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INSTRUCTIONS FOR UPDATING THE NAVAJO REFINERY
THREE MILE DITCH & EVAPORATION PONDS RFI PHASE III REPORT

The revised report, dated October, 1995, responds to EPA's Report Deficiency Comments and
updates data tables to reflect June 1995 analytical sampling results. Only relevant sections are
revised, and the updated material is arranged for easy replacement including pre-punched pages.
This guide will assist in replacing and adding the new material. All new replacement pages are
dated October 1, 1995 in the lower right-hand corner.

VOLUME I

Front Sections: .

1. Replace notebook front cover sheet and side sheet with updated sheets.

2. Add Navajo Refining October 1, 1995, cover letter and Attachments 1 and 2 to Volume 1.

3. Replace inside cover sheet, "Certification Statement" and existing "Table of Contents" with
updated material.

Chapter 3:
1. Remove and replace pages 3-19 through 3-27 with new material.
2. Remove and replace page 3-34.

Chapter 4:
1. Remove and replace pages 4-6 through 4-41 with new material.
2. Remove page 4-56 and replace with pages 4-56 through 4-60.

Chapter 7:
1. Remove and replace pages 7-1 and 7-2, the list of references.

Other:
Remove and replace Appendix tabs A through D in Volume I.

VOLUME I

Front Section:
1. Replace notebook front cover sheet and side sheet with updated sheets.

Appendices:

1. Remove and replace Appendix tab E

2. Add Appendices F (June groundwater sampling results) and G (Groundwater risk
assessment) to Volume II.
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CERTIFIED MAIL -~ RETURN RECEIPT REQUESTED

Mr. Matthew P. Clifton
Senior Vice President
Navajo Refini:.7 Company
501 E. Main Street
Artesia, New Mexico 8»210

RE: RFI Phase III Report Deficiency Comments
Dear Mr. Clifton:

The Environmental Protection Agency (EPA) has completed a
technical review of the RFI Phase III Report received May 16,
1995, and has determined that the Report is deficient. Enclosed
is a list of deficiencies for your review.

A revised RFI Report addressing the enclosed comments must
be submitted to EPA by October 1, 1995. Also, the soil removal
plan, as described in the enclosed comments, must be submitted to
EPA by October 1, 1995. If you have any questions, please
contact Mr. Rich Mayer of my staff at (214) 665-7442.

Sincerely yours,

Babae Drd L)

David Neleigh, Sectien Chief
New Mexico-Federal Facilities

Er. _csure

cc: Mr. Be..ito Garcia,
New Mexico Environment Departnent
Mr. Dave Boyer,
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Phase III RFI Report Deficiency Comments
for Navajo Refining

Page 3-6: 4th paragraph: EPA agrees with Navajo that portions of
the ditch that have not been "filled in" need to be mitigated.
EPA will require Navajo to submit a soil removal plan for those
portions of the ditch surficially exposing contaminated sludge
and soil above 500 ppm lead. The soil removal plan can be
submitted separately from the revised RFI Phase III report.

Also, EPA will require a survey plat of the Three Mile Ditch
(entire length) according to procedures in 40 CFR 264.116. The
plat should also have a short narrative describing the unit and
any wastes left in place. A deed restriction prohibitinc
residential and surficial water ‘for storing or transror-ing
water on or within the unit) uses will also be required.

Page 3-34: Navajo needs to include in the revised report a
groundwater monitoring plan for the wells along the Three Mile
Ditch.

Page 4-56: Navajo needs to include in the revised report a
groundwater monitoring plan for the groundwater monitoring wells
associated with the ponds.

Also, Navajo needs to include in the revised report a
groundwater risk assessment. This risk assessment shcuidu be
similar or identical to the one being developed in the CiiS for
pond 1.

Page 5-5: Navajo needs to include in the revised report a
sediment and surface water mnnitoring plan for the Pecos River.
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(505) 748-3311 TELETYPE

(910) 986-0990

REFINING COMPANY

501 EAST MAIN STREET ® P. O. DRAWER 159

ARTESIA, NEW MEXICO 88210

September 29, 1995

Mr. Rich Mayer, Environmental Engineer
RCRA Permits Branch

U.S. Environmental Protection Agency
1445 Ross Avenue Suite 1200

Dallas TX 75202-2733

Re:  Transmittal of Revised RFI Phase III Report, Three-Mile
Ditch and Evaporation Ponds, Navajo Refinery, Artesia,
New Mexico, October 1995

Dear Mr. Mayer:

Enclosed please find revisions to the RFI Phase III Report and response to comments for
the above Solid Waste Management Units. The original report was submitted to EPA in April
1995 and was the culmination of a series of EPA-required RFI studies that began in 1990. The
revisions include proposed future monitoring schedules for groundwater along Three-Mile Ditch
and at the evaporation ponds, together with the groundwater quality risk assessment recently
submitted to EPA as part of the Pond 1 Corrective Measures Study (CMS). Data tables in the
revised Phase III report have been updated to include results of June 1995 groundwater sampling
in the vicinity of the ponds which show that levels of total arsenic generally exhibit significant
reduction when the wells are first purged using a low-flow technique. A separate submittal is
included which presents a proposed soil removal plan for areas along Three-Mile Ditch which
have elevated levels of residual lead.

As documented in the previous studies, the native shallow groundwater in the vicinity of
the ponds is naturally salty (approaching or in excess of 10,000 mg/L total dissolved solids) and,
therefore, is unusable for human consumption without extensive treatment. The nearby Pecos
river remains severely salt-impacted from other sources and unusable for domestic use. The
area of the ponds also continues to be subject to frequent flooding events that are sometimes
severe. This combination of factors prevents use of the area for human habitation and restricts
groundwater withdrawal for any purpose. Therefore, use of human health-based standards to
evaluate any remaining groundwater pollutants upon pond closure is inappropriate.

An Independent Refinery Serving ... NEW MEXICO e ARIZONA e WEST TEXAS




Mr. Rich Mayer, Environmental Engineer
September 29, 1995
Page Two

Because the report revisions are minor in nature, the large two-volume report was not
reproduced, but revised sections are provided for insertion in the document. New title pages,
cover sheets, and appendix dividers are also included for insertion in the notebook binders
containing the original document.

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

Sincerely,

17
Phlll/él)lﬂ, Younga

Director of Env1ronmental Affalrs

PLY:pm
Enclosures




RE/SPEC Inc. Navajo RFI Phase III Report

ATTACHMENT 1

RESPONSE TO AUGUST 22, 1995 EPA REGION 6
DEFICIENCY COMMENTS ON THE RFI PHASE III REPORT
FOR THREE-MILE DITCH AND EVAPORATION PONDS
NAVAJO REFINING COMPANY
ARTESIA, NEW MEXICO

COMMENT:

Page 3-6: 4th paragraph: EPA agrees with Navajo that portions of the ditch
that have not been “filled in” need to be mitigated. EPA will require Navajo to
submit a soil removal plan for those portions of the ditch surficially exposing
contaminated sludge and soil above 500 ppm lead. The soil removal plan can be
submitted separately from the revised RFI Phase III report. Also, EPA will
require a survey plat of the Three-Mile Ditch (entire length) according to
procedures in 40 CFR 264.116. The plat should also have a short narrative
describing the unit and any wastes left in place. A deed restriction prohibiting
residential and surficial water (for storing and transporting water on or within the
unit) uses will also be required.

RESPONSE:

Concurrent with the submittal of the revised RFI Phase III Report, a removal plan for surficial
soils and residual waste materials at those portions of the ditch at which lead concentrations in

excess of 500 ppm have previously been reported has been submitted to EPA Region 6 as a
separate document.

The second paragraph of this review comment references requirements for a survey plat and
associated descriptive narrative of the unit, and a property deed restriction prohibiting certain land
usages associated with the former ditch structure. At the time of unit operations, Navajo possessed
a prescriptive easement which allowed the conveyance of facility wastewater to the evaporation
ponds. However, upon cessation of unit operations, the easement privilege expired. Navajo does
not possess ownership and control over all of the private property through which the ditch extends,
and therefore does not have the legal authority to modify legal records for those properties owned

by other private entities. Consequently, Navajo is unable to comply with those requirements cited
at 40 CFR 264.116.

In addition, Navajo also notes that the regulatory standards set forth at 40 CFR 264.116 are related
to regulated hazardous waste disposal units. Navajo and EPA Region 6 agree that the residual
waste materials and contaminated media remaining at the unit do contain variable levels of
Appendix VIII hazardous constituents. However, while those materials and media within and
adjacent to the unit have been well characterized, no evidence has been obtained to indicate that
existing criteria used to formally identify materials as hazardous waste are applicable to them.
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Consequently, the regulatory standards set forth at 40 CFR 264.116 may not be appropriate for the
current situation.

Furthermore, it is noted that the future utilization of the former unit as a water storage or
conveyance facility is not considered to be a feasible possibility. With the exception of localized
depressions occurring sporadically along the former unit, the ditch no longer exists as a functional
structure, and the likelihood that one or more linear intervals of the former ditch would
coincidentally be selected as a location for such water management activities at some future date
would appear to be extremely remote.

These points notwithstanding, Navajo recognizes the reviewers concerns related to future land use
issues along the former unit, and is prepared to work with EPA Region 6 and other relevant entities
in order to try to resolve these issues.

COMMENT:

Page 3-34: Navajo needs to include in the revised report a groundwater
monitoring plan for the groundwater monitoring wells along the Three-Mile Ditch.

RESPONSE:

The requested section is included at Section 3.2.6 of the revised report. The ditch monitor wells
are proposed to be sampled annually for a five-year period beginning in the winter of 1995-96 with
a summary report submitted to EPA by April 1 of each year. At the end of the five-year period it is
proposed to discontinue ditch monitor well sampling unless a review and evaluation of the
monitoring results indicates that selected monitoring should be continued.

COMMENT:

Page 4-56: Navajo needs to include in the revised report a groundwater
monitoring plan for the groundwater monitoring wells associated with the ponds.

Also, Navajo needs to include in the revised report a groundwater risk
assessment. This risk assessment should be similar or identical to the one being
developed in the CMS for pond 1.

RESPONSE:

A groundwater monitoring program for wells in the vicinity of the ponds is proposed at Section
4.6 which has been incorporated in the revised report. The program includes continuing quarterly
water level measurements of nested-monitor wells, and annual sampling of selected wells for
hazardous constituents which might be expected to be present based on extensive RFI sampling
conducted since 1990. The target monitor wells are proposed to be sampled annually during the
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active use of the ponds and for a five-year period thereafter. During the time the pond is in
continued use, sampling for some wells will be staggered with some wells sampled in Spring and
others in Fall to allow coordination with the current NM Oil Conservation Division sampling
program. A summary report will be submitted to EPA by April 1 of each year. At the end of the
five-year period it is proposed to discontinue monitor well sampling unless a review and evaluation
of the monitoring results indicates that selected monitoring should be continued.

Section 4.7 references the risk assessment work conducted as part of the Pond 1 Corrective
Measures Study (CMS). The pertinent sections of the CMS are reproduced as Appendix G of the
revised Phase III RFI. The CMS, dated 8/31/95, included the results of a groundwater risk
assessment for a human residential scenario that utilized maximum concentration data from selected
Pond 1 monitor wells collected during the Phase I and II RFI investigations. A review of Phase III
data for all monitor wells in the vicinity of the ponds does not show concentration levels exceeding
data in the earlier reports, so the CMS risk assessment represents the worst-case analysis.

Of overwhelming significance, however, is the discussion in the CMS which demonstrates that,
because of flood risks residential use of the property will not occur. The CMS also documents that
the naturally occurring groundwater in the vicinity of the ponds is unfit for human consumption
without extensive treatment to remove salts which also would eliminate any hazardous
constituents. In EPA Region 6 comments of April 1995 in response to earlier CMS submittals,
EPA recognizes that the human residential scenario is inappropriate for the evaporation pond area
and is allowing an agricultural-based use as the default risk scenario.

COMMENT:

Page 5-5: Navajo needs to include in the revised report a sediment and surface
water monitoring plan for the Pecos River.

RESPONSE:

Navajo respectfully requests that EPA reconsider this requirement based on the discussion
presented below.

Sampling performed during the Phase III report did not show any surface water impacts to the
Pecos River from the use of the evaporation ponds. Likewise, the sediment sampling did not
show any obvious impact although one sample was slightly elevated at a location downstream in an
area near a pipeline crossing and where there was significant bank erosion due to cattle impacts.

The recently completed CMS presented groundwater seepage calculations which demonstrated that
there will be no significant impact on the river due to constituent migration, especially of arsenic.
No surface water standards for any metals will be exceeded, even during periods of extremely low
flow. As documented by the current monitoring program, hazardous organic constituents from the
active ponds are not present in the groundwater monitor wells adjacent to the river, and any
organics which may occur at low concentrations in these wells will be degraded prior to reaching
the river.
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The U.S. Geological Survey (USGS) monitors major constituents in surface water and sediment at
their downstream Pecos River gauging station which is less than 2,000 feet from the closest
Navajo monitor well and approximately 5,600 feet from the main pond complex. The below table
presents maximum concentration levels for arsenic in water and sediment for the past 15 years.
The data do not indicate that a problem currently exists, nor do they show a trend of any type
except that total arsenic concentrations generally increase during periods of high flow, likely due to
increased turbidity. Because a problem is not shown to exist now, or likely to occur in the future
based on the seepage calculations, and because the water and sediments are sampled by the USGS
at a location in close proximity to the ponds, Navajo believes that additional monitoring is
unnecessary.

