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Mr. Rich Mayer, Environmental Engineer
RCRA Pemmits Branch

U.S. Environmental Protection Agency
1445 Ross Ave., Suite 1200

Dallas, TX 75202-2733

Re: Transmittal of RFl Phase lll Report, Three-Mile Ditch and Evaporation Ponds,
Navajo Refinery, Artesia, New Mexico, April 1995

Dear Mr. Mayer:

Enclosed please find the RF| Phase lll Report for the above facility. This report details
and reports the results of field investigation activities that commenced in November,
1994 and were completed in February. It includes measurement of water levels,
monitor well sampling, installation of new wells and piezometers, sampling of ditch
sediments, and Pecos River surface water and sediment sampling. The investigation is
the cuimination of a series of EPA-required RFI studies that began in 1990, and the
findings of the previous studies and referenced and included in the document where
appropriate.

The results of this investigation substantiated and reinforced the results and
conclusions presented in the 1993 RFI Phase Il study. Waste material in the buried
Three-Mile Ditch shows little or no risk to groundwater, now or in the future, although
some sediments previously dredged from the ditch and remaining at the surface may
need to be addressed. Chemical data generated from the new deep monitor wells at
the ponds does not show the presence of organic target compounds. Although arsenic
is pervasive in turbid samples from shallow wells, an elevated level of arsenic only
slightly above the health-based standard was detected in one deep well.

Of greater importance, the pond monitor wells show improving water quality in the
shallow alluvial system. Benzene was detected in just one well (vs. five in 1993) at a
level slightly under three-times the EPA health based limit. Water chemistry in wells
adjacent to the now-dry evaporation ponds shows ongoing replacement of pond water
with native water. The mechanism that allows natural remediation to occur is the
positive upward groundwater gradient which has been documented during these
studies as occurring in the vicinity of the ponds. This mechanism will continue and
likely accelerate once fluids are removed from the other ponds and the system reaches
natural hydrologic equilibrium.
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Aithough groundwater impacted by some pond constituents is improving, the native
- shallow groundwater remains naturally salty (approaching or in excess of 10,000 mg/L)
and is unusable for drinking or agriculture. The nearby Pecos River remains severely
salt-impacted from other sources and unusable for domestic use. As demonstrated by
the recently submitted Corrective Measures Study for Evaporation Pond 1, the area
around the outside of the ponds also continues to be subject to frequent flooding. This
combination of factors will prevent use of the area for human habitation and restrict
groundwater withdrawal for any purpose. Therefore, use of human health-based
standards to evaluate any remaining groundwater pollutants upon pond closure is
inappropriate.

Based on the results of this study and the eariier Phase |l investigation, further
investigatory action beyond limited monitoring of groundwater to demonstrate water
quality improvement as ponds are removed from service is unwarranted.

If you have any questions, please do not hesitate to contact me at (505) 748-3311.

Sincerely,

Matthew P. Cliftc
Senior Vice-President

encl.
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RE/SPEC Inc. Navajo RFI Phase III Report

1.0 EXECUTIVE SUMMARY

A Phase III Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI)
was conducted at two solid waste management units (SWMUs) at the Navajo Refinery (EPA ID
No. NMD 048918817) located in Artesia, New Mexico. The purpose of this follow-up
investigation was to verify and expand upon certain findings and conclusions presented in the
Phase II revised report, submitted to the U.S. Environmental Protection Agency (EPA) in
November 1993 and to better define the source characteristics and the nature and extent of any .
contamination from the SWMUs. The two SWMUSs are Three-Mile Ditch (TMD), an unlined
wastewater conveyance channe] that was operated for approximately 50 years, and a partially active
evaporation pond system that covers approximately 115 acres.

The Phase III investigation was intended to:

« provide a more detailed representation of groundwater flow along various sections of
TMD;

 characterize above-grade deposits of dredged waste materials deposited adjacent to the
ditch in several areas;

« further search for any evidence of shallow groundwater contamination due to past use
of the wastewater ditch;

« conduct follow-up groundwater sampling from the existing monitoring well network at
the evaporation ponds;

o further delineate the vertical extent of groundwater contamination in the immediate
vicinity of the ponds; and

» perform environmental evaluation of surface water and sediments in the Pecos River in
the area of the ponds.

The Phase III investigation included groundwater sampling and chemical analyses of 37
monitor wells and the windmill in the vicinity of the evaporation ponds, 15 wells along TMD, and
water from the evaporation ponds and the Pecos River. Three deep monitor wells were installed in

the vicinity of the ponds, and five shallow wells and three piezometers were installed adjacent to
TMD.

A summary of the key findings of this investigation are as follows:
Three-Mile Ditch — Surface Sedi

* Surface sediments were removed from the base of the ditch when in active use and
placed adjacent to the ditch. Most sediments accumulated in areas where flow was
slow due to a flat topographic gradient. Some sediments remain on the surface in
shallow piles. Two areas identified in this study are located immediately east of Bolton
Road and east of the Artesia Wastewater Treatment Plant.

1-1
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Metals analyses performed on six samples for arsenic, chromium, lead, nickel and zinc
show elevated levels of all five constituents. Lead, especially, exceeded risk-based
concentration limits derived for similar materials in Pond 1. Samples from the Bolton
Road interval were observed to contain the highest concentrations. Navajo and EPA
need to discuss options for evaluation of these materials to establish information on
potential exposure to environmental receptors and mitigation alternatives.

The information generated during the Phase III study, plus review of data produced

during the Phase II investigation, continue to support the conclusion of the Phase II
study that unit soils associated with TMD do not pose a present or future significant
threat to human health or the environment. This suggests that remaining residual
organic constituents contained within the unit soils present only minimal likelihood for
significant contamination of shallow groundwater (i.e., above conservatively-
calculated, health-based levels). Likewise, analyses for metals support earlier
conclusions that evidence does not exist to indicate that any residual metal constituents
present within the unit soils are migrating or have the potential to migrate from the unit.

Organic volatile and semivolatile constituents were not reported at low detection levels
in groundwater in new or existing monitor wells installed along the ditch.

Exceedances of chromium and nickel in groundwater samples from several older
stainless steel wells continue to be detected; the Phase II report determined the likely
source of contamination is the corrosion of the stainless-steel casing of these wells. A
slightly elevated level of lead continues to be detected in MW-45; this well is located
adjacent to refinery operations areas known to have had underground releases from
product storage tanks and lines.

Groundwater flow direction was mapped and shows water movement from Eagle
Creck into the near-surface saturated zone (NSSZ) along the section of the creek from
the refinery to just east of Bolton Road. East of MW-29, the direction of movement is
generally parallel to the ditch eastward to the vicinity of the river. When surface water
is present in Eagle Creek, groundwater recharges to the NSSZ, at least in the section
from the refinery to the vicinity of Bolton Road, as evidenced by the direction of
mapped groundwater contours. Additional evidence of a surface water/groundwater
connection was the observation during the Phase II investigation of pooled water
supporting aquatic life forms.

The NSSZ in the vicinity of TMD is too discontinuous to provide a potentially usable
water source, and the quality of the groundwater is poor due to excessive
concentrations of total dissolved solids (TDS). The average TDS of the 15 monitor
wells installed along TMD is in excess of 6,000 mg/L. The quality of the shallow
water approaching the evaporation ponds is also very poor because of excessively high
salt concentrations in alluvial groundwater near the river.
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‘ + The Phase II comparison of the water chemistry of shallow groundwater in the area
1 was revised and updated using the new wells installed for this study. The results of the
current review support the earlier conclusion that there is no evidence to indicate that the
shallow water was from an effluent source. These comparisons offer support to the
results of the organic and metal analyses which show any current groundwater impacts
of past ditch use are at most minimal.

Evaporation Ponds — Groundwater

» The results of the Phase III investigation at the evaporation ponds substantiated and
reinforced the conclusions of the Phase II study. Since that study, a second
evaporation pond has been deactivated, and sampling of downgradient monitor wells
reflects improvement in alluvial water quality and overall reduction in hazardous
constituents. Also, water-level measurements continue to demonstrate upward
movement of generally-better quality water from lower zones.

+ Benzene was confirmed in only one well (MW-4A), with an average concentration of
approximately 0.014 mg/L. In 1993, benzene was found in five wells where the
maximum concentration was 0.021 mg/L. Benzene was the only volatile constituent
detected in groundwater in the vicinity of the ponds that exceeded health-based drinking
water standards. Ethylbenzene, toluene, and xylenes were confirmed in four wells

‘ (down from five in 1993); the maximum concentration for any volatile organic
compound was 0.032 mg/L of total xylene. Semivolatile PAH compounds were not
found in the groundwater at detection levels as low as 0.01 mg/L.

