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1.0 EXECUTIVE SUMMARY

The objective of Phase II of the RCRA Facility Investigation (RFI) conducted at two solid waste
management units (SWMUs]) at the Navajo Refinery (EPA ID No. NMD 048918817] located in
Artesia, New Mexico, was to expand upon the Phase I findings (submitted to the U.S.
Environmental Protection Agency in May 1991) and thereby better define the source
characteristics and the nature and extent of any contamination from the SWMUs. The two
SWMUs are Three-Mile Ditch, an unlined wastewater conveyance channel that was operated
for approximately 50 years, and a partially active evaporation pond system that covers
approximately 115 acres.

The RFI Phase II investigation included sampling and chemical analyses of sgils, soil gas,
surface water and sediments, and groundwater within and around the two SWMUs. The
investigation included 43 soil sampling points, 39 soil vapor points, and approximately 50
monitor wells (including 30 newly installed monitor wells and piezometers).

Key findings of the RFI Phase II investigation are as follows:

Three-Mile Ditch — Soils

¢ Results of the sofls investigation at the ditch generally confirmed the findings of the
RFI Phase I investigation conducted at Three-Mile Ditch, indicating the localized
presence of residual volatile and semivolatile organic compounds.

e The failure of the Toxicity Characteristic Leaching Procedure (TCLP) evaluation for
organic constituents contained in soil samples from Three-Mile Ditch to yield any
leachate concentrations that exceeded the toxicity characteristic (TC) limits
demonstrated that any organic constituents remain strongly sorbed to the soil matrix.
Further, the processes of biodegradation will additionally minimize the availability of
organic constituents to the water phase.

¢ The solils data for the ditch indicated the presence of elevated concentrations of certain
metals (arsenic, chromium, and lead). However, maximum concentrations observed for
these three metals were significantly less than the levels recorded for ditch samples
obtained during the preceding Phase I investigation, which suggests that areas within
the unit with metals concentrations elevated above health-based criteria are not
widespread, but exist as localized occurrences.

¢ TCLP evaluation of the soil samples from Three-Mile Ditch failed to yield any
exceedances for metals regulated under the TC rule, demonstrating the minimal
leaching potential for metal contamination within the unit.

Three-Mile Ditch — Groundwater

e In the vicinity of Three-Mile Ditch, no organic contaminants were observed in the
groundwater monitor wells, with the sole exception of monitor well MW-45, in the
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vicinity of the refinery process area, which yielded one detection each of carbon
disulfide and xylene. The detected levels for these two constituents were significantly
below allowable health-based levels.

» Evidence of groundwater contamination by metals in the vicinity of Three-Mile Ditch
was limited to the detection of chromium and nickel in monitor wells MW-8 and MW-9.
However, the available evidence indicates that the detection of these two constituents
resulted from the corrosion of the stainless-steel casing used in the two wells.
Groundwater samples obtained from PVC-cased monitor well MW-21, installed
intermediately between MW-8 and MW-9, did not yield analytical evidence of elevated
chromium and nickel contamination.

¢ The near-surface water zone in the vicinity of Three-Mile Ditch is too discontinuous to
provide a potentially usable water source, and the quality of the groundwater is poor
owing to excessive concentrations of total dissolved solids {TDS}. The quality of the
shallow water near the evaporation ponds is also very poor because of excessively high
salt concentrations.

e A comprehensive comparison of groundwater water-quality parameters revealed that
there are no similarities between shallow groundwater in the vicinity of Three-Mile
Ditch and nearby deep domestic wells, which indicates that the shallow and deep zones
are not hydrologically connected in the vicinity of the ditch. a

e A similar comparison between the shallow groundwater quality and current and past
wastewater quality does not identify similarities indicative of mixing of the
wastewater and shallow groundwater.

Evaporation Ponds — Pond 1 Soils

* Analytical results of the soils investigation for at Evaporation Pond 1 revealed that
residual organic constituents are associated with elevated levels of oil and grease
concentrated in the upper portion of the profile (within 3 ft or less of the soil surface).
TCLP tests performed on soil samples from Pond 1 failed to yield any TC exceedances
for organic constituents.

e Although the data suggest that localized occurrences of elevated levels of metal
constituents of concern (i.e., arsenic, chromium, and lead) may be present within the
soils of Evaporation Pond 1, the occurrence of these three constituents at levels that
exceed health-based criteria apparently are not widespread within the unit.

¢ The soil contamination profile of Evaporation Pond 1 reveals a distinct trend in which
the concentration of organic constituents diminishes abruptly with increasing depth. A
similar trend was even more developed for metal constituents. Metal concentrations
observed at all sample intervals below the 1-ft sample depth yielded values ranging
from background concentrations to only slightly elevated above background. Metal
concentration values for all samples obtained below a depth of 1 ft were significantly
below health-based criteria.

* Significant concentrations of organic and inorganic constituents were detected only at
soil depth intervals well above the shallow groundwater zone underlying the unit.
Further, TCLP evaluation of the Pond 1 soil samples did not yield leachate
concentrations in exceedance of allowable concentrations for any TC-regulated organic
or inorganic constituents. Overall, these findings demonstrate the minimal potential
for groundwater contamination resulting from the migration of constituents present
within this unit.

* Continued mechanical mixing and aeration of surface soils in Evaporation Pond 1 will
enhance the degradation of residual organic constituents and the fixation of metal
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constituents. This has been demonstrated in those areas previously subject to such
mixing.

Evaporation Ponds — Groundwater

Benzene was the only volatile constituent detected in groundwater in the vicinity of the
ponds that exceeded health-based drinking water standards. Benzene was reported in
groundwater samples obtained from several monitoring wells located immediately
south and southeast of Evaporation Pond 1 and in one monitor well immediately east
of Evaporation Pond 2. The maximum detected values were approximately four times
the federal drinking water standard for benzene.

Of the metals tested, arsenic was the only metal repeatedly detected and verified in the
groundwater in the area of the evaporation ponds. Slightly elevated levels of arsenic
(approximately three times the level of the current drinking water standard) were
detected in the groundwater immediately adjacent to the ponds.

Relatively high concentrations of target volatile constituents in the groundwater
southeast of the ponds were reported in a 1987 study using piezometers and summarized
in the RFI Phase I Report. These previous findings are strongly contradicted by the
Phase II investigation, which did not detect the presence of target volatilesorganic
constituents in the groundwater in the vicinity of one 1987 sample location. Because
the sampling and analytical methods used in the 1987 study are not identified in the
RFI Phase I Report, these suspect results cannot be substantiated.

Groundwater elevation data indicate that groundwater movement in the vicinity of the
ponds is to the southeast. An aquifer test conducted on the shallow aquifer southeast of
the ponds indicates that the values of hydraulic conductivity and seepage velocity for
the shallow aquifer are in the range of the values reported for these properties in the
RFI Phase I Report.

A well point soil gas survey was employed to delineate the extent of hydrocarbon-
impacted shallow groundwater downgradient of the ponds. The measurement of
subsurface gas is the best method for detecting the overall presence of hydrocarbon
contamination of soil and shallow groundwater. However, the type or level of
individual constituents can not be determined using the method employed.

The results of the soil gas survey defined a hydrocarbon-impacted groundwater plume
that extends approximately 3,000 ft south-southeast of the Pond 1/Pond 2 juncture. The
well point survey data were used to define appropriate downgradient locations for the
installation of additional monitor wells in the vicinity of the ponds.

Comparison of groundwater elevations in shallow monitor wells with elevations in
monitor wells screened at lower depths in the valley-flll alluvium aquifer demonstrate
the existence of an upward vertical gradient in the vicinity of the evaporation ponds.
This observation confirms the findings of a previous U.S. Geological Survey study of
this area of the Pecos River. The presence of an upward vertical gradient greatly reduces
the potential for any shallow groundwater contaminants to migrate to deeper zones of
higher quality groundwater.

The existence of an upward vertical gradient in the vicinity of the ponds is also verified
by the presence of a natural discharge zone for the shallow aquifer located southeast of
the ponds. Such zones are typically characterized by elevated TDS values which were
observed for shallow groundwater in this area.

Further evidence confirming the existence of an upward vertical groundwater gradient
is provided by the integration of groundwater modeling results with the comparative
analysis of groundwater chemistry data for various monitor wells in the vicinity of the
ponds. The results and observations obtained from these two information sources are
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reciprocally validating, providing strong evidence that the downward vertical
groundwater gradient underlying the ponds is in effect only to a limited depth.
Thereafter, upwelling of deep alluvial groundwater redirects the downward-moving
contaminated groundwater back towards the shallow aquifer zone.

¢ The shallow groundwater in the vicinity of the ponds, as well as the water of the Pecos
River, is naturally high in TDS. The salty nature of the groundwater renders it unusable
for domestic, agricultural, or industrial purposes. As a result, there are no potential
environmental receptors for any hydrocarbon-impacted groundwater that may exist
downgradient of the ponds.

The results of groundwater sampling and analysis in the vicinity of the evaporation ponds
indicate that the groundwater of the shallow aquifer has not been excessively impacted by
refinery activity. The southeastern and upward flow directions in the shallow aquifer should
move contamination entering the groundwater from the ponds to the southeast, away from the
better quality groundwater to the west. The prevalling upward vertical flow should also
minimize the downward migration of any possible contamination to the deeper portion of the
aquifer. Because of the lack of potential environmental receptors downgradient from the
ponds and the restriction of any contamination to the uppermost portion of the shallow
aquifer, the evaporation ponds do not currently pose a significant environmental risk to the
area and are not likely to become such in the future.

Based on the resuilts of Phase II (and Phase I) of the RFI, it can be concluded that the two-
phase investigation has adequately characterized the nature and extent of contamination and
releases from the SWMUs. The relatively low levels of organic and inorganic constituents
beneath and in proximity to the SWMUSs pose little threat to human health and the
environment, as defined by federal and state criteria. Therefore, it is recommended that no
further investigations are necessary beyond the routine monitoring of water levels and

selected constituents to characterize the nature and extent of releases from these units.
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2.0 INTRODUCTION

The following sections provide a brief introduction to the background and the scope and goals
of the investigation reported herein and the organization of the report.

2.1 BACKGROUND TO THE RCRA FACILITY INVESTIGATION

The Navajo Refinery (EPA ID No. NMD 048918817), located in Artesia, Eddy County, New
Mexico, is regulated under the Resource Conservation Recovery Act (RCRA), as amended by the
Hazardous and Solid Waste Amendments of 1984 (HSWA). As the first step in implementing the
RCRA Corrective Action Plan at the facility, the U.S. Environmental Protection Agency (EPA)
conducted a Preliminary Review (PR} of 15 solid waste management units (SWMUSs) at the
process and other areas of the refinery. Based on the PR and additional information, the EPA
determined that the second step of Corrective Action, a RCRA Facility Investigation {RFI), was
necessary for some of the SWMUs.

The purpose of the RFI was to determine whether releases of hazardous waste or
constituents had occurred from the SWMUs identified in the facility's permit and to determine
the nature and extent of any release found to have occurred. The RFI was conducted in two
phases based on workplans submitted to and approved by the EPA for Three-Mile Ditch, which
also addressed Eagle Creek, and the evaporation ponds (Figure 1). Three-Mile Ditch is a 3-mile-
long ditch (approximately 20,000 linear ft) that was used from the 1930s to 1987 to convey
wastewater from the refinery to E,\ral;oration Pond 1. Although the bermed ditch
approximately parallels the natural drainage path of Eagle Creek, it is not in the creek and its
base is approximately 5 to 10 ft above the creek bed. Evaporation Pond 1, which is out of
service, reportedly contains approximately 60,000 tons of waste material. Evaporation Ponds
2 and 3 — which are essentially a single pond because the dikes separating the two ponds have
been breached — receive approximately 650,000 gallons of wastewater per day from the
refinery wastewater treatment plant via a 20,000-linear-ft enclosed pipeline. The buried high-
density polyethylene pipe replaced the previously described open, earthen ditch in 1987.

Several reports that have been generated since the beginning of the RFI program at the
refinery serve as background documents to this Phase II effort, as follows:

¢ RFI Phase I Report, sections 5.0 through 7.0 (final submittal) — December 1990

¢ RFI Phase I Report (second submittal) — October 1990
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Figure 1.

Location map, Navajo Refinery, RFI, Phase IL
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RFI Phase II Work Plan {second submittal) — December 1990

RFI Phase I Work Plan (final submittal) — May 1991

RFI Phase Il Workplan (revised) — June 1992
Although summaries of the historical information used in this report are presented herein,

the reader is also referred to these earlier reports for additional information.

22 SCOPE AND GOALS OF THE RFI

The scope of the RFI is based on the EPA-approved RFI Phase I and Phase Il Workplans, the
requirements of which are outlined in Section C (Corrective Action for Continuing Releases)
and in Section F (Scope of Work for a RCRA Facility Investigation at Navajo Refinery) of the
permit issued to the facility on 25 March 1988. The annual soil monitoring plan for the Truck
Bypass Landfarm, which is presented in Appendix A of the 1992 RFI Phase Il Workplan, was
performed and reported in a separate submission from this report.

The primary goals of the RFI at the Navajo Refinery are to characterize the facility's
environmental setting and potential receptors, characterize the sources of contamination, and
define the degree and extent of contamination. To achieve these goals, a series of tasks, as
outlined in the workplans, was completed. The RFI Phase II tasks at the Three-Mile Ditch and
the evaporation ponds included the collection and analysis of samples from various media,
complilation and evaluation of existing and newly acquired data, and preparation of this RFI
Phase II Report. The RFI Phase II Report is designed to fulfill meeting these goals and also
serves as the basis for the determination of the need for a Corrective Measures Study (CMS)
within the RCRA Corrective Action Plan.

23 ORGANIZATION OF THE RFI REPORT

This report for Phase II of the RFI is organized into 11 sections and supporting appendices. The
remainder of this section outlines the ofgamzation of the RFI Phase II Report. Section 3.0
describes the environmental setting at the facility, including the identification of potential
receptors. Section 4.0 provides a synopsis of the history of the Navajo Refinery and the current
status of the SWMUs, including the waste characteristics. Section 5.0 is a review of the Phase I
investigation at Three-Mile Ditch, and the methods and results for the Phase II investigation
at Three-Mile Ditch are presented in Section 6.0. Section 7.0 is a review of the Phase I
investigation at the evaporation ponds, and the methods and results for the Phase II
investigation at the ponds are presented in Section 8.0. The RFI results are discussed in Section
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9.0, and recommendations based on the results are subsequently presented in Section 10.0. The
cited referchcw are collected in Section 11.0. Acronyms and abbreviations used in this report
are listed in Appendix A. The pertinent data from the RFI Phase I Report are presented in
Appendix B. Appendix C includes the Evaporation Pond trench description logs. Appendix D
includes the monitor well and piezometer boring logs, and Appendix E includes the aquifer test
data and graphs. The laboratory analytical data from Phase II of the RFI are presented in
Appendix F. A report of the Phase II split sample analyses is in Appendix G.
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3.0 ENVIRONMENTAL SETTING

The environmental setting for the refinery, which was described initially in the PR, was
supplemented and verified during the RFI program, as described in the following sections.