Table Al-1. Pecos River Arsenic Measurements, 1980-1994

Maximum River Flow | Maximum River Flow | Maximum
Total At Dissolved At Sediment

Water Year Arsenic Sampling Arsenic Sampling Concentration
(ug/l) cfs (ug/l) (cfs) (ug/g)

1980 10 419 1 J17 <1

1981 2 7.8 2 7.8 <1

1982 8 862 2 862 NA

1983 2 13 1 13

1984 1 75 1 75

1985 2 131 <1 100

1986 3 34 2 34 2

1987 4 367 1 367 NA

1988 4 848 3 848 3

1989 2 138 2 100 2

1990 2 39 2 39 <1

1991 <1 52 2 52 <1

1992 3 86 3 86 2

1993 3 253 2 253 1

1994 2 98 1 98 2

Source: U.S. Geological Survey, Water Resources Data For New Mexico, annual reports
Abbreviations: ug/l - micrograms per liter; cfs - cubic feet per second; ug/g - micrograms per gram;
NA - Not analyzed
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ATTACHMENT 2

PROPOSED WORKPLAN FOR REMOVAL

OF SURFICIAL WASTE DEPOSITS AT
THREE-MILE DITCH

NAVAJO REFINING COMPANY
ARTESIA, NEW MEXICO

1.0 INTRODUCTION

This document presents the proposed workplan for RCRA Corrective Action Program activities
associated with the Solid Waste Management Unit (SWMU) identified as Three-Mile Ditch, which
was formerly operated by Navajo Refining Company, Artesia, New Mexico.

In EPA's August 22, 1995 deficiency comments to the Navajo Refining RCRA Facility
Investigation-for Three-Mile Ditch and Evaporation Ponds Phase III report (RE/SPEC Inc., April
1995), EPA has required that Navajo prepare a soil removal plan for those portions of the ditch at
which residual deposits of surficial waste materials have been found to exhibit lead concentrations
in excess of 500 mg/kg. In response to this requirement, Navajo proposes to conduct soil
excavation activities along an identified ditch interval of concern which extends eastward from
Bolton Road for approximately 0.5 miles, and at which surface soil lead concentrations in excess
of 500 mg/kg have been documented. Environmental sampling and analysis of surficial dredge
spoils material along this segment of the unit indicated that sample lead ranged from 530 to 11,600
mg/kg (Table 3-1, RFI Phase III Report). As discussed in Section 3.1.4 of the RFI Phase III
report, the most upgradient interval of concern coincides with a significant decrease in the surface
slope along the ditch that resulted in significant deposition of waste solids. Deposition in this area
required periodic dredging to maintain a proper flow channel. The dredged deposits were placed
on the ditch bank adjacent to the channel sections being cleared.

Details of the soil removal workplan for this identified ditch interval of concern are presented in
the following sections. Section 2.0 describes the sampling and analysis strategy to be employed in
delineating those soils targeted for excavation and removal, equipment and procedures to be
employed in those excavation operations, disposition of the excavated materials, and post-
excavation sampling and analysis used to verify the efficacy of the corrective actions. Discussion
of project health and safety requirements are presented in Section 3.0 and details of information to

be presented in a post-corrective action report to be submitted to EPA Region 6 are described in
Section 4.0.
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2.0 CORRECTIVE ACTION PLAN

This section details the workplan approach to identifying and excavating soil contaminants
along the unit interval of concern at the Three-Mile Ditch. In brief, soil materials exceeding the
acceptance criteria (500 mg/kg) will be characterized and delineated primarily on the basis of on-
site sample analyses. A field-portable X-ray fluorescence analyzer will be used to quantify total
lead content of soil samples. Delineation of soils targeted for removal will begin immediately
(within one to two days) prior to the beginning of soil excavation and removal operations.
Subsequent to excavation completion at discrete intervals, verification sampling will be
immediately conducted so that any follow-up excavation of residual hot spots can be accomplished
while excavation equipment remains in the vicinity.

Excavated soils will be transported to Pond 1 by dump truck, where they will be dumped at
intervals across the surface of the pond. Earth moving equipment will then distribute the excavated
soils over the Pond 1 unit surface in a thin (3-5 inches) application layer, and the surface-applied
materials will then be disced into the receiving soil to complete the incorporation process.

The various features of the workplan are described in further detail in the following sections.
2.1 Sampling and Analysis Strategy

A field-portable X-ray fluorescence analyzer (Spectrace 9000, TN Technologies, Inc.) will be
used to obtain on-site measurements of the total lead content of surficial soil materials located
adjacent to the unit. The Spectrace 9000 is well-demonstrated to be a reliable analytical tool for on-
site applications. It has been employed by organizations such as the USEPA Environmental
Response Team (ERT) and numerous state environmental agencies. For the current proposed
application, on-site equipment operating and decontamination procedures for the Spectrace 9000
unit will follow USEPA ERT Standard Operating Procedure (SOP) No. 1713.

Methods used to delineate soils targeted for excavation will be left to the discretion of the
Névajo on-site field team leader, but are expected to be based on a combination of systematic
random and biased sampling. However, post-excavation verification sampling will be conducted
according to a formal plan. Starting at the designated terminus of the ditch interval of concem, a
series of consecutive 50-foot intervals will be physically defined, and a random number chart will
be used to generate two random sample locations between a distance of 5 and 45 feet within each
interval (this proscribed internal sample interval will ensure that samples obtained from adjacent
50-foot intervals will be separated by a minimum distance of 10 feet). At each sampling location, a
composite sample will be obtained by combining three subsamples collected at a sample depth
extending from approximately 0-6 inches, as measured from surface grade. The subsamples will
be collected along an axis perpendicular to the ditch orientation, and will be separated by a distance
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of three-feet or less (depending upon the width of the soil excavation corridor). In the event that
the excavation width at the sample collection point exceeds a total length of 12 feet, a second
independent grab sample will also be collected within one foot of the outer edge of the excavation
corridor at either side, with the location to be decided by the field team leader in consultation with
on-site EPA oversight personnel (if present).

In the event that a verification sample yields a lead concentration value in excess of the
remediation target, the sample location will be flagged and additional samples will be collected at a
distance of 10 feet to each side of the identified hot spot, and proceeding outwards thereafter from
the initial sample exceedance location until no further exceedances are reported. The field team
leader will then rely on the on-site sample analyses together with visual observations to delineate
the additional surface area for which excavation will be required. Subsequent to the follow-up
excavation, all sample locations that yielded a target concentration exceedance will be resampled to
verify the efficacy of the follow-up excavation action. This process will be repeated as necessary
until no further target level exceedances are reported.

In addition to the samples to be collected during the execution of the sampling strategy
described above, additional duplicate samples will be collected for purposes of quality assurance
and quality control, as described in Section 2.3 of this workplan.

2.2 Soil Excavation and Hauling Equipment

Depending on site access conditions, either a diesel trackhoe or backhoe will be used to
excavate the delineated surficial wastes and waste-contaminated soils, and a 12 or 14 cubic-yard
capacity dump truck will transport the excavated materials to Pond 1. Should excavation activities
result in an excessive amount of airborne dust, an 80-barrel bob-tail water truck will also be
available as needed for the purpose of dust suppression.

2.3 Establishment of Remediation Acceptance Criteria

As described above, the proposed verification sampling will identify any residual areas
exceeding the cleanup criteria at the time of excavation. Therefore, corrective action activities will
be considered complete when all verification sampling is completed and no further samples yield
lead concentration values in exceedance of the 500 mg/kg target criteria. Based on a minimum of
two samples per 50-feet interval and an approximate length of 0.5 miles for the designated interval
of concern, approximately 105 soil samples (minimum) will be documented during the verification
sampling process. In order to verify the accuracy of the on-site sample analyses, a number of
additional duplicate samples will also be evaluated, as described in the next section.
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Assessment of the environmental status of Pond 1 surface soils following the receipt of the
materials excavated from Three-Mile Ditch will be undertaken under a separate program in
conjunction with formal unit closure activities at Pond 1.

2.4 Data Documentation and Quality Assurance/Quality Control

All sampling intervals, sample locations and associated analytical data will be recorded in the
project log book along with the date and time at which each sample was collected. Each of the 50-
foot verification sampling intervals will be assigned a unique identifying designator, and each
sample collected from within the various intervals will also be assigned a unique designator
according to a hierarchical arrangement. The following nomenclature will be employed: TMD-
VSI(x), where TMD, VS and (x) signify Three-Mile Ditch, Verification Sample Interval, and the
specific interval, respectively, and specific sample locations within each interval will follow the
nomenclature TMD-VSI(x)-x. To the extent possible, verification sampling intervals and specific
locations will be related to distinguishing landmarks (adjacent monitoring wells, fence lines, etc.).
For the case in which verification samples yield lead target exceedance and secondary excavation
and resampling is required, re-samples obtained at previous sample locations will be appended
with the designation ‘R’ to indicate a re-sampling event. Sample locations selected at 10-foot
intervals at each side of the sample initially yielding a target exceedance will be designated as TMD-
VSI(x)-xR-10E or -10W, where E and W correspond to their orientation from the central sample
location (the unit extends along an east-west orientation) and where the numerical assignment
represents the distance from the originating central sample.

Precision and repeatability of the on-site analytical measurements will be confirmed by analysis
of duplicate samples at sample locations that will be selected at random at a frequency of 5 percent.

The accuracy of on-site analytical measurements will be assessed by the collection of additional
duplicate samples (also randomly selected at a frequency of 5 percent), which will be placed in
appropriate sample storage containers and shipped to a designated analytical laboratory,
accompanied by chain-of-custody documentation.

In accordance with the Spectrace 9000 equipment calibration recommendations presented at
Sections 7.3.1 and 7.3.2 of USEPA ERT SOP 1713, an initial energy calibration will be
conducted at the initiation of field activities, and subsequent energy calibration checks, resolution
checks, and blank sample checks will be conducted on a daily basis prior to the initiation of field
activities. All calibration-related activities will be noted in the project log book.

In addition to the documentation of field activities, analytical test results and QA/QC procedures
and measurements, the total volume of contaminated materials excavated from the unit and
transported to Pond 1 will be tracked by recording the total number of dump truck trips to Pond 1.
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3.0 PROJECT HEALTH AND SAFETY PROGRAM

Prior to the initiation of the on-site activities at Three-Mile Ditch described above, a site-specific
Project Health and Safety (H&S) Plan will be developed. Primary hazards associated with the
proposed field activities involve physical proximity to heavy equipment operations, and potential
inhalation exposure to contaminant-bearing dust particulates. The latter concern will be addressed
in the project H&S plan through the use of appropriate personal protective equipment (PPE). In

-particular, respirators equipped with High Efficiency Particulate-Absolute (HEPA) grade cartridge

filters will be available for equipment operators directly engaged in excavation activities, and
NIOSH-approved disposable dust-respirators will be available for on-site personnel engaged in
auxiliary sampling and oversight activities. '

The unit is located in an area which is remote from human residences or other areas of intense
activities. Therefore, minimal environmental hazard to the general public is anticipated as a result
of the proposed remediation activities. Since transport of excavated materials will require its
passage on public roads and highways for limited distances, the bed of the dump truck will be
tightly secured with a tarp cover in order to ensure that fugitive dusts are not released in public
contact areas during transport of contaminated materials to Pond 1. The dump truck will be
visually observed on a periodic basis during transit in order to visually confirm the containment
integrity of the transported materials.

4.0 REPORTING REQUIREMENTS

A summary report describing remedial activities at the designated ditch interval of concern
along the unit will be prepared and submitted to EPA Region 6 within 60 days of the completion of
filed activities. The report will describe all activities associated with the execution of the
remediation project, including all sample locations and associated analytical data, and total volume
of excavated soil materials. A photocopy of the project log book, a photographic log, and
analytical laboratory reports will also be included as appendices to the report.
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I certify under penalty of law that this document and all attachments were prepared under
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the information, the information submitted is, to the best of my knowledge and belief, true,
accurate, and complete. I am aware that there are significant penalties for submitting false
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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 III 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. Data from the June 1995
sampling of MW-15 is presented in Appendix F.

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 II 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-volatile 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 October 1, 1995




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 | (umhos/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
MW-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 7.5 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
MW-45 0694G02160 11/11/94 0856 i 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
MWw-27 0695G00149 01/15/95 1045 7 3,100 184
MWw-26 0695G00150 01/15/95 1205 7 8,200 179
MW-25 0695G00189 01/18/95 0850 1 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
MW-15 0695G00977 06/27/95 1630 7 4,500 23
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) Organicsd
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-15b 12-Jan-95 | 0.013 | <0.005 | <0.005 [ <0.005 < 0.005 < 0.005 NS
MW-15¢€ 24-Feb-95| <0005 | <0.005 | <0.005 | <0.005 < 0.005 < 0.005 NS
MW-15¢ 27-Jun-95 | <0.005 | <0.005 | <0.005 | <0.005 NS NS 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 | <0005 | <0.005 < 0.005 < 0.010
MW-21 4-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 < 0.005 < 0.005 < 0.010
MW-25 18-Jan-95 | < 0.005 | <0.005 { <0.005 [ < 0.005 < 0.005 < 0.005 < 0.010
MW-25dupd | 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
MwW-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| <0005 | <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; NS - Not Sampled
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 11 field work.
€ 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, 0.005; ethylbenzene, 0.7; toluene, 1.0; xylenes, 10.0.
New Mexico WQCC Groundwater Standards (mg/L): benzene, 0.01; ethylbenzene, 0.75; toluene, 0.75; xylenes, 0.62.
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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 subsequent resamplings by Navajo on February 24, and
June 27, 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 I 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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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.

