored the output of the

meteorological system. The data logger calculated hourly averages for scaler wind speed, scaler wind
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direction, temperature, and the standard deviation (sigma theta) used in stability classification. The

meteorological data were also recorded on a chart recorder on the EWS.

The Climatronics EWS includes a method for onsite calibration during use, which was performed
approximately every 30 days. Each parameter is calibrated against a precision internal reference source.
The calibration is conducted by adjusting specific potentiometers contained on an extender board within
the recorder. The EWS is powered by two solid-state 6-volt DC batteries that permitted continuous
operation of the unit for approximately 30 days.

During the meteorological investigation, the EWS had several problems that interrupted continuous data
collection. In mid-November 1989, data were not recorded due to dead batteries. |n early December, the
meteorology station became inoperable when the tower was struck by a vehicle. A new tower was
installed on January 9, 1990, and the EWS operated until Ja' ry 23, at which time the batteries failed
again. This problem was not discovered and corrected unt I ruary 13. During approximately 14 days in

complete and the tower was dismantled. Thes

pUt in question the validity of the program.

3.1.2.2. Meteorological Results

Meteorology data for the montt BEary through May 1991 are presented in Appendix R. Figure 3-2
B data collected April 4, 1990 through May 20, 1991. The

en, although the prevailing winds are westerly. Northerly winds

presents a wind rose prepares
distribution of wind appears to be’
are generally the weakest. Winds are strongest during the afternoon hours of 2 to 5 p.m. The highest wind
speed recorded for this period was 32.1 miles per hour at 3 p.m. on March 19, 1991. The maximum
recorded temperature for this period was 99°F (June 25, 26, and 27, 1990) and the minimum recorded
temperature was - 23°F (December 24, 1990).

3.1.2.3. Climatology

The terrain at the former Lee Acres Landfill is generally dry and dusty, particularly during the summer
months. Vegetation is sparse and the soil is sandy with small rocks.
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The climate in the area is semi-arid: temperatures are moderate with extremely warm or cold weather of
short duration. On the average in the Farmington area, daily summer temperatures range from 53.5 to
92.7°F and winter temperatures range from 17.8 to 48.1°F (NOAA 1982; NOAA 1987).

Average annual precipitation in the Lee Acres Landfill area is 8.37 inches per year. Normal precipitation
ranges from a minimum of 0.28 inches in June to a maximum of 1.27 inches in August (NOAA 1982; NOAA
1987). Summer precipitation occurs mainly as short, intense thunderstorms. Snowfall generally occurs
from November through April. Evaporation for May through October averages 49 inches in Farmington,
but may be as much as 25 percent higher on the plateau due to increased winds (USDA 1977).

3.1.3. Summary

Three types of ambient air samplers were used: isolation flux chamber, stainless steel canister, and high-
volume particulate samplers. Isolation flux chamber samples were collected in October 1989, November
1989, July 1990, and August 1990. VOCs were detected in the October 1989 and November 1990 samples.
VOCs were not detected in the July 1990 sémples, although propane was identified. All VOC
concentrations are below ACGIH TLV-TWA levels for ambient air.

Seven stainless steel canister samples were collected in October 1989. VOCs were detected in the
ambient air sampies and were below ACGIH TLV-TWA levels for ambient air. '

High-volume air samples were collected monthly from October 1989 to September 1990 for trace metals
analyses and particulate concentrations. Particulate concentrations occasionally exceeded the 24-hour
National Ambient Air Quality Standards. All trace metal concentrations are below the ACGIH TLV-TWAs.
Because air quality resuits for VOCs and trace metals are consistently below ACGIH TLV-TWA levels, the air
pathway is rejected as an active contaminant migration pathway at the Lee Acres Landfill.

3.2. LAND USE AND DEMOGRAPHICS

The Lee Acres Landfill Study Area (Figure 1-1 and Plate 1) is in eastern San Juan County, New Mexico,
where much of the land is publicly owned open rangeland. Residential, commercial, and industrial
developments are concentrated in the incorporated municipalities of Aztec, Bloomfield, and Farmington,
adjacent to the transportation corridors among these towns. Land use zoning in the county is currently
limited to the incorporated areas; therefore, there are no land use plans or zoning maps of the study area
{(Kephart 1990). Figure 3-3 is a.general land use map of the study area prepared on the basis of 1988 air
photos and surface reconnaissance.
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The land in the region of the study area is used predominantly as open rangeland for wildlife and livestock.
It is also used for 1) industrial purposes by the Giant-Bloomfield Refinery, which is within the study area,
and by the El Paso Natural Gas Substation, which is north of the study area (Plate 1); 2) residential
purposes at a development south of U.S. 64 and north of the San Juan River; and 3) public recreational
purposes at the San Juan County Fairgrounds west of the study area (Plate 1). The rangeland vegetation
in the study area Is not well suited to supporting large amounts of livestock; approximately 12 acres are
required per animal-unit-month (Hansen 1990). Oil and gas wells are present in the region of the landfill. A
north-to-south trending natural gas pipeline is approximately 500 feet west of the landfill site (Figure 3-3).

