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The Task Force report discusses conditions that were present at
the time of the August 1986 inspection. Listed below are
selected items pertaining to events which transpired after the
inspection during the period August 1986 to September 1988.

o

During October 1986, Texaco began an aquifer recharge
and flushing program in an attempt to correct
contamination caused by the Chemical Evaporation Pond
(CEP). The program consisted of building a dike across
the southern third of the CEP and pumping North Platte
River water into the southern portion of the CEP for
infiltration into the aquifer below. Attached to this
report is an analysis titled "Effects of Chemical
Evaporation Pond Recharge" which is an analysis of the
aquifer recharge activities performed since October
1986. Recommendations of the analysis will be
addressed in the 3008(h) corrective action order issued
on September 30, 1988, and which is discussed later in
this updqdate.

On May 6, 1987, EPA issued a Land Treatment
Demonstration Permit to the Texaco Casper Refinery
pursuant to the requirements of 40 CFR 8264.272.

On June 15, 1987, Texaco submitted to EPA the "Casper
Plant North Landfarm Reconnaissance Investigation
Report" pursuant to Condition I. H. 2 of the Land
Treatment Demonstration Permit. The Report provided
soil analyses of landfarm soils which showed parts of
the landfarm to have elevated metal and oil levels.

On December 1, 1987, Texaco submitted a letter to EPA
stating that pursuant to Condition III. D. 7. of the
Land Treatment Demonstration Permit they were reporting
a finding of contamination below the treatment zone in
their land treatment demonstration test plot.

Further soil core investigations and analyses of the
landfarm were requested of Texaco by EPA on April 15,
1988 and May 9, 1988. These investigations were to
determine extent and rate of migration of hazardous
constituents in the landfarm soils. Texaco never
conducted the requested investigations.



Texaco was notified of EPA's intent to deny an
operating RCRA permit on August 2, 1988. The action
was taken due to Texaco's failure to provide:

1) requested information, 2) permit application
information, and 3) a demonstrated ability to manage a
land treatment area in an environmentally safe manner.

On September 29, 1988, EPA issued a unilateral RCRA
Section 3008(h) corrective action order to Texaco for
facility wide site investigations, corrective measure
studies, and corrective measure implementaticn at the
Texaco Casper refinery. v

On September 30, 1988, EPA issued a final determination
on Texaco's application for a RCRA permit. Texaco's
application was denied and the facility was ordered to
cease receiving wastes.
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EXECUTIVE SUMMARY

INTRODUCTION
1. Task Force Effort

Operations at hazardous waste treatment, storage and disposal (TSD) facilities are
regulated by the Resource Conservation and Recovery Act (RCRA, P.L 94-850).
Regulations promulgated pursuant to RCRA (40 CFR Parts 260 through 263,
effective on November 19, 1980 and subsequently modified) address hazardous
waste site operations including monitoring of ground water to ensure that
hazardous constituents are not relecased to the environment. The regulations for
TSD facilities are implemented (for EPA-administered programs) through the
hazardous waste permit program outline in 40 CFR Part 270.

The Administrator of the U.S. Environmental Protection Agency (U.S. EPA)
established a Hazardous Waste Ground-Water Task Force (Task Force) to evaluate
off-site and selected on-site TSD facilities and address the causes of non-
compliance. The Task Force is generally comprised of personnel from EPA
headquarters core team, regional offices, and the states.

2. Task Force Objectives

The principal objectives of the investigation at the Texaco Refinery in Casper,
Wyoming were to determine the following:

a) Compliance with the requirements of 40 CFR 265 Subpart F -
Ground-Water Monitoring

b) Evaluate the existing information on the ground-water protection
program for potential compliance with 40 CFR Part 270

c) Evaluate the existing and proposed ground-water protection program
for potential compliance with 40 CFR Part 264

d) Verify the quality of the facility’s ground-water monitoring data

e) Evaluate the sampling and analytical procc'durcs employed by the
facility

f) Collect ground-water samples using the Task Force Protoco! in order

to evaluate and compare analytical results with those collected by
Texaco 1n addition to determining the presence of hazardous waste
constituents.

3. Evaluation Procedures

To meet the objectives of the task Force evaluation for the Texaco facility in
Casper, Wyoming, the following activities occurred:

a) Compilation and analysis of all relevant data,' reports and
correspondence from U.S. EPA Region VIII files and files present in
the offices of Wyoming DEQ in Cheyenne, Wyoming
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b) Sampling audit of facility’s ground-water sampling procedures
conducted from June 18 to June 20, 198%

<) Collection and subsequent analysis of ground-water, surface water,
hydrocarbon and pond liquid samples obtained from August 11 to
August 15, 1986

d) Site inspection and intcrviews with facility personnel and contractors
from Scptember 29 to September 30, 1987.

Some of the information obtained from Texaco was acquired well after the Task
Force site visit in August 1936. These data have been utilized in this report where
required to support the Task Force’s evaluation of the current ground-water
monitoring program.

SUMMARY OF FINDINGS AND CONCLUSIONS

The following summary of findings and conclusions is based on Task Force
interpretations of existing data, observations and findings from the sampling event at the
site on August 11-15, 1986, and the requirements of 40 CFR 264 and 265 Subpart F.

For simplicity, the Task Force's findings and conclusions below have been subdivided into
sections corresponding to those of the technical report (Part I1).

1. Hydrogeology

Two aquifers of toncern exist in the North Arca. The uppermost aquifer is
composed of unconsolidated eolian sands and alluvial deposits, and the
consolidated Teapot Sandstone, subcropping in the eastern portion of the facility.
The second aquifer consists of unconsolidated alluvial deposits located within the
North Platte River {loodplain. The second aquifer is lower than the uppermost
aquifer, but this difference is topographic, not stratigraphic. Even though the two
aquifers are not connected in a geologic or hydrostratigraphic sense, the uppermost
aquifer recharges the alluvial aquifer by means of secpage along an intervening
bluff. The only aquifer of concern in the South Arca is the unconsolidated
alluvial aquifer. Except where the bedrock outcrops, the alluvial aquifer is present
throughout the South Area,

North Area

The major potential contaminant pathways include the North Platte River and its
associated alluvium, and possibly the Teapot Sandstone. All the above are used for
water supply east of the site. The potential {or contamination of the Teapot
aquifer is undefined at the present time. Testing of downgradient Teapot wells
for contamination is recommended.

South Area

The major impacts from the contaminants would probably be to the North Platte
River. Escape of contaminants to the east, around the bedrock high and through
permeable lenses in the unnamed middle member of the Mesaverde Formation are
possible pathways to the river. While no bedrock aquifers underlie the South Arca,
migration of contaminants to the northeast may impact the Teapot aquifer. This
pathway is presently undefined and conjectural. To reach the subcrop of this
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aquifer, migration off-site to the northeast must take place. The distance to the
subcrop of the Teapot Sandstone from the eastern boundary is not defined. In
addition, the ground-water flow in the southeastern corncr of the site is not fully
understood a limited number of data points (wells and/or piezometers) exist in this
area.