3.2.6 Future Groundwater Monitoring

The ditch monitor wells are proposed to be sampled annually for a five-year period
beginning in the winter of 1995-96. Water level and total depth in each well will be measured
prior to purging, and electrical conductivity, temperature and pH measured during the purging
operation. To avoid obtaining turbid samples, purging will be conducted at discharge rates that
will not exceed two liters per minute. Samples will be analyzed for the same constituent listing
of volatiles, semi-volatiles, metals, and water chemistry parameters as was performed during this
Phase III investigation. A summary report will be submitted to EPA by April 1 of each year. At
the end of the five-year period it is proposed to discontinue ditch monitor well sampling unless a
review and evaluation of the monitoring results indicates that selected monitoring should be
continued.
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4.4.2.1 Vertical Flow Gradients

Depth-to-water measurements in the eleven paired monitor wells were made from
November 5 to 10, 1994 and again in February and June 1995. Between the November and
February measurement sets, an additional three monitor wells were drilled to provide water level
and water quality measurements of the deep alluvial zone to approximately 70 feet. Newly
installed and existing paired wells were surveyed in February 1995 to determine new casing
elevations and confirm previously surveyed readings.

The Phase IT and III installation of a total of eleven sets of nested monitor wells enabled
determination of the existence of positive or negative vertical gradients at a particular well location.
Water-level elevations were first calculated by subtracting the depth-to-water readings from the
surveyed top-of-casing elevations. Differences in vertical potentiometric levels are determined by
comparing water-level elevations in the shallow "A" wells and the deeper "B" and "C" wells.

Water level elevation readings in the nested monitor wells have been taken since February
1993. The water level elevations and results of the comparison of the elevations in the adjacent
wells are shown in Table 4-2. A positive difference indicates upward vertical - movement in the
aquifer in the immediate vicinity of the well. Upward vertical movement is seen at eight of the
eleven well locations. Well locations indicating downward groundwater movement are at MW-2,
OCD-2, and OCD-7. All three locations are directly adjacent to active sections of the evaporation
ponds and intercept the groundwater mound created by the pond.

The direction and magnitude of the well readings are generally consistent over time. A
discrepancy was seen in the data from OCD-2 for February 1993 which may have been caused by
an error in one of the depth-to-water readings for these wells on those dates. Except for June 1995
water levels, the other readings show little difference between measurement dates. Both positive
and negative gradient values are higher in June then were observed in the preceding months; the
reasons for the larger numbers are undetermined. Although absolute values are higher, these
readings are consistent with earlier trends and do not indicate that gradient reversals are occurring.

4.4.2.2 Aquifer Test Data Analysis

A series of tests were conducted on February 4, 1995, to determine the in situ hydraulic
conductivity of the aquifer opposite the three newly drilled deep wells in the vicinity of the Navajo
Refinery evaporation ponds. The wells, MW-4C, MW-5C, and OCD-7C, were tested using a
procedure known as a "slug test" where a tool of known volume was quickly inserted in the well
and the subsequent displacement and time for recovery of water levels were registered on a data
recorder. The equipment and methodology used in conducting the test was described in Section
4.3. This section describes the procedures used in analyzing the data and compares the results to
carlier hydraulic conductivity testing performed in the vicinity of the evaporation ponds.
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Depending on aquifer properties, slug test results are evaluated using one of two
procedures. Water in confined (artesian) aquifers is analyzed using a procedure developed by H.
Cooper and others in 1967 (Cooper, et al, 1967). Although possessing upward vertical gradients,
alluvial groundwater in the vicinity of the evaporation ponds was observed to be shallow, at depths
generally less than ten feet, and unconfined. Procedures were developed by H. Bouwer and R.C.
Rice (Bouwer and Rice, 1976; Bouwer, 1989) for analysis of slug test data from unconfined
aquifers. Because of its simplicity, the Bouwer and Rice slug test method is a frequently used tool
in groundwater studies and its use was appropriate for evaluation of information collected during
the current investigation.

The Bouwer and Rice equation and test parameters used in calculating the hydraulic
conductivities are presented in Appendix C. Appendix C also includes graphs of the test data.
Displacement and time data collected during the two tests conducted at each well are graphically
displayed on a semi-logarithmic plot with displacement plotted on the vertical logarithmic axis and
time plotted on the horizontal axis. For the straight line portion of each graph, two points are
chosen for inclusion in the equation and resultant hydraulic conductivity (K) calculated. The
resultant values are shown on each graphical plot and surnmarized in Table 4-3 below.

Table 4-3. Results of Slug-Test Evaluation,
Evaporation Pond Area, RFI Phase III, 1995

Hydraulic Hydraulic Seepage
Well Screened Test Conductivity | Conductivity | Transmissivity2| Velocity
Interval (ft) (ft/min) (ft/day) (ft2/day) (ft/yr)
MW-4C 9.5 Slug-in 0.00187 2.69 25.6 4.9
MW-4C 9.5 Slug-out 0.00186 2.68 25.4 4.9
MW-5C 9.5 Slug-in 0.00867 12.5 118.6 22.8
MW-5C 9.5 Slug-out 0.00925 13.3 126.3 24.3
OCD-7C 9.5 Slug-in 0.00806 11.6 110.3 21.2
OCD-7C 9.5 Slug-out 0.00882 12.7 120.7 23.2
Notes:

2 Transmissivity shown is the product of hydraulic conductivity and screened aquifer interval

The slug test equations require use of aquifer thickness as a parameter for calculation of
hydraulic conductivity. The depth to the base of the alluvial system in the vicinity of the ponds has
not been determined, and an arbitrary depth of 100 feet was selected for use in the calculations.
This depth was used in calculating hydraulic conductivities in the Phase I investigation which
makes the results of these tests directly comparable with the earlier findings. A sensitivity analysis
that compared use of thicknesses of 100 and 200 feet in the calculation showed only a slight
decrease in values of hydraulic conductivity when using a thickness of 200 feet. On the other
hand, equating the saturated thickness of water in the wells (approximately 64 feet) with aquifer
thickness increased hydraulic conductivities approximately 20 percent. Because hydraulic
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conductivity values between wells in alluvial environments commonly differ by one order of
magnitude or more, an exact aquifer thickness is not necessary to evaluate the results. Therefore,
use of the thickness value of 100 feet selected for the earlier tests was continued in these
calculations.

The seepage velocity of the groundwater system can be determined from the hydraulic
conductivity, hydraulic gradient, and effective porosity of the aquifer. The hydraulic gradient is
typically measured from a groundwater contour map or a potentiometric surface map. The
groundwater-flow gradient of 0.001 foot/foot calculated in the Phase II investigation for the area
south of the evaporation ponds was used in the calculation of seepage velocity. The effective
porosity can be estimated from the intrinsic porosity of the aquifer. Although the intrinsic porosity

_ is the actual pore volume of the aquifer matrix, it is usually not representative of the actual porosity

that governs the flow of water through the matrix because of the influence of isolated pore spaces,
grain angularity, and other factors. The effective porosity of the aquifer is a corrected porosity that
more closely represents true flow conditions. Effective porosity can be several orders of
magnitude lower than the intrinsic porosity in consolidated aquifers, but the effective porosity of an
unconfined alluvial aquifer is typically 10 to 100 percent of the intrinsic porosity (Fetter, 1988),
which is usually 25 percent to 30 percent in alluvial sediments. In the absence of site-specific
porosity data, the effective porosity was assumed to be 20 percent, which is representative of
porosities found in this lithologic environment. Thus, the seepage velocity of the groundwater
system south of the evaporation ponds was calculated using an effective porosity of 20 percent
according to the following equation:

where:

K = hydraulic conductivity (ft/yr),
v = seepage velocity (ft/yr),
i = hydraulic gradient (ft/ft), and
ne = effective porosity (unitless)

To compare the slug test results from the current investigation with those of earlier studies,
hydraulic conductivity and transmissivity were converted to units of feet per day and square feet
per day, respectively. The results of the tests are of the same magnitude as the results of earlier
slug tests shown in Table 4-4. The deeper wells generally have higher hydraulic conductivities
than those found in the shallow wells, but values from both sets of tests were within approximately
one order of magnitude. Since hydraulic conductivities in alluvial environments can commonly
deviate over several orders of magnitude, the slug test results show a generally homogeneous
aquifer setting. '

Because a slug test is conducted using only a small volume of water and the resultant
impacts on the aquifer last for only a short period of time, the information obtained using a slug
test is limited to the immediate vicinity of the borehole. Aquifer pumping tests conducted for 24
hours or longer and using one or more observation wells are commonly utilized to obtain a data
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that is more regional in nature. Several such tests were conducted in the past in the vicinity of the
ponds and the results were discussed in the Phase II report.

Table 4-4. Summary of Previous Evaporation Pond Aquifer Test Data

Well Screened Test Test Hydraulic | Transmissivity? | Seepage
interval | Number or | Conducted | conductivity (ftz/day) velocity
(ft) Description by? (ft/day) (ft/yr)
MW-4 10 1, Slug Mariah 10.08 100.8 18.4
MW-4 10 2, Slug Mariah 7.25 72.5 13.3
MW-6A 10 1, Slug’ Mariah 26.87 268.7 49.2
MW-6A 10 2, Slug Mariah 3.97 39.7 7.27
MW-7A 10 1, Slug Mariah 2.67 26.7 4.89
MW-7A 10 2, Slug Mariah 1.09 10.9 2.00
MW-18B 9.5 Pumping KWBES 2.29 21.7 4.18
(pumped well)
MW-18B 9.5 Recovery |- KWBES 0.70 6.7 1.29
(pumped well)
MW-18T 9.5 Pumping KWBES 27.67 263.4 50.6
(observation
well)
MW-18T 9.5 Recovery KWBES 29.95 284.0 547
(observation
well)
0OCD-3 18.5 1, Slug Mariah 1.98 36.6 3.63
OCD-3 18.5 2, Slug Mariah 2.30 42.5 4.19
EPA-1 10 1, Slug Mariah 2.63 26.3 4.83
EPA-1 10 2, Slug Mariah 1.98 19.8 3.63
Temp. well 25 -- Geoscience 33.42 834.2 60.9

(vicinity Pond 1)

Notes:

4 Tests conducted by Mariah Associates, K.W. Brown Environmental Services, Geoscience Consultants

b Calculated from the test data as the product of hydraulic conductivity and the length of the screened interval
except for MW-18 and Geoscience tests.

The aquifer tests using observation wells resulted in seepage velocities which are from two
to three times to an order of magnitude greater than seepage velocities determined using the slug
test method. Given the limitations of the slug test methodology discussed above, these differences
are not considered significant in evaluating the overall ability of the aquifer to transmit water. The
Phase II study showed that the seepage velocities determined using the aquifer test results matched
well with the available field information. This included data generated by that investigation, such
as the subsurface soil gas survey, and earlier groundwater studies. The current results continue to
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show that the new deep wells generally exhibit good hydraulic conductivity which, together with
the upward vertical gradients, will assist in natural groundwater quality improvement as the
ponds are closed and preexisting groundwater conditions are reestablished.

4.4.3 Groundwater Quality

Results of the RFI Phase III groundwater sampling of the monitor wells and a windmill
used for stock watering are presented in this section, with the data included in Appendix D.
Pecos River water quality data is tabulated in Section 5. Field parameters of pH, conductivity,
and temperature were measured at each monitor well sampled. As described in the protocol in
Section 3.2.3.2, "Sample Collection," sampling was performed after these field parameters had
stabilized during pumping. Final readings taken for samples from the monitor wells are shown
in Table 4-5.

4.4.3.1 Results of Organics Analyses

Table 4-6 is a summary table showing sampling results for volatile and semi-volatile
organic compounds in monitor wells in the vicinity of the ponds. Sampling of the existing and
new monitor wells installed in the vicinity. of the evaporation ponds for volatile organic
compounds detected target compounds in several wells south (downgradient) of inactive Ponds 1
and 2. Volatiles were detected and confirmed during one or more Phase III samplings in wells
MW-3, 4A, 5A, and 6A. All detected compounds in the pond wells are at concentrations less
than 0.050 mg/L.. As will be discussed in Section 4.5, the shallow groundwater in the vicinity of
the ponds is naturally unsuitable for human consumption, but drinking-water standards for the
detected compounds are presented in the table for comparison purposes where they have been
established.

Benzene at concentrations between 0.009 and 0.015 mg/L. was detected during one or
more Phase III samplings in wells MW-4A, MW-4C, MW-5C, and MW-15. Detections in MW-
4C and MW-5C were not confirmed in split-samples by EPA's contractor PRC. Also, in the
vicinity of the ponds, benzene was detected but not confirmed in sampling of TMD well MW-15
as discussed in Section 3.2.4.2. The MCL for benzene set by the EPA under the Safe Drinking
Water Act is 0.005 mg/L. In New Mexico, the state Water Quality Control Commission
(WQCC) health standard for benzene in groundwater is 0.010 mg/L.