» Except for arsenic, the metals chromium, lead, and nickel exceeded respective EPA
health-based standards only in the older wells having stainless steel casing, in wells
with high sample turbidity, or a combination of these. Filtering and/or resampling
these wells after purging at very low flow rates eliminated exceedances and, in most
cases, detections for these three metals. ’

» Arsenic concentrations were confirmed to exceed the EPA health-based standard at 11
monitor wells, but only four of the wells exceeded the New Mexico groundwater
standard. The maximum exceedance was slightly greater than four times the EPA
standard of 0.05 mg/L. Arsenic problems during sampling included high turbidity
samples obtained from new wells and the movement into suspension of clay particles
containing arsenic during purging and bailing. Resampling of several new and existing
wells after purging with a low-flow peristaltic pump resulted in markedly lower total
arsenic values.

» Three monitor wells installed to depths of approximately 70 feet during the Phase III
investigation did not detect target organic constituents. Arsenic, initially detected at
significantly elevated concentrations, was either absent or near the EPA health-based

‘ standard after resampling using a low-flow pump for well purging.

1-3
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 Existing and new monitor wells continue to document the very poor quality of shallow
groundwater at locations close to the river and away from the direct influence of the
pond. Some of the dissolved salt concentrations in the groundwater at river locations
unimpacted by the ponds were in excess of 10,000 mg/L. Analyses by the United
States Geological Survey (USGS) show river water during certain months of the year
approaches these concentrations.

+ Eleven sets of shallow and deep pairs of groundwater monitoring wells have been
installed in the vicinity of the evaporation ponds. Comparison of groundwater
elevations in shallow monitor wells with elevations in monitor wells screened at lower
depths in the valley fill alluvium continues to demonstrate the existence of an upward
vertical gradient in the vicinity of the evaporation ponds. Results of four sets of
measurements beginning in 1993 show the magnitude of the gradient to be generally
consistent. 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. '

» Although extensive groundwater contour maps in the vicinity of the pond were not
prepared during the Phase III investigation, review of the paired monitor well data does
not show any obvious changes from 1993 levels. Groundwater mapping during that
study showed horizontal movement of groundwater to a discharge area south and east
of the ponds in the vicinity of U.S. Highway 82. The area is identified on local
topographic maps and was verified as being a marshy area heavily populated with salt
cedar, which is considered nuisance vegetation.

» The area in the vicinity of the ponds serves as a regional groundwater discharge
location. Naturally occurring salts in water discharged from depth to the surface are
concentrated as a result of direct surface evaporation and high transpiration by salt-
tolerant plants growing in this and other marshy areas adjacent to the Pecos River.
Water not evaporated or consumed by vegetation is discharged into the Pecos River
during times of low flow.

» Sampling of the Pecos River at two locations during the Phase I investigation did not
detect elevated levels of constituents attributable to Navajo Refinery practices. The
historically poor quality of river water has been documented by state and federal
agencies. Likewise, sediment sampling from the Pecos River at four locations during
the Phase III study did not detect any volatile or semivolatile organics, although a
slightly elevated level of arsenic was found at a location about 4,800 feet downstream
from the ponds.

» Using field-derived information on the local geology, hydraulic conductivity, and
horizontal and vertical gradients, a groundwater flow model was developed during the
Phase II study to replicate the horizontal and vertical groundwater movement in the
study area. Based on review of the potentiometric gradient information generated
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during the Phase III investigation, upward flow gradients continue to be observed at the
magnitudes previously measured. Therefore, the modeling assumptions and
calculations performed for the Phase II study remain valid.

o The Phase II and Phase III investigations compared the chemistry of the inorganic
constituents of the pond wastewater, of groundwater in the pond monitor wells, and of
groundwater in the valley fill alluvium. The review determined that the groundwater in
the shallow monitor wells immediately adjacent to the pond and in some deeper monitor
wells on the south side of the pond had characteristics indicating partial mixing of the
groundwater with pond water.

o  Phase III water chemistry sampling results show improvement in water quality (defined
as replacement of sodium chloride water with water having calcium-magnesium sulfate
properties) in shallow and deep wells downgradient from the now-inactive ponds. The
improvement in water quality observed in the current investigation supports the Phase
II observations that the downward vertical groundwater gradient underlying the ponds
is in effect only to a limited depth and is now diminishing due to removal of overlying
hydraulic rock. Thereafter, up welling of deep alluvial groundwater redirects the
downward-moving contaminated groundwater upwards to the shallow groundwater
zone.

o The water of the Pecos River and the shallow groundwater in the vicinity of the ponds
are naturally high in TDS. The salty content of the river water makes it unusable for
domestic uses, and the salty nature of the shallow groundwater renders it unusable for
domestic, agricultural, or industrial purposes.

The results of groundwater sampling and analysis in the vicinity of the evaporation ponds
indicate that the deeper groundwater in the river alluvium of the valley fill aquifer has not been
excessively impacted by refinery activity. The southeasterly flow direction of water in the alluvium
moves contaminants previously released from the ponds to the southeast, away from the better
quality groundwater to the west. The prevailing upward vertical flow minimizes the downward
migration of any possible contamination to the deeper portion of the valley fill aquifer, and
provides a natural remediation mechanism as demonstrated by improvement in water quality in
monitor wells adjacent to the inactive ponds.

Because of the lack of potential environmental receptors for groundwater downgradient of
the ponds, the restriction of any contamination from the ponds to the uppermost portion of the river
alluvium, the naturally salty groundwater in shallow river alluvium, and elimination of volatile and
semivolatile organics in the wastewater stream, the evaporation ponds do not currently pose a
significant environmental risk to the area and are not likely to become such in the future.

The various RFI investigations at TMD and the ponds have adequately characterized the
nature and extent of contamination and releases from the SWMUs. With the exception of the
dredged sediments along portions of TMD, the relatively low levels of organic and inorganic
constituents beneath and in proximity to the SWMUSs pose little threat to human health and the
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environment, as defined by federal and state criteria. With respect to the sediments at the surface,
some additional work is necessary to determine the potential exposure to environmental receptors
via surface pathways, and to evaluate action options. Otherwise, no further investigations are
necessary beyond limited routine monitoring of water levels and selected constituents in the vicinity
of the ponds to verify conditions and to monitor water quality, including the progress of natural
remediation at the inactive pond units.

1-6
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2.0 INTRODUCTION

Navajo Refining Company (Navajo), located in Artesia, New Mexico, owns and operates a
wastewater evaporation pond system located adjacent to the Pecos River approximately three miles
east of its refinery plant. The system consists of three interconnected ponds (Ponds 3, 5, and 6)
that receive approximately 650,000 gallons of wastewater per day from the refinery wastewater
treatment plant via a 20,000-linear-foot enclosed pipeline. Besides those ponds currently in
service, the system formerly included two other impoundments (Ponds 1 and 2), which were.
removed from service in 1987 and 1994, respectively.

Refinery wastewater was conveyed to the pond system via an unlined earthen ditch known
as TMD until 1987, when a subsurface high-density polyethylene pipe replaced TMD. At that
time, Pond 1, which directly received the wastewater conveyed by the ditch, was also removed
from service. Figure 2-1 shows the inactive ditch and current evaporation pond system.

Several reports generated since the beginning of the RCRA Corrective Action Program at
the refinery serve as background documents to this Phase III effort, including:

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

RFI Phase I Report (2nd submittal) — October 1990

RFI Phase I Work Plan (2nd submittal) — December 1990

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

RFI Phase I Workplan (revised) — June 1992

RFI Phase II Report (1st submittal) — April 1993

RFI Phase II Report (2nd submittal) — November 1993

RFI Phase III Workplan — July 1994

Evaporation Pond 1 Corrective Measures Study Workplan (1st submittal) — August
1994

o Evaporation Pond 1 Corrective Measures Study Workplan (2nd submittal) —
December 1994

e ® ® ® e e L ® @

Under the auspices of the preceding RFI Phase I and Phase II investigations, the subject
units have been extensively characterized in terms of their environmental setting and source
characterization. Therefore, information generated from the previous investigations is not
necessarily fully reiterated in this report. Detailed information concerning the environmental setting
(site climate, topography and surface water, soils, geology, hydrogeology, and potential receptors)
and source characterization are contained in the above-referenced Three-Mile Ditch and Evaporation
Ponds RFI Phase II Report. Additional detailed information and discussion regarding potential
environmental receptors in the vicinity of the evaporation ponds may also be found in the Pond 1
Corrective Measures Study Workplan (2nd submittal).
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Figure 2-1. Location Map, Three-Mile Ditch and Evaporation Ponds,
Navajo Refinery, RFI Investigations
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2.1 Scope and Goals of the RFI Phase lll

This document presents the activities and findings of an RFI Phase III investigation for
TMD and evaporation ponds. The RFI Phase III was conducted according to the July 31, 1994,
Phase III workplan approved by EPA Region 6 in September 1994.