2. Ground-water Monitoring System
a. North Area Ground-water Monitoring Systems

The ground-water monitoring system in the North Area is currently
regulated under interim status. Two RCRA-regulated units, the North Land
Farm and the Chemical Evaporation Pond (CEP), arc located in this area.
The land farm is currently accepting and disposing waste under interim
status. A Part B Permit Application for this unit was submitted to EPA in
1985. According to Texaco, the CEP ceased to accept wastes after June
1982, and was closed under interim status in 1986. Texaco states that
degraded ground water in the North Area is emanating from the CEP. Duc
to this contamination, Texaco initiated an assessment monitoring program to
delineate the rate and extent of migration and concentration of
contaminants in the ground water. Texaco originally considered the two
regulated units as one hazardous waste management unit. Currently, as part
of the Part B Permit Application, the North Land Farm is scparated from
the CEP. At no time has Texaco designated monitoring wells as part of a
detection monitoring program under interim status for the North Land
Farm, even though they maintain that contamination is from the CEP.
Because a detection system has not been designated, bascline and statistical
data are not available. This information must be presented as Texaco
intends to proceed into detection monitoring under 40 CFR 264 upon permit
approval. The findings and conclusions discussed below are further
subdivided into the following headings: Interim Status Ground-Water
Monitoring (40 CFR 265), Proposed Ground-Watcr Monitoring System (40
CFR 264), Corrective Action for SWMUs (40 CFR 264.101), and the South
Area Ground-Water Monitoring System.

Interim Status Ground-Water Monitoring (40 CFR 265)

- The present assessment monitoring program for the North Arca as
interpreted by the Task Force has several technical deficiencies that
may not allow for an evaluation of the rate and extent of
contamination in the ground water. Texaco is required by 40 CFR
265.93(d) to evaluate the extent of light and/or dense phase
immiscibles that may be associated with the existing contaminant
plume emanating from the CEP. A thorough evaluation of the
adequacy of the existing monitoring wells to detect such phases
should be initiated. Based on the Task Force evaluation, numcrous
wells in the North Area may not be capable of monitoring for light
and/or dense phases. These data are needed for a complete
evaluation of the extent and migration of contaminants in the
uppermost aquifer as required by 40 CFR 265.93(d)(4)(i).

- As previously mentioned under hydrogeology, the full extent of the
uppermost aquifer and the possible extent of the CEP contaminant
plume may not be completely evaluated. This is due to the potential



for hydraulic communication between the Teapot Sandstone, a
potential contaminant pathway, and the alluvium. The subcrop of
the Teapot lies to the east of the CEP.

Texaco must determine the rate and extent of migration and
concentration of hazardous waste in the ground water (40 CFR
265.95(d)(4)). Currently, Texaco has made the above determination
on only four paramcters (TOC, phenol, sulfide and ammonia). The
rate and extent of migration and concentration of all Appendix VII
wastes must be established.

As part of defining the rate and extent of contaminant migration
under 40 CFR 265.93(d), Texaco should evaluate the effects of
dilution, attenuation, hydrogeochemical and hydrobiological
phenomena which may be affecting the extent of the CEP piume.
This i1s important under assessment monitoring as the dimensions of
the plume are bound to be affected by the recharge of the CEP as
part of Texaco's remedial action plan for this ground-water
contamination. Texaco has not proposed, as part of their interim
status assessment program, data evaluation techniques which will
fully address plume migration. This is a very important point in
that when a corrective action program is initiated under 40 CFR
264.101 for the CEP plume, thesc data evaluation techniques will aid
in determining the effectiveness of the remediation program, and
will aid in tracking the rate and cxtent of contaminant migration. A
number of possible analytic procedures could be applied to existing
data to further assess the effects of recharge of river water on the
attenuation of contaminant concentrations in ground water in the
CEP area. These could include, but not necessarily be limited to, the
following kinds of analyses:

0 Trend analyses of contaminant concentrations versus time in
monitoring wells, in an effort to isolate the effects of river
water recharge from attenuation effects occurring prior to
recharge. Monitoring wells might be grouped according to
their distances downgradient from the recharge pond in an
effort to eliminate some variability in the data.

0 Reassessment of trends of maximum quarterly contaminant
concentrations, to determine whether the data more probably
suggest a stabilization of maximum concentrations, rather
than a continuing decline. In addition, the wells at which
maximum quarterly concentrations are detected should be
identified, and an assessment made as to whether or not there
is an identifiable trend of distance of maximum concentration
from the CEP versus time.

0 Since Texaco has suggested that changes in sulfide and sulfate
concentrations may correlate with aerobic or anaerobic
biodegradation, an examination of temporal or spatial trends
in variations of sulfide/sulfate ratios might provide useful
information. Similar geochemical studies might be possible
using other chemical species.



) Mathematical modeling of the hydraulic effects of river water
recharge could provide useful information regarding relative
rates of recharge versus ground-water underflow, rates of
transport of recharged water within the uppermost aquifer,
and the arcal and temporal extent of the effects of river
water recharge. Furthermore, by treating the recharged water
as an ideal tracer within an appropriate mass-transport model,
it should be possible to estimate the attenuation due solely to
dilution and dispersion effects, and thus provide estimates of
the attenuation due to chemical and biological degradation
phenomena.

Texaco should expand the sampling and analysis of indicator
parameters (e.g., TOC, phenols, sulfate and ammonia) during
assessment monitoring to include organic constituents unique to the
contaminated ground water. These data can be used not only to
correlate with the indicator parameters, but to evaluate the
effectiveness of corrective action in attcnuating concentrations of
organic constituents in the future. Under 40 CFR 265.93(d)(4)(i1),
Texaco is required to determine the concentrations of the hazardous
waste or hazardous waste constituents in the ground water. Once
Texaco determined that waste constituents had entered the ground
water, they were réquired to continue monitoring these constituents
on a quarterly basis (40 CFR 265.93(d)(7). At this time some wells
are sampled quarterly, but then only for indicator parameters and
not the waste constituents of concern.

Construction and intcgrity of the existing wells are questionable due
to a lack of detailed information, the use of natural gravel pack
and/or filter pack extending far above the top of screen, and the
lack of annular seals in numerous wells (40 CFR 265.91(c)).

These construction defects may not allow for the collection of
discrete ground-water samples. Turbidity values collected by the
Task Force (up to 750 N.T.U.) scem to indicate that some of the wells
may not be adequately developed and/or constructed, and thus not
‘performing properly.

Table 8 in the technical report points out that all of the wells in the
North Area have one or more construction deficiencies (EPA, 1986a)
which may impact their ability to provide representative, unbiased
ground-water samples from the uppermost aquifer. The use of PYC
construction material in this area may not be appropriate due to the
presence of aqueous organic constituents which may degrade and
cause adsorption, absorption or other phenomena which may bias
analytical results.

The land farm should have a detection monitoring system which will
allow for the immediate detection of releases from this unit (40 CFR
265.90) at the same time as the rate and extent of contamination
emanating from the CEP is being evaluated [40 CFR 265.93(d)]. Data
collected from this interim status program, which Texaco had not yet
implemented, could be used as baseline data in evaluating the
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proposed detection system under 40 CFR 26498 in Texaco’s Part B
Permit Application. For example, baseline statistical data for an
upgradient background well do not exist for the North Land Farm.
It is clear that once Texaco determined that contamination was
emanating from the CEP and not the North Land Farm, the two
units should have been separated [i.e. originally the two units were
treated as onc management area (40 CFR 265.91(b)(1)] and a
detection monitoring program should have been initiated.

Proposed Ground-Water Monitoring Svstem (40 CFR 264)

As previously discussed, Texaco has proposed in their Part B Permit
Application, a detection monitoring program for the North Land Farm for
compliance with 40 CFR 264.98. Four wells were proposed. The Task Force
has the following comments on Texaco's proposal:

- Data collected and evaluated by the Task Force indicates that
something unusual is happening at well M-36 as indicated by
potentiometric maps and contaminant concentrations. This well
should be replaced as the upgradient well for the proposed system. A
new well(s) should be installed or other existing wells evaluated to
determine the suitability of the well(s) as upgradient monitoring
wells (40 CFR 264.97(a)).