Approximately eight percent of eastern San Juan County is irrigated and used for cultivated agriculture.
The closest agricultural land to the study area is along the San Juan River at the southern edge of the study
area. lrrigation water for this land is diverted from the San Juan River (Keetch 1980). The U.S. Department

of Agriculture has identified prime farmiand in San Juan Co on the basis of soil suitability for crop

growth. Five soil types in the county have been identified as:prime: farmland when the soils are adequately

rime farmland is approximately 2.5 miles

northwest of the landfill site in a Doak loam soil type ne to three percent grade. It is unlikely that

this area is irrigated and it probably cannot be armland. The next closest potential area

':.:,IVer floodplain.

. es of the former Lee Acres Landfill. The nearest
educational facility is a private school @
1 mile north of the landfill. The S
Area boundary.

ennonite community. This school is approximately

Fairgrounds are adjacent to the Lee Acres Landfill Study

Several governmental agencies, d s, and private citizens own or lease land within the study area

(Plate 2). No Indian reservations, tribal lands, or railroad land grants are within the study area.

The major vehicular transportation route in the vicinity of the former landfill is U.S. 64 (Bloomfield Highway),
which transects the study area approximately 2,250 feet south of the landfilt (Plate 1 and Figure 3-3). The
average 1988 daily (24-hour) traffic in both directions on the Bloomfield Highway within the study area was
13,182 vehicles (McQuarie 1990).

The social and economic information from the 1990 federal census is not available until 1892. Therefore,
demographic information is presented from the 1980 federal census. The “1980 Census of Population” for
New Mexico (DOC 1980) indicated that there were 81,433 people in Saﬁ Juan County. Table 3-7 contains
population estimates and projections for San Juan County from 1980 to 2010. The Bureau of Business and
Economic Research, University of New Mexico, recently projected that San Juan County has a 1990
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population of 98,000; this is expected to increase to approximately 153,000 by 2010 (UNM 1989). As
indicated by the Bureau of the Census estimates contained in Table 3-7, it is believed there has been a

decline in the county population during the past 5 years due to decreasing employment in the petroleum
industry.

Table 3-8 shows the 1980 census and the 1988 estimated population for the incorporated municipalities of
Aztec, Bloomfield, and Farmington, New Mexico. All three towns had population increases during the
1980s.

The F. L. Lee Subdivision No. 2 and the Suburban Heights Subdivision are in the Lee Acres residential area,
which is south of U.S. 64 in the southern portion of the study area. Based on a count of the residential
addresses, it is estimated that these two subdivisions contain approximately 150 single-family housing
units. The 1980 census indicates there were 3.24 residents per household in San Juan County; thus, a
population of 486 people is estimated to live in the study area (Rodriquez 1989).

3.3. ECOLOGY

The following assessment of ecological resources in the Lee Acres Landfill Study Area is based on
discussions with natural resource personnel from federal and state agencies and from the private sector,
and on a review of the pertinent literature. In addition, vegetation and wildlife species observed during
reconnaissance surveys of the area were recorded.

3.3.1. Vegetation

The native rangeland vegetation has been removed from a significant portion of the study area by
residential and industrial developments, road and highway construction, and other activities. In addition.
undeveloped portions of the study area have been impacted by overgrazing (BLM 1980b; Kinsky 1977; DO
1980). Off-road vehicle use has contributed to impacts on vegetation in the area (BLM 1980b). These
activities have caused a breakdown in the sod cover and have enhanced the growth and intrusion ol
various forbs and shrubs.

The study area is in the juniper woodlands association of the Colorado Plateau (Kuchler 1975) A
preliminary assessment of the vegetation in the study area indicates that three plant community types are
present. The first type is represented by the landfill site itself, which consists of highly disturbed land with

little vegetation. Early successional grasses and herbaceous species occur in this type.

The second type is represented by the unnamed arroyo to the west of and adjacent to the former lanct:l
This arroyo is dry most of the year, carries water only during periods of heavy precipitation, and has a hign
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rate of erosion. Plant species inhabiting the arroyo include rubber rabbitbrush (Chrysothamnus
nauseosus), black greasewood (Sarcobatus vermiculatus), and pale wolfberry (Lycium pallidum) (Kinsky

1977). Riparian species such as willow (Salix sp.) do not occur in the unnamed arroyo.

The third plant community type is represented by the juniper woodlands, which are characterized by widely
scattered juniper (Juniperus osteosperma) with shrub species such as sage brush (Artemisia sp.) and
saltbush (Atriplex sp.) interspersed throughout the juniper woodlands (Kinsky 1977; BLM 1980b). Juniper
become more common on the hills that rise to a height of a few hundred feet above the landfill. Grass
species that occur in the area are galleta (Hillaria jamesil), blue grama (Bouteloua gracilis), indian
ricegrass (Oryzopsis hymenoids), and cheat grass (Bromus tectorum).