The Phase III investigation workplan was intended to meet the following investigative
requirements stipulated by Region 6:

+ Obtain a more detailed representation of groundwater flow along various sections of
TMD;

 search for any further evidence that might indicate that shallow groundwater adjacent to
the ditch is being impacted by subsurface contaminants underlying the ditch;

+ Conduct follow-up sampling and evaluation of groundwater from the existing
monitoring-well network at the evaporation ponds;

» Further delineate the vertical extent of groundwater contamination in the immediate
vicinity of the ponds;

» Characterize above-grade deposits of dredged waste materials deposited parallel to the
ditch along several ditch segments; and

» Perform environmental evaluation of surface water and sediments in the Pecos River
adjacent to and in the vicinity of the ponds.

2.2 Organization of the RFl Report

This Phase III report is organized into seven sections and supporting appendices. Section
3.0 describes the Phase III soils and groundwater investigations along TMD, while Sections 4.0
and 5.0 present the details of Phase III investigation activities and findings associated with the
evaporation ponds and the Pecos River, respectively. Phase III investigation findings and
conclusions are presented in Section 6.0. References cited in the report are provided in Section
7.0. Appendix A presents selected analytical laboratory data extracted from the prior
TMD/evaporation ponds RFI Phase I and Phase II investigation. Boring logs for Phase III
monitoring well and piezometer boring locations are presented in Appendix B, and aquifer test data
and graphs generated during Phase III for newly installed monitoring wells are given in Appendix
C. Analytical laboratory reports for all environmental samples generated during the Phase III
investigation are presented in Appendix D, and analytical laboratory reports generated by split
sampling activities conducted by EPA representatives during the Phase III are shown in Appendix
E.

2-3
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3.0 RFI PHASE Illl INVESTIGATION - THREE-MILE DITCH

The following sections describe Phase III investigative procedures and results for TMD.
Soil sample collection locations, procedures, and analytical results are presented in Section 3.1.
Descriptions of groundwater monitoring well and piezometer installation, groundwater
measurements, sample collection, and analytical results are presented in Section 3.2.

3.1 Soils Investigation

At some areas along TMD, waste materials accumulated in the ditch bed were dredged from
the base of the unit and deposited atop the ditch bank. Such residual dredged materials remain in
place along two separate segments of the TMD that extend over a total distance of approximately
one mile. As part of the Phase Il investigation, six soil samples were collected at various
locations along these two ditch sections. Figure 3-1 depicts the two ditch intervals at which
residual deposits of dredged materials are located and the specific locations at which soil samples
were collected.

3.1.1 Soil Sampling Procedures

The soil samples were obtained as simple grab samples placed in appropriate sample
containers. Samples were obtained using either a decontaminated hand shovel or, in loose soils,
by hand using new latex gloves. Sample intervals extended from the soil surface to approximately
three inches below grade. The onsite EPA representative was consulted in the selection of general
sample locations representative of typical conditions along the targeted intervals, and specific
sample locations were selected either randomly (three samples) or as biased samples on the basis of
visual appearance (three samples).

3.1.2 Soil Sample Laboratory Analyses

The Phase III soil samples collected from the TMD were analyzed for the following
parameters/constituents:

. pH,

» electrical conductivity (EC);

» oil and grease;

« arsenic, chromium, lead, nickel, and zinc; and

semivolatile organics (EPA Method 8270 polynuclear aromatics).

3-1
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3.1.3 Analytical Results

Analytical results of the Phase III investigation are presented in Appendix D and
summarized in Table 3-1. Soil pH and EC parameters were within the normal range for soils in
this area. Oil and grease content ranged from 0.3 to 11 percent. None of the targeted semivolatile
organic constituents were detected in the TMD soil samples. However, because detection levels
for semivolatile constituents were significantly elevated due to heavy matrix interference, the
possibility that some semivolatile constituents may be present at concentrations below the reported
detection limits cannot be ruled out.

The TMD Phase III soil samples were analyzed for five metal constituents, including’
nickel, zinc, chromium, arsenic and lead. The results are presented below with discussion
presented in Section 3.1.4:

Nickel concentrations for the six soil samples ranged from 15 to 37 mg/Kg (see Table
3-1). These concentration values are generally within, or only slightly above, the range
of background concentrations for nickel found in native soils in this region. Therefore,
the current Phase III data provides further confirmation to the existing body of Phase I
and Phase II soil data for the interconnected TMD and Pond 1 systems indicating that
nickel was not a major constituent of the historical refinery wastewater stream.

Similarly, the soil data for zinc and chromium are also similar to that obtained from the
preceding Phase I and Phase II investigations. While soil concentrations in the TMD
and Pond 1 soils tend to be significantly elevated for these constituents relative to
background levels (as discussed in Section 3.1.4), the observed concentrations are not
indicative of a potential threat to human health or the environment.

Arsenic concentrations reported for the TMD Phase I soil samples are also within the
range of concentration values previously obtained for soils from the TMD and Pond 1.
One elevated concentration begins to approach levels of human health concern, which is
discussed in the following section. :

Lead concentrations for the Phase III soil samples yielded the highest soil lead
concentration obtained over the course of the RFI (Table 3-1). The highest
concentrations of metal constituents of concern were all obtained along the same ditch
interval at locations TMD-SS-1 through TMD-SS-4 (Figure 3-1). Sample TMD-SS2

- yielded a reported concentration value of 11,600 mg/Kg of lead. Soil samples TMD-

SS-1 through SS-4 all exhibited total lead concentration values in excess of 500
mg/Kg. In contrast, the two soil samples obtained at the second, downgradient interval
of concern (TMD-SS-5 and SS-6) yielded metal concentration data which were
generally lower than that obtained for the samples obtained at the upgradient interval.
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Table 3-1. Summary of Three-Mile Ditch RFI Phase III
Soil Sample Analytical Results

PARAMETER SAMPLE LOCATION
TMD-SS-1 | TMD-SS-2 | TMD-SS-3 | TMD-SS-4 | TMD-SS-5 | TMD-SS-6
pH 7.8 7.7 7.4]. 7.5 7.8 7.7
EC 7.6 5.5 3.8 3.8 8.6 8.9
(mmhos/cm) .
Oil & Grease 0.3 1.9 11 3.7 2.5 1.9
(%)
Semi-
volatiles <18 <30 <30 <40 <60 <136
(mg/Kg )1
Metals
(mg/Kg)
As 26.7 11.8 85.2 23.8 21.9 14.8
Cr 249 305 639 1,016 226 156
Pb 530 11,600 1,670 906 205 191
Ni 21 20 37 20 15 18
Zn 199 203 434 320 155 144

Notes: LAll semivolatile constituents evaluated were less than the reported detection limits.

3.1.4 Soil Investigation Discussion

Residual surface deposits of waste materials dredged from TMD exist adjacent to the bank
of the former unit at two discrete linear intervals. The presence of these materials is indicated both
by visual observation and analytical results that reveal oil and grease residues and elevated metal

concentrations.

For the most part, analytical data generated by the six Phase III soil samples is comparable
to preceding Phase I and II soil data generated for TMD and the linearly contiguous Pond 1.
Metals data from TMD dredged-waste materials may be directly compared to the risk-based
pollutant limits derived for metals in Pond 1. These were presented in Table 3-1 of the revised
"Evaporation Pond I Corrective Measures Study Workplan" submitted to EPA in December 1994
and are summarized in Table 3-2 below.
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Table 3-2. Summary of Limiting Pathways and Derived Concentration-Based
Limits for Pond 1 Soil Metal Concentrations

Range/Average | Primary Limiting Derived
Constituent for Pond 1 Soils Exposure Concentration
(m ) Pathwa Limit
Sludge to child via
Arsenic 1.6 - 39.9/23.5 oral ingestion 41 mg/Kg
Chromium 32-1,011/386 Phytotoxicity 1,500 mg/Kg
Sludge to child via
Lead 9-389/112 oral ingestion 300 mg/Kg
Nickel 12 - 37/22.5 Phytotoxicity 210 mg/K
Zinc 40 - 434/198 Phytotoxicity 1,400 mg/Kg

No evidence obtained from any of the RFI soils investigations conducted at this unit
indicate that nickel is a legitimate constituent of concern. The current data provides further
confirmation to the existing body of Phase I and Phase II soil data, which indicates that nickel was
not a major constituent of the historical refinery wastewater stream. Therefore, sufficient
information has been compiled to confidently conclude that nickel can be excluded from any further
environmental investigation or monitoring associated with both TMD and the associated
evaporation ponds system.