- Texaco must designate monitoring wells at the point of compliance
which will detect an immediate release of hazardous waste
constituents to the ground water (40 CFR 264.98). Based on several
factors, existing well M-10m and proposed wells M-38 and M-39
located at the point of compliance may not be sufficient to monitor
the North Land Farm for a relecase. An insufficient number of wells
exist directly south of the North Land Farm. In addition, of the
three point of compliance wells, only the existing well (M-10m)
would detect a dense phase immiscible. The two proposed wells (M-
38 and M-39) are presently designed so as to monitor the ground-
water surface only. :

- The Task Force recommends that the construction and design of the
wells be re-evaluated. Construction deficiencies noted in wells M-
10m and M-36 may influcnce the quality of samples, and may .
provide a downward potential migration pathway for contaminants
(40 CFR 264.97(c)). Again, the use of PYC well construction material
is questionable.

- Because the proposed indicator parameters/waste constituents
(benzene, toluene, lead, phenol and chromium) have been detected in
the ground water emanating from the CEP, it is recommended that a
thorough evaluation or waste analysis be performed for the land
farm so that key indicator parameters can be established. If this is
not possible, Texaco should propose a sensitive statistical test which
will allow the detection of contaminants migrating from the land
farm above and beyond the concentrations of existing contamination
from the CEP [40 CFR 264.98(a) and 270.14(c)(6)(i)].
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- The detection monitoring system proposed for the North Land Farm
should be capable at all times of monitoring up- and downgradient
of the land farm. With the recent initiation of recharge to the CEP,
the effects of ground-water mounding on ground water flow should
be continually monitored. This type of water level measurement
program and schedule should bc proposed as part of the detection
program to ensure that up- and downgradient wells will be monitored

“at all times (40 CFR 264.97 and .98). ‘

Corrective Action for SWMUSs (40 CFR 264.101)

Because of the regulatory status of the CEP (i.e. ccased receiving wastes in
June, 1982), it is apparent that the corrective action program which was
recently instigated will be monitored under 40 CFR 264.101. At this time,
Texaco has not proposed such a program. The Task Force recommends that
the following conditions be included in this corrective action program. In
addition, deficiencics in the ability of the current ground-water monitoring
system to address releases from SWMUs are discussed.

- Texaco must implement a corrective action program which mitigates
ground-water contamination from the CEP and other SWMUs in the
North Area (40 CFR 264.101). Because 40 CFR 264.101 lacks the
specific regulatory requirements for corrective action, the Task Force
feels the following conditions should be considered at a minimum:

0 The number and locations of wells to be utilized, rationale {or
their selection and an evaluation of the construction detatls to
evaluatce the integrity of each well.

0 Designate those indicator paramcters and waste constituents to
be used to compare to a background well which can provide
data that can accurately represent the conditions at the site.
This is essential in order to show that all waste constituent
concentrations of concern, and not just some, are decreasing.

o Design a sampling and analysis collection program and
complementary data evaluation techniques which can
ultimately show the effectiveness of restoring the quality of
ground water in the North Area.

0 Data evaluation techniques should be outlined in specific
detail, so that Texaco’s evaluation of the corrective action
efficiency can be monitored continuously. Data evaluation
techniques were previously discussed.

- At this time, Texaco has not provided the data to evaluate the

potential impacts of other solid waste management units in the North
Area. Specifically, the Solid Waste Landfill adjacent to the CEP and
the Asphalt Landfill should be investigated to evaluate whether or
not these units. have impacted ground water. This is important as
source abatement is the first step in any ground-water corrective
action program.
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b. South Area Ground-Water Monitoring System

The ground-water monitoring system in the South Area addresses a
substantial accumulation of floating hydrocarbon in the central portion of
the site and a dissolved organic plume in the southeastern corner. A
hydrocarbon recovery system (recovery wells, recharge wells and interceptor
trenches) is currently removing and treating the floating hydrocarbons in
the central portion. Because no regulated units exist in the South Area, the
floating hydrocarbon is probably a result of past waste management
practices, specifically releases from the numerous solid waste management
units identified in this area. Corrective action currently underway in the
South Area is subject to the regulatory requirements of 40 CFR 264.101,
corrective action for SWMUs.

The Task Force review of the available data produced the following
recommendations:

- The Task Force recommends the identification and abatement of all
potential sources of ground-water contamination in this area which
may continue to release contaminants into the ground water.

- In the past, Texaco has only evaluated the extent of {loating
hydrocarbon in the central portion of the facility. The Task Force
recommends that evaluation for the presence of dissolved and/or
dense phase immiscible organics be performed. The Task Force
sampling identificd the presence of both dissolved and dense phase
immiscible organics in this area.

- Texaco should initiate a sampling and analysis program to evaluate
the full extent of hydrocarbon contamination. These data will
provide a baseline for future monitoring to evaluate the
effectiveness of corrective action.

- It is recommended that a thorough evaluation of construction and
design specifications be performed prior to designating wells nccded
for ground-water quality analysis. An evaluation by the Task Force
has shown numerous wclls to contain construction defects.

- Texaco should evaluate the existing wells located between the plume
and the North Platte River to detect light, dense and dissolved
organics in order to detect a release prior to discharge to the North
Platte River, specifically in the area between the east end of the east
interceptor trench and the west end of the reported clay barrier,
Note that the Task Force identified contamination immediately
adjacent to the river within this area.

- Texaco should implement a performance monitoring program to
evaluate the efficiency of the interceptor trenches and recovery wells
currently in operation.

A ground-water monitoring program used to evaluate the performance of oil
recovery operations may include, but is not limited to the following
recommendations:
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Texaco should implement a performance monitoring program for the
interceptor trenches, which at a minimum should include 1) an
ecvaluation of grade control to cnsure that ponding in the trenches is
not occurring; 2) continucd monttoring of water levels in wells
adjacent to the east interceptor trench, and wells adjacent to the west
interceptor trench and the North Platte River to ensure the trenches
are continuing to act as ground-water sinks. This is important as it
i1s probable that the oil recovery system (recovery and recharge wells)
plus scasonal variations in water levels will alter the performance of
the trenches. In order for the trenches to be effective, they must
operate to account for these variations. Texaco should consider
additional wells south and north of the trenches to evaluate
gradients; 3) the implementation of a monitoring program of wells
installed between the trenches and the North Platte River to ensure
that contamination is not migrating past the trenches. The wells
should be completed to monitor for floating hydrocarbons, dissolved
organics and dense immiscible phases; 4) A maintenance and
operation program to inspcct the trenches to ensurce proper operation.
Inspections should include an evaluation of the drains for chemical
clogging (biological slimes), excess siltation due to introduction of
fines and other mechanical failures associated with the pumps and
skimming decvices in each sump.

In addition, it is apparent that the oil recovery system (recovery and
recharge wells) may be increasing contamination of the aquifer by
injecting untreated ground water back into the aquifer. As part of
performance monitoring, Texaco should sample the water being
recharged to the aquifer for organics. Based on these analyscs,
Texaco should present a treatment method (if required) such as air
stripping to remove the dissolved hydrocarbons to an acceptable
level. The use of the PCS coke settling pond and the service water
ditch for discharge of skimmed water from RW-1 and the interceptor
trenches, respectively, should be evaluated as they may also be re-
introducing contaminants into the ground water through seepage. An
enclosed treatment system as opposed to open ponds would be more
appropriate. In conclusion, the treatment technologies currently in
place should be re-evaluated to determine further impacts to the
ground water and/or surface water bodies.