3.1 CLIMATOLOGY

The Artesia, New Mexico, area has a semiarid continental climate, characterized by hot
summers and mild winters (USDA-SCS, 1971). Measurable rainfall occurs approximately 42
days per year and annual snowfall averages 3 to 8 in. to yield an average annual precipitation
of 10 to 14 in., with nearly 80% falling from May through October. Lake evaporatjpn in the
Eddy County area is 66-72 in. /year, of which two-thirds also takes place from May through
October. Thus, the net loss between precipitation and evaporation ranges from 52 to. 62
in./year. Minimum temperatures are typically 44.0° to 49.0°F, but can fall below O°F in winter;
maximum temperatures can exceed 100°F on summer days. The frost-free season is April to
October (NOAA, 1982).

32 TOPOGRAPHY AND SURFACE WATER

The Navajo Refinery facility on the east side of Artesia is located in the eastern plains of New
Mexico in the broad Pecos River Valley. The average elevation of the city of Artesia is 3,380 ft
above mean sea level (MSL). The plain on which Artesia lies slopes eastward at about 30 ft per
mile. Surface drainage is dominated by small ephemeral creeks and arroyos that flow
eastward to the Pecos River, located approximately 3 miles east of the facility. The wastewater
disposal system, which formerly included Three-Mile Ditch and currently comprises the
pipeline to the evaporation ponds, also drains by gravity eastward of the refinery process area.
Natural surface drainage at the facility is to the north and east. The major drainage in the
immediate area of the site is Eagle Creek, an ephemeral watercourse that runs southwest to
northeast through the process area of the refinery, and then runs eastward into the Pecos
River. As it passes through the city of Artesia, Eagle Creek functions as a major stormwater
conveyance for the community as well as the outlying agricultural areas, and the creek is
periodically scoured by intense stormwater events. The storm runoff conveys non-point source

contaminants common to urban and agricultural environments.
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The elevation of Eagle Creek is 3,360 ft at its entrance to the refinery and decreases to
approximately 3,305 ft at its junction with the Pecos River. The Three-Mile Ditch between the
refinery and the evaporation ponds parallels Eagle Creek on its south side at an elevation
approximately 5 to 10 ft higher than the creek bed.

A large portion of the facility is within the 100-year floodplain of either Eagle Creek or the
Pecos River. However, Eagle Creek has been channelized from west of Artesia to the Pecos, and
the area of modification is being extended. In the vicinity of the refinery, the channel of Eagle
Creek has been cemented to protect developed areas during flood events. A check dam also was
constructed west of Artesia along Eagle Creek. According to the PR prepared for this facility,
once these measures are completed, they should effectively remove Artesia and the refinery
from Eagle Creek's 100-year floodplain.

Portions of Three-Mile Ditch and the evaporation ponds lie within the Pecos River
floodplain. However, the construction of flood control dams upstream of the evaporation
ponds has reduced the risk of flooding at the facility, although tributary streams can
contribute heavy flow from severe convective thunderstorms. For the 1991 water year (1
October 1990 to 30 September 1991), the mean flow measured by the U.S. Geological Survey
(USGS) at the Artesia gauge on U.S. Highway 82 was 250 cubic ft per second (cfs), but the base
flow of 2,000 cfs was exceeded on 18 July (4,060 cfs) and 16 August (2,040 cfs). The minimum
daily flow was 3.5 cfs on 30 Juné (Borland et al., 1992). The New Mexico Water Quality Control
Commission (WQCC) groundwater discharge permit issued for the evaporation ponds by the
New Mexico Oil Conservation Division requires that they be able to withstand a 100-year flood
event. Neither flood event in 1990 caused damage to the ponds, which have a required freeboard
of 2 ft.

Water quality is also measured at the Artesia gauge, which is 1 mile downstream from the
evaporation ponds (Borland et al., 1992). The chemistry of the surface water for the 1991 water
year is given in Table 1. Once-daily measurements of specific conductance for the 1991 water
year (Borland et al., 1992, p. 331) document the highly variable and relatively poor quality of
the surface water in the river. For example, for December 1990 and January 1991, the specific
conductance had mean values of 8,670 and 8,940 ps/cm and minimum values of 8,120 and
8,100 us/cm, respectively.

10
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Table 1. Pecos River water quality data from the Artesia Station, water year October 1990 to
September 1991 (Borland et al., 1992).

November September
Chemical property - 1990 March 1991 May 1991 1991

pH (s.u.) 8.6 8.3 7.9 8.2
Water temperature (°C) 1.5 8.0 19.0 24.0
Specific conductance (us/cm) 3410 10,500 3.750 7.100
Dissolved oxygen (mg/L) 13.2 " 11.3 12.0 8.8
Oxygen demand, chemical

(high level) (mg/L) 61 140 62 54
Hardness (mg/L as CaCOg3) 2,100 2,200 1,300 2,100
Total dissolved solids (mg/L) 5.630 6,620 3.200 5,040
Nitrate total/dissolved

(mg/L as N) 0.020/0.020 <0.010/<0.010 -f-= ()$020/ <0.010
Suspended sediment (mg/L) 63 2370 2560 252
33 SOILS

Soils mapped at the refinery by the U.S. Soil Conservation Service (SCS), and confirmed
during previous field investigations, are primarily of the Pima and Karro series in the vicinity
of the process area and the Amo and Harkey series at the evaporation ponds (USDA-SCS,
1971). Properties of these series are listed in Table 2 and profiles are presented in the boring
logs included in Appendix D. The frost-free season for the soils is 195 to 210 days. Extended
periods of cold weather are rare and frost action potential is slight. In general, soils in the area
do not freeze at depths greater than a few inches for more than a few days at a time.

The Pima, Karro, Arno, and Harkey soils have similar properties. Pima soils are deep,
well-drained, dark-colored, calcareous soils that occur on the floodplains of narrow
drainageways (e.g., Eagle Creek). These soils have moderate shrink-swell potential and are
subject to periodic flooding. Runoff from Pima soils is slow, permeability is moderately slow,
and the water-holding capacity is high. The effective rooting depth is greater than 5 ft, and the
water table is deeper than 5 ft.

The Karro soils are highly calcareous. Calcium carbonate typically accumulates at a depth
of about 45 in. These soils are found on level to gently sloping terrains and are susceptible to
wind erosion. Runoff is slow and water-holding capacity is high. Permeability is moderate,
and the effective rooting depth and the water table are both deeper than'5 ft.
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Table 2. Physical and chemical properties of the Pima, Karro, Arno, and Harkey series
(USDA-SCS, 1971).

Karro series Harkey
Property Pima series Loam Clay loam Amo series series
Permeabillity (in./hr) 0.2-0.8 0.8-2.5 0.8-2.5 2.5-5.0 0.8-2.5
Avallable water capacity
(in./in. of soil) 0.18-0.20 0.16-0.18 0.18-0.20 0.15-0.20 0.17-0.19
Electrical conductivity
(mmho/cm x 103 at 25°C) 0-4.0 4.0-10.0 8.0-15.0 4.0-12.0 2.0-12.0
Percent passing sleve:
No. 4 (4.7 mm) 100 100 100 100 100
No. 10 (2.0 mmy)} 100 100 100 100 100
No. 200 (0.074 mm) 85-95 60-75 70-80 90-95 60-75
pH (s.u.) 7.4-7.8 7.9-8.4
Organic carbon (%) 0.20-0.74 0.25-0.74
ASTM classification A-6 A-4 A-6 A-6, A-7 A-4
Cation exchange capacity 8.6-12.3 = 12.7-19.2
Meq/100 g)
Moisture at saturation (%) 32-38 32-28

The Arno soils are calcareous and moderately saline. Runoff and permeability are slow and
the water-holding capacity is high. Where isolated from surface water bodies, the water table is
usually below a depth of 6 ft.

The Harkey soils are strongly calcareous soils that occur on low terraces on the flood
plains of major streams. They are naturally free of salts, except in areas adjacent to Pecos
River, where the water table is at a depth of less than 5 ft part of the year. Permeability is
moderate, and the water-holding capacity is high.

34 GEOLOGY

The geology of the Pecos River Valley in the vicinity of the refinery is marked by a sequence of
Permian formations at depth overlain unconformably by Quaternary alluvium (Figures 2 and
3) (Lyford, 1973). This uppermost formation is commonly referred to as valley fill alluvium. In
the Artesia area the total thickness of the material is approximately 300 ft (Welder, 1983) with
all but the upper 50 ft water saturated. The alluvium is overlain by a thin veneer (<20 ft thick)
of terrace deposits. The Orchard Park terrace deposit in the area of the refinery is composed of
silt interbedded with poorly sorted lenses of pebbles in a silt and sand matrix. Caliche and clay
zones are common. In some areas the caliche may be composed of calcium sulfate (gypsum)

rocks instead of the more common calcium carbonate.
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Figure 2. Reglonal cross-sections A-A’ and B-B'.
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distribution only. Contains some nonproductive zones.

Artesion aquifer of the Roswell basin. Shows general
distribution only. Contains some nonproductive zones.
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Figure 3. Regional cross-section C-C'.
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The lower zones of the valley fill alluvium are composed of clay and of carbonate and
quartzose sand and gravel. Near the surface, the clays and gypsum are more common, whereas
the sand and gravel lenses are thinner and more isolated. The lower quartzose gravel zones are
commonly used for groundwater production.

The uppermost Permian formation in the Artesia area is the Seven Rivers Formation,
which outcrops east of the Pecos River. This eastward-dipping formation is eroded and buried
by the valley fill alluvium at a depth of 300 ft in the area between the river and the refinery. In
the vicinity of the refinery, the formation thins, and it disappears farther west. Where the
formation is present at depth, it consists of a sequence of evaporites, carbonates, gypsum, and
shale, with isolated sand and fractured anhydrite/gypsum lenses.

Below the Seven Rivers Formation, the Permian Queen and Grayburg Formations have
been mapped as a single unit by geologists as collectively consisting of about 700 ft of interbed-
ded gypsum, carbonates, sandstone, siltstone, claystone, and dolomite. The Permian San
Andres Formation, which lies beneath the Queen and Grayburg Formations, is cofnposed of

"limestone and dolomite containing irregular and erratic solution cavities, which range up to
several feet in diameter. The San Andres Formation is greater than 700 ft in thickness.

The Permian formations dip 1° to 3° toward the southeast, without any reported major
structural features (Lyford, 1973; Welder, 1983). The regional geology has been described in
previous reports (IT Corp., 1989) and further review is not provided in the RFI Phase II Report
unless germane to the investigation.

3.5 HYDROGEOLOGY

The principal aquifers in the Artesia area are within the San Andres Formation and the valley
fill alluvium (Welder, 1983). Within the valley fill in the vicinity of the refinery process area is
a near-surface water-bearing zone, apparently limited in vertical extent, that is shallow with
respect to the surface and also exhibits artesian properties at some monitor wells. To avoid
confusion and for consistency, the deeper carbonate aquifer is herein called the deep artesian
aquifer, whereas the water-bearing zones of the shallower, alluvial valley fill aquifer,
including those near the evaporation ponds, are referred to collectively as the valley fill
aquifer. Adjacent to the refinery, the first water-bearing zone studied during the RFI is referred

to as the near-surface zone or first saturated zone.

3.5.1 Deep Artesian Aquifer

The deep artesian aquifer is closely related to the Permian San Andres Limestone and

generally consists of one or more water-producing zones of variable permeability located in
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the upper portion of the carbonate rocks. However, in the Artesia area, the producing interval
rises stratigraphically and includes lower sections of the overlying Grayburg and Queen
Formations. Beneath the refinery, the depth to the top of the producing interval is about 670 ft
and the aquifer thickness is about 440 ft (Welder, 1983). The Seven Rivers Formation and the
other members of the Artesia group are generally considered confining beds, although some
pumpage occurs locally from fractures and secondary porosity in the lower Queen and
Grayburg members.

The deep artesian aquifer has been heavily developed for industrial, municipal, and
agricultural use. The quality of water from this aquifer ranges from 500 to more than 5,000
ppm total dissolved solids (TDS). Water is generally derived from depths ranging from 850 to
1,250 ft below ground surface. The aquifer is recharged in the Sacramento Mountains to the
west of Artesia. Extensive use of this aquifer in recent decades has lowered the piezometric
head in the aquifer to its current level of 50 to 80 ft below ground level, although extensive
rainfall in 1991 brought the water levels in some wells close to the surface. N

3.5.2 Valley Fill Aquifer

Quaternary alluvial deposits of sand, silt, clay, and gravel are the main components of the
valley fill aquifer. These sediments are about 300 ft thick in the area between the refinery and
the Pecos River. Lyford (1973) researched these deposits and described the three principal units
in the valley fill as quartzose, clay, and carbonate gravel.

The quartzose unit is considered the primary production unit in the valley fill aqhifer.
Away from the Pecos River, the unit consists of fragments of sandstone, quartzite, quartz,
chert, igneous, and carbonate rocks. The fragments range from medium grained (1/4 mm) to
pebble size (16 mm) and commonly are cemented with calcium carbonate (Lyford, 1973). By
contrast, in the vicinity of the river, the unit contains principally medium to coarse,
uncemented quartz grains.

Silt and clay deposits in the valley fill aquifer are not continuous, but occur as isolated
lenses, generally overlying the quartzose unit. Although the clay unit was not identified by
Lyford (1973) as occurring in the Artesia area, most logs of wells located immediately to the
north and east of the refinery show considerable thicknesses of clays or clay mixtures (e.g.,
"clay and gyplsuml]," "gumbo"). The thickness of these clay/gypsum mixtures ranges from 20 to
160 ft. The intervals of occurrence differ from well to well, and thin zones of sand or gravels are
interspersed in the upper 100 ft. Drillers seeking deep artesian water drill through the valley
fill zone and usually log large sections of the intervening zones as "clay and gyp." This lack of
detail makes it difficult to correlate specific zones of coarse-grained se‘diments within the silt
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and clay deposits. However, drillers wanting to complete wells in the valley fill tend to be more
careful in their descriptions and are more likely to record small-scale changes in lithology.

The carbonate-gravel unit described by Lyford (1973) blankets the other valley fill units
and forms a fairly uniform slope from the Permian rock outcrop areas on the west side of the
valley east to the Pecos River floodplain. The unit consists generally of coarse gravel along
major drainageways and of calcareous silt and thin masses of caliche in interstream areas.