Toluene was found at low levels just above the detection level of 0.005 mg/L in MW-4A
and MW-5C. The detection in MW-5C was not confirmed by additional sampling nor in the
EPA-PRC split sample. A level of 0.034 mg/L was detected in MW-5A during the June
sampling, but analysis was performed using SW-846 Method 8020 (versus 8240) which
sometimes can produce false positive results due to matrix interference. The MCL for toluene is
1.0 mg/L, whereas the New Mexico health standard in groundwater is 0.750 mg/L. The
proposed EPA secondary, aesthetic standard for toluene is 0.040 mg/L.
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Table 4-5. Groundwater Indicator Measurements at the Time of Field Sampling,
Evaporation Pond Area, Navajo Refinery, RFI Phase III

Well sample Laboratory number Date Time Conductivity Temperature
identification sampled | sampled | pH (umgggg)m at 0
T MW2A | 0604G0208L | 110594 | 1218 | 7.5 13,000 NM
MW-2B 0694G02083 11/05/94 1245 7 3,950 NM
OCD-1 0694G02074 11/05/94 1350 1.5 15,000 NM
OCD-2B 0694G02075 11/05/94 1512 7 15,000 NM
OCD-2A 0694G02077 11/05/94 1733 1.5 17,000 NM
OCD-3 0694G02076 11/05/94 1625 7 20,500 NM
OCD-4 0694G02086 11/06/94 0825 7.5 20,500 NM
OCD-5 0694G02087 11/06/94 0920 1.5 20,000 NM
OCD-6 0694G02088 11/06/94 1005 7.5 15,000 NM
MW-11B 0694G02089 11/06/94 1055 6.7 23,000 NM
MW-11A 0694G02090 11/06/94 1120 7 32,000 NM
OCD-8B 0694G02091 11/06/94 1225 6.7 8,450 NM
OCD-8A 0694G02092 11/06/94 1240 7.5 11,400 NM
MW-7A 0694G02099 11/06/94 1540 7 15,000 NM
MW-7B 0694G02100 11/06/94 1555 7 7,650 NM
OCD-7B ' 0694G02103 11/06/94 1515 1.5 7,000 19
OCD-7AR 0694G02104 11/06/94 1645 7 13,000 18
MW-5B 0694G02094 11/08/94 0920 7 9,950 15.8
MW-5A 0694G02095 11/08/94 1010 7.5 19,500 18
MW-3 0694G02096 11/08/94 1145 1.5 6,150 NM
MW-6B 0694G02107 11/08/94 1555 6.5 5,050 17.3
MW-6A 0694G02110 11/08/94 1635 7 5,300 19.5
MW-15 0694G02111 11/09/94 0856 6.5 4,100 17
Pond Windmill 0694G02112 11/09/94 0954 6.5 6,600 NM
MW-10 0694G02113 11/09/94 1047 6 6,150 16
MW-22B 0694G02128 11/09/94 1351 6.5 6,300 16
MW-22A 0694G02129 11/09/94 1422 6.5 7,100 17.5
MW-18B 0694G02130 11/09/94 1635 6 5,300 16
MW-18A 0694G02131 11/09/94 1650 NM 26,000 175
MW-19 0694G02153 11/10/94 1014 7 7,000 17
MW-23 0694G02154 11/10/94 1135 7 20,000 15.5
MW-14 0694G02155 11/10/94 1322 7 19,000 17
MW-4A 0694G02156 11/10/94 1552 7 7,900 NM

Notes:

pH measured using paper pH strips
NM - not measured
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Table 4-5. Groundwater Indicator Measurements at the Time of Field Sampling,
Evaporation Pond Area, Navajo Refinery, RFI Phase III

(concluded)
Well sample Laboratory number Date Time Conductivity Temperature
identification sampled sampled | pH (umh2<5)§éc)m at (o)
. MWsA 0695G00139 | OL/14/95 | 1630 | 65 | 4,600 18.9
MW-6B 0695G00151 01/15/95 1420 7 4,400 19.3
MW-5B 0695G00152 01/15/95 1500 7 9,200 17.9
MW-7B 0695G00153 01/15/95 1720 7 7.600 18.8
MW-4C 0695G00191 01/20/95 1330 7.5 6,100 18.0
MW-5C 0695G00193 01/20/95 1605 7.5 4,300 11.0
OCD-7C 0695G00198 01/20/95 1010 7 7,600 18.8
OCD-7C 0695G00603 02/24/95 1255 7.5 11,500 NM
OCD-7AR 0695G00604 02/24/95 1315 7.5 10,400 NM
MW-5C 0695G00605 02/24/95 1435 7 4,200 NM
MW-5A 0695G00606 02/24/95 1505 7 18,500 NM
MW-4C 0695G00608 02/24/95 1710 7 5,000 NM
MW-4A 0695G00609 02/24/95 1740 7 7,350 NM
MW-5C 0695G00954 06-21-95 1115 1 4,300 22
MW-5B 0695G00955 06-21-95 1410 7 9,000 24
MW-5A 0695G00956 06-21-95 1440 7 16,000 23
MW-3 0695G00957 06-21-95 1520 7 6,400 25
MW-6A 0695G00958 06-22-95 1000 NM 4,200 22
MW-2A 0695G00959 06-22-95 1045 7 14,000 24
OCD-1 0695G00960 06-22-95 1115 7 11,000 23
OCD-2A 0695G00961 06-22-95 1155 7 14,000 23
OCD-3 0695G00962 06-22-95 1235 7 18,000 23.5
OCD-5 0695G00963 06-22-95 1515 7 17,000 23.5
OCD-7AR 0695G00974 06-26-95 1530 7 10,000 2
OCD-7C 0695G00975 06-26-95 1610 8 10,600 21
MW-10 0695G00976 06-26-95 1745 7 5,800 22
MW-15 0695G00977 06-27-95 1630 7 4,500 23
MW4A 0695G00981 06-28-95 1030 7 7,200 23
Mw-4C 0695G00982 06-28-95 1120 7 5,100 23
Pipe Effluent 0695G00983 06-28-95 1340 7 2,600 30
MW-22A 0695G00984 06-28-95 1535 7 6,300 23
MW-7A 0695G00985 06-28-95 1650 8 11,500 23
Notes:
pH measured using paper pH strips
NM - Not measured
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Table 4-6. Summary of Navajo Evaporation Ponds groundwater
. volatile/semivolatile sample analyses, RFI Phase III, 1995
Volatile Organics
(mg/l) Semi-
Methyl | Carbon volatile
Sample ID Date |Benzene| Toluene| Ethyl- | Xylenes| ethyl |Disulfide| Organics
benzene| (total) | ketone me/])@
MW-1 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.010
MW-2A 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.010
MW-2B 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.010
MW-2B (dup) 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.010
MW-3 5-Nov-94 | <0.005 | <0.005 | <0.005 0.006 <0.005 | <0.005 <0.40
MW-3¢ 21-Jun-95 | <0.017 | <0.017 | 0.018 0.030 NS NS NS
MW4A 10-Nov94 | 0.013 0.006 0.015 0.028 <0.005 | <0.005 <0.010
MW-4A (dup) | 10-Nov94 | 0.014 0.006 0.016 0.032 <0.005 | <0.005 <0.010
MW-4A € 28-Jun-95 [ 0.015 0.008 0.019 0.036 0.012 <0.005 a
MW-4C € 20-Jan-95 | 0.013 <0.005 | <0.005 0.006 <0.005 | <0.005 <0.020
Mw4Cb 20-Jan-95 0.01 <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.020
MW-4C € 24-Feb-95 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 NS
MW-4C € 28-Jun-95 | 0.015 <0.005 | <0.005 | <0.005 | <0.020 [ <0.005 NS
MW-5A 8-Nov-94 | <0.005 | <0.005 | <0.005 0.021 <0.005 | <0.005 <0.020
MW-5A (dup) | 8-Nov-94 | <0.005 | <0.005 | <0.005 0.020 <0.005 | <0.005 <0.40
MW-5A € 21-Jun-95 | <0.005 0.034 0.006 0.050 NS NS NS
MW-5B 8-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.010
.@ Mw-sgd 15-Jan-95 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 NS
MW-5C € 20-Jan-95 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 NS
MW-5Cb 20-Jan-95 | 0.009 0.005 | <0.005 | <0.005 | <0.005 | <0.005 <0.010
MW-5C € 24-Feb-95 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 NS
MW-5C € 21-Jun-95 | <0.001 | <0.001 | <0.001 | <0.001 NS NS NS
MW-6A 8-Nov-94 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 <0.010
Mw-6A d 14-Jan-95 | <0.005 | <0.005 | 0.006 0.010 <0.005 | <0.005 <0.010
| MW-6A € 22-Jun-95 | <0.005 | <0.005 | 0.006 0.011 NS NS a
MW-6B 8-Nov-94 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 | <0.025 <0.010
Mw-6B d 15-Jan-95 [ <0.005 | <0.005 | <0.005] <0.005 | <0.005 | <0.005 <0.010
MW-7A 6-Nov-94 | <0.005 | <0.005 | <0.005| <0.005 | <0.005 | <0.005 < 0.010
MW-7A € 28-Jun-95 | <0.005 | <0.005 | <0.005| <0005 | <0.020 [ <0.005 NS
MW-7B 6-Nov-94 | <0.005 { <0005 | <0005]| <0.005 | <0.005 | <0.005 < 0.010
MW-10 9-Nov-94 | <0.005 | <0.005 | <0.005]| <0.005 | <0.005 | <0.005 < 0.10
MW-11A 6-Nov-94 | <0005 | <0.005 | <0005] <0.005 | <0.005 | <0.005 < 0.010
MW-11B 6-Nov-94 | <0.005 | <0.005 | <0.005| <0.005 | <0.005 | <0.005 < 0.010
MW-14 10-Nov-94 | <0.005 | <0.005 | <0.005]| <0.005 | <0.005 | <0.005 < 0.040
MW-15 9-Nov-94 | 0.015 | <0.005] <0.005]| <0.005 | <0.005 | <0.005 < 0.010
MWw-15d 12-Jan95 | 0.013 | <0005 [ <0005 <0.005 | <0.005 | <0.005 NS
MW-15¢€ 24-Feb95 | <0.005 | <0.005 ] <0005| <0.005 | <0005 | <0.005 NS
MW-15¢€ 27-Jun-95 | <0.005 | <0.005 | <0.005{ <0.005 NS NS NS

Notes found on final page of table
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Table 4-6. Summary of Navajo Evaporation Ponds groundwater
volatile/semivolatile sample analyses, RFI Phase III, 1995

(concluded)
Volatile Organics
(mg/l) Semi-
Methyl | Carbon | volatile
Sample ID Date |Benzene| Toluene | Ethyl- | Xylenes| ethyl Disulfid¢ Organics
benzene| (total) | ketone (mg/l) 8
MW-18A 9-Nov-94 | <0.005| <0.005 | <0005 | <0.005 | <0.005 | <0.005 < 0.010
MW-18B 9-Nov-94 | <0.005] <0.005 | <0.005 ] <0.005 | <0.005 | <0.005 < 0.010
MW-19 10-Nov-94| <0.005| <0.005 | <0005 <0005 | <0.005 { <0005 | <0.020
MW-22A 9-Nov-94 | <0.005] <0.005 | <0005 <0005 | <0.005 { <0.0051 <0.050
MW-22B 9-Nov-94 | <0.005] <0.005 | <0.005 ] <0.005 | <0.005 | <0.005 < 0.050
MW-23 10-Nov-94| <0.005 | <0.005 | <0.005 | <0.005 | <0.005 | <0.005 < 0.010
0OCD-1 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 | <0.005 <0.010
OCD-1¢ 22-Jun95 | <0.005 | <0.005 | <0.005 | <0.005 NS NS NS
OCD-2A 5-Nov-94 | <0.005 [ <0.005 [ <0.005 | <0.005 <0.005 | <0.005 <0.010
OCD-2B 5-Nov-94 | <0.005 [ <0.005 | <0.005 | <0.005 <0.005 | <0.005 <0.010
OCD-3 5-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 | <0.005 <0.010
oCDh-3¢ 22-Jun-95 | <0.001 [ <0.001 | <0.001 | <0.001 NS NS NS
OCDh4 6-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 | <0.005 <0.010
OCD-5 6-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 | <0.005 <0.010
oCD-5¢ 22-Jun-95 { <0.005 | <0.005 | <0.005 | <0.005 NS NS NS
OCD-6 | 6-Nov-94 | <0.005 | <0.005 | <0.005 | <0.005 <0.005 | <0.005 <0.010
OCD-7AR 7-Nov-94 | <0.005| <0005 ] <0.005 | <0.005 | <0.005 | <0.005 < 0.010
OCD-7AR € 26-Jun-95 | <0.005| <0.005 [ <0.005| <0.005 NS NS NS
OCD-7B 7-Nov-94 | <0.005] <0.005 | <0.005 | <0.005 | <0.005 | <0.005 < 0.010
oOCD-7C ¢ 21Jan-95 | <0.005| <0.005 | <0005 ] <0.005 | <0.005 | <0.005 NS
och-7chb 21-Jan-95 | <0.005| <0.005 { <0005 | <0005 | <0.005 | <0005| <0.010
OCD-7C dup P | 21-Jan-95 | < 0.005 [ <0.005 | <0.005 [ <0.005 | <0.005 { < 0.005 < 0.010
OCD-7C dup f | 21Jan95| <0.001 [ <0.001 | <0.001 | <0.002 | <0.005 | <0.005 < 0.003
OCD-8A 6-Nov-94 | <0.005] <0005 | <0005 <0.005 | <0.005 | <0.005 < 0.010
OCD-8B 6-Nov-94 | <0005 <0.005 | <0005 | <0.005 | <0.005 | <0.005 < 0.010
Pond Windmill | 9-Nov-95 | <0.005| <0.005 | <0005 ] <0005 | <0.005 | <0.005 [ <0.010
Pond Windmill € | 20-Jan-95 | <0.005| <0.005 | <0005 | <0.005 | <0.005 | <0.005 NS
Pond 3 6-Nov-94 | <0.005! <0.005 | <0005 | <0.005 | <0.005 { <0.005 NS
Pipe Effluent© | 28-Jun-95 [ 0.047 0.077 0.032 0.275 0.161 0.006 a
Notes:

2 All semivolatile constituents evaluated were less than the reported detection limits presented in the table or
appendix data sheets; NS - Not Sampled.

b Sample obtained by standard bailing method.