The Task Force recommends that Texaco address the 950 feet of
shoreline along the North Platte River which does not contain
interceptor trenches or barriers, and does not appear to be within the
influence of the recovery wells. This appears to be a prominent
pathway for potential off-site contaminant migration. This is
supported by the presence of contamination in wells SS-4 and SS-5 in
the form of a floating and/or sinking phases. Based on the location
of wells SS-4 and SS-5, it appears that discharge of contaminants to
the North Platte River may be occurring, possibly on a seasonal basis.

It is recommended that Texaco evaluate the potential for releases in
this area to the North Platte River. This may include the installation
of additional wells between SS-4. and recovery well RW-1. As part of
this evaluation, the structural integrity of the clay barrier installed
in 1957 should be investigated in order to determine the efficiency



of this structure to control contaminant migration (i.e. floating,
dissolved and/or dense immiscibles). If the potential for migration is
high, which it appears to be in this area, Texaco should consider the
installation of an enhanced ground-water control system in this area
which may include French drains or barrier walls, or possible
expansion of the oil recovery system (recovery wells). As part of this
monitoring and performance evaluation for the trenches, inspection
for seeps along the south bank of the North Platte River (entire
Texaco property) should be implemented so that immediate detection
of releases can be made. The inspection schedule for seeps should
take into account seasonal fluctuations in water levels, river stages,
and operation and shutdown of the hydrocarbon recovery system.

- The Task Force recommends that Texaco evaluate the quality of
ground water pumped from the recovery wells and discharged down
recharge wells. The ground water is not treated for dissolved
organics prior to recharge. It appears that this lack of treatment
may further contribute to contamination of the uppermost aquifer.

- The Task Force recommends that Texaco install additional wells in
the southeastern corner of the site to address the full extent of
contamination in this arca. Task Force data indicate that
concentrations of organics were detected along the eastern property
boundary. Migration of organics off-site to the east may be of
concern. Concentration in these wells as detected by Texaco
immediately following the Task Force Evaluation (October 1986) are
as follows: benzene (21 to 10,000 ug/l); ethylbenzene (<10 to 3,500
ug/l); toluene (<10 to 5,000 ug/l); and xylenc (<10 to 5,800 ug/l).

Task Force Sampling and Monitoring Data Analysis

During the Task Force inspection, 16 ground-water samples and three surface
water samples were collected. The purpose of this sampling was to determine the
concentrations of hazardous waste constituents in the ground water at Texaco, and
to verify Texaco's past analytical performance. The Task Force review of these
data produced the following findings and recommendations:

The Task Force data from the North Area confirmed the presence of
hazardous waste or hazardous waste constituents in the ground water. In
general, the data indicate that the arca near the CEP and North Land Farm
are the most contaminated, with monitoring well M-36 showing the highest
concentrations. Low levels of organic contaminants were detected in onc of
the alluvial aquifer wells (M-12S) during the evaluation. The data also
indicate that surface water samples taken from the inlet of the Excess
Service Water Effluent Ponds and the Alluvial Pond were not contaminated
with any organic constituents. Inorganic constituents which exceeded
applicable standards included arsenic and selenium at wells M-10s and M-36,
and selenium and nitrate at the inlet pond of the Excess Service Water
Effluent Pond. The secondary standards for sulfates, iron, manganese and
other parameters were also exceeded at numerous wells.

The Task Force data from the South Area (central portion ) show the

presence of several organic constituents in the four wells sampled (SS-19, SS-
49, SS-34 and SS-4). Constituents and ranges include: benzene (38-6000

10
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ug/l), ethylbenzene (ND-310 ug/l), toluene (ND-620 ug/l), and total xylenes
(ND-3000 ug/1). The highest concentrations of the above mentioned
organics were found in well SS-49. Several other base/neutral organics were
detected in wells SS-19, S5-49 and SS-4, with SS-4 showing concentrations of
organics (chrysene, fluorene, fluoranthene, etc.) ranging from 700 to 2800
ug/l. Organics were not dctected in the upgradient well (M-41a) sampled by
the Task Force. It is recommended that concentrations of dissolved organics
and the presence of dense phase immiscible organics be evaluated by
Texaco.

Several deficiencies in Texaco’s Sampling and Analysis Plan were noted.
The Task Force recommends that the plan be updated to reflect current
sampling procedures and methodologies, and include the detail required to
assure thccollection of quality data. In accordance with the TEGD (EPA,
1986), the following technical deficiencies of the written sampling and
analysis plan were noted by the Task Force:

0 The air in the well head should be and was not sampled for organic

vapors using e¢ither a photoionization analyzer or an organic vapor
analyzer.

o A discussion of how static water levels will be obtained was not
included.

0 The plan does not specify how light and/or dense phase immiscibles

would be detected. A discussion on how Texaco will determine the
thicknesses of such layers should also be included.

) A step-by-step procedure for well evacuation was not included in the
plan. Specifically, the procedures used by the facility when an
appropriate volume of water cannot be evacuated, should be
discussed.

0 Texaco should further discuss sample withdrawal procedures. The
plan does state the choice of materials used during sampling
withdrawal, but does not indicate how samples will be obtained for
light and/or dense phase immiscibles.

) Texaco indicates in the addendum to the sampling and analysis plan
that ground-water samples that are organically contaminated should
be filtered. This is in direct opposition to current protocols.

0 A detailed QA/QC program that will be used in the field and
laboratory should be specified in the Sampling and Analysis Plan.

The Task Force data for surface water from the PCS pond, which is used
for effluent from recovery well RW-1, also showed the presence of
numerous organics, thus indicating that this pond may be a continued
source for ground-water contamination and that effluent from RW-1 may be
contaminated.

The Task Force data show concentrations of organics (benzene, toluene,.
ethylbenzene and naphthalene) detected in well SS-7 located along the

11



eastern property boundary. It is rccommended that the source of this
contamination be identified, along with its extent.

4, Compliance With Superfund Off-Site Policy

Under current EPA policy, if an off-sitc TSDF is to be used for land disposal of
waste from a Superfund-financed cleanup of a CERCLA site, the TSDF must be in
compliance with the applicable technical requirements of RCRA. The Texaco
facility does not accept of f-site Superfund cleanup wastes and therefore was not
evaluated with regard to the offsite policy.

12
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I TECHNICAL ASSESSMENT

Al INVESTIGATIVE METHODS

The Hazardous Waste Ground-Water Task Force (Task Force) investigation consisted of
the following:

0 Reviewing and evaluating records and documents from U.S. EPA Region VIII files,
Wyoming Dcpartment of Environmental Quality (DEQ) files, and Texaco Refinery
files.

0 Conducting an on-sitc facility inspection during the week of August 11, 1986.

0 Sampling and analyzing data from 16 ground-watcr monitoring wells and three

surface water locations.
1. Records/Document Review

Records and documents obtained from EPA Region VIII, Wyoming DEQ and
Texaco were compiled and revicwed prior to, and following, the on-site inspection.
The purpose of this review was to obtain information regarding past and present
facility operations, details of the waste management units and the facility’s
ground-water monitoring program.