Welder (1983) believed that the carbonate-gravel unit includes the Lakewood, Orchard Park,
and Blackdom terrace deposits described in detail by earlier authors and sumimarized by Kelley
(1971) in his study of the Pecos Valley. The Lakewood deposits, the lowest of the three terrace
units, essentially are the current alluvial sediments in the floodplain along the river.
Lakewood deposits consist of sandy brown stlt with lenses of gravel and some localized caliche
in higher parts. Sediments of the Orchard Park deposit are 5 to 25 ft higher than those that
make up the Lakewood terrace deposits, whereas west of Artesia, sediments of the Blackdom
terrace are 40 to 60 ft higher than the Orchard Park deposits. N '

After examination of drillers' reports, Welder {1983) reported that the valley fill wells tap
from one to five water-producing zones. Thicknesses of up to 170 ft have been reported for
water-production zones, but most are less than 20 ft. Producing zones are principally sand and
gravel separated by less permeable lenses of silt and clay. Wells in the valley fill are completed
at depths from 125 ft to deeper than 300 ft, but most in the Artesia area are between 200 and 300
ft deep. Water levels in the valley fill range from 40 to 60 ft below ground level, and the
formation yields water containing 500 to 1,500 ppm TDS. The average transmissibility of the
alluvium has been estimated at 100,000 to 150,000 and the average coefficient of storage at
about 10% (Hendrickson and Jones, 1952). ,

Recharge of the shallow valley fill aquifer is generally attributed to irrigation return flow
from pumpage in both the valley fill and the deep artesian aquifers and from infiltration from
the Pecos River. In areas of the valley where the San Andres and the valley fill aquifers are
hydraulically connected in the subsurface, water tends to flow up from the deep to the shallow
aquifer. The general direction of groundwater flow in the valley fill aquifer follows the
regional stratigraphic dip eastward toward the Pecos River, then southward subparallel to the
river. Above Artesia the river has been a gaining stream for most of the period of record
(Welder, 1983). The potentiometric surface of the shallow aquifer slopes gently east and
southeast, following regional stratigraphic dips. However, south of Artesia in the vicinity and
immediately eaét of Highway 285, heavy pumping between 1938 and 1975 reversed the
hydraulic gradient. In this area, the potentiometric surface forms a shallow trough owing to

extensive water use for frrigation.
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Adjacent to the Pecos River, the valley fill alluvium contains groundwater at a depth of 6 to
12 ft. Historically, this shallow water has not been utilized owing to its poor quality, with TDS
levels commonly in excess of 15,000 mg/L. The alluvium is predominantly silty sand, which
possibly contains lenses of higher permeability material. Groundwater flow is subparallel to
the Pecos River Valley, and is generally toward the river, although during periods of high river
flow, the hydraulic gradient may be away from the river into the alluvium. However, this

reversal has not been adequately documented.

3.5.3 Near-Surface Saturated Zone

The agricultural land at Artesia is part of the Orchard Park deposit, which forms a thin veneer
overlying older alluvium. The Orchard Park deposit is described as consisting of silt and sand,
with some thin clay lenses and pebbly beds and chalky caliche common in upper areas of the
deposit. Both the caliche and thin pebble beds were found during the drilling of ngonitor wells
and borings during this and earlier site investigations. However, thick, extensive clay zones
were also found in these deposits.

According to lithologic logs from monitor wells installed near the refinery process area, a
near-surface saturated zone overlies tﬁe main valley fill alluvium in that vicinity and
contains water of poor gquality in fractured caliche and sand and gravel lenses at depths of 15 to
30 ft. This water is under artesian pressure with static water levels 3 to 5 ft above the saturated
zones. Locally, this uppermost water zone may be connected to Eagle Creek west of the refinery
and most likely discharges to marshes and shallow alluvium along the west side of the Pecos
River. Closer to the river, this shallow zone may have been utilized to provide low-quality
water for stock use, but it is not known to have any current use. The water in this zone is highly
variable in quality, volume, areal extent, and saturated thickness.

3.6 IDENTIFICATION OF POTENTIAL RECEPTORS

The community of Artesia is located directly adjacent to the facility. The PR conducted at the
facility concluded that it does not appear likely that releases from SWMUs at the refinery
would affect groundwater quality in the deeper aquifers (San Andres and valley fill
formations). Artesian pressure and depth from ground surface are apparently adequate to
prevent downward migration of waste constituents. Additiohally, public water supply wells are
located to the west and upgradient of the refinery process areas.

The PR indicated that the deep aquifers (San Andres and valley fill formations) have been
extensively developed for irrigation purposes but the shallow groundwéter in the Pecos River
Valley alluvium near the evaporation ponds is not currently utilized, except possibly for iso-
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lated stock use, owing to poor water quality. Thé PR concluded that because the river
alluvium’s westernmost extent is approximately 2.5 miles east of the city of Artesia, a release
of waste constituents to groundwater from the SWMUs constructed in the alluvium would not
pose a significant health threat to the population of Artesia.

The PR indicated that the Three-Mile Ditch and evaporation ponds could be susceptible to
inundation in the event of major flooding. The PR report speculated that in the event of
inundation, hazardous waste constituents contained in these SWMUSs could be released to
surface water. The PR concluded that it is uhlikely that any public water supplies would be
affected by releases into the Pecos River. Deep aquifers are used for water supplies in the
Artesia area and the wells are located at least 3 miles west of the river.

The land bordering Three-Mile Ditch and the evaporation ponds is used for agricultural
purposes (e.g., pecan groves, cattle grazing). These prlvately held properties are fenced, thereby
preventlng direct public access to the SWMUs.
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4.0 SOURCE CHARACTERIZATION

4.1 FACILITY BACKGROUND

The Navajo Refinery is located at 501 East Main Street in Artesia, Eddy County, New Mexico, as
shown in Figure 1. ,

‘The ownership of the facility has changed several times since the petroleum refinery began
operations in the 1930s. In 1969, Navajo purchased both the North and South Divisions at the
facility and began to integrate operations into a single refinery capable of processing New
Mexico sour (i.e., asphalt-based) crude in the South Division and New Mexico intermediate (i.e.,
paraffin-based) crude in the smaller North Division. The facility has the capacit; to refine
about 60,000 barrels of crude oil per day, of which each division produces half.

The major refining processes at the facility are

e crude ofl fractionation

e fluidized catalytic cracking

e alkylation

* reforming

e desulfurization

Auxiliary activities associated with these processes separate impurities from the
feedstocks and products or are required for the operation and maintenance of the refinery. The
units associated with these auxiliary activities include boilers, cooling towers, storage tanks,
water purification factlities, desalting units, and drying and sweetening units,

The production activities at the Navajo Refinery generate a variety of solid wastes and
wastewater streams. Prior to the 8 November 1990 effective date of the land disposal
restrictions for third-third hazardous wastes, these RCRA wastes (oﬂ/water. separator sludges,
heat exchanger bundle cleaning sludges, slop oil emulsion solids, and, when produced, leaded
tank bottoms) were disposed at the facility’'s RCRA-permitted North Colony Landfarm.
Subsequent to that date, Navajo recycles much of its hazardous waste and consolidates the
remainder for shipment to disposal facilities outside New Mexico. The wastewater
management system presently employed by Navajo consists of a wastewater treatment plant

that discharges via a closed conduit to a system of evaporation ponds. The Truck Bypass
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Landfarm receives nonhazardous solid wastes, including hydrocarbon-contaminated soils,

unleaded tank bottoms, and various other nonhazardous hydrocarbon and soil materials.

42 DESCRIPTION OF SWMUs

The RFI Phase I Report identified Three-Mile Ditch and the evaporation ponds adjacent to the
Pecos River as SWMUs with actual or potential contamination and needing additional soils

and groundwater investigation.

42.1 Three-Mile Ditch

4.2.1.1 Unit Characteristics

From the 1930s to 1987, a 3-mile-long unlined earthen ditch (approximately 20,000 linear ft)
was used to convey process wastewater from the refinery to Evaporation Pond 1.'Three-Mile
Ditch was constructed in the calcareous soils of the Pima and Karro series (USDA-SCS, 1971),
which are moderately permeable and have a high water-holding capacity. The 3- to 4-ft-wide
and 1- to 2-ft-deep ditch was bermed along its course to prevent overflow or the influx of surface
water. The slope of the ditch is approximately 0.004 ft/ft. Although the ditch approximately
parallels the natural drainage of Eagle Creek, it is not in the creek. Furthermore, the base of
the conveyance ditch is approximately 5 to 10 ft above the creek bed. As the ditch approaches
the Pecos River, its course shifts away from Eagle Creek, turning south toward the evaporation
ponds.

Three-Mile Ditch originated at the discharge from the oil/water separator on the northeast
side of the refinery, with a single trlf)utary ditch from the southern half of the refinery. The
system worked via gravity flow. The ditch was periodically cleared of surface debris and also
dredged with a backhoe. The waste material removed from the bottom of the ditch was placed
along the berms. None of the ditch waste was removed from the site. The berms were dozed into
the ditch for approximately 4,500 ft at the eastern end in 1988 by the owners of the adjoining
properties. An estimated 3,400 tons of waste material reportedly remains in the ditch.

4.2.1.2 Waste Characteristics

As discussed in Section 3.1.1.1 of the 1992 RFI Phase Il Workplan, the available soils data
adequately characterize the waste materials and characteristics residing in the Three-Mile
Ditch, with both metals and semivolatile organic waste constituents found primarily in
association with a relatively concentrated and refractory hydrocarbon fraction, which is

readily identifiable by stmple visual means.
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42.2 Evaporation Ponds

4.2.2.1 Unit Characteristics

The evaporation ponds east of the Navajo facility receive approximately 650,000 gallons of
wastewater per day from the refinery wastewater treatment plant, via a 20,000-linear-ft
enclosed conduit. The conduit, constructed of high-density polyethylene with thermally
welded joints, replaced the previously described open earthen ditch in 1987. The conduit
discharges to Evaporation Pond 2, whereas the ditch discharged to Evaporation Pond 1. The
volume being received by the ponds is presently being reduced by the addition of a reverse
osmosis unit to treat raw water by removing salts thereby reducing the amount used in the
cooling systems.

The pond series is numbered from upstream to downstream as Ponds 1, 2, and 3. Pond 1,
which is out of service, reportedly contains approximately 60,000 tons of waste material, with
a surface area of about 15.7 acres. Ponds 2 and 3 are essentially a single pond (ma?)ped as "Pond
2"), because the dikes separating the two ponds have been breached and are submerged in some
locations. The total acreage of the active pond area is approximately 99 acres.

The ponds are constructed in the alluvium collected on the Pecos River floodplain, and are
within 100 ft of the river in some places. These soils have a moderate permeability and high
water-holding capacity. Depending on location relative to the river, the base of the ponds is
approximately 2 to 10 ft above the surface of the Pecos River. The earthen dikes surrounding
the ponds are 5 to 10 ft high and approximately 25 to 50 ft wide at the base. The dikes serve to
keep the wastewater in and surface runoff out. At Evaporation Pond 1, the dike construction
techniques resulted in a 20- to 30-ft-wide "trench” along the inner base of the dike. Thus, the
center of the pond has a higher surface elevation than the zone around the rim of the pond.

Assuming an average depth of 5 ft for the solids in Pond 1, Pond 1 contains approximately
3.43 million ft3, or 127,000 yd3, of solids. Based on the ground surface elevations of the
surrounding monitor wells, the maximum depth of water in the active Pond 2 ranges between
3.4 and 7.0 ft, with an approximate average depth of 5.5 ft. The total maximum volume is
estimated at about 177 million gallons, or 544 acre-ft. Because some of the volume is occupied
by the submerged dikes of the original ponds, this maximum volume estimate may be slightly
greater than the avalilable capacity.

4.2.2.2 Waste Characteristics

For purposes of general comparison with groundwater samples obtained from monitor wells in
the vicinity of the evaporation ponds, a water grab sample was collected from the active area of

the evaporation ponds 20 November 1992. For purposes of state permit compliance
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requirements, a wastewater grab sample of the evaporation pond influent also was collected at
the pipeline intake on 11 February 1993. Analytical data for volatile and semivolatile
constituents and metals of concern are summarized in Table 3. However, it is well recognized
that data obtained from a grab sample may not be representative of overall wastewater quality,
because the quantities and types of wastewater constituents may fluctuate frequently. Further,
the Navajo wastewater treatment system has been upgraded since the sampling event, resulting

in a general improvement of wastewater quality. Analyses are not yet available for the

upgraded effluent.
Table 3. Summary of analytical data for refinery wastewater effluent and Evaporation Pond
wastewater. -
Wastewater effluent Evaporation pond
Constituent concentration (mg/L) 4 concentration (mg/L) P
Sample date 11 March 93 : 20 November 92
Acetone NA 0.092
Benzene 0.267 0.043
Carbon disulfide NA 0.032
Ethylbenzene 0.253 0.016
Toluene 0.788 0.061
m, p-xylene 0.444 NA
o-xylene 0.232 NA
Total xylenes NA 0.045
Methylene chloride 0.008. <0.005
2,4-dimethylphenol 0.240 0.180
2-methylphenol 0.750 NA
4-methylphenol 1.60 NA
Phenol 1.90 A <0.05
1-methylnaphthalene R 0.031 NA
2-methylnaphthalene 0.029 <0.05
Naphthalene 0.029 <0.05
Arsenic 0.042 0.167
Chromium 0.04 <0.02
Lead <0.01 <0.02

= [EPA SW-846 Methods: BTEX — 8020; halogenated volatiles — 8010; semivolatiles — 8270;
arsenic — 7061; chromium — 6010; lead — 7421.

b = EPA SW-846 Methods: volatiles — 8240; semivolatiles — 8270; arsenic — 7061; chromium —
7191; lead — 7421.
NA = Not analyzed.
23
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5.0 REVIEW OF RFI PHASE I INVESTIGATION: THREE-MILE DITCH

The following sections include a review of the data presented in the RFI Phase I Report for soils,
surface sediments in Eagle Creek, and groundwater in the vicinity of Three-Mile Ditch.
Summary data tables from the Phase I Report are included in Appendix B.

5.1 SOILS

The analytical data obtained from soil samples collected from selected trench and boring
locations along Three-Mile Ditch during the RFI Phase I soils investigation indicate distinct
and consistent trends. Relevant data from the 48 samples collected from the 15 tgenches (NMD-
TR-S1, NMD-TR-000, and NMD-TR-004 through -013) and three soil borings (NMD-TR-001
through -003) completed at approximately 1,500-ft intervals along the ditch are included in
Appendix B to this report.

Analytical results for volatile organic compounds indicated that the overall incidence and
concentration levels for volatile constituents in samples obtained from the ditch were
negligible (RFI Phase I Report, table 5.6).

In reference to semivolatile constituents, 10 of the 48 samples exhibited detectable concen-
trations for 11 to 14 semivolatile constituents. Cumulative (total semivolatiles) concentra-
tions exceeded 50 ppm for the 10 samples (RFI Phase I Report, table 5.7). The same samples also
exhibited ofl and grease concentrations greater than 2%, and eight of the 10 samples exhibited
oil and grease concentrations of 5% or greater. The overall average oil and grease
concentration for the 10 samples was 8.6%. Thus, elevated semivolatile concentrations were
consistently found to be linked to the presence of elevated oil and grease concentrations.

Of the 12 metals for which the RFI Phase I ditch samples were analyzed, metal constituents
exhibiting significant concentration elevations over background values were, in order of fre-
quency, chromiurm, lead, and to a lesser extent, arsenic and zinc (RFI Phase I Report, tables 5.8
and 5.9). As was the case for semivolatile constituents, elevated concentration levels for those
metal constituents are generally linked to high oil and grease concentrations. For instance, of
the 12 trench samples exhibiting total chromium concentrations in excess of 400 ppm, all 12
samples also exhibited oil and grease concentrations greater than 4% (10.3% average), whereas
three of the four samples exhibiting total chromium concentrations between 100 to 400 ppm
also exhibited oil and grease concentrations greater than 1% (3.4% avérage) (RFI Phase I
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Report, tables 5.8 and 5.9). Similar correlations with oil and grease concentrations were
observed for total lead, arsenic, and zinc.

Analysis of the RFI Phase I ditch samples also revealed a relationship between metal con-
stituent concentrations and sample depth. During the Phase I sample collection, trench sam-
ples were collected from the original ditch surface, midpoint of the contaminated ditch
materials, interface of the ditch materials with uncontaminated soils, and 3 ft below the visi-
ble zone of contamination (sample depth location designations “NMD-TR-XXX-01" through
“NMD-TR-XXX-04,” respectively). Data for those samples show that the incidence of samples
possessing significantly elevated levels for chromium is highest at the original ditch surface,
and that successive samples obtained at greater depth exhibit declining levels for that con-
stituent.