While zinc concentrations in unit soils are elevated relative to background levels, the
reported concentrations are consistently lower than any level which might constitute a potential
threat to human health or the environment under any circumstances. Consequently, sufficient
information is also available to conclude that zinc can be excluded from any further environmental
investigation or monitoring associated with TMD and the evaporation ponds system.

The cumulative results of the RFI program show that soil chromium concentrations are also
significantly elevated above background levels. However, the levels of chrome are less than the
threshold level presented in Table 3-2. The secondary limiting exposure pathway and associated
risk-based limit for chrome is sludge to groundwater to human via drinking water at 6,000 mg/Kg.

While one of the Phase III arsenic soil samples for TMD-SS-3 yielded a concentration
value that might be construed to pose environmental risk under a land-use scenario that assumes a
high level of human exposure, insufficient data is available to determine if such conditions are
widely prevalent in surface soils along the ditch intervals of concern. Further, due to the
remoteness and inaccessibility of the site, no imminent threat to human health is indicated on the
basis of human exposure to arsenic-containing waste residuals currently present along the subject
ditch segments.

TMD Phase III soil data for lead provides the greatest indication of potential environmental

concern. All samples obtained from the most upgradient ditch interval evaluated during this
investigation (encompassing soil sample locations TMD-SS-1 through SS-4 over a distance of
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approximately one-half mile) yielded lead concentrations in excess of normal health-based levels.
Although insufficient data is currently available to arrive at a definitive determination, site
topography and existing environmental conditions suggest that lead-bearing materials suspended in
the wastewater stream may have been preferentially deposited along this section of the unit.

In the ditch interval extending from the refinery boundary to just west of Bolton Road, a
distance of approximately 3,800 feet, surface elevation decreases approximately 22 feet, which
amounts to a grade of 0.6 percent. However, in the immediately following interval extending from
just west of Bolton Road to the culvert that crosses Eagle Draw, about midway between Bolton

and Haldeman Roads, the ground slope diminishes to about 0.38 percent, or an 11-foot drop over

2,900 feet.

Thus, the section of TMD at which Phase III soil samples TMD-SS-1 through SS-4 were
obtained likely represent an interval in which suspended waste materials were afforded an initial
opportunity to settle out of the waste stream. This would have resulted in more intense dredging
activities to maintain the ditch gradient in this area and higher concentrations of metals.

A second Phase III ditch interval of concern, which also possesses surface accumulations
of residual dredge spoils, begins approximately 1800 feet east of Haldeman Road in the vicinity of
MW-16 and extends for approximately 1000 feet. Soil samples TMD-SS-5 and SS-6, which were
collected within this ditch interval, exhibited metal concentration levels that were for the most part
the lowest reported among those soil samples obtained during the Phase III investigation. This
observation is in apparent agreement with the premise that the highest incidence of metals
deposition occurred in the upgradient ditch interval at which Phase III soil samples TMD-SS-1
through SS-4 were obtained.

Because of potential exposure to environmental receptors, Navajo and EPA need to discuss
options to evaluate such lead exposure and to establish mitigation alternatives.

3.2 TMD Groundwater

The objectives of the Phase III groundwater investigation program at TMD were to verify
previous information generated during earlier studies regarding the absence of significant
groundwater contamination and to provide better data on groundwater movement in the NSSZ in
the immediate proximity of the ditch.

Specific activities performed in the vicinity of TMD during the Phase Il investigation
included:

» Measurement of water levels in all available monitor wells and piezometers;

+ Collection of samples from existing TMD monitor wells;

+ Installation of five monitor wells to determine if groundwater contamination has
occurred in areas of the ditch where deep soil contamination and/or intersection of the
water table has been documented;
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o Installation of three piezometers to further define groundwater flow geometry in the
vicinity of the ditch; and
o Collection of samples from new monitor wells.

This section describes the procedures followed during the groundwater portion of this
investigation. Included are descriptions of drilling and well installation, hydrogeologic
characterization, and sample collection. These are followed by a presentation of the results and
subsequent discussion.

3.2.1 Drilling Procedures

The drilling procedures observed during the Phase III investigation were designed to
produce:

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

» samples representative of the media under investigation;

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

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

All drilling, well installation, well development, groundwater sampling, and other related
field activities conformed to state and EPA requirements for RCRA investigations. |

To meet the previously stated objectives, the drilling program was performed by qualified
personnel following recognized protocols, with all steps, measurements, and anomalies
permanently recorded in the field logbooks.

3.2.1.1 Drilling Methods

The installation of five monitor wells and three piezometers along TMD during Phase III
field investigations occurred during January 1995 and was performed by Precision Engineering,
Drillers, and Engineers of Las Cruces, New Mexico. A CME 75 hollow-stem dry auger rig,
mounted on a truck, was used to drill each well. Tools and augers were cleaned prior to use on
each well or piezometer using a high-pressure hot-water cleaner mounted on an auxiliary trailer.
Each well and piezometer boring was advanced using 4.25-inch LD. hollow-stem augers with a
cutting head on the lead auger. For the optimum recovery of undisturbed cores, a CME five-foot
recovery split barrel was placed within the augers and the core barrel cutting shoe rode six inches
ahead of the auger head. After each five-foot 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
five to 10 feet below that depth to ensure that the installation would be a producing well. The
4.25-inch augers were then removed from the boring. For both wells and piezometers, two-inch
I.D. PVC casing was installed, in accordance with the approved RFI workplan.
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All soils removed from a boring were placed on plastic sheeting for later collection and
disposal by Navajo Refinery personnel.

3.2.1.2 Borehole Logs

3.2.2

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:

L] L] L ] * [ ] . *

project name and number;

borehole location and number;

initials of geologist who logged the borehole;

date;

drilling company and method of drilling;

special problems encountered and their resolution;

distinct boundaries between soil types and/or lithologies and depths of occurrence;

depth of first occurrence of groundwater; and

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:

— soil type;

— grain size;

— color;

— plasticity of fines (non-plastic, low, medium, high);

— odor, if organic or unusual;

— moisture;

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

— sample depths and sample numbers.

Well/Piezometer Installation and Development

The monitor wells were designed to

L

allow sufficient groundwater flow for well sampling;
minimize the passage of formation materials (turbidity); and
provide sufficient structural integrity to prevent the collapse of the intake structure

Piezometers were designed to provide for measurement of groundwater levels in the first
saturated zone. They were completed using the same methods as the monitor wells, but were
developed only to the extent necessary for measuring water levels.

3-8
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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 two-inch 1.D. schedule 40 PVC casing with 0.01-
inch 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 B.

The screened interval ranged from 10 to 15 feet and intercepts the water table (allowing for
seasonal fluctuations). 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 16/40 silica sand was installed within the auger-string to
ensure the maintenance of the annular integrity. Sand was placed from the base of the boring to
two feet above the top of the screen.

The field geologist recorded the depth intervals in which sand was packed, the amount of
sand used, and any problems that arose.

A bentonite seal with a minimum thickness of two feet was placed in the annular space
above the sand pack. Bentonite pellets were emplaced in the hole, hydrated with fresh water, and
allowed to set up for at least 30 minutes prior to grouting. 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. .

All monitor wells and piezometers were grouted from the top of the bentonite seal to within
three feet 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 settlement.

Measurements of various well/piezometer dimensions were completed for each installation
unless the depth of the borehole made measuring the total length of the screens and casings on the

ground surface impractical. Measurements consisted of the distances from the top of the casing to
the: ‘

* top of the bentonite seal;
» top of the sand pack;

« top of the screen; and

» bottom of the borehole.

The monitor wells and piezometers were completed at the surface with the casing extending
approximately 3 feet above grade where possible. The steel protective cover with locking cap
placed over the casing riser extends approximately two feet below grade. The well head is
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surrounded by a cement pad (four feet by four feet by four feet) that slopes away from the center.
Each well/piezometer is clearly identified with a permanent identification marking on the inside of
the protective cover.

The elevation and location of all monitor wells and piezometers was surveyed in February
1995 by John D. Jaquess & Associates, New Mexico license 6290. The elevations of the natural
ground surface, the top of the PVC well casing, and the top of the locking cap of the steel
protective casing were determined to be 0.01 feet, based on a previously established benchmark.
The location of each well was determined to be 0.01 feet, relative to a previously established
refinery control benchmark. The new wells were plotted on the 1:3,600 (1 inch = 300 feet) base
map previously prepared for the RFI Phase II report from aerial photographs of the Navajo’
Refinery and the USGS Artesia 7.5-minute quadrangle topographic map.