The complete list of documents used during the evaluation is presented in Section
F. Documents which were of significant tmportance included: Part B Permit
Application-(November 5, 1985), CEP Closure Plan (October 5, 1984), Casper Plant
North Land Farm Reconnaissance Investigation Report (June 135, 1987) and the
serics of Annual Reports (1983-1987) of the Ground-Water Pollution Abatement
Program.

2. On-Site Inspection

A facility inspection was performed at the Texaco Refinery during the week of
August 11, 1986. The ObjCC(iVC of this inspection was to determine compliance
with federal regulations, in particular, those rcgardmg the ground -water
monitoring system.

3 Task Force Sampling Locations and Methods

A total of 16 ground-water monitoring wcllé and three surface water locations
were sampled by the Task Force. A dctailed discussion of the monitoring wells is
presented in Section D of this report.

Each sample was analyzed for the 40 CFR 265.92(b)(1), (2) and (3) parameters,
volatile organics and the base neutral/acid extractable organics. Field analyses
included pH, temperature and specific conductance. Data from sample analyses
were reviewed to further evaluate Texaco’s ground-water monitoring program and
to identify ground-water contamination. Summary tables of analytical results for
the samples collected by the Task Force are presented and discussed in Section E of
this report. The raw data are presented in Appendix A.

13
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FACILITY HISTORY, OPERATIONS AND DESIGN
1. Background

Texaco owns and operates a crude oil refinery located in the municipality of
Evansville, Natrona County, Wyoming. The refincry was operational from 1921
until August 1982, when it temporarily ceased production for economic rcasons
(A.T. Kearncey, 1986). The [acility currently remains inactive. During its
operational life, the facility processed crude oil into gasoline, diesel and other
fuels. Texaco owns property on both sides of the North Platte River (Figure 1).
The property located north of the North Platte River (North Arca) contains crude
oil tankage areas and several waste management arcas, including two RCRA-
regulated hazardous waste management units. These arc the Chemical Evaporation
Pond (CEP) and the North Land Farm. The property south of the North Platte
River (South Area) contains the process units, product tankage arcas, scveral solid
waste management units (SWMUSs), and office buildings (Figure 2).

The primary surface water featurc in the area is the North Platte River which
flows through the Texaco site. The river is perennial and a prominent recgional
drainage feature which encompasses a wide area of influence. There are no
naturally occurring perennial or intermittent strcams on cither the North or the
South Arcas.

On the North Area, runof{ is controlled, for the most part, within the various
facilitics found there. The primary mecthod is the retention and evaporation of the
small quantities of precipitation which fall on the area. Locally, in the area
around the Excess Service Water Effluent Ponds, runoff is directed through sheet
flow into the ponds adding only minor amounts to their water inventory (A.T.
Kearney, 1986).

The South Area is managed somewhat differently. A series of ponds adjacent to
the river are designed to, among other things, collect runoff [rom the facility. In
these ponds, runof{ water from process arcas is kept separate from that originating
in non-process areas. During operation, much of the runoff eventually ends up in
the facility’s service water system and from there, is cither discharged to the
Excess Service Water Effluent Ponds (North Area) or used as process water in the
refinery operations in the past. All runof{ now is collected and allowed to
evaporate within the ponds. If the runoff exceeds the pond’s capacity, the water is
pumped to the Excess Service Water Effluent Ponds (A.T. Kcarney, 1986).

The facility is partially located in the 100-year flood plain. Figure 3 depicts the
50 and 100-year {lood potential. As may be scen from Figure 3, the North Area
waste management units all lie outside the 100-year {lood plain. Approximately
one-third of the South Area lies within the 100-year flood plain.

The climate of Casper, located approximately threce miles west of the facility, is
temperate and dry. The average temperatures range from a maximum of 83°F in
the summer months to a minimum of 16°F in the winter months. Mean monthly
temperatures exceed freezing in all months except December through March. The
average date of the last freezing temperature is May 22 and of the first [reczing
temperature is September 22 (A.T. Kearney, 1986).
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Precipitation averages 11.4 inches per year with approximately half of the total
occurring as rain and wet snow during the spring. Prccipitation occurs principally
in low-intensity small events. Evaporation in Casper averages 46 inches per year.
The average cvaporation rate exceeds the average precipitation rate in all months
of the yecar (A.T. Kearncy, 1986).

The wind rose for the Casper arca shows that winds are moderately strong and
predominantly southwesterly during all months of the year. The mean wind speed
is 13.3 miles per hour with stronger winds occurring during the winter months
(A.T. Kearney, 1986).

Adjacent land usc information is minimal. The property bordering Tcxaco's North
Arca is privately owned, except for a small parcel of state-owned land in Section
36 ncar the North Platte River. The private land is used for grazing of horses.

The land contiguous with the South Arca is more varied. To the west lies the town
of Evansville. South of the refinery lics Burlington Northern Railroad, various
industrial propertics, a frontage road and U.S. Highways #20, 26 and 87.
Immediately cast of the facility is Sinclair Oil Corporation’s Little America
Refinery (Texaco, 1985).

2. Regulatory Background.

On November 14, 1980, Texaco submitted a Part A Permit Application and
identificd itsclf as a-gencrator, trecater and disposer of hazardous waste. Revised
Part A applications were submitted on the following dates: March 2, 1982, August
2, 1982 and Junc 16, 1983. Table | lists the regulated hazardous waste codes and

“descriptions, the estimated annual quantity of waste, and the associated treatment,

storage or disposal units as taken from the Junec 16, 1983 Part A Application.

On June 13, 1983 Texaco submitted a RCRA Closure Plan for the CEP. EPA
disapproved this closure plan and Texaco submitted a revised pian on October 5,
1984. EPA modified and approved this closure plan and a public notice was held
regarding the plan in March 1985. During Junc 1985, Texaco entered a lawsuit
against EPA in the US. Court of Appeals, 10th Circuit, challenging EPA
modifications to the closure plan and also rcquesting a stay of the modified plan.
The court granted Texaco’s request for a stay. During August 1986, Texaco and
EPA entered into a consent agrecement concerning the CEP closure plan. On
September 26, 1986 Texaco notificd EPA pursuant to 40 CFR section 265.115 that
the CEP had been closed according to the approved closure plan and that closure
occurred pursuant to 40 CFR 265.228(b), clean closure.

On November 5, 1985, Texaco submitted a Part B Permit Application for the North
Land Farm. This was revised in July 1986. On May 6, 1987, EPA issued a Land
Treatment Demonstration Permit pursuant to the requirements of 40 CFR section
264.272. On June 15, 1987, Texaco submitted a reconnaissance report of the North
Land Farm identifying 11 hazardous constituents in the sotl. A letter dated
December 1, 1987 was submitted to EPA stating that six hazardous constituents
were detected below the treatment zone (vadose zone) of the North Land Farm.
Although this information was presentcd after the Task Force investigation, it is
relevant to the proposed 40 CFR 264 Subpart F ground-water monitoring system
discussion later in this report.

18
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Summary of Wastes Handled by Texaco

Waste Code Maste Description
K049 Slop oil emulsion solids
K050 Heat exchanger bundle cleaning sludges
K051 AP1 Separator sludge
K052 Leaded tank bottoms
D001 Ignitable wastes
0002 Corrosive wastes
0003 Reactive wastes
0008 EP toxic.uastes - lead
Source: Texaco Part A Permit Application, June 16, 1983

Table 1

Estimated Annual
Ouality of Waste

2583 1

1542 7

7741 1

575 1

870 1

1358 1

Waste Management Unit

Tank storage, land application
Land application

Land application

Tank storage, land application
Tank storage, land application
Surface impoundment

Tank storage, tand application

Tank storage, land épplication-
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3. Facility Operations

The Texaco facility generates, treats, stores and disposes of hazardous waste during
normal operations. Since its closurc in 1982, the majority of the waste applied to
the North Land Farm has been wastes generated at the refinery during clcanup
operations.