Sample data for lead are somewhat less consistent, but as true for chromium, the data
demonstrate that the number of samples exhibiting concentrations greater than 100 mg/kg
declines significantly between the top and base of the zone of ditch contamination. No metal
concentrations were found to be elevated above background concentrations in visually clean
soils below the zone of contamination (sample depth location “-04" series samples).

The data set resulting from the RFI Phase I soils investigation of Three-Mile Ditch indi-

cates that:

e elevated constituent concentrations are primarily, if not exclusively, limited to zones
that are visually apparent on the basis of hydrocarbon contamination

e chromium and lead are the primary constituents of concern

* chromium and lead concentrations are most elevated at the top of the sludge profile and
generally decline with increasing depth through the zone of contamination

In conclusion, the available soils data provide an adequate characterization of waste méte-
rials and constituents resident within the Three-Mile Ditch unit. These data strongly suggest
that both metals and semivolatile waste constituents are found primarily in association with
a relatively concentrated and refractory hydrocarbon fraction that is readily identifiable by
simple visual means.

However, the Phase I investigation of soils in the Three-Mile Ditch unit was insufficiently
focused to address specific regulatory concerns regarding the disposition of excavated

materials.

5.2 EAGLE CREEK SEDIMENTS

Eagle Creek functions as a major stormwater runoff conveyance from upgradient runoff areas
originating in the city of Artesia (including city streets, parking lots, industrial areas, etc.), as
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well as for outlying agricultural production areas. It is routinely subject to intense scouring
action resulting from periodic storm events.

No significant or widespread contamination was evidenced from the RFI Phase I analytical
results for the sediment samples collected at several locations along Eagle Creek, the
ephemeral stream adjacent to Three-Mile Ditch (RFI Phase I Report, tables 5.16 and 5.17). The
analytical results reveal that no evidence of contamination by either volatile, semivolatile, or
metal constituents was found in sediment samples obtained from Eagle Creek in areas where it
is praximal to Three-Mile Ditch. Thus, there is no evidence to suggest that the environmental
quality of the creek has been impacted by its proximity to the ditch.

53 GROUNDWATER

Review of available information from the Phase I report (including data from earlier investi-
gations) indicates that groundwater may be contaminated in the immediate vicinity of the
ditch where the ditch intersects shallow or perched groundwater. The Phase I investigation
determined that ditch contamination intersected groundwater at trenches NMD-TR-004, -005,
and -009 east of the refinery. Groundwater in the area of trench NMD-TR-005 was investigated
during Phase I using monitor wells MW-8 and MW-9, which had been previously installed near
the center of the course of the ditch, but monitoring was not similarly performed at the other
two trenches. However, the Phase I study was not designed to document groundwater and its
possible contamination at all locations along the ditch. In fact, for a number of trenches, deep
sofl contamination was not found and/or contact with the groundwater was not made.

Analytical results from the Phase IAsampllng of groundwater from monitor wells MW-8 and
MW-9 and monitor wells MW-30, MW-45, MW-46, and MW-47 at the western end of the ditch,
near the refinery process area, included no detections of volatile and semivolatile organic
compounds other than the common laboratory contaminant bis(2-ethylhexyl)phthalate (RFI
Phase [ Report, table 5.20).

Analysis for metals constituents in the groundwater samples from the monitor wells
included elevated chromium and nickel levels in MW-8 and MW-9 and elevated lead values in
MW-30, MW-45, and MW-46 (RFI Phase I Report, table 5.21).

Inorganic compound analytical data for the groundwater samples confirmed the generally
poor quality of the groundwater within the valley fill alluvium, with TDS values in MW-8 and
MW-9 at 5,640 and 5,440 mg/L, respectively {RFI Phase I Report, table 5.22),
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6.0 RFI PHASE II INVESTIGATION — THREE-MILE DITCH

6.1 SOILS

The RFI Phase II soil investigation for Three-Mile Ditch was designed to provide confirmation
of the findings obtained by the RFI Phase I investigation of the unit, provide additional data to
be used in the development of an estimate for the total volume of sediment materials in the
unit, and evaluate the status of the affected media in terms of toxicity characteristic (TC)
testing. Sediment samples were also collected from Eagle Creek to also provide confirmation of
the findings from the Phase I investigation. The following sections detail sample collection
locations and methodology, laboratory analytical data, and the derivation of an‘estlmate for
the total volume of contaminated soils residing within the unit.

6.1.1 Soil and Sediment Investigation Procedures

The following sections describe the procedures followed during the Three-Mile Ditch soils
Investigation and the Eagie Creek sediments investigation. All sample collection, handling,
and documentation and decontamination and other related field activities conformed to

applicable state and EPA requirements.

6.1.1.1 Trench Location and Excavation

As specified in the Navajo 1992 RFI Phase II Workplan, four investigative trench locations
were désignated at locations along the unit that are situated midway between the trench
locations installed during Phase I of the investigation. The Phase II trench locations and their
designations are as follows: TMD-TR-001, situated between Phase I trench locations NMD-TR-
012 and -013; TMD-TR-002, between NMD-TR-011 and -012; TMD-TR-003, between NMD-TR-
008 and -009; and TMD-TR-004, between NMD-TR-004 and -005. A background trench location
(BG-TR-001) was selected in an area approximately 115 ft north of monitor well MW-1 The
location of the Phase II sample trench locations for Three-Mile Ditch are presented on Figure
4, Sheets A through D. The Phase II sample trench locations were selected on the basis of Phase
I study results that indicated contaminated soils or sludge materials extended near or into
groundwater in those areas of the unit.
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Figure 4-A.

Figure 4-B.

Figure 4-C.

Figure 4-D.

Eagle Creek and Three-Mile Ditch RFI Phase II Sample Location Map.

Eagle Creek and Three-Mile Ditch Truck Bypass Landfarm, RFI Phase II
Sample Location Map.

Eagle Creek and Three-Mile Ditch RFI Phase II Sample Location Map.

-»

Eagle Creek and Three-Mile Ditch RFI Phase II Sample Location Map.
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At each sample trench location, a trackhoe was used to excavate the trench until the upper
limit of the water table was encountered. The vertical extent of visual contamination and the
total depth from the ground surface to groundwater were measured and recorded in the field
logbook. Contaminated soil materials and overlying clean fill materials were segregated in
separate stockpiles during excavation. Upon completion of sample collection activities, the
excavated trench materials were backfilled into each trench in the approximate order in which
the materials were excavated, with the clean fill materials replaced last.

6.1.1.2 Soil Sampling and Analysis From Trench Excavations

Sample materials were collected at three points within each trench within the unit: the upper
limit, approximate midpoint, and lower limit of the visually determined zone of
contamination. For the background trench, samples were collected at depths of 5 and 8 ft. Soil
materials from each target zone were collected in the trackhoe bucket, which was then brought
to the surface where sample collection activities were completed. A stainless-steel spatula was
used to trim the external face of the cutting, and a stainless-steel spoon was used to transfer the
soil samples directly from the trackhoe bucket to the appropriate sample containers. At no
time did sample team personnel enter the trenches.

Soil samples were collected for analysis for general chemistry parameters (pH, electrical
conductivity), percent oil and grease, total metals (arsenic, chromium, lead, nickel, and zinc),
Contract Laboratory Program (CLP) Target Compound List volatiles and semivolatiles, and TC
constituents. Samples were collected in the order of volatiles, TC constituents, semivolatiles,
oil and grease and metals, and general parameters, with sample collection accomplished in a
manner to minimize volatilization of the soil samples.

6.1.1.3 Eagle Creek Sediment Sample Collection and Analysis

Sediment samples were obtained at the midpoint of the creek bed. At the time of the RFI Phase
II sample collection for Eagle Creek, flowing waters were absent from the creek bed. The
upgradient sample was collected at mid-creek in an area consisting of damp organic-rich
sediments with no standing water. The downgradient sample was collected at mid-creek in a
shallow pool (less than 6 in. standing water) that also exhibited organic-rich sediment
materials as well as numerous minnows. The samples were excavated using a stainless-steel
scoop and then transferred directly to appropriate sample containers. Sample analysis was
similar to that listed for the samples collected at Three-Mile Ditch (Section 6.1.1.2, "Soil
Sampling and Analysis from Trench Excavations").

The samples were excavated using a stainless-steel scoop and then: transferred directly to

appropriate sample containers. Sample analysis was similar to that listed for the samples
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collected at Three-Mile Ditch (Section 6.1.1.2, "Soil Sampling and Analysis from Trench

Excavations").

6.1.1.4 Procedures for Calculating Soil Volume

EPA Region VI and Navajo have previously discussed the possibility of excavating
contaminated materials from Three-Mile Ditch and subsequently conveying the excavated
materials to Evaporation Pond 1 for treatment. Therefore, an estimate of the total volume of
contaminated soils contained in Three-Mile Ditch was also developed.

Based on visual observations made during the RFI Phase I and Phase II trench excavation
activities at Three-Mile Ditch, it was determined that the cross-sectional profile of
contaminated soils within the unit was best approximated as a parabola. The area of a
parabola is calculated according to the formula

A=2/3 sh
where:
A = area
s = maximum width of the parabola
h = perpendicular height

The three-dimensional volume of materials coﬁtained within an extended parabola may then
be readily calculated by multiplying the two-dimensional area of the parabola by the
appropriate length.

Fifteen sample trenches were excavated from Three-Mile Ditch during the course of RFI
Phase I and Phase II activities. At each trench location, the width and depth (h) of visually
contaminated materials were recorded and cross-sectional areas were calculated as described.
Exceptions to this calculation protocol were made for trench locations NMD-TR-006 and NMD-
TR-007. At those locations, because visual contamination was observed as a relatively narrow
band, the cross-sectional area was judged to be best approximated as the direct product of the
observed width and height of the contaminant band. At sample locations NMD-TR-001
through NMD-TR-003, soil borings were substituted for trench excavations. Because
insufficient information was available at those locations, the section of the ditch between
trench locations NMD-TR-000 and NMD-TR;OO4 was considered as a single interval in the
calculations.

Fourteen intervals of defined length were then defined on the basis of the sample trenches
bracketing each end of a given interval. For each pair of adjacent trench locations defining a
particular interval, the two trench cross-sectional areas were averaged to produce a single area
value for the interval under consideration. The estimated volume of visually contaminated
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soll residing within each of the ditch intervals was then calculated on the basis of the interval

length and the average cross-sectional area value.

6.1.1.5 Equipment Decontamination

In order to avoid cross-contamination, all hand-operated soil sampling equipment (e.g., spatu-
las, scoops, bowls, augers) was thoroughly decontaminated prior to reuse. Decontamination
consisted of a Liquinox soap wash followed by successive rinses with drinking-quality water
and distilled water. All decontamination solutions were collected for discharge into the
refinery wastewater treatment system. Any disposable materials that may have been
contaminated were collected and placed in appropriate containers for proper disposal.

6.1.2 Resulis

6.1.2.1 Three-Mitle Ditch ~

Laboratory analytical results for the background and Three-Mile Ditch soil samples are
included in Appendix F of this report. Analytical data for volatile organic compounds, oil and
grease, semivolatile organic compounds, pH, electrical conductivity, and total metals are
presented in this section.

The trench samples from Three-Mile Ditch were analyzed for a total of 35 volatile organic
compounds from the EPA's Target Compound List. Each analytical report included in
Appendix F lists these compounds. Only six volatile compounds were detected in the trench
samples (Table 4). The constituents detected, number of detection events, and concentration
ranges (mg/kg) were: acetone — two detections: 0.035 and 0.463; benzene — one detection: 2.68;
ethylbenzene — six detections: 0.054 to 16; methylene chloride — two detections: 0.04 and 0.245;
toluene — four detections: 0.192 to 12; and total xylenes — six detections: 0.15 to 36.3. Acetone
and methylene chioride are common Iaboratory contaminants. Twenty-one detection events
were recorded, including 10 in the upper contaminant zone samples, five in the midzone
samples, and six in the lower zone samples.

Values for percent oil and grease for the trench samples collected from Three-Mile Ditch
ranged from less than 0.05% to 6.09% (Table 4). However, with the exception of the sample
exhibiting the maximum value (TMD-TR-003), all othe;' samples exhibited concentration
values less than 1%.

A total of 65 semivolatile organic compounds on the EPA's Target Compound List were
analyzed for in the trench soil samples. Four semivolatile constituents were detected in the
trench samples, including di-n-butyl phthalate, fluorene, 2-methylnaphthalene, and
phenanthrene (Table 5). Of a total of 10 detection events, six were recorded for di-n-butyl
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Table 4.

RFI Phase II soil sampling, Three-Mile Ditch: oil and grease and volatile
organic compounds (mg/kg).

32
4/30/93




Table 4. RFI Phase II soil sampling, Three-Mile Ditch; oil and grease and volatile organic
compounds (mg/kg).

Sample Oil and

depth Ethyl- Methylene Xylenes
Sample (ft) (%0) Acetone Benzene benzene chloride Toluene (total)

BG-TR-001-01 5 <0.05 NA NA NA NA NA NA
BG-TR-001-02 8 0.17 NA NA NA NA NA NA
TMD-TR-001-01 4.5 072 <0.695 <0.348 5.55 <0.348 2.48 13.6
TMD-TR-001-02 9 005 <0.631 <0.316 232 <0.316 0.798 484
TMD-TR-001-03 14 <0.05 <0.014 <0.007 <0.007 < 0.007 <0.007 < 0.007
TMD-TR-001-04 8 <6 <0.013 <0.006 <0.006 < 0.006 < 0.006 < 0.006
TMD-TR-002-01 45 068 <0.429 2.68 16 <0.214 12 . 36.3
TMD-TR-002-02 7.5 068 <125 <0.625 <0.625 < 0.625 <0.625 <0.625
TMD-TR-002-03 11 <0.05 <0.620 <0.310 1.3 <0.310 <0.310 3.35
TMD-TR-003-01 85 <«0.05 <0.013 <0.006 <0.006 < 0.006 < 0.006 < 0.006
TMD-TR-003-02 11 <0.05 <0.012 <0.006 <0.006 < 0.006 < 0.006 < 0.006
TMD-TR-003-03 55 6.09 <0.279 <0.140 2.12 <0.140 0.192 6.46
TMD-TR-004-01 35 0.22 0.463 <0.032 0.054 < 0.032 <0.032 0.15
TMD-TR-004-02 6.5 0.05 0.035 <0.007 <0.007 0.04 < 0.007 < 0.007
TMD-TR-004-03 85 005 <0.013 <0.007 <0.007 0.245 < 0.007 <0.007

NA = not analyzed.
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Table 5. RFI Phase II soil sampling, Three-Mile Ditch: semivolatile organic
compounds (mg/kg).
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Table 5. RFI Phase II soil sampling, Three-Mile Ditch; semivolatile organic compounds

(mg/kg).
Di-n-butyl 2-methyl-

Sample phthalate Fluorene naphthalene Phenanthrene
BG-TR-001-01 NA NA NA NA
BG-TR-001-02 NA NA NA NA
TMD-TR-001-01 <424 22.5 20 77.5
TMD-TR-001-02 2.6 <0.6 <06 1.1
TMD-TR-001-03 1.7 <07 <0.7 <0.7
TMD-TR-001-04 <16 <0.6 <0.6 <0.6
TMD-TR-002-01 <340 < 140 <140 <‘234
TMD-TR-002-02 <110 <45 <45 <45
TMD-TR-002-03 1.8 <04 <04 <04
TMD-TR-003-01 6.6J <04 <04 <04
TMD-TR-003-02 2.2 <0.5 <0.5 <05
TMD-TR-003-03 < 590 <240 <240 310
TMD-TR-004-01 <22 <87 <87 <87
TMD-TR-004-02 4.2 <07 <0.7 <0.7
TMD-TR-004-03 1.9 <06 <06 <06

NA = not analyzed.
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phthalate. Phthalate compounds are common laboratory contaminants, and are generally
recognized to be unreliable indicators of hydrocarbon contamination in environmental
samples (Sullivan et al., 1993). Of the remaining detection events, three were obtained for one
sample, TMD-TR-001-01, which exhibited detectable levels for fluorene, 2-methylnapthalene,
and phenanthrene, whereas the remaining detection was for phenanthrene at sample location
TMD-TR-003-03.