€ Sample obtained through submersible pump as described in text.

d Re-sample obtained during second phase of RFI Phase III field work.

€ Sample obtained during follow-up sampling subsequent to formal RFI Phase III field work.

f Sample analyzed by Assagai Laboratories, Albuquerque.

Federal MCL Standards (mg/L): benzene, 0.005; toluene, 1.0; ethylbenzene, 0.70; xylenes, 10.0

New Mexico WQCC Groundwater Standards (mg/L): benzene, 0.75; toluene, 0.01; ethylbenzene, 0.75; xylenes, 0.62.
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Ethylbenzene was detected in wells MW-3, MW-4A and MW-6A at concentrations
between 0.006 and 0.018 mg/L.. The MCL for ethylbenzene is 0.700 mg/L, whereas the WQCC
health standard for ethylbenzene in groundwater is 0.750 mg/L.. EPA has proposed an MCL of
0.030 mg/L as a recommended aesthetic standard.

Xylenes were detected during one or more Phase III samplings at MW-3, MW-4A, MW-
4C, MW-5A, and MW-6A at concentrations between 0.006 and 0.050 mg/L.. The MW-4C
detection was not confirmed in subsequent samplings. The drinking-water MCL for total
xylenes is 10 mg/L, with a proposed MCL of 0.020 mg/L as a recommended aesthetic standard.
In New Mexico, the WQCC health standard for total xylenes in groundwater is 0.62 mg/L.

Methy! ethyl ketone was detected at 0.012 mg/L in MW-4A, but carbon disulfide was not
detected during Phase III sampling. In the Phase II study, these two compounds were found only
in MW-6B. ‘

No semivolatile constituent detections were found in the Phase III samples above
detection levels which were generally 0.010 mg/L. At some sample locations, dilution of the
sample was necessary to allow enough to be available for internal QC testing. The sample
analyses were limited only to polycyclic aromatic hydrocarbons, but results from samples split
with PRC showed phthalates in several PRC samples. As discussed in previous study report,
phthalates are common laboratory contaminants and unlikely to be found in groundwater.

The pond windmill is close to the inactive evaporation pond inlet and south of TMD.
However, it did not show evidence of volatile or semivolatile organic contamination in two
samplings in November and January. Although south of the ponds, the windmill is located off-
gradient from all but the uppermost end of Pond 1.

4.4.3.2 Results of Metals Analyses

Seventy samples were collected for metals analysis from 37 groundwater locations and
two surface water sources in the vicinity of the evaporation ponds. One sample was obtained
from the effluent pipe and two samples were obtained from the active ponds. The difference
between the number of samples and locations represents samples that were field or laboratory
duplicates or locations that were resampled. Metals analyses for total and dissolved arsenic,
chromium, lead, and nickel are presented in Table 4-7 together with EPA drinking water and
New Mexico groundwater 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. The other standards shown are human-health standards in
water. Because New Mexico groundwater protection regulations require measurements be made
on a dissolved (versus total) sample basis, November 1994 and January 1995 samples were
filtered in the field using a 0.45-micron dedicated filter, as described in 3.2.3.2, "Sample
Collection." Metals samples not filtered included surface water samples from the evaporation
ponds, groundwater from "pump" samples at wells MW-4C, MW-5C, and OCD-7C, and follow-
up samples collected at monitor wells for verification purposes.
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The analyses for total arsenic samples collected in the evaporation pond area showed
exceedances of the EPA MCL of 0.05 mg/L for total arsenic at 13 of 37 groundwater sample
locations. However, for wells where multiple samples were collected not all samples exceeded
the federal MCL. Figure 4-1 is a map showing values of total arsenic in the evaporation pond
area. The value shown for total arsenic is the most recent verification or follow-up sample
presented in Table 4-7.

The New Mexico groundwater standard of 0.10 mg/L is exceeded at four locations (MW-2A, 5A,
5B, and OCD-7AR) in the dissolved samples. Analyses for dissolved arsenic generally showed
reductions in the metal from the non-filtered sample. However, the degree of change from the
total arsenic value ranged from non-detection to values greater than the total arsenic value. The
wide range of values is believed due to two factors: dissolved arsenic actually in solution (e.g.,
at MW-5A), and turbid samples containing arsenic that moves into solution when the sample is
digested (e.g., MW-5C, bailed sample). Some results may be a combination of these postulated
effects. Further discussion of arsenic results is presented in Section 4.5.2.2.

Total chromium exceeded the EPA MCL of 0.1 mg/L in four wells. Two of these were
new deep wells IMW-5C and OCD-7C) where turbidity was still a problem due to incomplete
development before sampling. Of the other two wells, MW-1 was documented to have a
deteriorated casing which can impart chromium particles to a sample bailer under turbid
conditions. The final well, MW-10, did not exhibit elevated levels of chromium in the Phase 1II
study. However, because of the distance from the ponds and the fact that both chromium and
nickel were found to be elevated during this sampling, it is possible that the detections are from
the well casing. Since downhole well construction details are unknown, this cannot be verified.
Follow-up sampling in June 1995 found chromium in MW-10 at a concentration just above the
detection level which is an order of magnitude less than the November 1994 results. Dissolved
chromium did not exceed the NM WQCC standard of 0.05 mg/L in any of the wells sampled.

Total lead exceeded the EPA action level 0.015 mg/L at several wells in the vicinity of
the pond. The most significant exceedances were at new wells MW-5C and OCD-7C, where
sample turbidity was high. One sample from the pond windmill had a slightly elevated value of
0.02 mg/L, but analysis of the PRC split-sample did not detect lead at 0.01 mg/L. The MW-3
sample found dissolved lead at 0.11 mg/L, but this is believed to be a reporting error based on
the total lead value of <0.01 mg/L. Otherwise, lead was not detected in dissolved samples.

MCL exceedances for total nickel were observed in samples collected at wells MW-4A,
MW-5A, MW-5C, MW-10, OCD-7C, and OCD-8A. Significant levels of nickel were found
only in new wells MW-5C and OCD-7C, which were observed to have high levels of turbidity.
Subsequent resampling of all wells except OCD-8A did not result in nickel detections.
Dissolved nickel concentrations did not exceed federal MCL or NM groundwater standards.

Laboratory analytical results for total metals in the evaporation pond samples did not
detect any metals exceeding federal or state standards except for arsenic. Arsenic in Ponds 3 and
5 was detected at 0.497 mg/L and 0.298 mg/L, respectively. Both values exceed federal and state
water standards and are likely contributing to elevated arsenic values in monitor wells completed
in the shallow groundwater around the periphery of the ponds.
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4.4.3.3 Water Chemistry Results

The laboratory analytical data for the inorganic water quality constituents and indicator
constituents for groundwater in the vicinity of the evaporation pond are shown in Table 4-8. In
addition to the major constituents, the minor constituent fluoride, measured TDS, cation-anion
totals, and percent difference are shown. 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 one to two percent is easily obtained. For wastewater and high-TDS water that can
cause analytical instrument interference, a five percent difference is acceptable. Although
discussion and interpretation of these results are presented in Section 4.5.2.3 , the water quality of
the alluvial zone exceeded federal and state secondary (aesthetic) standards for chioride, sulfate,
and TDS at all locations sampled. The EPA MCL for fluoride of four mg/L was exceeded at wells
MW-2A, MW-7A, OCD-1, and OCD-7AR. An additional six wells had concentrations above the
aesthetic concentration of two mg/L, but less than the MCL.

4.5 Discussion

4.5.1 Groundwater Occurrence and Movement

4.5.1.1 Groundwater Hydrogeology

Extensive discussion of the geology and hydrologic characteristics of the shallow alluvial
materials in the vicinity of the ponds was provided in the Phase O report. The most notable feature
of the sediments to a depth of approximately 70 feet is the coarse-grained nature of the material
with fine- to medium-grained sands being predominant with some gravel zones. Thin interbedded
clay zones are present in the upper 20 feet and thicker zones up to two feet were occasionally
observed. However, most clay zones are several inches to about six inches thick and appear to be
discontinuous. The general uniformity of the sediments allows fairly complete mixing of
groundwater in the upper subsurface and also facilitates the transport of constituents.

The drilling of shallow and deep paired wells allowed measurement of vertical gradients.
Four separate sets of measurements continue to demonstrate that upward movement of water
occurs in the vicinity of the ponds except directly adjacent to the active ponds where groundwater
mounding counteracts upward flow. The magnitudes of the gradient values have been consistent
over the past two years. If regional water withdrawals for irrigation have an impact on the
gradients, values measured in early November, shortly after conclusion of the growing season in
October, should be lower than February values. Examination of the data for wells away from the
ponds shows no obvious seasonal variations.

4-23




Navajo RFI Phase III Report

RE/SPEC Inc.

‘Sprepue)s 91els pue [eropaj ojqeondde 10 o1qer Jo oded ise] 29§ FION

ve'T vLT 8I'l 68’1 08°0- gc0- | 0C1- | 08¢ 85°0 86°0" 0e vL'T SL'T | (I %) ouered
06°tS 81°SS 06'88 86°88 IT’16 9L’6L £€6°6L o1°¢8 65°6¢ SZer | £8811 | €S61T | o¥'L91 | (T/bsw) suoiuy
8705 | SULS | €016 | 6616 | 9,68 | ¥88L | v08L | 9006 | SOOF | 8L<v | €292 |LTOTL | THELT | (/bow)suoned
'l (A 61 L'l 61 0t 0¢e 9T 01 'l % 41 14 Tl (7}/dur) spuonig
0zZ€'T | oLE'T | 078’1 0061 0LE'T 0S0C 090C 06T¢C 9L 9L 0LS'T | 019C 008'C (7/sw) A1efug
LLL ¥8L 0£9°T | 0661 | OIET | 060'T | 060°T | OCTI'T 8€L 898 0161 [ Ol61 | 06Sc | (/aw)SpUod
0 0 0 0 0 0 0 0 0 0 0 0 0 (7/3w) 21euoqre)
9LT 8LT 10¢ S09 452 L8E L8E LSE 861 661 90L 100 Ly |(7/8w) Jreuoqredryg
779 979 0sT’T | ovZ'T | 0€T'1 66 gE6 €86 08¢ S6T otz [ oot | oct'c | (1/3w) wnipog
z (4 (4 S 3 01 01 L € 12 01 01 8 (7/3u) Wnisselod
€S1 0ST LST 96T 6€1 Wi 8yl 0T 0Tt gel 06 16 65y  |(T/sur) WISUsEN
9¢€ IS¢ 752 208 S6v oLy 66Y 809 65€ 6LE s we 798 | (7/3w) wane)
ov8'c | 0€8°c 0sL’S 009°S 01t'S 09¢€'S 0ST’S 0L6'S 019°C 06v'T o9’ | 0z9'L | oozot (D-081) SAL
0zy's 01S°S 0TS'L | 069°L 08t'L 0999 099°9 00S'L 0gee 01E€ | 009°01 [ 009701 [ 00S'PI [wd/soywn)D3 qe]
8L £L €L 'L V'L L TL 'L ¥'L L A 'L UL (NS) HA qeT
$6-02-10 [S6-02-10 [ S6-82-90 | ¥6-01-11 | ¥6-01-11 {S6-12-90 |S6-1C-90 | ¥6-S0-11 g-mo.:. ¥6-G0-11 |¥6-SO-TT |V6-SO-TT [$6-SO-11] pajdures sieq
(¢ ‘duq (*dag (1 -dnqg (‘ang
(dung) | (1fed) Platy) qeY) PI3id) qe7)
M [O-MIN | VoM | VE-MIN| VE-MIN ] €M | €M | €M [GT-MIN| 9T-MA | VEEMRIVTMAI | T-MRN a1 e1dueg

S66T ‘III seud IJy ‘Arauyay oleaeN ‘eaay puod uonerodesy
‘sasAjeuy A£jien() Jajepp druediouy jo s)nsdy ‘g-p dIqeL

October 1, 1995

4-24



Navajo RFI Phase III Report

RE/SPEC Inc.