Twenty-one solid waste management units (SWMUSs) have been identified at the
Texaco facility. Two of these, the CEP and the North Land Farm, arc considered
HWMUs, and are RCRA-regulated. A brief description of the SWMUSs follows, as
most of these units have a potential to contribute to the degraded ground water at
the facility. The information on the SWMUs is taken from the A.T. Kearney
RCRA Facility Asscssment Report dated October 1986 (A.T. Kcarncy, 1986).
During the Task Force investigation, it was confirmed that all of the SWMUs at
the site met the regulatory definition of a SWMU. In the past, Texaco maintained
that several SWMUs were process units and did not mect the definition. The
locations of all SWMUs and HWMUSs arc presented on Figure 2.

4, RCRA-Regulated Units

North Land Farm This unit is located in the North Arca as shown on Figure 2.
The North Land Farm consists of 13.5 acres on a bluff, adjacent to the CEP. The
North Land Farm received refinery wastes until plant shutdown in 1982.
Landfarming continucs at present with wastes gencrated from both tank and pond
closure activities. Both listed wastes and non-listed wastes arc land farmed. The
listed hazardous wastes as identificd in 40 CFR 261 Subparts C and D include:

Slop oil emulsion solids (K049)

Heat exchanger bundle cleaning sludge (K050)
API separator sludge (KO051)

Leaded tank bottoms (K052)

Possibly ignitable wastes (D00I)

Possibly reactive wastes (D003)

Possibly EP-toxic wastes (D008)

CEP This unit is also located in the North Area, contiguous to the North Land
Farm (Figure 2). The 6.6-acre surface impoundment had a maximum operating
capacity of 16,000,000 gallons. The depth of the unit was nine feet. The pond was
built on the site of an old tank farm and occupics the area within two of the
abandoned tank levees. Four levee raisings were done to provide additional
storage capacity. These raisings added approximately four feet to the original
levee.

The pond received wastewater from the plant which was pumped intermittently
through a four-inch pressurized pipeline. Flow into the pond averaged 42 gallons
per minute.

None of the waste streams which contributed to the CEP were classed as RCRA
hazardous wastes based on being listed or characteristic wastes. However, the
waste streams did contain a number of hazardous constituents found in Appendix
VIII. Organic analyses of the pond wastewaters and sludge were performed in
1982 and 1983. In these analyses, nine organic constituents from Appendix VIII
were found as follows:
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Chemical Evaporation Pond Wastewater Analvsis
1982/1983

Toluene
2,4-dimcthylphenol
Phenol
Naphthalene
Diphenylamine
Benzencthiol

Chemical Evaporation Pond Sludse Analvsis
1982/1983

Tolucne
2,4-dimethylphenol
Phenol
Naphthalcne
Chrysene
Benz(a)anthracene
Benzo(a)pyrene

S. Solid Waste Management Units

Asphalt Landfill This landfill is located within the North Tank Farm (Figure 2).
The arca of the landfill is unknown; however, visually, the area affected appears
to be approximately 150 feet wide by 300 feet long. The waste management
tcchnique was apparently to back trucks to the cdge of the bank and dump loads
down the slope.

There was only one waste stream reported for this landfill, that being loads of off-
specification asphalt. Asphalt was dumped from the top of the slope and
flowed/moved downslope. The more liquid portion, present within the waste or
generated by radiant heating of the asphalt, flowed downslope and collected in 2
"pool.” This "pool” is approximately 30 fcct by 50 feet and of unknown depth. The
entire downslope is covered with asphalt in varying stages of decomposition.

Solid Waste Landfill This unit is often referred to as the North Landfill.
According to Texaco, it occupies 3.2 acres west of the CEP (Figure 2). About 2.5
acres have an incorporation depth of four feet, and the remaining 0.7 acre has an
incorporation depth of about 12 feet.

There are three topographic "benches” which should be included (instead of only
the uppermost). The lower "benches" appear to have been vused for the random
disposal of asphalt and coke.

Approximately 24 tons of solid wastes were placed in the landfill each year from
1957 until shutdown of the refinery in mid-1982. The reported waste stream
included:

Scrap lumber
Lime pit sludge
Oily wipers

Office waste paper
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Limited amounts of scrap metal

As indicated carlicr, large arcas both in and adjacent to the landfill have been
used for the disposal of asphalt, coke and in at lcast one area, empty drums.
Dumped loads of asphalt, coke and pooled tar-like material were observed
randomly across the surface.

Excess Service Water Effluent Ponds This unit is comprised of cight separate
ponds located approximately 4,500 fcet north of the North Platte River (Figure 2).
Water is pumped from the refinery into the first three ponds, which operate in
series. The water from these ponds discharges into pond 1, which is connected to
four subscquent ponds via a ditch. The total arca covercd by the ponds is
approximately 160 acres with an average water depth of four feet and an
estimated volume of 200,000,000 gallons. All the ponds arc unlincd and non-
discharging to other surface water bodics (the ponds arc approximately 110 fect
above the North Platte River). Water levels are managed through evaporation.
Presently, and since refinery shutdown, the ponds are cssentially not being used
since the plant rcquires no cooling water. The water levels are now quite
depressed with alkali flats developing around the perimeter of the various ponds.

The Excess Scrvice Water Effluent Ponds received overflow from the service water
system of the refinery. The following six wastewater streams discharged to the
service water system and hence to the Excess Service Water Effluent Ponds:

Process unit drainage system

PCS coke drum blowdown system
VPS barometric condensate system
Water treating plant blowdown system
Storm water system

Interceptor system

The water from these systems was temporarily storcd on the south refinery
property and then pumped to the ponds through a 12-inch pipeline. All water
initially entered three small ponds (the pretreatment ponds) which are connected in
series. In these ponds, any oil present in the water collects at the surface. When
sufficient quantities are collected, the ponds arc skimmed using a vacuum truck.
Water from the pretreatment ponds enters the remaining ponds (also in series) as
the flow from the refinery dictates.

Flow into these ponds has been limited to water produced from the underground
hydrocarbon recovery system since the refinery shutdown in 1982.

Wastewaters were analyzed for organic priority pollutants during refinery
operations. At that time, three hazardous constituents were identified. These
were:

Endosulfan
1,1,1-trichloroethane
Chrysene

Subsequent pond water analyses were performed that indicated there were no
organic priority pollutants present in the retained water.
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East Land Farm The East Land Farm is located near the eastern boundary of the
plant’s South Area as shown on Figurc 2. Only an access road separates this unit

from Little America’s refinery property limits. The Land Farm occupies an area

of approximatcly nine¢ acres.

The Land Farm is reported to have received tank bottoms, oily wastes, and .
weathered leaded sludge. The East Land Farm primarily treated the lighter
petroleum fraction wastes, with the heavier petroleum wastes going to the North
Land Farm. Among the RCRA listed wastes which werc applied to the Land Farm
(disposal was prior to RCRA rcgulations) are:

Slop emulsion solids (K049) _
Hecat exchanger bundle clcaning sludge (K050)
API separator studge (K031)

Lecaded tank bottoms (K052)

Also included in the waste stream were not otherwise specified (NOS) tank sludges.