Analytical data for pH, electrical conductivity, and metals are presented in Table 6. Soil pH
for both the background and unit soil samples averaged about 8.0, with electrical conductivity
values for trench samples obtained from the unit significantly lower than those obtained for
background samples (averages of 4.7 and 10.2, respectively). A review of the total metals data
for unit trench samples indicated that concentrations for the metals of concern were elevated
relative to the concentrations exhibited by the background soils. Maximum concentration
levels for the metals of concern, in mg/kg, were arsenic — 18.1; chromium — 148; lead — 163;
and zinc — 222. However, concentrations exhibited by the majority of the trench ;oﬂ samples
were well below the maximum concentration values measured for these metals.

All trench soil samples collected from Three-Mile Ditch underwent TC Leaching Procedure
(TCLP) analysis. None of the trench samples yielded leachate concentrations in excess of the
specified regulatory limits for the selected TC constituents.

The estimated cross-sectional area values for the sample trench parameters s and h, as
described in Section 6.1.1.4, are presented in Table 7. The estimated area values at adjacent
trench locations were then used to obtain an average cross-sectional value that was assigned to
each interval between the adjacent trench locations. Table 8 presents the estimated volumes of
visually contaminated soil for each of the defined ditch intervals and the total estimated
~ volume for the entire ditch. The ditch intervals shown in Table 8 are presented in their order of
occurrence, beginning at the refinery boundary and extending to Evaporation Pond 1.

A volume of 1,023,342 ft3 of soils exhibiting visual contamination was estimated for
Three-Mile Ditch over the distance of approximately 3.6 miles between trench locations NMD-
TR-000 and NMD-TR-013. Assuming a total area of approximately 15.7 acres for Evaporation
Pond 1, this volume of materials would add 1.5 ft to the elevation of the former surface
impoundment. Considering the apparent variability in the amount of contaminants present in
different areas of the trench, and the limited database from which the calculations were

derived, this estimate must be considered to represent a gross approximation.
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Table 6. RFI Phase II soil sampling, Three-Mile Ditch: pH, electrical conductivity,
and total metals concentrations (mg/kg).
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Table 6. RFI Phase II soil sampling, Three-Mile Ditch; pH, electrical conductivity, and total
metals concentrations (mg/kg).
Electrical
Sample conductivity
Sample depth (ft} pH (mmhos/cm) Arsenic Chromium Lead Nickel Zinc
BG-TR-001-01 5 8.2 8.1 1.3 10 6 1 23
BG-TR-001-02 8 7.8 12.4 2.1 13 7 12 34
TMD-TR-001-01 45 8.6 6.0 7.1 40 19 30 68
TMD-TR-001-02 9 7.7 5.6 10.6 16 7 12 38
TMD-TR-001-03 14 7.8 3.7 3.6 40 16 25 122
TMD-TR-001-04 8 7.7 6.7 1.8 14 2 5 12
TMD-TR-002-01 45 9.3 4.4 18.1 148 55 11 170
TMD-TR-002-02 7.5 74 7.4 9.2 32 23 32 83
TMD-TR-002-03 11 7.5 6.5 5.6 28 12 28 68
TMD-TR-003-01 8.5 7.6 1.7 4.8 15 5 17 15
TMD-TR-003-02 11 7.6 1.8 2.2 7 <10 11 13
TMD-TR-003-03 5.5 7.2 5.8 2.7 33 163 191 222
TMD-TR-004-01 35 88 39 2.2 34 13 26 80
TMD-TR-004-02 6.5 79 4.2 10.2 22 8 28 47
TMD-TR-004-03 85 7.7 3.1 16.1 14 7 18 33
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Table 7. Values for parabola parameters obtained from the RFI Phase I and II sample trench
cross sections at Three-Mile Ditch.

Width Depth Cross-sectional area

Trench location@ {ft) (ft) (ft2)
NMD-TR-000 6.6 ‘14 61.6
NMD-TR-001 NA NA NA
NMD-TR-002 NA . NA NA
NMD-TR-003 NA NA NA
NMD-TR-004 30.6 . 44 89.8
NMD-TR-005 6.0 15.3 61.2
NMD-TR-006 0.4 19.4 8.2
NMD-TR-007 4.8 0.17 0.8
NMD-TR-008 5.8 3.0 11.6
NMD-TR-009 14.5 7.5 725
NMD-TR-010 12.9 3.8 32.3
NMD-TR-011 5.6 6.0 22.4
NMD-TR-012 12.1 6.0 48.4
NMD-TR-013 25.8 5.3 90.3
TMD-TR-001 12.0 15.0 120
TMD-TR-002 18.0 5.5 66
TMD-TR-003 9.0 12.5 75
TMD-TR-004 5.0 : 3.5 11,7

NA
a

Not applicable to soil boring locations.
Trench prefix: NMD — RFI Phase I; TMD — RFI Phase II.
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Table 8. Estimated volume of visually contaminated soils in Three-Mile Ditch.

Interval Average cross-sectional Calculated soil volume

Ditch interval length (ft) area (ft2)a (£t3)
NMD-TR-000 to NMD-TR-004 6,076 75.7 459,953.2
NMD-TR-004 to TMD-TR-004 535 50.8 27,178
TMD-TR-004 to NMD-TR-005 965 36.5 35,222.5
NMD-TR-005 to NMD-TR-006 1,466 34.7 50,870.2
NMD-TR-006 to NMD-TR-007 1,500 45 6.750
NMD-TR-007 to NMD-TR-008 1,380 6.2 8,556
NMD-TR-008 to TMD-TR-003 780 43.3 3,3774
TMD-TR-003 to NMD-TR-009 767 73.8 56,604.6
NMD-TR-009 to NMD-TR-010 1,500 52.4 78,600
NMD-TR-010 to NMD-TR-011 1,367 27.4 37.455.8
NMD-TR-011 to TMD-TR-002 753 442 33,282.6
TMD-TR-002 to NMD-TR-012 = 806 57.2 46,103.2
NMD-TR-012 to TMD-TR-001 720 - 842 6.0624
TMD-TR-001 to NMD-TR-013 840 105.2 88,368
Total 19,455 - 1,023,342
a = Calculated from Table 7.

6.1.2.2 Eagle Creek Sediments

Sample locations for sediment samples EC-SD-001-01 and EC-SD-002-01 (upgradient
background location) are presented in Figure 4. Flowing water was absent from the creek bed at
the time of the Phase II sediment sample collection. The upgradient sample was collected from
the middle of the éreek bed in an area consisting of damp, organic-rich sediments with no
standing water. The downgradient sample was collected also from the middle of the creek, in a
shallow pool (less than 6 in. of standing water) that exhibited organic-rich materials and
contained numerous minnows.

Laboratory analytical results for the sediment samples collected from Eagle Creek are
included in Appendix F of this report. The analytical results for chromium and lead in the
sediment samples were as follows: EC-SD-001-01: 32 and 29 mg/kg, and EC-SD-002-01: 64 and
92 mg/kg, respectively. The samples also exhibited detectable levels of oil and grease (0.05%
and 0.13%, respectively), but background levels for oil and grease in this range are not
uncommon for organic-rich sediments.
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62 GROUNDWATER

6.2.1 Groundwater Investigation Procedures

The objectives of the groundwater investigation program at the Three-Mile Ditch were to deter-
mine the lateral and vertical extent and concentration of contamination impacting on
groundwater and to facilitate future decision making. This section describes the procedures
followed during the groundwater portion of RFI Phase II investigation of this unit. Included are
descriptions of drilling and well installation, hydrogeologic characterization, and sample
collection. ‘

The procedures presented herein were designed to produce:

e data of a consistently high quality and tailored to the needs and goals of the project

+ samples representative of the media under investigation

e samples identified, preserved, and transported in a manner that ensured that they
remained intact and produced legally valid data

e data compatible in both type and quality to those produced by previous investigations

All driling, well installation, well development, groundwater sampling, and other related
field activities conformed to state and EPA requirements.

6.2.1.1 Drllling Procedures

This section describes the specific procedures used for drilling monitor wells and piezometers
at Three-Mile Ditch. To meet the previously stated objectives, the drilling program was
performed by qualified personnel following recognized protocols, with all steps, measure-
ments, and anomalies permanently recorded in the field logbook. '

The objectives of the monitor well and piezometer installation program were to

¢ define the vertical and areal extent of groundwater contamination

* determine the hydrogeologic characteristics of the site

* develop a database for a Corrective Measures Study, if necessary

e supplement the existing monitor well network

6.2.1.1.1  Drilling Methods

The installation of four monitor wells and four piezometers along Three-Mile Ditch during
Phase II field investigations during December 1992 and J anuary 1993 was performed by Pool
Environmental Drilling (NM license WD 1266), an environmental drilling firm headquartered
in Roswell, New Mexico. Procedures specific to the completion of MW-15 and other monitor
wells in the area of the evaporation ponds are described in Section 8.3.1.1. A CME 75 hollow-

stem dry auger rig mounted on a truck was used to drill each well. Tools and augers were
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cleaned at the refinery steam rack prior to any drilling. Each well and piezometer boring was
advanced using 4.25-in.-1.D. hollow-stem augers with a cutting head on the lead auger. For the

optimum recovery of undisturbed cores, a CME 5-ft-recovery split barrel was placed within the
augers and the barrel cutting shoe rode 6 in. in advance of the auger head. After each 5-ft

interval was advanced, the barrel was retrieved and opened for the geologist to visually classify
the subsurface soils. The boring was continued in this manner until the first water-saturated
zone was found. Typically, coring would continue another 5 to 10 ft below that depth to ensure
that the installation would be a producing well. The 4.25-in. augers were then removed from
the boring. For piezometers, 2-in.-1.D. PVC casing was installed. For monitor wells, the hole
was first overreamed to total depth with an 8.25-in.-1.D. auger before the placement of 4-in.-
I.D. PVC casing.

All soils removed from a boring were placed on plastic sheeting for later collection and

disposal by Navajo Refinery personnel.
6.2.1.1.2 Borehole Logs

Core samples and lithologic descriptions acquired during the drilling of both monitor wells
and soil borings were recorded on a standard borehole log. The following information was
entered in the log or attached to it:

project name and number

borehole location and number

initials of geologist who logged the borehole

drilling company and method of drilling

special problems encountered and their resolution

distinct boundaﬂes between éoll types and/or lithologies and depths of occurrence
depth of first occurrence of groundwater

description of each soil sample taken, according to the methodology in ASTM D2488-84
“Standard Practice for Description and Identification of Soils (Visual-Manual Pro-
cedure),” which includes the following:

e soil type

¢ grain size

o plasticity of fines (nonplastic, low, medium, high)
e odor, if organic or unusual

e other observations such as presence of roots or rootholes; mica, gypsum, caliche, or
other secondary precipitates; or surface coatings on coarse-grained particles

+ sample depths and sample numbers
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6.2.1.1.3 Well Construction

The monitor wells were designed to

e allow sufficient groundwater flow for well sampling

e minimize the passage of formation materials (turbidity)

e provide sufficient structural integrity to prevent the collapse of the intake structure

After drilling, the well casing, screen, filter pack, bentonite seal, and grout were placed
within the borehole, and the wellhead was completed with a cement seal and locking surface
casing.

The monitor wells were completed with 4-in.-1.D. schedule 40 PVC casing with 0.01-in.
machine-slotted screen using 8.25-in. augers. All piezometers were completed with 2-in.-1.D.
schedule 40 PVC casing with 0.01-in. machine-slotted screen. The casing sections used are
flush-threaded with screw joints. Well logs for the monitor wells and piezometers are shown in
Appendix D. >

The screened interval ranges from 10 to 15 ft and intercepts the water table (allowing for
seasonal fluctuations) in the case of an unconfined aquifer or intercepts the upper confining
boundary in the case of a confined aquifer. A 6-in. sediment sump was included below the
screen on the casing of each monitor well and piezometer owing to the silty nature of the
aquifer. The endings, casings, and screens were stored in factory-applied plastic wrapping
until actual installation to prevent the introduction of any contamination.

A sand pack consisting of CSSI 20/ 40 silica sand was placed using a tremie pipe to ensure
that the annular space from the base of the boring to 2 ft above the top of the screen was
completely filled. If flowing sands were encountered in the saturated zone the well casing and
sand pack were installed within the auger-string to ensure the maintenance of the annular
integrity.

The field geologist recorded the start and stop times of the sand packing, the depth intervals
in which sand was packed, the amount of sand used, and any problems that arose. The geologist
also recorded the type of materials used for packing, including trade name, source, supplier,
and typical grain-size distribution.

A bentonite seal with a minimum thickness of 2 ft was placed in the annular space above
the sand pack using a tremie pipe and allowed to set-up for at least 30 minutes prior to grouting.
The bentonite used was either granular or a slurry sufficiently thick to prevent significant
penetration of the underlying sand pack. The geologist recorded the start and stop times of the
bentonite seal emplacement, the interval of the seal, the amount of bentonite that was used,
and any problems that arose. The geologist also recorded the type of bentonite and the supplier.
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All monitor wells and piezometers were grouted from the top of the bentonite seal to within
3 ft of the ground surface using a tremie pipe. The grout mixture placed above the bentonite was
composed of a 10:1 ratio of Portland cement to bentonite powder (by weight) and contained
only enough water for a pumpable mix. The grout was allowed to set-up for 24 hours before
surface completion in order to avoid problems related to settiement.

Quality assurance/quality control (QA/QC) measurements of various well dimensions were
completed for each well unless the depth of the well made measuring the total length of the
screens and casings on the ground surface impractical. QC measurements consisted of the
distances from the top of the well casing to the

* top of the bentonite seal

e top of the filter pad

¢ top of the screen

e bottom of the well -

If direct measurements to the screens and casings could not be made, the number and length
of screen and casing sections were counted individually and summed to determine the total
length of the screens and casings.

The monitor wells and piezometers were completed at the surface with the well casing
extending approximately 3 ft above grade where possible. The steel protective cover with
locking cap placed over the casing riser extends 2 ft below grade. The well head is surrounded by
a 4-ft by 4-ft by 4-in. cement pad that slopes away from the center.

The locks on the well caps have identical keys or are keyed for opening with one master
key. The lock keys were delivered to Navajo Refinery personnel after the completion of
fieldwork. Each well is clearly identified with a permanent identification tag on the inside of
the protective cover.

The elevation and location of all monitor wells and piezometers were surveyed in March
1993 by John D. Jaquess & Associates, NM license 6290. The elevations of the natural ground
surface, top of the PVC well casing, and top of the locking cap of the steel protective casing were
determined to 0.01 ft based upon a previously established benchmark. The location of each
well was determined to 0.01 ft relative to a previously established benchmark. The survey data
are included in Appendix D.