"SpIEpUEIS S1Els pue [eIopaj dqeordde 1oy 91qe yo o3ed 1se] 995 910N

A% 020~ €00 £0'e- €00 | LIC (A SLO- wy (44! ore- s0C 8S°'1- | (11 %) douerd

SUSPL | OL'LY | LO'SY 1925 | STIS ey | 79TS | 8S°LOL | Zo'6L | 9L°661 | Z9°€IT | 88°CIT | 8209 | (I/bow)suory

68°LST | IS°LY | OL'SY wey | TIIS 0e1s YTys | L6SOT | ¥9°S8 | OL'¥OT | 86'80C | 08'ITC 785 | C/bow) suome)

'L 90 8T (44 I'1 01 A ¥l ¥l 6'C ¥'T 6'C €1 (1/5w) spuonpy

08¢'c | 0811 06T 1 00r'Y | 09’1 0SY't 0991 oLY'T oLT't 001I°'S | 0OP'S 0SE'S | 00E'1 (7/8w) ssejng

0s¥'T €08 Ly9 LeL 609 ovs 1989 0LL'T 0TL'T 0sS0'¢ 0I€'E 0ze'e 0101 (/3w) apuoyd

0 0 0 0 0 0 0 0 0 0 0 0 0 (7/3w) Aeuoqre)
6vt (4> 181 A 81¢ (4 (444 pLE 1LE L9y ELY SLy 8T  |(1/3w) Aeuoqedtg
05T 0zs ch. (489 13024 88¢ 8Ty 06v'1 0201 066C 0zI'e oLe'e S¥9 (7/3w) wnipos
L 9 I [4 L4 4 9 L L L £ 8 (4 (7/sw) wnrsselod
113 I8 ¥8 ¥6 611 971 9Cl 8LI 891 SLS 143 L8S €51 [(T7/0w) wnrsause|

60V 9¢ PLT 06¢ iy 08y €0S 0£s Evs 9yS L9S 239 9% (7/3w) wniored

00zor | o6t'c | ove'e | 0s9°c | o6’ | oev'e | ost'e | ori'L | 0Ls9 | 0OT°cl | 0OL'¥T | 009VT | OL6€ (D.081) SAL

006CI | 06Ew | 08CY | OCL¥ | 00C¥ | OLSY | Oc8v | 0506 0SL'8 | 00¥'ST | 0OT°LT | 00S°LI | 0OT'S [(wo/soqun)dgq

L'L 8L 9L S'L TL VL vL | 0L €L TL €L oL 'L (NS)HA qeT
¥6-90-11 |¥6-80-11 | S6-CZ-90 | ¥6-80-11 | $6-12-90 |S6-0T-10 | S6-0Z-10 | S6-17-90 | #6-80-11 | S6-1T-90 | ¥6-80-11 [#6-80-11 | $6-82-90| Ppoldwres ieq
- (zrdnq
(dung) | (11ed) PIa1d)

VLM [ MI VI MIN | VI-MIN]IOSMIN |DS" M |OS M |IS-MIN [ AS- M| VS-MIN | VS-MIN | VS-MIN | DOV-MIA ar sidueg

(panunjuod)

S66T ‘III 3seyd IAY ‘Arduijdy oleaeN ‘Baly puod uonesodery
‘sasAjeuy Ajen() Jajeps druediouy Jo S)MSIY ‘S dIqelL

October 1, 1995

4-25




Navajo RFI Phase III Report

RE/SPEC Inc.

“SpIepuels S1els pue [eIapay a[qedndde Joj o[qer Jo oFed 15[ 998 910N

LS0- | 900 000 vSE- | 000 W' £5°0 €ro- 8S°1 00 81'T- | SLO- | 6€0- | (IA %) dduered
0TS | 98€ | LIvE [ LEVS | v v0C | LS90C | SBL6C | CLVOE | 0ES9 | 6886 | 68'€8 | S6'Lvl | LI'Lyl | (/bow)suowy
€0IS | Z8€E | LIVE | S90S | SI'¥0C | 0891 | COT0E | ¥6€0E | 6£L9 | 6686 | 1€08 [ ¥L'Spl | €Oyl | (T/bows)suoned
80 'l 'l T 80 80 80 80 01 €l Tt 9’1 Sl (T7/8w) spuonyy
08C'1 L16 £v6 0LVT | 00L€ | OP8T | 09LT | OLLT | 08T | 0ssT | 091C | oov'e | oive | (/3w)mweyns
86L Sy Evy eyl 089°c | 0685 | 0£06 | 0926 €66 | 09¥'1T | ogrl | OvST | 00SZ | (/ow)opuOMD
0 0 0 0 0 0 0 0 0 0 0 0 0 (/5w) areuoqre)
ST el vl SLI phET Vel 60v Loy 6LT L8C ST 3 0SE  [C1/8ul) euoqredtd
89S 67€ Tee 615 096C | O¥9'E | 008'¥ | 0T6V L6 00T'1 S68 087°C | 06T¢ | (T/dw) wnipos
v v v 8 01 8¢ T €T v 8 8 S 9 | (7/8w) waisseiod
701 LL 6L e 69 L31 vy Ty £8 8ET 061 1€€ 0ge  |(T/5ur) wnisouse
LSE 79 £9¢C TLE E€EL 8 9011 | S90'1 S6¢ €vs IS €8¢ T W7 M ETER)
00v€ | 00CC | 00CC | 099°C | 009°Ct | 009°€L | 0061 | 00T6L | Ocyy | 0299 | 009°S | 0968 | 0968 (O-081) SAL
08S% | 088<C | 088¢C | 098+ | 00891 | 009°61 | 008LZ | 008LT | 096S | OIL'6 [ 061'L | 000l | Q00T [(wo/soqun)dqq
L'L 9'L 9L S'L TL TL 1L T'L 9L V'L 9L TL L (0S)HA qeT
C6-L790 | S6-72-20 | S6-C-20 | ¥6-60-T1 | $6-01-11 |#6-90-11 |¥6-90-1T | ¥6-90-11 | ¥6-60-11 | S6-ST-10 [+6-90-TT [S6-82-90 [ S6-82-90| ~ poldweg ateq
(‘dug (cdng ("dnq
qe]) , qe7) qeT)
ST-MIW [ST-MI | ST-MIW | ST-MW | #T- MW {GTT-MIWVIT-MINVIT-MI] 0T-MIN | €2-MW |GL-AW | VL-MI [VL-MI | @@ ?1duss
(panurjuod)

S66T ‘III 2Seud IAY ‘Arauyey ofeaeN ‘eaay puod uonelodesy
‘sasAjeuy Ajen() J938pA dluediouy Jo S3MSAY ‘8- dIqeL

October 1, 1995

4-26




Navajo RFI Phase III Report

.mugcsm a1e1s pue [e1apay ojqeondde 103 91qes Jo oFed 1581 995 910N

October 1, 1995

4-27

RE/SPEC Inc.

S661 ‘III 3seud IJN ‘Arauyay oleaeN ‘vary puod uoperodery
‘sasfjeuy ALjen() Idjepp dOlwuediou] Jo S)nsdY °g-p 3dqeL

vS0- | 6r'¢- %A 98'c | oro- | szo 627 17°¢ 0ro- | 6Lv 61°C e 7T | (I %) owred
SIS0z | §L90C | 80°8S | 1€ 29T | 8CCEl | SOSEY | OcLve | 9899 | 8CEL | S8OL | 6L6L | ¢rvS | 6TTLT | (/bow)suowy
C6:20C | 96€61 | 1S6S | LSILT | TOCET | LEOET | L88ST | OEIL | vUeL | 86LL | vLT8 | S¥9S | S¥68c | (/bowr)suoned
01 80 v'0 Al L'L 09 80 80 Tl T'1 60 0’1 €T (7/3w) spuong]
09v'C | 000C | OE9T | OISE | 088C | ov6C | 008€ | 0¢81 | OIST | 099°T [ 020 | 0651 | 088y | (/3w)aweyng
06cS | 089°S 88 008T | oSTT | 00T°C | 09S°S 016 0LET | oLt | oLr'Y €9 06L°S | (1/8w)opuoyd
0 0 0 0 0 0 0 0 0 0 0 0 0 (1/3ur) reUOqIED
16C 00¢ 9 S19 2L 9L $69 661 661 10T $ST S8l 00y |(1/3w) areuoqredig
066C | 0SL'T 08y 0€8c | oStz | oLr'z | 008°€ SLS ovL't | OLI'1 199 9Z¢ 086€ | (7/3w)uwnipog
6¢ [k 4 11 8 L i 93 € 9 1 v 5 [(78®) wamseod
S8z VLT o 8€T LTl wl ¥0S Syl 88 66 91z €91 966  [(7/sw) umisous
SL6 S20'1 769 185 8SS 109 €€0'T 60y 8T¢ vLE 0TL 9LS 1€L | (7/8w) wndoed
00S'El | 00Tzl | oL0'v | 000'tt | 0998 | 0L68 | QO9ST 0877 | OvL% | OvL% | 09€C | 09€ | 00LLT | O.08D) Sal
00S'LT | 00SZT | 061S | 00V ¥l | 00CTT | 00L1L | 00S1C | OP09 | 0S¥9 | 0929 [ 0669 | 089% | 000°¢T [(wosoywn)dHq
L'L L 9L 'L V'L L I'L 9L V'L 9L SL L €L (nS)Hd qeT
C6-22-90 |76-CO-TT | ¥6-S0-T1 [ ¥6-ST-11 | S6-CC-90 | ¥6-S0-11 |#6-01-L1 | v6-60-11 | S6-82-90 | #6-60-TT {¥6-0T-11 [¥6-60-11 | ¥6-60-11| Pajdurgaeq
€-dDO0 | £-dD0 [942-Ad0[vZ-ado0][ 1-ad0 [ 1-aD0 [€T-MI [dZT-MIN[VIT-MIN VIT-MI 6 1-M I E_.Bs__cﬁ.az a1 adueg
(panunuod)




Navajo RFI Phase III Report

RE/SPEC Inc.

-SpIepuEls J1els pue [eropa) 9jqesridde 103 o1qen Jo 2Fed 15[ 99§ SION

L90 €6l 10 (40 £$°T °6°0" 10°0- 01’0 £C0 L1 124\ L90 107 | (Q %) souered

PIOET | €6LCT | €0OL | TLOET | <SOL | SUWCL | LVLTL | 6£8CT | 99°LCL | €3LpT | S8'E6T | 18981 | LL'S61 | (T/bow)suolly

66'LET | L6'TET | S99L | Se'Cel | 6408 | 88'ITI VLTl | $98CL | 9T 821 | 96¢ST | SSS61 | vE'68T | 28'¢0T | (T/bow)suoned

(A 01 L't (A [ 9L 'l 6'v s Le I't 0’1 0t (T/dus) spuony

098°C 098'C 00z | OIT'e 090C 008'C 0S6C 06T 0z6T | 01S¢ 09L°T 1 029°C | 0697 (y/sw) aweng

osv'c | 091°¢C 000'T | 0sZT ozr't 0661 0£6'1 020 000C | 0lcT | 00L% | oty | 028y | (7/3w)apuofud

0 0 0 0 0 0 0 0 0 0 0 0 0 [ (7/3w)areuoqred
19% 9SS 0ze 573 811 865 50L 1v9 w9 vSL 1€2 187 vec | (1/3w) aleuoqreog
0007 | 0061 68L | 088’1 V8 098T | 0S8T | OL6T | 0961 | 065 | O8T€ | ov0'e | OLce | (/ow)wnipos
I I vl Tl €1 I € L 8 €1 ov 9¢ 79 | (7/3w) wnisseiod
§TT 91T Vel Lic | sot SEl §TT ELI €L 91 €2T 0€T 8vz  [(7/dw) wmisouse]
9v9 €19 029 0s9 SIL £6S LS SLS SLS LTS ST | v S6L | (/sw) worped

0068 | ocL's | 08TS | 0898 061°S 011'8 0658 OvE'8 | 0z€8 [ 00S'6 | 00STL | 00O1'CL | OO¥Cl (Oc081) SAL

00S 1T | 00TCl | OvI'L | 00VOI | 0889 | OOZOT | 0OLOL | 008'OL | 0080l | 008CE | 0069T | 008°9T | 000°8T [(wd/soqun)dy qey

TL 'L el oL . 9°'L v'L ¢'L L L L'L L'L V'L L (NS) Hd Qe
66-92-90 | S6-12-10 1 S6-1Z-101 S6-¥2-20] v6-L0-11 | $6-92-90 | S6-¥2-20 | #6-LO-TT |¥6-L0-TT{ $6-90-11 |S6-TC-90 | ¥6-90-11 | #6-90-11 pajdures aieQq
(Qung) | (ared) | (dq qe1] avL

JL4-dD0|DL-AD0|IL-dD0]IL-aD0]|dL-aDO y:g.QUJ dVL-AD0[VL-dD( -dD0 | 9-dD0 | §-dDO0 | §-dDO0 | ¥-dD0 ar aiduweg

(panunuod) :
S661 ‘III dseyd 1AW ‘Aroudy ofeaeN ‘saay puod uoneirodery
‘sasAeuy Ljien) J3jBpA oruegrouy Jo SHNSAY  °§-p dqeL

October 1, 1995

4-28




Navajo RFI Phase III Report

RE/SPEC Inc.