Asphalt Landfill This arca, located in the South Arca, was used for the disposal
of truck loads of off-specification asphalt. The area in which loads were dumped
is fairly widesprcad; however, the entire arca has not been "covered” with asphait,
Tar-like liquids either in the of f-specification product, or those developed by the
radiant heating of the matcrial, flowed to low points.and collected. The active
arca affected by waste disposal was not provided; however, visually, the area
appears to be approximatcly 200 feet by 400 fect.

The only waste stream reported for this unit is of{-specification loads of asphalt.
In the carly history of the unit, asphalt was burned. Generally, waste thickness
averages approximately threce to four inches with the pooled material arcas
(mentioned above) reaching three to four feet in depth.

Chemical Evaporation Pond Sump This unit consists of a concrete-lined sump,
approximatcly 20 feect square, that was used to collect the various waste streams
prior to their final disposal in the chemical cvaporation pond. Minimal
information regarding the construction or operational details of the unit was
provided.

Details of the wastes managed in this unit were not provided. Since the unit
collected all the various waste streams prior to their being pumped into the
chemical evaporation pond, it can be inferred that the wastes reported for the
pond are essentially the same as the sump. These waste streams include
wastewaters from the following:

Hydro Treater Unit (HTU)

Catalytic Polymerization Unit (Poly)
Fluid Catalytic Cracking Unit (FCCU)
Pressure Coke Stills (PCS)

Catalytic Reforming Unit (CRU)
Stabilizers

In addition, the unit apparently received oily wastes, based on the fact that the
sump is equipped with a skimming type oil removal system.
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Landfill/Burning Ground This unit was located in the South Area. Relatively
little information exists regarding this unit as it has not been used for
approximately 30 vyears.

The waste strcam to this landfill is reported to have contained:

Drums, bricks
Scrap lumber

Oily wipers
Office waste paper
Scrap metal

Plant Trap The Plant Trap (o1l trap) is located south of the Trap S. Pond and the
Scrvice Water Return Ditch as shown on Figure 2. This unit is an early model API
Scparator designed to remove oil from the incoming wastewaters. The trap has a
number of cells from which oil was skimmed. Construction of the unit is of
concrete which extends approximately one foot above ground surface and six to
seven feet below ground surface.

This unit was operated to remove oil from the water produced in process arca
washdown. The recovered oil was pumped to nearby tanks for storage (tank area
is bermed). The stored oil was eventually rcturned to the process inflow.

Service Water Return Ditch/Trap S. Pond This unit includes the Trap S. Pond and
the Service Water Return Ditch as shown on Figure 2. The ditch appears to be
approximately 10 feet in width and four fect deep. Both units arc unlined.

Water enters this system from the refinery into the Plant Trap which scparates the
oil from the water. Discharge from the trap goes into. the Trap S. Pond. From the
pond, watcr enters the Service Water Return Ditch which [lows northwestward to
the pump. Water from the system is cither returncd to the process arcas for reuse
or is pumped across the river to the Excess Service Water Effluent Ponds where it
is allowed to cvaporate.

There are six refinery water and wastewater systems discharged to the service
water system during refinery operations. These waste strcams are:

Process unit drainage system

PCS coke drum blowdown system

VPS barometric condensate system

Water treating plant blowdown system

Storm watecr system

Interceptor system (currently uses Service Water Return Ditch)

Storm Water Surge Pond and Spare Storm Pond This unit is comprised of two
interconnected ponds which retain the same wastewaters. The units are located on
Texaco’s South Area along the North Platte River as shown on Figure 2. The units
are unlined and below grade.

Texaco has indicated that only runoff from the non-process areas of the refinery
flow into this unit and therefore, there are no hazardous constituents present,
Texaco did not define what they considered a "non-process" area.

24



eval-B

Indications that the Plant S. Trap Pond (and possibly others known or strongly
suspected of containing hazardous constitucnts) can flow into the storm water
surge pond (and by conncction to the sparc storm pond) through overflow pipes
located near the top edge of the pond.

In addition, it is suspected (based upon the information provided) that these ponds,
as well as the PCS pond, the precipitator and accclerator ponds and the Trap S.
Pond, are in conncction with onc another via the ground water.

PCS Coke Settling Pond This surface impoundment is located east of and adjacent
to the Trap S. Pond as shown on Figurc 2. The pond is unlined and below grade.

The pond was apparently used for coke process cooling water make-up and
blowdown. As such, coke dust accumulated in the water which scttled out into the
pond.

Prescntly, the pond reccives waste water from the ground-water recovery well (RW-
1) located approximately 300 fect cast northeast of the pond. In the recovery well,
a skimmer pump suctions the oil of [ the ground water. A lower submersible pump
is used to constantly pump ground water to create an artificial gradient towards
the well. The ground water itself is very oily and the pond has a scum of floating
oil on it as a rcsult. The pond arca has a very hcavy hydrocarbon odor.

Precipitator and Accelerator Ponds This unit is comprised of two ponds which
receive the identical waste stream. The castern pond is located as shown on Figurc
2. The western pond is not shown on the figure, but i1s located directly north of
the precipitator and west of the castern pond and the cooling tower. The

capacitiés'and design information for these ponds was not provided.

The two ponds received clarifier solids and blowdown from the water treatment
plant. The purpose of the ponds was to allow the lime sludge to settle out of the
water. Water from the ponds was directed to the service water system after the
solids were removed. Periodically, solids were dredged from the pond and disposed
cither in the North Land Farm or placed on the levees of Excess Service Water
Ef(luent Pond #1.

Texaco states "No known hazardous wastes or hazardous constitucnts were managed
at the precipitator and accelator ponds (A.T. Kearney, 1986)."

Barometric Separator This unit is constructed of concrete and is completely below
ground. The depth of the structure was not provided although it was stated to be
similar in construction to the plant oil trap previously described. The unit is
located immediately north of the West Tank Farm (Figure 2).

The separator is essentially an early model API Separator. Oily wastewaters
originating in the Yacuum Tower Still are processed in this unit to remove the oil.
The oil is skimmed/suctioned off the water in a series of individual compartments.
The recovered oil is pumped to tankage and eventually returned to the process
stream. Sludges are periodically removed from the unit and stored in tanks as a
listed hazardous waste (K049 and K052).
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Barometric Skimming Pond This unit consists of a single unlined pond which is
approximately 1200 fecet long by 50 fect wide. The pond is located between the
prceipitator and the ‘barometric oil trap. No other details of the construction of
the pond were provided.

This unit reccives the outflow from the barometric separator. The scparator
removes a quantity of oil although some remains in the water and is present in this
pond. The pond drains by gravity to the baromctric ponds through an oil
skimming device. The oil collected by this equipment was eventually returned to
the process stream.

Barometric Ponds and Sprav Ficld (referred to as barometric lagoon on Figure 2).
This unit is comprised of two large ponds which arc interconnected through a
narrow ncck. Dectails of the ponds’ construction were not provided.

These ponds are located on the northwest portion of the South Area as shown on
Figurc 2. The southernmost portion of the pond is equipped with three spray lincs.
The spray lines were used to cool the water during warm weather.