6.2.1.1.4 Well Completion Documentation
Drilling details, lithologic descriptions from the soil boring log, well construction, sample
collection, and other pertinent information are presented on a well completion form for each
monitor well and piezometer installed at the Navajo Refinery:

e project name and number
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e Dborehole or well identification number

* Initials of the geologist(s) who logged the well

e driller’s license number and company

e materials used for well casing, sand pack, grout, and surface completion

e final well construction specifications including total depth of the well, depth of the
screened interval, depths to the top of the sand pack, bentonite seal, and grout

e elevation of the top of the well casing, top of the protective cover, and ground surface
¢ any special problems encountered during well installation and their resolution
e pertinent depth-to-water measurements to date

+ complete lithologic description of geologic materials found (as presented in Section
6.2.1.1.2) /

¢ visual observations of contamination including the presence of discolored geologic
materials and odors

-

6.2.1.1.5 Well Development

Well development is the process by which the aquifer’s hydraulic conductivity is restored by
removing mobile particulates from within and adjacent to newly installed wells. Well devel-
opment substantially minimizes the amount of fine materials that may accumulate in the well
between sampling events, thus reducing the amount of purging needed to obtain a clear sample.

The wells were developed using a combination of bailing, surging, and puinping. The fine-

- grained materials accumulated in the well casing were bailed from the well until the bottom of
the well casing could be reached. After bailing, a Grunfos Redi-Flo 2 2-in. electric submersible
pump was used to develop the well. In the event the well appeared to be producing at an unusu-
ally low rate, the pump was removed and the well was surged using a surge block. Surging was
accomplished by lifting and dropping the tool through the column of water in the well. The
entire screened interval was surged in 5-ft sections using approximately 10-20 iterations per
section. Any fine sediments that entered the well during surging were removed with a bailer
prior to resuming pumping. If the discharge rate of the well remained low, the purging process
was repeated. ‘

Electrical conductivity, pH, and temperature were monitored throughout the development
process. Completion of the development process was defined as the stabilization (i.e., less than
10% variability between readings) of these parameters and the removal of at least three well
volumes. A single well volume is considered to be the volume of water in the well casing plus
the volume of water in the sand pack.

All fluids produced during development were collected in drums provided by the refinery
for disposal in the refinery wastewater treatment system. )
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6.2.1.1.6 Equipment Decontamination

All drilling equipment was thoroughly steam-cleaned prior to each monitor well and
piezometer installation to prevent the possibility of cross-contamination. All steam-cleaning
was performed at the refinery steam rack and all runoff entered the refinery wastewater
treatment system. Any disposable materials that may have been contaminated were collected
and placed in appropriate containers for proper disposal. ‘

All well-development equipment was decontaminated prior to use at each monitor well and
piezometer to prevent the possibility of cross-contamination. Decontamination consisted of
washing the equipment in Liquinox detergent and rinsing first with drinking-quality water
and then with distilled water. All decontamination solutions were discharged to the refinery
wastewater treatment system. Any disposable materials that may have been contaminated
were collected and placed in appropriate containers for proper disposal.

6.2.1.2 Groundwater Elevation Measurements

In this investigation, groundwater elevation was measured at each monitor well and
piezometer prior fo each sampling event using an electronic depth-to-water meter. The depth-
to-water meter is accurate to 0.01 ft. The measurements were taken from a clearly marked ref-
erence point on the top of the well casing and recorded in the fleld logbook. The elevation of the
reference point was established through surveying as described in Section 6.2.1.1.3, "Well
Construction.” The depth-to-water meter was decontaminated prior to use at each well. -

A hydrocarbon/water interface probe accurate to 0.01 ft was available on site in the event
that a measurable layer of free-phase hydrocarbon (>0.01 ft) was encountered on the surface of
the groundwater. However, no free-phase hydrocarbons were found, and it was not necessary to
measure depth to product and depth to groundwater following the prescribed protocol.

6.2.1.3 Groundwater Sample Collection

Groundwater sampling at both Three-Mile Ditch and the evaporation pond areas was
performed in a two-step process. Existlng wells were first sampled in November 1992 and,
based on the analytical results, were used in decision making for the location of additional
monitor wells. The second step involved sampling the newly installed monitor wells and
resampling selécted previously existing wells for verification in the event of anomalous
results. '

The following sections describe the well purging, sample collection, and equipment
decontamination procedures for collecting groundwater samples from the monitor wells at the

Navajo Refinery. Prior to purging or sampling, the groundwater elevation was measured and
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recorded at each monitor well using the protocol set forth in Section 6.2.1.2, “Groundwater

Elevation Measurements.”

6.2.1.3.1 Well Purging

Each well was purged prior to the collection of groundwater samples to ensure that the samples
were representative of groundwater conditions. A minimum of three well volumes was
removed using a submersible pump or a disposable bailer. A well volume is defined as the
volume of water in the well casing plus the volume of water held in the pore space of the sand
pack. The turbidity, electrical conductivity, pH, and temperature of the groundwater were
monitored during purging until their values stabilized.

Turbidity was visually monitored, whereas the other parameters were monitored with
electronic field meters. If the turbidity of a well was not sufficiently clear for sampling, a "slug"
was then used to surge the well. Typically, the volume of water displaced by the submersible
pump served as the slug. However, at some locations, a specially constructed sealed section of
sand-filled PVC pipe served that function. When a well was pumped dry before three well
volumes were removed, the well was allowed to recover to within 90% of the original water-
level elevation and purged a second time. If the well was pumped dry a second time before three
well volumes were removed, the well was considered purged. The water level was allowed to
recover within 90% of the original elevation and the well was sampled; All readings were
immediately recorded in the field logbook. An initial reading was taken 5 to 10 seconds after
pumping had begun or after 1 gallon had been removed with a bailer. Subsequent readings were
taken on an interval that allowed for at least five additional measurements to be taken during
purging. Purging continued until the measured parameters had stabilized and at least three
well volumes had been removed. If the field measurements had not stabilized after three well
volumes had been removed, purging continued until they stabilized. The electrical
conductivity, pH, and temperature meters were calibrated prior to purging to correct for any
instrument drift.

All fluids produced while purging were collected in drums provided by the refinery for
disposal in the refinery wastewater treatment system.

6.2.1.3.2 ° Sample Collection

Groundwater samples were taken first from the monitor wells expected to be least
contaminated and proceeded in the order of expected increased contamination.
Contamination levels were estimated from the available data and literature.

A groundwater sample was taken orﬂy after purging was complete and the depth-to-water
level had recovered to within 90% of the prepurged level. A disposable bailer and dedicated

nylon twine were used to collect groundwater samples. Latex gloves were worn at all times
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during sample collection to ensure the safety of personnel and to prevent cross-contamination
between wells. Plastic sheeting was placed around the wellhead to ensure that the bailer line
did not touch the ground while the bailer was raised and lowered. '

The sample was poured from the bailer directly into the appropriate sample container to
which any necessary preservatives had been previously added. The sample bottles were filled
in the order of volatiles, semivolatiles, metals, and general water chemistry. Special care was
taken when filling the bottles for volatile organics analysis. These bottles were filled very
slowly to prevent any loss of volatile organics. If appropriate, the sample was then
immediately placed in an insulated container containing ice. Samples for dissolved metals
were filtered in the field using a peristaltic pump and an in-line, high capacity, 0.45-micron
fiiter. Each sample was collected directly from the bailer using 0.25-in. tygon tubing. All
QA/QC samples — including trip blanks, field blanks, and duplicates — were added to the
insulated container at the time of sampling. Precautions were taken to ensure that sample
integrity was maintained during transport to the analytical laboratory. *

Samples from water supply wells were handled somewhat differently. For drinking
water/domestic wells, or irrigation wells not in operation, samples were collected after
pumping f_or at least 10 minutes. Domestic wells were sampled from a faucet nearest the well
and upstream of any water treatment equipment. Where possible, the pressure tank was also
bypassed. Special care was also taken when filling the bottles for volatile organics analysis to
prevent any loss of constituents.

6.2.1.3.3 Equipment Decontamination

All groundwater-sampling equipment was decontaminated prior to use at each monitor well
and piezometer to prevent the possibility of cross-contamination. Interior pump
decontamination was performed at the conclusion of each day. The discharge hose and flow
meter were decontaminated with Liquinox detergent followed by a clean-water rinse after
purging each well. Dedicated filters for dissolved metals were used on the peristaltic pump and
the tubing was rinsed with distilled water.

The standard decontamination procedure consisted of Scrubbing the equipment in
Liquinox detergent and water, rinsing first with drinking-quality water, and then rinsing with
distilled/deionized water. No nonaqueous phase liquids were encountered, and the use of
special procedures (modified to include nonphosphate detergent and a final Hexane rinse) for
high organic concentrations were not necessary. All deconfamination solutions were
discharged into drums for disposal to the refinery wastewater treatment system. Dedicated
equipment at a well did not require decontamination after use. Any d1§posable materials that
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may have been contaminated were collected and placed in appropriate containers for proper
disposal.

6.2.1.3.4 Quality Assurance/Quality Control Sample Collection

QA/QC samples included duplicates, fleld blanks, equipment blanks, and trip blanks. One
duplicafe sample was collected for every 10 groundwater sites sampled. An equipment and/or a
ﬁeld blank was collected for every 12 sites sampled. Sample and duplicate bottles for each
anajysls were filled simultaneously from the same bailer(s) to minimize inducing error into
the result. Field blanks were collected by fllling a set of sample bottles with reagent grade
distilled water at the wellhead immediately following the collection of a groundwater sample
from the well. An equipment blank was collected for equipment not dedicated to a well. For
heavy metals, a blank was taken for dissolved metals by running reagent grade distilled water
through the peristaltic pump with a clean filter installed. Most duplicates and field blanks
were submitted to the laboratory as blind QA/QC samples. »

A trip blank for volatiles, semivolatiles, and total metals accompanied each insulated
cooler used for storing samples throughout the sampling effort. These blanks were prepared in
the laboratory and placed in the insulated containers with the empty sample bottles prior to
shipping them to the site. The blanks remained in the insulated containers until they were

returned to the laboratory with the samples for analysis.

The sampler initialed each sample label along with the time of sampling for each well
when filling out the labels. Duplicate samples were assigned a different collection time and all |
times were recorded in the field logbook. The 40-mL samples for volatile organics analysis
were wrapped in bubble wrap and taped and then placed in pint-sized self-sealing plastic
storage bags at the time of sampling. The samples were packed in the insulated containers to
ensure that they remained cool and would not be subject to breakage. The lids on the sample
containers for semivolatiles, metals, and general water chemistry were securely taped prior to
shipping. The completed chain-of-custody form was sealed inside a plastic bag and placed
inside each insulated container prior to shipment. Two signed and dated custody seals were
placed over the container lid and covered with clear packing tape to prevent tampering. The
insulated containers were then taped closed for additional security and shipped to the
laboratory.

6.2.2 Results

As a result of Phase II of the RFI and earlier studies, a total of eight monitor wells were \
available to monitor groundwater quality adjacent to Three-Mile Ditch along its extent, from :’

the northeast corner of the refinery to the entrance of the now-inactive Evaporation Pond 1.
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Data from these wells provided a snapshot of the geology and water quality adjacent to the
entire length of the ditch and the parallel portion of Eagle Creek. Groundwater elevation data
from these wells and other monitor wells and piezometers east of the process area of the
refinery provided detailed information on groundwater movement immediately downgradient
from the reﬁner In addition, the sampling of several domestic wells north of Eagle Creck
provided information on the water quality of drinking-water zones.

6.2.2.1 Drilling Program Results

Review of the boring logs (Appendix D) from the four monitor wells installed adjacent to Three-
Mile Ditch during the Phase II investigation illustrates the stratigraphic changes from east to
west and upgradient from the Pecbs River toward the Navajo Refinery. Monitor well MW-15 is
situated on the Pecos River floodplain within 100 yards of Evaporation Pond 1. The MW-15
well log shows the well-graded sands and sandy fines exhibiting increasing particle size with
depth. This and other well logs indicate a meandering river depositional environment, as
described in Section 8.3.2.1 for the area at the evaporation ponds. MW-16 is approximately
4,500 ft upgradient of MW-15 and at a ground surface elevation approximately 4 ft higher. The
subsurface soils were predominantly sandy clays and clays at this location. Monitor wells
MW-21 and MW-20 are farther upgradient, approximately 5,300 and 6,600 ft, respectively, from
MW-16, with respectively higher elevations of 21 and 25 ft. As at MW-16, the soils at MW-21
and MW-20 were predominantly clayey fines, but the abundant, well-rounded carbonate gravel
at each location indicated channel deposition from the topographically higher regions to the
north. Depth to the first saturated zone ranged from 10 to 14 ft below surface at these four wells.

Three of the four piezometers installed during Phase H:to investigate groundwater
conditions at Three-Mile Ditch are located along a line running roughly south to north across
the position of MW-20. The soils described in these logs are sands, clayey fines, and clayey
fines mixed with well-rounded carbonate gravels. Depths to the first saturated zone at
piezometers NP-1, NP-2, and NP-3 are from 14 to 8 ft below ground surface. The fourth
piezometer, NP-4, was located southeast of the first three piezometers to provide a
triangulation point for groundwater measurements. It is approximately 600 ft north of NP-3 at
a natural ground elevation approximately 3 ft above that of the other three piezometers.
However, the depth of the first saturated zone at NP-4 is 25 ft. The reason for this difference in
the depth of occurrence of the first saturated zone can not be readily determined owing to the
lack of information about subsurface conditions north of Eagle Creek.

A possible task designated for the Phase II field investigations was replacement of monitor
well MW-47, which had been damaged prior to the Phase I investigation. However, the well was
not replaced because of its dangerous proximity to high-pressure gas and product lines.
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6.2.2.2 Groundwater Movement

Depth-to-water measurements were made on 16 March 1993 in five of the six monitor wells
and the four piezometers adjacent to the westernmost part of Three-Mile Ditch and in the four
monitor wells and one piezometer immediately south of the ditch. Water-level elevations were
calculated by subtracting these reédingjs. from the surveyed elevations for thé top of the well
casings (Table 9). The water-level elevations were plotted on a 1:3600 (1 in. = 300 ft) base map
prepared from aerial photographs of the Navajo Refinery and the USGS Artesia 7.5-minute
quadrangle topographic map. Location cobrdlnates were from the land survey conducted in
February 1993. Water-level contour lines were drawn at 2-ft elevation intervals in the mapped
area except for 1-ft intervals in the vicinity of the piezometer and monitor well locations along
Three-Mile Ditch to the immediate east of Bolton Road (MW-8, -9, -20, and -21 and piezometers
NP-1 through NP-4). The resulting contour map (Figure 5) shows the generally eastward flow
with a northeasterly component in the vicinity of Bolton Road. The hydraulic gradient as
measured from the map varied from 0.005 ft/ft near MW-45 and MW-46, to 0.0067 ft/ft in the
area of MW-20 and MW-21. |

Of note is the fact that the water level of the Eagle Creek channel bottom between NP-2 and
NP-3 was about 1.2 ft below the elevation of the channel bottom. During the initial sampling of
the existing monitor wells in November 1992, standing pools of water were observed in this
reach of the channel even though the creek had not been flowing. At that time, water-level
elevations in the existing wells MW-8 and MW-9 were 1.21 ft higher than the elevations
measured in March 1993, which indicates that the water table intersects the channel bottom at
some times during the year. Thus, in the area of these wells, the contour map shows that the
near-surface water table aquifer discharges to the creek when water levels are high. Likewise,
there will be recharge to the aquifer ~during periods of flow in Eagle Creek, but the volumes will
be limited because water flow is generally associated with storm runoff events that are of only
limited duration, usually on the order of several hours.