Drilling details and lithologic descriptions from the soil boring log, well/piezometer
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. These forms include:

project name and number;

borehole or well/piezometer identification number;

initials of the geologist(s) who logged the borehole;

date drilled;

driller’s license number and company;

materials used for casing, sand pack, borehole seals, grout, and surface completion;
final construction specifications, including total depth of the borehole, depth of the
screened interval, depths to the top of the sand pack, bentonite seal, and grout;
elevation of the top of the casing, the top of the protective cover, and ground surface;
any special problems encountered during installation and their resolution;

pertinent depth-to-water measurements to date;

complete lithologic description of geologic materials found; and

visual observations of contamination, including the presence of discolored geologic
materials and odors. :

L ] L] L] [ L]

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
development 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.

A Grunfos Redi-Flo two percent, two-inch electric submersible pump was used to develop
each well. Surging was accomplished by lifting and dropping the pump through the column of
water in the well. The entire screened interval was surged in five-foot sections using
approximately 10 to 20 iterations per section. If the discharge rate of the well remained low, the
development 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
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percent 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.

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

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 then rinsing with bottled deionized or
drinking-quality water.

3.2.3 Groundwater Measurements, Sample Collection,
and Quality Control

Groundwater sampling at TMD was performed in a two-step process. Existing wells were
first sampled in November 1994. The second step involved sampling the newly installed monitor
wells and resampling selected previously existing wells for verification in the event of anomalous
results.

The following sections describe 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
recorded at each monitor well using the protocol set described below. h

In this investigation, groundwater elevation was measured at each monitor well and
piezometer prior to each sampling event using an electronic depth-to-water meter. The depth-to-
water meter is accurate to (.01 feet. The measurements were taken from a clearly marked reference
point on the top of the well casing and recorded in the field logbook. The elevation of the reference
point was established through surveying as described in Section 3.2.2, "Well/Piezometer
Installation and Development”. The depth-to-water meter was decontaminated prior to use at each
well.

3.2.3.1 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. Wells completed during this project produced sufficient water such
that the well was not pumped dry before three well volumes were removed.

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 an electronic field conductivity meter, pH strip paper,
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and a field temperature thermometer. Based on past experience at the site, electrical conductivity is
the most sensitive field parameter and varies widely from site to site and during well development.
Therefore, it was the only parameter requiring precision measurements.

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.

All readings were immediately recorded in the field logbook. An initial reading was taken
five to 10 seconds after pumping had begun or after one 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 meter was 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.

3.2.3.2 Sample Collection

A groundwater sample was taken only after purging was complete and the depth-to-water
level had recovered to within 90 percent of the pre-purged level. A disposable bailer and dedicated
nylon twine were used to collect groundwater samples. Latex gloves were worn at all times 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 filter. Each sample was collected
directly from the bailer using 0.25-inch flexible tubing. Bailers and the in-line filters were used
only once and discarded for disposal with other refinery solid waste.

The sampler initialed each sample label, including the time of sampling, for each well. The
40-ml samples for volatile organics analysis were wrapped in bubble wrap and taped. The samples
were packed in the insulated containers to ensure that they remained cool and would not be subject
to breakage. All sample labels and lids on the sample containers for semivolatiles, metals, and
general water chemistry were securely taped prior to shipping. Fresh ice was placed in plastic
freezer bags immediately prior to shipment. Ice was double-bagged to reduce leakage during
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melting. The completed chain-of-custody form was sealed inside a plastic bag and placed inside
each insulated container prior to shipment. The insulated containers were then taped closed for
shipment to the laboratory. To prevent tampering, clear packing tape served as custody seals and
was placed over the container lid and signed by the sampler.

All 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.

3.2.3.3 Equipment Decontamination

All groundwater purging and sampling equipment was decontaminated prior to use at each
monitor well and piezometer to prevent the possibility of cross-contamination. Interior
submersible 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 flushed with Liquinox™ detergent followed by a clean-water rinse.

The standard decontamination procedure consisted of scrubbing the equipment in
Liquinox™ detergent and water and then rinsing with bottled deionized or drinking-quality water.
No non-aqueous phase liquids were encountered, and the use of special procedures (modified to
include non-phosphate detergent and a final hexane rinse) for high organic concentrations were not
necessary. All decontamination 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 disposable materials that may have been contaminated were collected and placed in
appropriate containers for proper disposal.

3.2.3.4 Quality Control Sample Collection

QC samples included duplicates, equipment blanks, and trip blanks. One duplicate sample
was collected for approximately every 12 groundwater sites sampled. Duplicate samples were
assigned sequential numbers different from the original sample, and the collection site and time
were recorded in the field logbook. An equipment field blank was collected for every nine sites
sampled. Sample and duplicate bottles for each analysis were filled simultaneously from the same
bailer(s) to minimize inducing error into the result. 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.
Duplicates and field blanks were submitted to the laboratory as blind QC samples.

A trip blank for volatiles 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
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remained in the insulated containers until they were returned to the laboratory with the samples for
analysis.

3.2.4 Results

From the RFI Phase III and earlier studies, a total of 15 monitor wells are available to
monitor groundwater quality adjacent to TMD, from the northeast corner of the refinery to the
entrance of the now-inactive Evaporation Pond 1 (Figure 2-1). Data from these wells provides 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 eight piezometers east of
the process area of the refinery provides detailed information on groundwater movement
downgradient from the refinery.

3.2.4.1 Drilling Program Results

Review of the boring logs (Appendix B) from the five monitor wells and three piezometers
installed adjacent to TMD during the Phase Il investigation support the stratigraphic relationships
found during the Phase II study. MW-25, approximately 850 feet west of the Pecos River, has
fine grained clay and silt sediments typical of a meandering river depositional environment.
Upgradient 2,900 feet and adjacent to Eagle Creek, sediments at MW-26 are much more diverse
consisting of silts, sands, and clays with some caliche gravel. The pattern found at this well
continues upstream for the other borings. Although the upstream borings contain sediments
having a mixture of sizes, the main constituent of these materials is silty clay. In these wells and
piezometers, saturated zones were most clearly encountered and delineated when the borings
encountered zones of caliche gravel. In wells MW-27, 28, and 29, auger cuttings produced well-
rounded carbonate gravels up to 2 inches in diameter.

Because the near subsurface is dominated by fine grained silts and clays except where
carbonate gravels are encountered, the boring logs generally do not provide good information on
the depth to water upon completion of the well. For example, in the above three wells, saturation
was first reported at depths of 15, 18, and 17 feet, respectively, while final depths to water were
10.7, 14.5, and 8.5 feet below the ground surface, respectively. Such disparity between the initial
and final depths to water leads to a conclusion that water in the upper-most zone is partially
confined, thereby producing water levels at elevations above where water was first encountered.
The semi-artesian conditions observed in these wells were also observed in some wells drilled
earlier along TMD. For example, MW-16 first encountered water at 12 feet, and the final depth to
water was 8.3 feet.

3.2.4.2 Groundwater Movement

Depth-to-water measurements were made on February 5, 1995, in 23 of the monitor wells
and piezometers adjacent to TMD and in one monitor well (K-1A) installed during a separate
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groundwater investigation. Additionally, an existing unnamed well, installed prior to 1987, was
found to be suitable for water-level measurements and was labeled and surveyed as NP-8. Water-
level elevations were calculated by subtracting these readings from the surveyed elevations for the
top of the well casings (Table 3-3). The water-level elevations were plotted on the 1:3,600 (1 inch
= 300 feet) TMD base map in the area from the refinery to just east of Bolton Road, and on a
1:7,200 (1 inch = 600 feet) map for the area from the refinery to the ponds. Water-level contour
lines were drawn at 2-foot elevation intervals in the mapped area. The resulting contour maps
(Figures 3-2 and 3-3) show generally eastward flow along the entire length of the ditch.

Table 3-3. Water Level Elevations At Monitor Wells
And Piezometers Along Three-Mile Ditch, February 5, 1995.

Well # | Top of Inner | Depth to Water | Water Level
Casing (feet) (feet) Elevation (feet)
MW-1 3311.56 10.46 3301.10
MW-6A 3310.67 11.75 3298.92
MW-8 3335.26 8.43 3326.83
MW-9 3335.05 8.95 3326.10
MW-15 3310.93 11.07 3299.86
MW-16 3315.47 6.62 3308.85
MW-17 3320.38 18.61 3301.77
MW-20 3340.00 8.67 3331.33
MW-21 3336.18 9.74 3326.44
MW-25 3310.32 12.70 3297.62
MW-26 3314.30 11.58 3302.73
MW-27 3320.13 12.62 3307.51
MW-28 3327.24 16.69 3310.55
MW-29 3334.29 11.19 3323.10
MW-45 3356.32 7.94 3348.38

NP-1 334149 10.87 3330.63
NP-2 3341.89 8.96 3332.93
NP-3 3342.05 11.71 3330.34
NP-4 3344.84 17.34 3327.50
NP-5 335341 10.95 3342.46
NP-6 3336.96 10.06 3326.90
NP-7 3328.86 24.61 3304.26

KWB-1A

3350.87

12.36

3338.51

Sources: Survey Information: Jaquess Engineering, Roswell, 1992, 1993,
1995; Water level measurements: RE/SPEC, February 5, 1995
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Figure 3-3. Groundwater Potentiometric Map, Three-Mile Ditch,
February 1995, Refinery to Pecos River, RFI Phase III
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In the vicinity of MW-45 and MW-46, a pronounced recharge effect can be observed which
is defined by the contours bending at angle with the vertex of the angle pointing downstream
(Figure 3-2). Since groundwater moves at right angles to the hydraulic gradient as represented by
the contour lines, the map can be interpreted as showing recharge to the groundwater system from
Eagle Creek. At most times of the year, the recharge water is predominantly reserve osmosis reject
(ROR) water from the refinery's fresh water treatment system. The ROR discharge, which has
received state agency approval, occurs directly upstream from MW-45 and has an elevated total
dissolved solids (TDS) comparable to the quality of the water naturally occurring in the NSSZ.