/8w { :apuony 10J TOW [e19pad

"9"] ‘apuIony {009 ‘AeJINS $0$T “OPUOYD :000°T ‘SAL :(T/3w) Sprepuels Iaempuno) DODM 01X MON

Z “apuony 0T ‘OIYmS {057 “OPHO[YD ‘008 ‘SAL :(T/3w) sprepuers TOW ATepuoddg [eropad

STION
vl 901 68°0- | 890" 690 910~ 080 9¢'e- SLe- 0T (Ina %) douered
6¥'69 yTiL 9T'¥T 8L°¢9 | S¥'STI 19°99 SL'VYS L9¥9 1888 | 9¥'9pl | (T/bow) suoty
YT IL 9LTL £E8°€ET 76'79 | 61°LTl 0’99 6L'S9 91°09 6€C8 | 9¢'eST | (T/bow) suoned
Lo Lo 9'9¢ 8'9C1 7’861 01 01 6’0 80 L't (71/3u) Spuonty
09’1 01S'1 1334 856 0TL'T 0LS'T 0SS'1 ovv'1 08L'T 08¥'€ (V/sw) sregng
0821 00€'1 L0€ 0LET 00£'C 0T1'1 0L0'1 0ET’1 orL't ove'e | (7/sw)apuold
0 0 0 0 0 0 0 0 0 0 ~(T/dw) 9euoqred
881 161 9te S1e 184 evl 124 9LI 91 L6y | (/sw) teuoqrredry
969 969 86¢ 09T'1 0L9C LV8 8 L69 886 ovi'e ("/8ur) waIpog
L 9 81 189 98 9 v £ 9 6 (/sur) wnisseod
¥91 8L1 08 19 98 SLI ELT 691 061 Spe  |(7/Sw) wnissusely
LYS 594 LL X3 8¢ 10¢ 86T 0te (44 2% (7/suw) wmiofed
019'v 08S'Y och..ﬁ | oeg'y 0TT'8 00S'y 0Sv'y 09Ty 08S’S 095°6 (D.081) SAL
0899 0€99 0tYT 0£0'8 | 009C1 0199 0199 0L8’S 00FL | 0022 |(Wo/soqun)od qe
8L 6L L 'L L | 9oL 9L 9L 9°L V'L (NS)HA BT
P6-11-11 | ¥6°11-11 §6-82-90 | #6-90-11 | ¥6-90-11 S60T-10 | $6-02-10 | ¥6-60-11 $6-90-1T [ #6-90-1T| Ppoldures :eq
(dp qeT) - ~
MY | I-MY wuaniyy IWpuy M| IIWpUy A [ 1TFWpUi M
“4dN | -¥dN adid |s puod | ¢ puod puod puog puod d8-d00{Vv8-ado| dI ddwmeg
(papnpuod)

S66T ‘III 2seud IAY ‘A1auyay oleaeN ‘®aty puod uonerodesy
‘sash[euy £jien) Jajeps dluediouy jo sjnsdy  '8-p dqelL

October 1, 1995

4-29




RE/SPEC Inc. Navajo RFI Phase III Report

The upward gradient observed during the Phase II and III studies is regional in nature.
Upward discharge of water from the shallow aquifer along the Pecos River from the vicinity of
Acme (north of Roswell) to about one mile south of the Highway 82 bridge has been documented
by the USGS and the New Mexico State Engineer Office (Welder, 1983).

Groundwater mapping performed for the Phase II study showed groundwater flow to be
generally southeasterly in the area south of Ponds 1 and 2, which until 1987 received effluent
having minimal wastewater treatment. The discharge area for seepage water from these ponds is
the vicinity of U.S. Highway 82 and the Pecos River, in an area populated with salt cedar, a
phreatophyte that consumes large amounts of water in the summer months. Heavily vegetated
areas of salt cedar in the vicinity of the highway extend at least several miles to the south. As water
is consumed by the plant, the dissolved salts remain behind and contribute to the poor water quality
of shallow groundwater and cause localized areas of salt-impacted soils. The negative impact of
phreatophytes on groundwater in this reach of the Pecos River has been studied by both state and
federal investigators (Mower et al., 1964). Water not consumed by vegetation has concentrated
levels of natural salts. Water within several feet of the surface evaporates, leaving elevated salts in
soils, or discharges into the Pecos River during low flow thus exacerbating river salt impacts.

4.5.1.2 Groundwater Modeling

Groundwater modeling of the flow system in the vicinity of the river was performed during
the Phase II investigation to provide mathematical and visual interpretation of the hydraulic effects
occurring as a result of the interaction of the ponds and the natural system. Sufficient information
was available on vertical and horizontal gradients and hydraulic conductivities to allow use of a
relatively simple and accepted groundwater model.

Because the hydrologic data measured during the current Phase III study has not
significantly changed and supports information collected in the earlier investigation, no additional
groundwater modeling was performed for this study. However, because current data support the
earlier results, the model is briefly discussed in this report. Figures 4-2 and 4-3 show the location
of the wells used in the model and the resultant particle flow lines. The latter figure illustrates a
situation in which there is downward flow from the pond superimposed on a flow that is generally
moving vertically upward. Thus, the flow is initially downward directly beneath the pond, and
rises laterally in the downgradient direction. There is a surface upon which particles move neither
upward or downward. Here, motion is lateral and follows the regional gradient away from the
influence of the pond. Thus, a particle moves off the vertically static surface to a region in which
flow is again upward.

From Figure 4-3, it is clear why, under the given conditions, lower zones remain
uncontaminated despite local downward movement in upper zones significantly influenced by the
ponds. For example, the lower zone in the vicinity of MW-2 remains largely uncontaminated
because of the confined effect of the vertical and horizontal gradients and conductivity. The

particle flow map also shows how flow will influence the movement of particles upward toward a
discharge area southeast of the ponds.
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The groundwater modeling results provide a graphical picture of the interaction of
groundwater moving upward from the valley fill aquifer with water seepage from the evaporation
pond. Although some zones appear to undergo little mixing, movement of water into and out of
the cross section can not be seen because the model is two dimensional. Slight variations in
actual vertical or horizontal gradients or hydraulic conductivity will cause particle movement to
deviate from the paths shown. However the overall effect will cause groundwater to move
upward toward the discharge zone, where it will be consumed through evaporation and
transpiration.

With use of the map and available geologic, hydrologic, and chemical data, predictions
regarding locations of future impact of the seepage water can be offered. For example, the model
shows that not all flow paths have reached the surface discharge area even after 60 years. During
the remaining time necessary for a particle to reach the surface, the model can show locations of
intermediate zones subject to degradation as the contaminant front passes through the area.
Therefore, the first detection of constituents in a monitor well should not immediately be a cause
for concern if the location of the well is in the predicted path of the mobile contaminants. Such
detection should be looked upon as verification of the utility of the program and its ability to
accurately represent subsurface flow.

The results of these measurements, together with aquifer testing, contour mapping and
the groundwater modeling performed in the Phase II study, provide sufficient scientific evidence
to demonstrate that the hydrologic system in the vicinity of the evaporation ponds is discharging
groundwater upward. That work also showed that groundwater in the general vicinity of Ponds 1
and 2 moves in a southeasterly direction toward the Pecos River crossing at U.S. Highway 82
and areas heavily vegetated with salt cedar located immediately adjacent to the highway.

4.5.2 Groundwater Quality

4.5.2.1 Organic Compounds

The results of testing for volatile organic compounds in the area of the evaporation ponds
showed improvement from the sampling analyses conducted during RFI Phase II study. Table 4-
9 compares the type and number of organic constituents detected in this investigation with those
found during the 1993 Phase II investigation. Also, Table 4-9 includes results of split sampling
by PRC.

The number of confirmed benzene detections are lower than reported during the 1993
Phase II study. In the current study, only MW-4A was confirmed to contain benzene and it exists
at a lower concentration than found in earlier samplings. However, MW-4C had detectable
levels of benzene in three of the five samples taken since monitor well installation in January
1995. In the 1993 study, water samples from four additional wells (MW-3, MW-5A, MW-6B,
and OCD-7B) had detectable levels of benzene.
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Table 4-9 Comparison of Volatile Organic Compound Detections,
1992-1995, Evaporation Pond Area, Navajo Refining Company,
RFI Phase III, 1995

Ethyl- Total Carbon
Sample Date Benzene | Toluene | benzene | Xylenes MEK Disulfide
ID__| Sampled | (mg/L) | (mg/L) | (mg/L) | (mp/L) | (mg/L) | (ma/L) |
e ——
Evap. 11/06/94 ND ND ND ND ND ND
Pond. 3 (11/20/92) | (0.043) (0.061) (0.016) (0.045) (<0.010) (0.032)
MW-3 11/05/94 ND ND ND 0.006 ND ND
(11/12/92) | (0.017) (0.021) (0.016) (0.025) (<0.010) (ND)
Mw-3 11/05/94 ND 0.004 0.004 0.006 <0.010 ND
PRC
MW-3 06/21/95 <0.017 <0.017 0.018 0.030 NS NS
MW4A 11/10/94 0.013 0.006 0.015 0.028 ND ND
(11/12/92) | €0.021) (0.009) (0.019) (0.032) (<0.010) (IND)
MW4A 11/10/94 0.014 0.006 0.016 0.032 ND ND
Field Dup.
MW-4A 11/10/94 0.015 0.0067 0.017 0.028 <0.010 ND
PRC
MW-4A 06/28/95 0.015 0.008 0.019 0.036 0.012 <0.005
Mw4C 01/20/95 0.010 ND ND ND ND ND
Bail
Mw-4C 01/20/95 0.013 ND ND 0.006 ND ND
Pump
Mw-4C 01/20/95 ND ND ND ND <0.010 ND
PRC
MW-4C 02/24/95 ND ND ND ND ND ND
MW-4C 06/28/95 0.015 <0.005 <0.005 <0.005 <0.020 <0.005
MW-5A 11/08/94 ND ND ND 0.021 ND ND
(11/11/92) | (0.013) (0.028) (0.006) (0.008) (<0.010) (ND)
MW-5A 11/08/94 ND ND ND 0.020 ND ND
Field Dup.
MW-5A 11/08/94 ND ND ND 0.010 <0.010 ND
PRC
MW-5A 06/2195 <0.005 0.034 0.006 0.050 NS NS
MW-5C 01/20/95 0.009 0.005 ND ND ND ND
Bail
MW-5C 01/20/95 ND ND ND ND ND ND
Pump
MW-5C 01/20/95 ND ND ND ND <0.010 ND
PRC '
MW-5C 02/2495 ND ND ND ND ND ND
MW-5C 06/2195 <0.001 <0.001 <0.001 <0.001 NS NS
Notes:

MEK: Methyl ethyl ketone

ND: Not detected at a minimum detection level of 0.005 mg/L.

NS: Not sampled
EPA MCL: Benzene, 0.005 mg/L; toluene, 1.0 mg/L; ethylbenzene, 0.70 mg/L; xylenes, 10.0 mg/L.
NM WQCC: Benzene, 0.010 mg/L; toluene, 0.75 mg/L; ethylbenzene, 0.75 mg/L; xylenes, 0.62 mg/L.
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Table 4-9 Comparison of Volatile Organic Compound Detections,
1992-1995, Evaporation Pond Area, Navajo Refining Company,
RFI Phase III, 1995

(concluded)
Ethyl- - Total Carbon
Sample Date Benzene | Toluene | benzene | Xylenes MEK Disulfide
ID Sampled {| (mg/L) (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L)
MW-6A 11/08/94 <0.025 <0.025 <0.025 <0.025 <0.025 <0.025
(11/12/92) (IND) (0.006) (0.007) (0.014) (<0.010) (ND)
MW-6A 01/1495 ND ND 0.006 0.010 ND ND
MW-6A 06/22/95 <0.005 <0.005 0.006 0.011 NS NS
MW-6B 11/08/94 <0.025 <0.025 <0.025 <0.025- <0.025 <0.025
(01/30/93) | (0.009) (0.006) (ND) (ND) (0.048) (0.117)
MW-6B 11/08/94 ND ND ND ND <0.010 ND
PRC
MW-6B 01/15/95 ND ND ND ND ND ND
OCD-7B 11/07/94 ND ND ND ND ND ND
(01/30/93) |  (0.009) (ND) (ND) (ND) (<0.010) (ND)
OCD-7B 11/0794 ND ND ND ND <0.010 ND
PRC
Notes:

MEK: Methyl ethyl ketone

ND: Not detected at a minimum detection level of 0.005 mg/L.

NS: Not sampled
EPA MCL: Benzene, 0.005 mg/L; toluene, 1.0 mg/L; ethylbenzene, 0.70 mg/L; xylenes, 10.0 mg/L.
NM WQCC: Benzene, 0.010 mg/L; toluene, 0.75 mg/L; ethylbenzene, 0.75 mg/L; xylenes, 0.62 mg/L.
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In 1993, toluene was present in MW-3, MW-4A, MW-5A, MW-6A, and MW-6B; the
current study detected and confirmed toluene only in MW-4A. Ethylbenzene continues to be
detected in four wells (MW-3, MW-4A, MW-5A, and MW-6A), at levels up to 0.019 mg/L.
Xylene was detected in wells MW-3, MW-4A, MW-5A, and MW-6A during both Phase II and
Phase IIT samplings. Unlike the Phase II study, methyl ethyl ketone and carbon disulfide were
not detected in MW-6B, but MEK was seen in MW-4A in the June 1995 sampling. In both
studies, only benzene exceeds current federal or state standards. As in 1993, the extensive
testing conducted for semivolatile organic compounds in groundwater in the area of the
evaporation ponds did not result in any semivolatile detections.