On June 1, 1989, biologists from BLM and WESTON conducted a reconnaissance survey of the vegetation

in the area. Table 3-9 lists the plant species that were observed:growing in the area of the unnamed arroyo
located just west of the former Lee Acres Landfill. Observatigiis fevealed that the arroyo channel is sandy

and mostly devoid of vegetation. The width of the chan pproximately 50 to 100 feet. Sand

dy atbas next to the wash. In the more elevated
sh (Artemisia tridentata), rubber rabbitbrush
amnus greeni) were common (WESTON

sagebrush (Artemisia filifolia) is very common in the §
areas, four-wing saltbush (Artiplex canescens), big sa
(Chrysothamnus nauseosus) and Greene rabbitti

1989f).

As observed, the juniper woodlands w: both hilly areas and more level areas containing

scattered juniper (Juniperus oskosperma Fe juniper did not grow in dense stands, and there were no
pinon pine observed. Big sa emigfa tridentata), shadscale saltbush (Atriplex confertifolia),
prickly pear (Opuntia sp.), yut pe bitterbrush (Purshia tridentata) were the more common

shrub species observed (WESTO.

3.3.2. Wildlif

The density and diversity of wildlife species in the Lee Acres Landfill Study Area are relatively low due to the
highly disturbed nature of the area resuiting from development, grazing, and off-road vehicle use. Reptile
species that inhabit the unnamed arroyo and the juniper woodlands include the sagebrush lizard
(Sceloporus graciosus), the lesser earless lizard (Holbrookia maculata), the plateau striped whiptail
(Cnemidophorus velox), the desert shorthorned lizard (Phynosoma douglassi), and gopher snake
(Pituophis melanoleucus) (Jones 1970; Albee 1982).

Nesting bird species typical of these habitat types are the horned lark (Eremophila alpestris), the black-
throated sparrow (Amphispiza bilineata), the mourning dove (Zenaida macroura), and the rock wren
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(Salpinctes obsoletus). Birds of prey that would nest in the area include the American kestrel (Falco
sparverius), the ferruginous hawk (Buteo regalis), and the red-tailed hawk (Buteo jamaicensis). The only
gamebird species that occurs in the area is the Gambel's quail (Lophortyx gambelii) (Kinsky 1977; Albee
1982).

Small- to medium-sized mammals that may inhabit the Study Area include such species as the black-tailed
jackrabbit (Lepus californicus), the desert cottontail (Sylvilagus audubonii), the pocket mouse
(Perognathus sp.), the kangaroo rat (Dipodomys sp.), and the desert ground squirrel (Ammospermophilus
sp.). Larger mammals, such as the coyote (Canis latrans) and the badger (Taxidea taxus), also may inhabit
the study area (Kinsky 1977, Albee 1982). Regarding large game species, the pronghorn antelope
{Antilocapra americana) do not inhabit the study area; however, the muledeer (Odocoileus hemionus) may
occasionally be found within Study Area boundaries (Ramakka 1988).

Various wildlife species were observed during a walk around the former Lee Acres Landfill site by a
WESTON biologist, during surveys for federal threatened and endangered and candidate wildlife species,
and during reconnaissance surveys in the area to locate prairie dog (Cynomys gunnisonii) colonies that
could provide habitat for black-footed ferrets (Mustela nigripes). Table 3-10 is a list of the wildlife observed
in the local region (within approximately a 3-mile radius) of the Lee Acres Landfill site (WESTON 1989g,h;
1990f,g). In addition to wildlife, cattle and domestic dogs were also observed during surveys for black-
footed ferrets (Heil et al. 1990). Black-footed ferrets were not found within the study area. Subsection 3.3.4
addresses threatened, endangered, and rare species at the Lee Acres Landfill Study Area.

3.3.3. Aquatic Ecology

The San Juan River, located near the southern boundary of the Lee Acres Landfill Study Area, provides the
only aquatic habitat in the study area. The San Juan River originates in the San Juan Mountains of
southwestern Colorado. The river flows south into the Navajo Reservoir, which is on the New Mexico side
of the Calorado-New Mexico border. The Navajo Reservoir dam is approximately 30 miles upstream from
the study area. The river turns west from the Navajo Reservoir and flows through northwestern New
Mexico, a small portion of Colorado, and across southern Utah before joining the Colorado River at Lake
Powell (Platania and Young 1989).

San Juan River flow in the study area is controlled by releases from the Navajo Reservoir dam. The river
has averaged an annual flow rate of 1,190 cubic feet per second (1963 to 1985) since the closing of the
dam at the Navajo Reservoir in 1963. The average gradient of the San Juan River in the region between the
Navajo Reservoir and Farmington, New Mexico, is approximately 12 feet per mile. Riparian vegetation
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along the river primarily consists of grama (Bouteloua spp.) galleta (Hilaria spp.) grasses, cottonwood
(Populus spp.), willows (Salix spp.), and Russian olive (Eleagnus angustifolia) (Platania and Young 1989).

In October 1989, Steven P. Platania and Douglas A. Young of the University of New Mexico conducted a
fisheries survey of the San Juan River from Archuieta. approxima