From east of Bolton Road in the vicinity of MW-29 to the Pecos River, the contours are
generally perpendicular to Eagle Creek, indicating northeasterly flow toward the Pecos River, but
also indicating southeasterly and southerly flow in the vicinity of the river and ponds (Figure 3-3).

The drawing of the contours was complicated in the area of Haldeman Road and the Artesia
Wastewater Treatment Plant (MW-16, 27, and 28 as well as NP-7) by unexplained anomalies in
water levels in some of these wells. For example, MW-16, located 1800 feet downstream from
MW-27, has a water-level elevation 1.3 feet higher than MW-27. Also, NP-7, located 700 feet
upstream from MW-27 on the north side of Eagle Creck at Haldeman Road, has a water level 3.3
feet lower than MW-27 and 6.3 feet lower than MW-28. Because of these significant anomalies,
the wells were re-surveyed, which resulted in only minor changes in the elevations. However,
MW-16 is located directly across Eagle Creek from a treated sewage wastewater holding lagoon.
Although originally lined with bentonite when constructed approximately 10 years ago, on-site
monitor wells reflect fluctuations in pond levels. Because of the proximity to the holding lagoon,
there is a strong likelihood that MW-16 is similarly affected by changes in water Ievels. Water-
bearing zones in NP-7 were first encountered at depths greater than 10 feet below water zones in
MW-27 or MW-28. Because of this, there is a possibility that the NSSZ seen in upstream wells is
missing at this location. Neither MW-16 nor NP-7 water-level elevations were used in preparing
the contour map for this report.

The hydraulic gradient as measured from the map was approximately 0.004 foot/foot along
the ditch from MW-45 to MW-21. From MW-21 to MW-28, the gradient steepens to
approximately 0.006 foot/foot. At MW-28, the gradient again flattens with an approximate slope
of 0.002 foot/foot from MW-28 along the ditch to MW-26. Elevation from wells NP-7 and MW-
16 were not included in this calculation as described above.

The gradient from MW-45 east to MW-21 is slightly flatter than calculated in 1993, while
the relatively short section from MW-21 to MW-28 remains steep. The slightly flatter gradient
could be result of the recharge, which would tend to raise and equalize water levels all along the
section of the creek where the surface water is present. The steeper gradient downstream could
reflect changes in the subsurface material with the coarser gravels, while still present, less frequent
or below the bottom of the creek so that direct recharge is not possible. For example, the gravels
in MW-21 were encountered at 7.5 feet, which is about the same elevation as the creek bottom,
while in MW-28 they were detected at 17 feet.
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Below MW-28 to the vicinity of the river, contour spacing changes with wider spacing,
indicating a flatter gradient once again. In this area, both the topographic and hydrologic gradients
- are flatter. In addition to mimicking the topographic surface gradient, the groundwater contours
may be flatter due to recharge effects from the Artesia wastewater plant. In the vicinity of the
junction between Eagle Creek and the river, the contours are approximated due to the lack of
hydrologic control. In this area, it is likely that changes in groundwater flow direction occur
during the year due to changes in river water level elevation from irrigation releases or runoff
events in response to severe precipitation.

3.2.4.3 Groundwater Quality

Results of the RFI Phase Il groundwater sampling of the ditch monitoring wells are
presented in this section, with the data included in Appendix D. Relevant results from prior
sampling events and from the Phase I and Phase II studies are included in Appendix A. 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 TMD and the evaporation ponds.

Field parameters of pH, conductivity, and temperature were measured at each monitor well
sampled. As described in the protocol in Section 3.2.3, sampling was performed after these field
parameters had stabilized during pumping. The final readings taken for samples from the monitor
wells along TMD are shown in Table 3-4.

3.2.4.3.1 Organic Constituents

Based on the results of the Phase I investigation, which did not detect chlorinated or exotic
compounds in monitor wells, samples taken from the existing and new wells installed along TMD
were analyzed for a lessor number of volatile and semi-volatiole organic compounds. Volatile
compound analysis was limited to benzene, toluene, ethylbenzene, and total xylenes (BTEX) as
well as methyl ethyl ketone (2-butanone) and carbon disulfide. Semi-volatile analyses were limited
to 16 polynuclear aromatic compounds commonly found in oily wastes. The results of the
analyses and detection limits are shown in Table 3-5.

3-19




RE/SPEC Inc. Navajo RFI Phase III Report

Table 3-4. Groundwater Indicator Measurements at the Time of Field Sampling,
Three-Mile Ditch, Navajo Refinery, RFI Phase III

Well sample Laboratory Date Time Conductivity| Temperature
identification number sampled |sampled pH | (umbos/cm at (°C)
25°C
MW-20 0694G02058 11/03/94 0955 7 9,600 NM
MW-8 0694G02055 11/04/94 1104 7 6,300 NM
MWwW-21 0694G02057 11/04/94 1138 7 6,300 NM
MW-9 0694G02056 11/04/94 1228 NM 6,550 NM
MW-16 0694G02079 11/05/94 0915 NM 5,300 NM
MW-1 0694G02080 11/05/94 1035 75 16,500 NM
MW-15 0694G02111 11/09/94 0856 6.5 4,100 17
MW-46 0694G02159 11/11/94 0810 7 4,600 17
MWwW-45 0694G02160 11/11/94 0856 7 7,400 18
MW-30 0694G02161 11/11/94 1038 7 7,000 16.8
MW-29 0695G00137 01/12/95 1030 6.5 6,100 17.7
MW-15 0695G00138 01/12/95 1445 6.5 3,100 18.9
MW-28 0695G00139 01/15/95 0950 7 4,400 17.9
Mw-27 0695G00149 01/15/95 1045 7 3,100 184
MW-26 0695G00150 01/15/95 1205 7 8,200 17.9
MW-25 0695G00189 01/18/95 0850 7 17,000 15.8
MW-28 0695G00602 02/23/95 1655 6.5 4,600 NM
MW-15 0695G00607 02/24/95 1600 7 3,300 NM
Notes:
pH measured using paper pH strips

NM - not measured
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Table 3-5. Summary of TMD RFI Phase III

Groundwater Volatile/Semivolatile Sample Analyses

Semi-
Volatile Organics volatile .
(mg/L) Organics?
Sample ID Date |Benzene |Toluene] Ethyl- | Xylenes| Methyl Carbon
benzene | (total) ethyl Disulfide
ketone

MW-1 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 <0.005 <0.010
MW-8 4-Nov-94 | <0.005 | <0.005] <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-9 4-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-15 9-Nov-94 | 0.015 | <0.005] <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-15D 12-Jan-95 { 0.013 | <0.005 ] < 0.005 | < 0.005 < 0.005 < 0.005 NS
MW-15¢ 24-Feb-95 | < 0.005 | < 0.005] <0.005 | <0.005 < 0.005 < 0.005 NS
MW-16 5-Nov-94 | <0.005 | <0.005 ]| <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-20 4-Nov-94 | <0.005 | <0.005] <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-21 4-Nov-94 | <0.005 | <0.005] <0.005 | <0.005 | <0005 | <0005 ] <0.010
MW-25 18-Jan-95 | < 0.005 | < 0.005 | < 0.005 | < 0.005 < 0.005 < 0.005 < 0.010
MW-25 dupd_| 18-Jan-95 | < 0.001 | <0.001 | <0.001 | <0.002 | <0.005 < 0.005 < 0.0032
MW-26 15-Jan-95 | < 0.005 | <0.005 | <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-27 15-Jan-95 | < 0.005 | < 0.005 ] <0.005 | < 0.005 < 0.005 < 0.005 < 0.010
MW-28 15-Jan-95 | < 0.005 | < 0.005 | < 0.005 | < 0.005 < 0.005 < 0.005 < 0.010
MW-29 12-Jan-95 | < 0.005 | <0.005 { <0.005 | < 0.005 < 0.005 < 0.005 < 0.010
MW-30 11-Nov-94 | < 0.005 | <0.005 | <0.005 | <0.005 < 0.005 < 0.005 < 0.020
MW-45 11-Nov-94 | < 0.005 | <0.005 | <0.005 | < 0.005 < 0.005 < 0.005 < 0.020
MW-46 11-Nov-94 | < 0.005 | < 0.005 | <0.005 | < 0.005 < 0.005 < 0.005 < 0.010

Notes: All analyses by Inter-Mountain Laboratories, College Station, Texas, unless otherwise noted

2 All semivolatile constituents that were evaluated were less than the reported detection limits presented in the

table.

b Re-sample obtained during second phase of RFI Phase II field work.