6.2.2.3 Groundwater Quality

Results of the RFI Phase II groundwater sampling of the ditch monitoring wells and proximal
domestic wells are presented in this section, with the data included in Appendix F.

6.2.2.3.1 Monitor Wells and Piezometers

Results from prior sampling events and from the RFI Phase I study (as reviewed in Section 5.3)
are in Appendix B. To facilitate comparison and interpretation, water quality results for
metals and inorganic parameters from the Phase II investigation at Three-Mile Ditch are
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Table 9. Water elevations at monitor wells and piezometers along Three-Mile Ditch,
16 March 1993.
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Table 9. Water elevations at monitor wells and piezometers along Three-Mile Ditch, March

16, 1993.
Well Surveyed elevation (ft) Depth to water (ft) Water elevation (ft)

MW-8 3335.29 9.48 3325.81
MW-20 3340 10.66 3329.34
MW-21 3336.18 10.81 3325.37
MW-45 3356.32 10.97 3345.35
MW-46 3354.33 15.85 3338.48
KWB-1A 3350.87 17.18 3333.69
KWB-1C 3351.33 17.64 3333.69
KWB-7 3344.00 20.61 3323.39
KWB-8 3348.39 21.86 3326.53
KWB-10 3354.7 19.82 3334.88
KWB-2P 3337.28 22.56 3314.72
NP-1 3341.49 12.39 3329.1

NP-2 3341.89 114 3330.49
NP-3 3342.05 13.57 3328.48
NP-4 3344.84 18.79 3326.05
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Figure 5. Groundwater potentiometric map, March 1993, Three-Mile Ditch, refinery

to Bolton Road Area, RFI Phase I1.
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presented in order of locatton for the monitor wells, from the refinery to lower end of the ditch
in the vicinity of the effluent ponds. Results from MW-15 and MW-1, which are located in the
vicinity of the evaporation ponds, are included in the data presentations for both Three-Mile
Ditch and the evaporation ponds. Also included with the results from the ditch monitor wells -
is an analysis of general water chemistry sampled from a standing water pool within the bed of
Eagle Creek opposite MW-9. This sample was taken in November 1992, when the creek bed
pools supported a variety of aquatic life including cattails and minnows.

Field parameters of pH, conductivity, and temperature were measured at each monitor well
sarhpled. As described in the protocol in Section 6.2.1.3, sampling was performed after these
field parametefs had stabilized during pumping. The final readings taken for samples from the
monitor wells along Three-Mile Ditch are shown in Table 10.

Sampling of the existing and new wells installed along Three-Mile Ditch for volatile
organic compounds detected target compounds in only one well, MW-45, located at the
northeastern end of the refinery process area. Carbon disulfide and total xylenestvere detected
at levels of 0.034 and 0.013 mg/L, respectively. For xylenes, the maximum contaminant level
(MCL) set by the EPA under the Safe Drinking Water Act for drinking water is 10 mg/L with a
proposed MCL of 0.020 mg/L as a recommendéd aesthetic standard. In New Mexico, the state
WQCC health standard for total xylenes is 0.62 'mg/ L. No federal or state water quality standard
exists for carbon disulfide. Well MW-45 is downgradient from an area known to have been
impacted ffom past hydrocarbon releases, and the presence of these compounds is more likely
the result of refinerjr activity than residual impact from operation of the ditch.

In addition, methylene chloride was detected in MW-45 at a level of 0.013 mg/L and also in
monitor wells MW-8 and MW-9 and in the laboratory method blank for the date of sample
analysis for all three wells. Methylene chloride is a common laboratory contaminant, and its
detection in the method blank eliminates this compound from consideration as a groundwater

- contaminant. Results of the quality control procedures and complete data results for all
analyses can be found in Appendix F. _

Metals analyses for total and dissolved arsenic, chromium, lead, and nickel are presented
in Table 11 together with EPA and New Mexico water quality standards. The EPA MCL for lead
is an action level requiring treatment at the tap if exceeded in drinking water. In New Mexico
nickel is an irrigation standard, not a human health standard. Because New Mexico
groundwater protection regulations require measurements be made on a dissolved (vs. total)
sample, all samples were filtered in the field using a 0.45-micron dedicated filter, as described
in Section 6.2.1.3, "Groundwater Sample Collection."
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Table 10. Groundwater and surface water indicator measurements at the time of field
sampling, Three-Mile Ditch, Navajo Refinery, RFI Phase II.
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Table 10. Groundwater and surface water indicator measurements at the time of field
sampling, Three-Mile Ditch, Navajo Refinery, RFI Phase II.

Conductivity
Well sample Laboratory Date Time (umhos/cm at  Temperature

identification number sampled sampled pH 25°C) (‘C)
TMD-GW-MW-45 C922354/15667 11/14/92 1135 7.03 4,500 20.1
TMD-GW-MW-46 C922359/15671 11/15/92 1055 6.83 5,100 18.7
TMD-GW-MW-20 C930223/W00269 1/26/93 1800 6.93 7,600 17.3
TMD-GW-MW-8 C922352/15665 11/14/92 1415 6.93 5,800 18.4
TMD-GW-MW-9 C922353/15666 11/14/92 1605 6.97 6,000 NA
NMD-EC-SW-1 C922349/15663 11/14/92 1555 7.00 6,100 NA
TMD-GW-MW-21 C930224/W00270 1/27/93 950 6.85 5,200 16.2
TMD-GW-MW-16 C930211/W00190 1/26/93 1550 6.86 4,100 17.7
NEP-GW-MW-01-01  C922278/15632 11/10/92 1725 7.1 15,000 - 196
TMD-GW-MW-15 C930105/W00055  1/20/93 1710 7.41 3,500 19.3

NA =

Not available.




K. W. Brown Environmental Services Navajo RFI Phase II Report

Table 11. Results of metals analyses (mg/L), Three-Mile Ditch groundwater sampling,
Navajo Refinery, RFI Phase II.
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The results show no exceedances of federal or state standards for arsenic. Although the
detection level for lead was slightly above the federal action level, lead was not detected in any
of the wells along Three-Mile Ditch except for MW-45. In this well, total lead at 0.05 mg/1 was
slightly elevated above the detection level of 0.02 mg/L but no lead was detected in the dissolved
sample. The total lead concentration observed in MW-45 is approximately 100 times less than
the value of 1.83 mg/L reported from the RFI Phase I investigation. The value of total lead in
MW-45 was equal to the New Mexico groundwater standard although the standard is applicable
for filtered samples.

Chromium and-nickel were both elevated in several of the wells along Three-Mile Ditch,
with chromium levels in three wells ranging from 2 to 18 mg/L and nickel levels elevated in the
same three wells. As discussed subsequently in Section 9.0, the three wells with highly elevated
levels were constructed of stainless-steel casing, and the high values for the two metals are
related to degradation of the well casing material in the saline environment rather than actual
groundwater concentrations of chromium and nickel. PVC-cased wells installed aunng the RFI
Phase II study had uniformly low values of both constituents.

Verification analyses for both arsenic and nickel are shown for some wells because ‘
examination of the preliminary analysis results and comparison with draft results from PRC,
Inc., EPA's onsite contractor during wafer quality sampling, indicated possible testing
problems may have occurred at either of the analytical laboratories processing the samples.
Further discussion of this issue can be found in Section 9.0. The PRC data are reported in
Appendix G. A

The laboratory analytical data for the inorganic water quality constituents and indicator
constituents for groundwater in the vicinity of Three-Mile Ditch are shown in Table 12. In
addition to the major constituents, the minor constituent fluoride, measured and calculated
values of TDS, cation-anion totals, and percent difference are shown in the table. The latter
three values provide a rapid check of completeness and accuracy of the water analysis. For
good-quality, low-TDS -water, a percent difference of 1% to 2% is easily obtained. For
wastewater and high-TDS water that can cause analytical instrument interference, a 5%
difference may be acceptable. Although discussion and interpretation of these results are
presented in Section 9.0, the water quality of the near-surface saturated zone exceeded federal
and state secondary standards for chloride, fluoride, sulfate, and TDS at all locations sampled.
Secondary drinking water standards are applied for constituents that generally impart
aesthetic impacts such as taste or odor, or increase salt concentrations in the water. They also
may cause minor stomach irritation (sulfates), mottling of teeth (fluorides) or staining of

clothes and fixtures (iron and manganesej.
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Mile Ditch, Navajo Refinery, RFI Phase II.
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Table 12. Results of inorganic water quality analyses, groundwater sampling of Three-
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6.2.2.3.2 Domestic Wells

Three domestic water wells north of Three-Mile Ditch were also sampled during the RFI Phase
II investigation. Their locations are shown on Figure 4, Sheet C. Several additional wells used
for irrigation were scheduled for testing, but access was not available owing to cessation of the
growing season. Except for one well, TMD-GW-3368 (Chase Farms), that was resampled for the
analysis of volatile organic compounds, the domestic wells were sampled only once during the
RFI.

The groundwater physical parameters measured at the time of sampling are shown in Table
13. No volatile or semivolatile constituents were detected in the analyzed samples collected
during the Phase II investigation.

Results of sanipllng for heavy metals and water chemistry are shown in Tables 14 and 15,
respectively. No heavy metals were detected except for nickel at concentrations below federal
and state standards in the three wells. All secondai'y (aesthetic) standards were exteeded except
for chloride (one well) and fluoride (three wells). Although used for general household purposes,
the domestic wells are not all used for drinking-water sources because of the naturally
occurring salt content.

4/30/93
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Table 13. Groundwater and surface.water indicator measurements at the time of field
sampling of domestic wells near Three-Mile Ditch, Navajo Refinery, RFI Phase II.
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‘ Table 13. Groundwater physical parameters of domestic wells near Three-Mile Ditch at the
time of field sample, Navajo Refinery, RFI Phase Il

Conductivity
Laboratory Date Time (umhos/cm at
Well sample number sampled sampled pH 25°C)
TMD-GW-3282-1 (Simrmons) C922346/15660 11/15/92 NA 6.8 1400
TMD-GW-3368-1 (Chase Farms) C922347/15661 11/14/92 1200 6.5 3450
TMD-GW-6650-1 (McLurg) C922348/15662 11/14/92 1510 6.5 3900
E— ——
NA = Not available.
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Table 14. Results of metals analyses (mg/L), groundwater sampling of domestic wells
near Three-Mile Ditch, Navajo Refinery, RFI Phase II.
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Table 14. Results of metals analyses, groundwater sampling of domestic wells near Three-
Mile Ditch, Navajo Refinery, RFI Phase II.

Laboratory
Well sample identification number Date sampled Total As Total Cr Total Pb Total Ni
Detection level 0.005 0.02 0.02 0.01
TMD-GW-3282-1 (Simmons)  C922346/15660 15-Nov-92 ND ND ND 0.07
TMD-GW-3368-1 (Chase Farms) C922347/15661 14-Nov-92 ND ND ND 0.06

TMD-GW-6650-1 (McLurg) C922348/15662 14-Nov-92 ND ND ND 0.06
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Table 15. Results of water analyses, groundwater sampling of domestic wells near
Three-Mile Ditch, Navajo Refinery, RFI Phase II.
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7.0 REVIEW OF PHASE I INVESTIGATION — EVAPORATION PONDS

The following sections include a review of the data presented in the RFI Phase I Report for soils
and groundwater in the vicinity of the evaporation ponds. Summary data tables from the
Phase I Report are included in Appendix B. The worth of the Phase I data and related analytical
problems are discussed subsequently in Section 9.2,

7.1 SOILS

During the RFI Phase I investigation, surficial soil samples were collected from the evaporitic
crust at six unvegetated areas near the evaporation pond berms. v -

Analytical results for volatile and semivolatile organic compounds from the surficial soil
samples indicated no detections other than two occurrences of the common laboratory
contaminant bis(2-ethylhexyl)phthalate (RFI Phase I Report, table 6.5). Any impact of oil and
grease and of metals was insignificant (RFI Phase I Report, table 6.6), with relativel); elevated
concentrations of arsenic, chromium, lead, nickel, and zinc restricted to sample NEP-SS-005-
01. Because the samples were collected only at the surface, the relationship of any metals

concentrations to depth can not be made.

72 GROUNDWATER

A plume of organic contaminants extending approximately 3,000 ft downgradient (south) of
Pond 1 was indicated from the analysis of samples takeﬁ in 1989 from groundwater monitor
wells and piezometers in that area. The plume was first detected with an extent of 2,000 ft in a
1986 investigation conducted by Geoscience Consultants, Ltd. The plume consisted primarily
of toluene, etﬁylbenzene, and xylenes, with maximum concentrations of 0.280, 0.656, and
0.203 mg/L, respectively (RFI Phase I Report, table 6.1). The maximum detected concentration
of benzene was 0.051 mg/L in MW-4. Low concentrations of other organic compounds were
detected sporadically (RFI Phase I Report, table 6.2).

The presence of low concentrations of volatile organic compounds in the vicinity of Pond 1
was confirmed during the Phase I investigation (RFI Phase I Report, table 6.10) in three of the
five monitor wells to the south of the ponds (MW-3, MW-4, and MW-6} and in one well to the
southeast (OCD-8). The detections were limited to benzene (one detection at 0.041 mg/L), toluene
(one detection at 0.013 mg/L), ethylbenzene (two detections at 0.011 and 0.032 mg/L), xylenes

60
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{two detections at 0.019 and 0.023 mg/L), and 2-hexanone (three detections at 0.012, 0.014, and
0.023 mg/L). The values for toluene, ethylbenzene, and xylenes from the Phase I analysis were
generally 1 order of magnitude less than those reported from the previously collected data.

Only three minor concentrations of semivolatiles were detected in the Phase I analysis (RFI
Phase I Report, table 6.11).

Elevated concentrations of arsenic, lead, and chromium were detected in the RFI Phase 1
analysis of groundwater samples from selected wells immediate to the pond complex, with the
majority of the detections from downgradient wells (RFI Phase I Report, table 6.12). Slightly
elevated concentrations of metals were also detected in groundwater sampled at background
monitor well EPA-1. The maximum concentrations measured in individual wélls were lead at
0.117 mg/L at MW-7, nickel at 0.13 mg/L at MW-1, and chromium in exceedance of the MCL at
that time of 0.05 mg/L with values of 1.0 mg/L in MW-1, 0.18 mg/L in MW-2, and 0.07 mg/L in
OCD-1. Note that the MCL for chromium is currently 0.1 mg/L; however, the New Mexico WQCC
standard for groundwater is 0.05 mg/L. The elevated metals concentrations at W—l were
attributed in the Phase I Report primarily to the materials in Three-Mile Ditch. However, the
samples collected for metals analysis were moderately to highly turbid, and none was filtered
to collect dissolved metals and thereby avoid the introduction of analytical bias. Additionally,
degradation of the steel casing is the likely cause of the high chromium and nickel values, as
discussed further in Section 9.0.