45.2.2 Selected Metals

Several problems, separately or together, caused elevated concentrations of lead,
chromium, and/or nickel in several of the wells sampled. This was especially true for new wells
drilled and developed only several days before first being sampled, and for the older stainless
steel wells. In some of newer wells, fine grained particles continued to produce light brown
opaque water even though other water quality parameters, especially conductivity, had long since
stabilized. It was not uncommon to pump over 100 gallons of water from the new wells to
storage barrels in an attempt to remove turbidity. The older stainless steel wells also were
difficult to purge. The submersible pump used in purging the more recent two-inch well
installations could not be inserted inside the casing of the older wells. Use of a bailer was
difficult due to frequent hang-up on the casing joints. Considerable fine material was dislodged
from the casing walls and the shallow wells also were silty near the bottom.

These problems were most prevalent in stainless steel wells MW-1, MW-4A, MW-5A,
and MW-6A, and to a lessor extent in the other steel wells. MW-10, whose construction details
are unknown, had elevated chromium and nickel concentrations that mimicked the steel wells,
but an elevated lead concentration could lead to an interpretation of turbidity in the sample.
Water from new wells MW-5C and OCD-7C was clearly turbid and appeared dark brown in the
bailer after purging. Because of time constraints, these new wells were sampled almost
immediately after development and, based on observed turbidity, apparently needed additional
development work. In an attempt to get a less turbid sample, a second sample for metals was
collected through the submersible pump used for purging at MW-4C, MW-5C, and OCD-7C.
Bailed samples at these wells were also field filtered which eliminated most detections except for
arsenic.

Several wells experienced changes in chromium, lead, and nickel concentrations from
sampling results reported in the Phase II report. PVC-cased well OCD-3, which had a total
chromium concentration of 0.19 mg/L in the 1993 sampling, currently is not detected at the
detection level of 0.005 mg/L. In 1993, total lead was found in OCD-3 at a concentration of 0.06
mg/L. Current sampling detected lead at 0.02 mg/L. Turbidity and/or high TDS concentrations
may elevate levels of these metal constituents in OCD-3; current TDS for this well is 13,500
mg/L. As mentioned above, MW-10 had elevated levels of several constituents, including

4-36 October 1, 1995




RE/SPEC Inc. Navajo RFI Phase III Report

nickel. The November 1994 concentration for total nickel doubled from that reported in the 1993
investigation. Nickel was not detected in the filtered sample leading to the supposition that
elevated levels are due to turbidity.

Based on elevated concentration levels of chromium, lead, and nickel found in several of
the new wells in the November, 1994 and January 1995 testing, additional sampling events were
performed in February and June 1995. Using low velocity pumps, the three new deep wells and
wells at several other locations were purged at low flow rates of approximately one to two liters
per minute with the intake hose set at approximately two to three feet beneath the water level
surface. Although slow in removing large volumes of water, wells purged using this method did
not exhibit significant turbidity.

Low-flow purging and resampling resulted in significant improvement in the water
quality of these wells for these three metal constituents. Total lead, and nickel were not reported
detected in the three new deep wells. Total chromium was found to be at, or just slightly above,
the 0.005 mg/L detection level in wells MW-4C and OCD-7C. MW-10, resampled in June 1995,
confirmed the hypothesis that elevated metals levels were a result of turbidity; lead and nickel
were not detected, and levels of arsenic and chromium were only slightly above the 0.005 mg/L
detection level for these constituents. Based on these results, all future purging for RCRA
samplings should be performed using a low flow pump prior to sampling.

Sampling from wells purged at low flow rates, and field filtering did not always prevent
arsenic concentrations at some wells from exceeding the federal MCL of 0.05 mg/L.. However,
some wells had dramatic reductions in concentrations after such purging. In February 1995, for
example, concentrations were reduced to one-third of the original value in MW-4A (0.156 to
0.051 mg/L), to one-fifth in OCD-7AR (0.149 to 0.030 mg/L), and to less than 10 percent of
original levels in MW-5C (0.204 to 0.008 mg/L) and OCD-7C(0.111 to 0.011 mg/L). The other
two wells had only slight reductions in arsenic; the value for MW-4C (0.061 mg/L) was
approximately the same concentration as found in the original filtered and unfiltered bailed
samples. Similar reductions in arsenic concentrations were observed in the June 1995 sampling.

As previously mentioned, the wide range of arsenic values is believed due to two factors:
dissolved arsenic actually in solution (e.g., at monitor wells MW-5A, and OCD-7A), and turbid
samples containing arsenic that moves into solution when the sample is digested (e.g., MW-4A,
MW-5C, and OCD-7C). Some results may be a combination of these postulated effects.

The minimal effect of filtration on some samples of arsenic can be interpreted as meaning
that arsenic is present in colloidal form. Common dimensions for colloids are 0.001 to 0.200
microns; substances of that size will pass through the 0.45 micron filter used to collect a
dissolved sample. Arsenic sulfide is one such example of a colloid. The charge on the sulfur ion
in As)S3 is negative, indicating sulfur is a reduced species. Likewise, the chemical environment
in the immediate vicinity of the ponds also is expected to be reduced because of the presence of
organics in the subsurface. In such surroundings, the charge on a sulfur ion would likely be
negative (-2) versus the positive charge (+6) commonly found in an oxidizing environment.
Although arsenic speciation in the groundwater is unknown; it could very likely be colloidal in
nature given the circumstances postulated above.
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Table 4-10 is a compilation and comparison of all arsenic sample results collected from
wells in the vicinity of ponds during the Phase II and III investigations. Arsenic problems due to
turbidity mask actual groundwater concentrations and make comparison of concentration
changes from 1993 to 1995 difficult. However, measurable and, in some instances, significant
concentration increases are suspected in MW-5A, MW-11A, MW-14, MW-15, MW-19,
MW-22A, MW-23, and OCD-4.. Lowered values are observed in MW-2A, MW-3, MW-4A,
MW-5B, MW-6A, MW-6B, MW-7A, MW-7B, MW-10, OCD-1, OCD-2A, OCD-3, and OCD-
7AR. Three of these latter wells are in close proximity to inactive Pond 1, indicating possible
improved water quality as a result of pond closure.

As discussed elsewhere, groundwater in the immediate area of the ponds is essentially
unusable owing to the high natural concentration of salts. Although there is some limited use of
poor-quality water for livestock on the west side of the ponds, which is upgradient from the site,
the combination of a groundwater discharge area and high natural concentrations of salts
eliminate the possibility of the high arsenic levels impacting usable ground water supplies and
potential receptors.

4.5.2.3 Water Chemistry

Inorganic water chemistry data were collected during the Phase II study to provide
information regarding the impact of the pond chemistry on the local hydrologic environment.
The installation of the deeper monitor wells allowed comparison of the deeper groundwater with
that at shallow depths. '

Analysis of Phase II groundwater samples from the monitor wells in the vicinity of the
ponds indicated that the groundwater at some locations had been impacted by seepage discharge
from the ponds. This information was reviewed and updated using data collected during the
Phase III study to perform trend analysis and to evaluate whether inactivation of Pond 1 in 1987,
and Pond 2 early in 1994, have resulted in measurable improvement in groundwater quality.
Water quality is considered to have improved if high sodium chloride water present in the ponds
is being replaced with water having calcium-magnesium sulfate properties more common to
unimpacted alluvial sediments. The use of water chemistry techniques, in addition to evaluation
of changes in organic and metal constituents, can be used to provide evidence supporting the
concept of natural remediation of pollutants at the units.

Because complete information on the major water constituents was collected at the time
of sampling for target compounds, an analysis of the types of water present could be performed
that would be useful in interpretation of hydrologic conditions at the site. The Piper trilinear
diagram (Hem, 1989) was the method of analysis chosen to represent the various types of water
likely to be present in the area. A description of method and its use was provided in the
discussion of water chemistry at TMD (Section 3.2.5.2.3) and will not be reviewed here.
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+ OCD-7AR and OCD-7B are located within 50 feet of Pond 3 with OCD-7AR
showing continued impact by pond salts during the 1993-1995 period (Figure 4-15).
Water in OCD-7B has remained approximately the same composition although the
chloride composition has increased. Water in new well OCD-7C is almost identical
in composition to water in OCD-7AR, even though arsenic levels differ significantly.
Because of the chemistry similarities, water from the OCD-7AR zone likely was
transported downwards during drilling and associated well development. Based on
the lack of arsenic seen in intermediate well OCD-7B, it can be predicted that OCD-
7C will stabilize unless artificially created vertical pathways remain available for
direct fluid transport.

* OCD-8A appears slightly impacted by the pond, but OCD-8B does not (Figure 4-16).
Although downgradient from the pond, no sign of any arsenic or other metal impact is
seen in OCD-8B. The deep water has the characteristics seen in MW-2B and MW-
18B. No significant changes in water quality were observed between 1993 and 1995.

The preceding information on water characteristics was derived from examination of the trilinear
diagrams and used to verify the reasonableness of the groundwater flow model and examine
changes in the water quality composition of the groundwater. Because the mathematical flow
model is used to duplicate existing flow conditions, interpretation of the geochemical
characteristics of the groundwater provides information that supports the predictions made by the
model. Together they provide strong evidence that the impacts of past and continued use of the
ponds will be limited to the area of the ponds and to the area of poor-quality groundwater that
exists near the surface and downgradient of the site.

4.6 FUTURE GROUNDWATER MONITORING

Wells in the immediate proximity of the evaporation ponds are currently being sampled by
Navajo on a schedule required by the NM Oil Conservation Division as a condition of approval
of the Groundwater Discharge Plan in 1991. Wells are being sampled on a staggered schedule
with adjacent wells alternately sampled in either the spring or fall months for selected water
quality constituents regulated by the NM Water Quality Control Commission. Three wclls
(MW-3, 4A, and 5A) are sampled twice per year.

Beginning in the winter of 1995-96, Navajo proposes annual sampling of selected wells for
hazardous constituents that could potentially occur based on the extensive RFI sampling
conducted since 1990. The target monitor wells are proposed to be sampled annually during the
active use of the ponds and for a five-year period thereafter. During the time the pond is in
continued use, sampling for some wells will be staggered, with some wells sampled in Spring
and others in Fall to allow coordination with the current Oil Conservation Division sampling
program.
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The following wells in the vicinity of the evaporation ponds are proposed for annual sampling:

MW Series: 1, 2A, 2B, 3, 4A, 4C, 5AR* 5B, 5C, 6A, 6B, 7A, 7B, 14, 15, 22A and 22B.
OCD Series: 1, 2A, 2B, 3, 5, 6, 7AR, 7B, 7C, 8A and 8B.

Prior to purging, water level and total depth in each well will be measured, and electrical
conductivity, temperature and pH will be measured during the purging operation. To avoid
obtaining turbid samples, purging will be conducted at discharge rates that will not exceed two
liters per minute.

Samples will be analyzed for the same constituent listing of volatiles, semi-volatiles, metals, and
water chemistry parameters as was performed during this Phase III investigation. Based on the
analytical results of past sampling events, semi-volatiles are proposed to be sampled only at
wells MW-3, 4A, 4C, 5AR, 5B, 5C, 6A and 6B. These wells are downgradient from Pond 1 and
the area of the entrance inlet to Pond 2, both of which received significant quantities of semi-
volatile constituents prior to upgrading of the wastewater treatment plant in 1987. Also, based
on past sampling results, it is not proposed to monitor wells OCD 3 and OCD 5 for volatile
constituents. OCD 4 is not proposed for sampling because it was designed to monitor water
quality of future pond expansion which no longer is scheduled to occur.

A summary report will be submitted to EPA by April 1 of each year. The summary report will
include the sampling analytical results plus the quarterly water level measurements of the nested
pond monitor wells which are completed at different depth intervals. At the end of the five-year
period it is proposed to discontinue pond monitor well sampling and water level measurements,
unless a review and evaluation of the monitoring results indicates that selected monitoring should
be continued.

4.7 GROUNDWATER RISK ASSESSMENT

Risk assessments have been recently conducted at the evaporation ponds by RE/SPEC (1995) for
inclusion in the Pond 1 Corrective Measures Study (CMS), and by ENSR (1995) as part of the
closure plan for the other active evaporation ponds. A groundwater risk assessment was
prepared for the CMS submitted in December, 1994 and included in the August 1995 revised
CMS. The pertinent sections of the CMS are reproduced as Appendix G of this report.

The CMS presented the results of a groundwater risk assessment for a human residential scenario
that utilized maximum concentration data from selected Pond 1 monitor wells collected during
the Phase I and II RFI investigations. A review of RFI Phase III data for all monitor wells in the
vicinity of the ponds does not show concentration levels exceeding data in the earlier reports, so
the CMS risk assessment represents the worst-case analysis.

* Monitor Well SAR replaced well 5A at the same location in August 1995.
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Of overwhelming significance, however, is the discussion in the CMS which demonstrates that,
because of flood risks, residential use of property in the vicinity of the evaporation ponds will not
occur. The CMS also documents that the naturally occurring groundwater in the vicinity of the
ponds is unfit for human consumption without extensive treatment to remove salts which also
would eliminate any hazardous constituents. In EPA Region 6 comments of April 1995 in
response to earlier CMS submittals, EPA recognizes that the human residential scenario is
inappropriate for the evaporation pond area and is allowing an agricultural-based use as the
default risk scenario. Discussions of the latter scenario and various ingestion pathways are
presented in the referenced RE/SPEC and ENSR documents.
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