C Sample obtained during follow-up sampling subsequent to formal RFI Phase III field work.
d Sample analyzed by Assaigai Analytical Laboratories, Albuquerque, NM.
Federal Secondary MCL Standards (mg/L): benzene, .005; ethylbenzene, .7; toluene, 1; xylenes, 10.

New Mexico WQCC Groundwater Standards (mg/L): benzene, .01; ethylbenzene, .75; toluene, .75; xylenes, .62.
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Analyses for the above target compounds detected organics in just one well, MW-15,
which is located immediately upgradient from the entrance to inactive Pond 1. In this well,
benzene was detected at a level of 0.015 mg/L in the sampling on November 9, 1994, and again at
0.013 mg/L when resampled on January 12, 1995. However, the split sample taken on November
9 by PRC, EPA's on-site contractor, and a subsequent resampling by Navajo on February 24,
1995, did not detect benzene at the practical quantitation limit (PQL) of 0.005 mg/L. The
November 9 and January 14 detections of benzene by Inter-Mountain Laboratories of College
Station, Texas, were not accompanied by the detection of other common BTEX constituents.
Because benzene commonly is detected together with the other BTEX compounds in waste
petroleum constituents, or, alternatively, has been removed while the others remain, its presence
by itself is suspect. The absence of benzene or any BTEX constituent in the PRC split sample and
February Navajo resampling lead to the conclusion that its detection was a false positive by the
laboratory and the compound is not present in the groundwater at that location.

The results of the PRC split sample analyses for TMD monitor wells do not show any
volatile or semivolatile organic constituents except for various phthalate compounds in the some
semivolatile samples. Based on previous work and published literature, phthalates in this
environment are considered laboratory artifacts and not a constituent of the groundwater.

3.2.4.3.2 Metals

Metals analyses for total and dissolved arsenic, chromium, lead, and nickel are presented in
Table 3-6 together with EPA and New Mexico water-quality standards. The EPA maximum
contaminant level (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 that 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 3.2.3.2, “Sample Collection.”

The results for TMD groundwater sampling show an exceedance of the federal or state
standards for total arsenic in MW-9 (0.068 mg/L) and in one sample from MW-28 (0.120 mg/L).
Dissolved arsenic from both wells was not detected at the PQL of 0.005 mg/L. The sample from
MW-9 was increased over the value found during the Phase II sampling, but a similar increase was
noted in total chromium. As documented in that study, the stainless steel casing has significantly
deteriorated over time, leading to the displacement of very turbid water during the purging process.
MW-28 was a new well completed in January -which was sampled three days after initial
development. Total metals results for all four metal constituents were elevated in this well,
although dissolved metals were not detected at the respective detection levels. MW-28 was
resampled five weeks later and purged using a low-flow peristaltic pump to minimize introduction
of turbidity. Tubing used in the purging was set to remove water in the well from within two feet
of the static water level, which is the zone sampled using a bailer. Total metals analysis of this
sample did not result in any detections.
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Lead was not detected in any of the wells along TMD except in MW-28 (0.07 mg/L), as
discussed above, and in MW-45. In MW-45, total lead at an average of 0.08 mg/L for three
analyses (sample, field duplicate, and laboratory duplicate) was slightly elevated above the Phase II
value of 0.05 mg/L. Again, no lead was detected in the dissolved samples. The total lead
concentration observed in MW-45 is approximately 23 times less than the value of 1.83 mg/L
reported from the Phase I investigation.

As observed in the Phase II investigation, both chromium and nickel are elevated in several
of the wells along TMD, with chromium levels in three wells ranging from 0.184 to 24.52 mg/L,
and nickel levels significantly elevated in two of the wells. The three wells with elevated levels of
chromium or nickel 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
intermediate between two of these wells during the Phase II study had uniformly low values of
both constituents.

3.2.4.3.3 Water Chemistry

The laboratory analytical data for the inorganic water quality constituents and indicator
constituents for groundwater in the vicinity of TMD are shown in Table 3-7. 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 the completeness and accuracy of the water analysis. For good-quality, low-TDS water,
a percent difference of one to two percent is easily obtained. For wastewater and high-TDS water
that can cause analytical instrument interference, a five percent difference may be acceptable.

Although discussion and interpretation of these results are presented in Section 3.2.5.2.3,
the water quality of the NSSZ along TMD exceeded federal and state secondary standards for
chloride, fluoride, sulfate, and TDS at all locations sampled except chloride at MW-27. 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
manganese).

TDS, especially, is a good indicator of potability for humans and animals. TDS for the
November 1994 and January 1995 sampling events ranged from 3,880 to 8,630 mg/L in the upper
portion of TMD (MW-30 to MW-29) and from 2,650 to 11,600 mg/L in the lower portion (MW-
28 to MW-15). The average TDS of upper and lower sections was 5,903 and 6,280 mg/L,
respectively. The overall average for all ditch wells was 6,080 mg/L. A follow-up sample
collected at MW-15 in February 1995 measured 2,200 mg/L TDS.
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3.2.5 Discussion

3.2.5.1 Groundwater Occurrence and Movement

Shallow groundwater occurs at depths between four and 22 feet below the land surface
along TMD's length. The near-surface geology determined from this and the earlier drilling
program consists of sands and sandy fines near the river (MW-15), grading to silty clays and clays
at MW-25, approximately 1,250 feet upgradient. Beginning at MW-26 and continuing upgradient,
gravels were encountered at depths ranging from 12 feet (MW-21) to 26 feet (NP-7). The
diversity of depths at which gravels and water were encountered, together with the anomalous
water levels found in NP-7, bolster the conclusion in the Phase II report that the NSSZ is generally
discontinuous in the area of the ditch.

A series of piezometers and monitor wells have been installed along and adjacent to TMD to
determine groundwater flow direction and quality. Information collected from the new and
existing wells piezometers shows that current groundwater movement essentially is paraliel to the
ditch and Eagle Creek except in the reach between MW-45 and Bolton Road. In that section,
recent discharge of ROR water has modified the groundwater flow pattern from what was
observed in 1993. Currently, groundwater contours indicate movement of the discharge water into
the NSSZ along that section of Eagle Creek, although that may change during portions of the year
when water is used for on-site crop irrigation. In the vicinity of the Artesia Wastewater Treatment

Plant, discharge by the city to a treated wastewater holding lagoon has an apparent impact on water
levels in MW-16.

Closer to the river, current data show the groundwater gradient to be much flatter and
generally ill-defined. Groundwater levels are impacted by changes in river water-level elevations
due to seasonal changes governed by irrigation requirements and in response to occasional
precipitation-triggered runoff events. The seasonal fluctuations likely prevent a permanent
groundwater flow pattern from developing in the shallow groundwater nearest the river. Without a
defined flow pattern, water in this zone may become stagnant with salts tending to accumulate
through lack of a flushing action. The removal of copious quantities of water by salt cedar further
aggravates the situation because moisture transpires from the subsurface while the salts remain
behind.

As documented in the Phase II report, the nearest active domestic water wells are north of
Eagle Creek at a minimum distance of about one-quarter mile. These water wells are all located
west of Haldeman Road. No water wells in the vicinity of the ditch are located east of Haldeman
Road. The proximity of the wastewater plant, apparent groundwater impacts from the wastewater
holding lagoon, and the rapidly decreasing quality of the groundwater approaching the river along
Eagle Creek will preclude establishment of shallow domestic water wells in that area.
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3.2.5.2 Groundwater Quality

3.2.5.2.1 Volatile and Semivolatile Organic Compounds

Analyses of groundwater from existing and newly installed monitor wells did not detect
volatile or semivolatile organic compounds except for a low concentration of benzene (0.015 mg/L)
in MW-15 during the primary sampling event and one follow-up event. However, this compound
was not detected in the PRC split sample, nor in a third sampling of the well. Also, the compound
was not detected during sampling for the Phase II study. Based on the absence of the other BTEX
constituents that are commonly found in other petroleum-impacted monitor wells in the vicinity of
the evaporation pond, and the lack of confirmation in both the split sample and a follow-up sample,
it is concluded that the detection in MW-135 is a false positive by the analytical laboratory.