The analytical values of several inorganic compounds and TDS for the groundwater ‘
samples from the vicinity of the evaporation ponds and from background monitor well EPA-1
varied extremely (RFI Phase I Report, table 6.13). Fluoride is anomalously high in monitor
wells OCD-1 and OCD-4, at 4.12 and 5.56 mg/L, respectively. Sulfate values exceeded the
background concentration of 1,220 mg/L in 13 wells, with a maximum value of 3,870 mg/L in
monitor well OCD-2. Values of TDS range up to 15,800 mg/L, as measured in monitor well MW-
5.

Aquifer characteristics determined from a series of aquifer tests in the wells installed in
the area at the evaporation ponds yielded values of hydraulic conductivity that ranged from
1.26 x 1079 to 3.12 x 104 ft/second (8.19 to 201 gpd/ftz) for assumed aquifer thicknesses of 200
and 100 ft, respectively (RFI Phase I Report, table 6.14). The average groundwater velocity was
calculated to range from 2.0 to 49.19 ft/yr.
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8.0 RFI PHASE II INVESTIGATION — EVAPORATION PONDS

8.1 SOILS AT EVAPORATION POND 1

As part of the Navajo RFI Phase II activities, an investigation was conducted at Evaporation
Pond 1 in order to characterize the soils within the unit. The following sections detail sample
collection locations, collection methods, and laboratory analytical results.

8.1.1 Solil and Sediment Investigation Procedures

8.1.1.1 Trench Location and Excavation =

The sample trench locations for Evaporation Pond 1 are shown in Figure 6. The Phase II
workplan called for the excavation of six sample trench locations within the unit, including
three trenches at various locations around the unit periphery and three trenches within the
inner zone of the unit, where the sludge materials were assumed to have undergone sufficient
biodegradation to permit ready access by foot and vehicle. However, upon inspection of the unit
it was apparent that the unstable sludge materials within the inner peripheral area of the unit
would not permit safe access to the selected sample areas. Following consultation with EPA
contract personnel onsite, the planned periphery trenches were relocated to accessible areas
chosen as close to the unit periphery as possible. However, a single grab sample of sludge
materials (EP-TR-006-05) was obtained from the unit periphery at sample trench location EP-
TR-006 by positioning the trackhoe as close to the unit periphery as possible and extending the
trackhoe bucket into surficial sludge materials within the unit.

Six trench excavations were completed at Evaporation Pond 1 during the Phase II

investigation.

8.1.1.2 Soil Sampling and Analysis from Trench Excavations

Upon excavation of each trench to a depth of 4 ft, samples were collected at depths of 1 and 3 ft.
Additional samples were obtained from the trackhoe bucket at a depth of 6 ft, as previously
described for the Three-Mile Ditch trench sampling activities in Section 6.1.1.2, "Soil Sam-
pling and Analysis from Trench Excavations." Groundwater was not encountered prior to a
depth of 9 ft in any of the Evaporation Pond 1 trenches. Therefore, samples were also obtained
at a depth of 9 ft. For three of the six pond trenches (EP-TR-001 through -003), groundwater was
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Figure 6. Location map for trenches, monitor wells, and piezometers, Evaporation
Pond Area, RFI Phase II.
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encountered at depths sufficiently greater than 9 ft to allow the collection of a fifth sample
immediately above groundwater, at a depth of 11 ft or greater. The excavation of each trench
was considered complete to final depth upon reaching groundwater. The various intervals
sampled and depth to groundwater at each trench were recorded in the field logbook.

Samples collected from the Evaporation Pond 1 trenches were analyzed for the parameters
listed in Section 6.1.1.2, following the same collection procedures.

8.1.1.3 Equipment Decontamination

In order to avoid cross-contamination, all hand-operated soil sampling equipment (e.g., spatu-
las, scoops, bowls, augers) was thoroughly decontaminated prior to reuse. Decontamination
consisted of a Liquinox soap wash followed by successive rinses with drinking-quality water
and distilled water. All trenching equipment used at Evaporation Pond 1 that may have come
in contact with waste materials and soils within the unit was steam-cleaned between
excavations. All decontamination solutions were discharged into containers for‘disposal to
the refinery wastewater treatment system. Any disposable materials that may have been
contaminated were collected and placed in appropriate containers for proper disposal.

8.1.2 Results

Laboratory analytical results for the soil samples from the trenches installed at Evaporation
Pond 1 are included in Appendix F of this report. The analytical data are presented in the
following summary tables.

The same six volatile constituents detected in various samples obtained from the trenches
at Three-Mile Ditch were also observed in the Evaporation Pond 1 trench samples, along with
two additional constituents (carbon disulfide and 2-butanone). The constituents detected,
number of detection events, and concentration ranges (mg/kg) were acetone — 17 detections:
0.028 to 0.556; benzene — one detection: 0.030; ethylbenzene — seven detections: 0.052 to 2.34;
methylene chloride — six detections: 0.008 to 0.122; toluene — seven detections: 0.032 to 3.06;
total xylenes — eight detections: 0.007 to 6.51; 2-butanone — two detections; 0.033 and 0.127;
and carbon disulfide — one detection: 0.033 (Table 16).

In contrast to trends observed for other volatile constituents, the occurrence and
concentration levels observed for acetone and methylene chloride in these trench samples do
not appear to be correlated with sample depth. Because acetone and methylene chloride are
both recognized as common laboratory contaminants, these results suggest that detection

events for these two constituents are best explained as laboratory contamination artifacts.
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Table 16. RFI Phase II soil sampling, Evaporation Pond 1 — oil and grease and volatile
organic compounds (mg/kg).
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Table 16. RFI Phase II soil sampling, Evaporation Pond 1 — oil and grease and volatile

organic compounds (mg/kg).

Methylene

Sample Ofil and Ethyl- Xylenes

Sample depth (ft) grease (%) Acetone Benzene benzene chloride Toluene (total)
EP-TR-001-01 1 8.27 0.387 0.03 0.443 <0.028 0.622 2.05
EP-TR-001-02 3 1.11 0.437 <0.034 0.128 <0.034 0.082 0.484
EP-TR-001-03 6 04 0.295 <0.025 0.052 < 0.025 0.032 0.159
EP-TR-001-04 9 0.06 0.176 <0.006 <0.006 <0.006 <0.006 <0.006
EP-TR-001-05 13 <0.05 <0.012 <0.006 <0.006 0014 <0.006 <0.006
EP-TR-002-01 1 18.49 <0.391 <0.196 0.59 <0.196 0.376 1.57
EP-TR-002-02 b 3 0.96 0442 <0007 0488 <0007 0083 1270
EP-TR-002-03 € 6 0.08 0.556 <0.007 <0.007 <0.007 <0.007 <0.007
EP-TR-002-04 9 0.08 0.043 <0.008 <0.008 <0.008 <0008 <0.008
EP-TR-002-05 13 <0.05 <0.014 <0.007 <0.007 <0.007 <0.007 <0.007
EP-TR-003-01 1 7.05 <0.061 <0.031 <0.031 <0.031 <0.031 0.264
EP-TR-003-02 3 < 0.05 0.228 <0.007 <0.007 <0.007 <0007 <0.007
EP-TR-003-03 3 (duplicate) 0.26 0.189 <0.007 <0.007 0.015 <0.007 <0.007
EP-TR-003-04 6 0.05 <0.014 <0.007 <0.007 <0.007 <0007 <0.007
EP-TR-003-05 11 <0.05 0.033 <0.006 <0.006 <0.006 <0006 <0.006
EP-TR-004-01 1 16.07 <0314 <0.157 0.332 <0.157 <0157 <0.157
EP-TR-004-02 3 0.10 0.079 <0.006 <0.006 <0006 <0.006 <0.006
EP-TR-004-03 6 <0.05 0.184 <0034 <0.034 <0034 <0034 <0.034
EP-TR-004-04 9 <0.05 <0.012 <0.006 <0.006 <0.006 <0.006 <0.006
EP-TR-005-01 1 0.19- <0.012 <0006 <0.006 <0.006 <0006 <0.006
EP-TR-005-02 3 0.11 0.264 <0.007 <0.007 <7 <0.007 <0.007
EP-TR-005-03 6 0.13 0.235 <0.007 <0.007 9l <0.007 <0.007
EP-TR-005-04 9 0.10 0.172 <0.006 <0.006 0.122 <0006 <0.006
EP-TR-006-01 1 12.56 <0.263 <0.132 <0.132 <0.132 0.147 <0.132
EP-TR-006-02 3 0.12 .07 <0032 <0.032 0.147 <0.032 <0.032
EP-TR-006-03 6 0.05 0.054 <0.007 <0.007 <0.007 <0.007 <0.007
EP-TR-006-04 9 < 0.05 0.028 <0.0068 <0.006 0.008 <0.006 <0.006
EP-TR-006-05 0-1 18.61 <4.320 <2.160 2.34 <2.160 3.06 6.51
a = Trackhoe bucket grab sample of pond surface sludges adjacent to trench EP-TR-006.
b = 2-butanone (0.127 mg/kg) and carbon disulfide (0.033 mg/kg) also detected.
c = 2-butanone (146 mg/kg) also detected.
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Detectable levels of oil and grease in the soil samples were observed generally to decrease
markedly at sample depths below the 1-ft collection depth. Oil and grease concentrations in
samples collected at the 1-ft depth ranged from 0.19% to 18.49%, with an average value of
10.4% (Table 16). Oil and grease levels at the 3-ft sample depth were also observed to be at or
near a concentration of 1% at trenches EP-TR-001 and EP-TR-002. The location of those
trenches was nearest to the former influent point to Evaporation Pond 1 (Figure 6).

Two semivolatile constituents, di-n-butyl phthalate and phenanthrene, were detected in
various soil samples from Evaporation Pond 1 (Appendix F). Di-n-butyl phthalate was detected
in 11 samples at concentrations ranging from 1.6 to 8.6 mg/kg, whereas only one detection was
made of phenanthrene at a value of 13 mg/kg. Phthalate compounds are common laboratory
contaminants, and are generally recognized as unreliable indicators of hydrocarbon
contamination in environmental samples (Sullivan et al., 1993).

The data for pH, électrical conductivity, and total metals are presented in Table 17. Soil pH
and electrical conductivity values for the trench samples at Evaporation Pond 1 ;veraged 8.2,
and 6.0 mmhos/cm, respectively. The data for total metals concentrations revealed that
significant accumulation levels for the metals of concern were measured only in solls at the 1-
ft sample depth. Maximum and average concentration levels, respectively, in the Evaporation
Pond 1 samples at the 1-ft sample interval, in mg/kg, were arsenic — 39.9 and 24.8; chromium
— 1,011 and 397; lead — 389 and 124; nickel — 37 and 22.5; and zinc — 434 and 198 (Table 17).

All trench soil samples collected at Evaporation Pond 1 underwent TCLP analysis. None of
the trench samples yielded leachate concentrations in excess of the specified regulatory limits

for the selected TC constituents.

8.2 SUBSURFACE GAS

A well point investigation to sample subsurface gas was performed from 16 November to 4

- December 1992 to approximate the lateral extent of the hydrocarbon plume extending south of

Evaporation Pond 1 and to aid in the placement of monitor wells associated with monitoring
this plume. The following sections present a discussion of the methods employed in the

investigation.

8.2.1 Well Point Installation

Prior to the installation of the well points, a grid with a 500-ft spacing was established for the
area south of Evaporation Pond 1. In addition, a background location was selected southwest of
the pond and adjacent to monitor well EPA-1. Well points consisting of steam-cleaned 6-ft
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Table 17. RFI Phase II soil sampling, Evaporation Pond 1 — pH, electrical
conductivity, and total metals concentrations (mg/kg).
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. Table 17. RFI Phase II soil sampling, Evaporation Pond — pH, electrical éonductivity. and
total metals concentrations (mg/kg).

Electrical
Sample conductivity .
Sample depth (ft) pH (mmhos/cm) Arsenic Chromium Lead Nickel Zinc

EP-TR-001-01 1 8.5 29 26.1 74 389 21 54
EP-TR-001-02 3 8.5 4.9 3.9 29 17 26 64
EP-TR-001-03 6 7.5 6.4 7.6 17 7 24 44
EP-TR-001-04 9 7.6 5.0 2.2 16 4 23 25
EP-TR-001-05 13 8.1 2.6 2.4 16 1 20 36
EP-TR-002-01 1 8.3 36 38.6 1011 93 37 303
EP-TR-002-02 3 8.8 2.8 1.8 19 10 21 49
EP-TR-002-03 6 7.5 6.1 8.6 17 6 =24 41
EP-TR-002-04 9 7.9 53 4 16 5 28 37
EP-TR-002-05 13 7.9 53 9.9 16 6 31 42
EP-TR-003-01 1 8.1 3.1 22.6 633 73 14 434
EP-TR-003-02 3 7.8 5.8 9.1 30 14 23 57
, EP-TR-003-03 3 (duplicate) 7.7 6.5 10.3 26 12 22 55
@. EP-TR-003-04 6 77 50 7.1 24 7 14 53
EP-TR-003-05 11 7.7 4.0 3.3 20 . 6 10 32
EP-TR-004-01 1 8.2 8.0 19.7 398 28 12 194
EP-TR-004-02 3 9.1 3.3 1.4 14 4 7 21
EP-TR-004-03 6 9.5 2.7 8.7 34 14 22 ‘ 73
EP-TR-004-04 9 8.2 1.9 3.1 9 3 5 37
EP-TR-005-01 1 7.6 6.6 1.6 32 9 14 40
EP-TR-005-02 3 8.5 6.4 1.5 19 7 13 33
EP-TR-005-03 6 9.4 4.2 3.9 25 11 18 48
EP-TR-005-04 9 8.7 5.1 11.6 26 8 14 38
EP-TR-006-01 1 77 .70 39.9 235 153 37 161
EP-TR-006-02 3 9.1 3.9 24 29 9 13 63
EP-TR-006-03 6 7.6 6.3 6.5 18 4 10 31
EP-TR-006-04 9 8.7 2.6 2.2 12 7 10 31
EP-TR-006-05 & 1 8.6 6.0 16.1 320 36 14 320

a = Trackhoe bucket grab sample of pond surface sludges adjacent to trench EP-TR-006.
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joints of 1/2-in. steel pipe equipped with expendable conical tips were installed at each grid
point. Installation was accomplished by utilizing a drill rig to hydraulically push the well
points into the ground to the desired depth. The depth of insertion of the individual well points
was determined during installation from the obvious reduction in downward force that occurs
upon contact with saturated material. Once the proper depth was obtained, a well point would
be withdrawn 6 in. to allow the groundwater to move into the annulus of the pipe.

Once each well point was installed, a threaded steel cap was used to seal the pipe and
prevent the transfer of ambient air into the pipe. The elevation of the well points was then
surveyed and recorded. This information was later used to determine the groundwater flow
direction of the uppermost water-bearing zone.

822 Well Point Sampling

The water level was allowed to equilibrate in the installed pipes for at least 12 hours. A steel
tape marked with chalk was then lowered into the pipe to determine the depth of water at that
well point. The well point was then sampled by inserting polypropylene tubing into the well
and using a peristaltic pump to withdraw the water. Approximately 400 mL of water was
collected in a glass 1-L bottle or a quart jar. To minimize subsequent gas loss, clean aluminum
foil was placed over the mouth of the container before it was sealed. The sealed container was
shaken vigorously for 2 minutes and then allowed to sit for a minimum of 5 minutes. The lid
was removed and flame ionization detector (FID) and photoionization detector (PID) probes
were inserted into the container to draw headspace air from the container until the
concentrations of volatile organic compounds were depleted. The maximum he<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>