3.25.2.2 Selected Metals

The earlier investigations found significant levels of metals in monitor wells MW-8 and
MW-9, located between TMD and Eagle Creek east of Bolton Road. This area was the focus of
intense study during the Phase II investigation. Results of the Phase II confirmed high chromium
and nickel concentrations, but further investigation and detailed constituent analysis of
groundwater and of the stainless-steel well determined that the most probably source of these
elevated metals was corrosion residuals resulting from decomposition of the stainless steel screen
and/or casing. The Phase III results supported this conclusion with total chromium concentrations
of 8.3 and 24.5 mg/L for MW-8 and MW-9, respectively, but filtered samples dropped below the
federal maximum contaminant limit (MCL) for chromium. MW-21, cased with PVC and located
between these wells, does not contain elevated levels of metals..

The level of total chromium in MW-1 was significantly reduced from the Phase II
investigation. The reduction from 3.65 mg/L in 1992 to 0.184 mg/L in 1994 is likely related to
reduced turbidity in the collected sample. Filtered samples from both samplings did not detect
chromium at the detection level of 0.02 mg/L.

Monitor well 45 had a slightly elevated level of total lead (0.08 mg/L) relative to the state
groundwater standard of 0.05 mg/L. Dissolved lead was not detected at 0.01 mg/L. This well is
completed in a concrete pad that is flush with the ground surface. A metal locking cover does not
provide a complete seal as evidenced by a multitude of spider webs that were required to be cleared
before purging. The well is adjacent to a field that is sometimes cultivated, and it is likely that dust
and other particulates enter the well during the frequent windy periods.

Newly constructed MW-28 had MCL exceedances for all four metals. This well was
sampled in January, 1995, three days after well development, and purged using the high-capacity
pump used in the development. A second sample was obtained five weeks later using a low-
capacity peristaltic pump to purge the well with the purged water withdrawn from near the water
level surface at about the elevation water would enter a bailer. The results of this sampling did not
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detect any metal constituents at their levels of detection. It is likely that purging using the larger
pump caused fines not removed during initial well development to move into the well and be
-~ caught by the bailer. This effect was also seen in several wells in the vicinity of the evaporation
ponds as discussed in 4.5.2.2.

3.2.5.2.3 Water Chemistry

Spatial water chemistry relationships between monitor wells and temporal changes in a well
between sampling events can provide information on changes in groundwater quality due to either

natural causes or man-caused impacts. Examination of the water chemistry of the groundwater in’

the vicinity of the ditch and interpretation of the relationships among and between samples can
provide support for a hypothesis that the mixing of groundwater has or has not occurred for a
specific sample. For example, among three samples, one of which is an effluent known to have a
high sodium concentration, and a second background sample, detection of a high sodium
concentration in the third sample relative to the second sample could lead to the conclusion that the
third sample was impacted by the high sodium source. However, such a determination depends
not only on the direction of groundwater flow, but on the total salt concentration of the sample and
the relative concentrations of the individual constituents.

In the Phase II report, the Piper trilinear diagram was used to illustrate relationships
between water quality from differing sources. This diagram provides information on the major
ionic components of a water sample and directly compares component composition with those of
other samples. Because complete water chemistry data were collected during the investigation, the
Piper method was used, together with the volatiles and metals analyses, to demonstrate the lack of
contamination between effluent carried in TMD and shallow and deep groundwater in the
immediate vicinity of the ditch (Section 9.1.3, RFI Phase II Report).

The Piper diagram has three fields, two triangular-shaped and one diamond-shaped, for
plotting sample constituent concentrations and for observing similarities or differences between
samples. The left and right triangles show the cation and anion composition of the sample,
respectively, whereas the center diagram is the projection of the major cation-anion groups.
Although sample points may have a similar cation or anion composition in one of the two triangles
(as determined by position relative to the vertices), it is necessary for the points to be located in the
same relative position in all three plots for the samples to be considered from the same source.
Possible sample mixing is evidenced by the placement of a point on a straight line between two
other points in each of the three fields. However, mixing is physically possible only when
groundwater movement is in a direction that will allow such mixing.
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Data from the current sampling effort for TMD are presented in two Piper diagrams.
Figure 3-4 presents water quality data from the refinery (MW-30) to the area just east of Bolton
Road (MW-29). Water concentrations from MW-8 and MW-9 are not shown because they are
almost identical to that of MW-21 and overlay that point in the diagram. For comparison, 1994
data from the Pecos River and two effluent samples are included. The 1993 effluent sample was
obtained during the Phase II investigation, and the 1989 effluent analysis is from a sampling of the
outfall to the ponds by the New Mexico Oil Conservation Division. It is a reasonable assumption
that water chemistry composition of pre-1989 effluent was similar to the composition range shown
here because the major reduction in water use and changes in the non-organic composition of the
wastewater only recently occurred. Prior to 1993, most treatment was related to organics
reduction. ‘

With the exception of MW-30, the water quality of all monitor wells along this reach of
TMD, including new MW-29, plot separately from the effluent samples. The ditch monitor well
samples have sodium concentrations of less than 25 percent and plot along the left axis of the
cation triangle. Sulfate concentrations of these wells are greater than 70 percent and plot in the
upper right of the anion plot. All ditch wells plot in the top corner of the center diamond plot.

MW-30, located on the refinery property near the trickle filter, has slightly more sodium
chloride than do the ditch monitor wells. Whether the slight increase of sodium chloride relative to
the other samples and the effluent has any significance is unknown. However, MW-30 had no
detectable organic constituents and arsenic and nickel metals were only slightly elevated above
detected levels.

The two effluent samples have high sodium values and plot in the lower right of the cation
triangle. In the anion triangle, the effluent samples are toward the chloride end. In the.center
diamond, the effluent samples are isolated from the six ditch samples.

In Figure 3-5, the seven TMD monitor wells in the lower ditch area are plotted together
with the analyses of Pecos River and effluent samples. The four wells immediately adjacent to
Eagle Creek (MW-16, MW-26 to MW-28) have characteristically different water than the three
monitor wells near the river; and the river wells have different characteristics than the effluent. The
Eagle Creek wells show sodium concentrations between 20 and 30 percent and chloride
concentrations less than 40 percent. Calcium and magnesium are the predominant cations, and
sulfate concentrations are greater than 60 percent. MW-16 has the highest percentage chloride
concentration, but concentrations again drop slightly downstream. Because sodium concentrations
remain low in that sample, water quality may have been impacted by water from the city
wastewater treatment plant. MW-15 has concentrations similar to the Pecos River. Because the
TDS value is lower than the typical Pecos River sample, it is likely that river recharge to the well
most commonly occurs during times of better quality flow during high river level conditions.
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The Piper water quality diagrams graphically demonstrate that the effluent sources have had
no obvious impact on the water chemistry of groundwater adjacent to the ditch. The effluent
sources plot separately from the monitor wells and river water on both diagrams. The diagrams
and results of the organic and metal analyses presented previously continue to support the
conclusion of the Phase II study that show that any current groundwater impacts of past ditch use
are at most minimal.

The shallow groundwater in the vicinity of the ditch, as shown in Table 3-7, has high,
naturally-occurring TDS concentrations that make it unusable except for occasional stock use. Not
withstanding the lack of current use, there is no evidence to support widespread contamination of
the groundwater as a result of past ditch use and no evidence that existing sediments are
contributing or will contribute to groundwater degradation in the ditch area.
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4.0 RFlI PHASE Ill INVESTIGATION -
EVAPORATION PONDS GROUNDWATER

The objectives of the additional groundwater sampling and investigation program at the
evaporation ponds were: ‘

« To verify and update groundwater conditions and water quality information generated
during earlier investigations, and

e To drill two new groundwater monitor wells to determine hydraulic conditions and
groundwater quality at depths up to 70 ft. in the vicinity of the ponds.

A third monitor well was installed downgradient from inactive Pond 1 as required by the
Corrective Measures Study workplan for that unit. Because that workplan has been submitted to
EPA, the results of the investigation at the third deep well are included in this report.

The groundwater investigation in the vicinity of the ponds included the following specific
activities:

» Measurement of water levels in shallow and deep paired monitor wells and piezometers;

« Sampling of selected shallow and de€p monitor wells to update and verify constituent
concentrations found in the Phase II study;

» Sampling of the pond windmill;

+ Installation of three deep monitor wells to delineate vertical extent of contamination at
depths greater than 50 feet, if any, and to provide hydrogeologic baseline information
on deeper water zones;

» Performance of borehole aquifer tests to determine in situ hydraulic conductivity; and

+ Collection of water quality samples from new monitor wells

This section describes the groundwater study procedures f