These ponds received the wastewater from the Vacuum Tower Still after the oil
had bcen removed in both the barometric separator and the barometric skimming
pond. Water was occasionally pumped through the spray lines as the process and
ambicnt heat loads dictated. Water from these ponds eventually discharges to the
scrvice water system where it is either returned to the process for reusc or pumped
for final disposition into the Exccss Service Water Effluent Ponds in the North
Area. :

Leaded Sludge Disposal Areas Texaco has identificd four areas in which leaded
sludge was disposed within tank [arm containment arcas. Since all these areas are
similar, they have been grouped together. These arcas are located within the east
and west tank farms on the south property (Figure 2).

The four arcas included in this description arc immediatcly adjacent to Tanks
#142, #147, #157 (west tank farm), and #307 (east tank farm). It should be noted
that tank bottom disposal may have occurred ncar any of the storage tanks but
these are the only ones which have been identified as containing leaded tank
bottoms.

The waste managed in these areas consisted of leaded tank bottoms which are now
a listed RCRA hazardous waste (K052). Management practice consisted of digging
a pit adjacent to thc tank door sheet or manway, opening the access, dumping the
collected sludge into the pit, and finally covering the pit.

Unknown N.O.S. Tank Bottom Disposal Areas Disposal practices similar to thosc
used for the leaded tank bottoms may have been employed at practically any other
tanks which were cleaned prior to about 1970. The general locations of the tank
farms which may have been affected are shown on Figure 2 as the east, central
and west tank farms on the southern property.

The wastes which would have been placed in these pits include any non-lcaded
tank bottom sludges (N.O.S. [not otherwise specified] tank bottoms).
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Tankape These are 38 tanks at the Texaco facility which contain stored hazardous
waste. The wastes are classified as hazardous based upon being either listed or
characteristic wastces.

The tankage is divided into three groups based on the waste type stored. The first
group of five tanks store lcaded tank bottoms which is a listed hazardous waste
(K052). Six tanks store slop otl emulsion solids which are also a listed hazardous
waste (K049). The remaining 27 tanks store residual wastes generated from crude
oil or products. These tanks are included since the wastes may be characteristic
wastes based on ignitability, reactivity, or possible EP-toxicity. Each group is
discussed in more detail below.

Leaded Tank Bottoms - These five tanks have been taken out of service and
all recoverable matcrial has been removed. Therc are currently 8,810
barrels of water and wastes in the tanks which corresponds to
approximately 1,500 tons.

Slop Oil Emulsion Solids - These six tanks currently contain 4,067 barrels of
water and waste, which corresponds to approximately 700 tons.

Not Otherwise Specified (N.O.S.) Tank Bottoms - These tanks are included
in the Part A Application and the closure plan since the waste contained in
the tanks may exhibit one or morc of the characteristics of a hazardous
waste. Texaco intends to perform, or has performed, testing of the wastes
to dectermine the need for continued management as hazardous.

Recovery Yard/Junk Yard This arca is adjacent to and behind the maintenance
facilitics. Only a small portion of the area is used as a junk yard which is located
directly bechind the shop.

This area is used as a salvage yard for pipes, metal wastes and other equipment.
Here, valves are taken off pipes for rcuse, wire is salvaged for the copper, parts
are saved from scrapped machinery, etc. The salvaged parts are stored in various
areas according to their type. Waste material is sent to the junk yard.
Periodically, a local scrap hauler is called to the plant to remove the recyclable
material. Anything remaining is landfilled.

Qily Dump (South Area) According to Texaco (WWC, 1982¢), the source of a
floating hydrocarbon phase in the groundwater adjacent to the North Platte River
is a result of an oily dump. This dump (Figure 2) reportedly was used to lay
sample oil and waste oil barrels over the edge to drain them. Texaco refers to this
area as the refinery dump and shows it as being active in 1973 (WWC, 1982¢). No
further details were included.

Interceptor Trench System/Recharge Groundwater Recovery System Technically
the Interceptor Trench System and the recharge wells installed as part of a
hydrocarbon recovery system in the South Arca meet the definition of a SWMU.
The trench system (two trenches) contains two perforated culverts which intersect
the water table and recover floating hydrocarbons. These trenches are drained to a
sump which pumps the oil water phase to a separator and excess wastewater is
pumped to the service water return ditch which is also considered a SWMU.
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The recharge wells and surface water bodies used to recharge the aquifer with
wastewater pumped from the recovery wells all meet the definition of a SWMU.
This waste water pumped from the water table depressant pump (i.c. not the oil
rccovery pump) probably contains dissolved concentrations of organics such as
benzene, tolucne and total xylencs. In addition to recharge wells, the wastewater is
also pumped to the PCS coke scttling basin for recharge, thus this unit as
previously mentioned mects the definition of a SWMU.

Both the interceptor trenches, service water ditch and the PCS coke scttling basin
are presented on Figure 2 while the recharge wells are discussed in detail in the
hydrocarbon recovery system South Arca discussion.

HYDROGEOLOGY
1. Regional Geologic Setting

The study arca is located on the southwestern flank of the Powder River Basin, a
structural and topographic basin. Approximatcly 17,000 fcet of sedimentary rocks
fill the basin. Several of these sedimentary rock units, of Late Cretaceous age,
outcrop in the area of the refincry. Here, along the outcrop belt, the units are
erosionally truncated at the surface. In the vicinity of the refinery, the rocks have
a structural strike of about north 35 dcgrees west, and a dip to the northeast of 5
degrees to 8 degrees (WWC, 1981).

The sedimentary rocks in this portion of the basin were deposited in marine,
marginal marine, and continental depositional scttings during the last stages of the
intcrior scaway. Thick marine shales, ncarshore sandstoncs and intcrbedded
sandstones, coals, and shales were deposited. The eroded edge of these lithificd
rocks is unconformably overlain by unconsolidated sediments of Quaternary age.
These consist of eolian deposits of fine sand and silt, and alluvial sand and gravel
deposited by the North Platte River at various stages of its history.

2. Regional Hydrologic Setting

The hydrology of the southwestern Powder River Basin is influenced by several
factors. Climate, surface water hydrology and geology all influence the occurrence
and nature of ground water.

Mean annual precipitation at Casper is 11.80 inches (Hodson, et al, 1973).
Evaporation is very high, up to several times the precipitation.

Surface water hydrology consists of perennial and ephemeral streams and is
dominated by the North Platte River drainage.

Mean annual discharge of the North Platte is given at 1,194 cfs (Crist and Lowry,
1972) for the river below Alcova Dam during the years 1933 to 1966. During the
years 1929 through 1959, the mean annual discharge below Casper (and near the
site) is given as 1,321 cfs (Hodson, et al, 1973).

There are several geologic influences on the availability, quality, recharge, and
flow components of the ground-water system. The unconsolidated, recent alluvium
along the present course of the North Platte is directly influenced by the river
stage. Recharge and discharge to the alluvial aquifer are directly tied to the
surface water hydrology.
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The bedrock hydrologic system in this arca is more complex. Partial recharge is
provided by infiltration of precipitation over permeable units. Due to the large
evaporation rate, the recharge from precipitation is probably only significant
during storms with enough rainfall to infiltrate below the depth of soil moisture
evaporation. Recharge from the North Platte River and other streams occurs
where the surface water crosses outcrops permeable enough for infiltration
(Hodson, et al, 1973). Movement of watcr between formations also occurs, but is
poorly documented in published literature.

Discharge is primarily from evaporation, scepage to springs, lakes, and streams,
plant transpiration and well pumpage (Hodson, et al, 1973). Regional flow
components arc poorly documented and mapped in the published literature.

Water quality is generally good for the surface water and alluvial aquifers. Eolian
and bedrock aquifers produce water of lesser quality due to soluble salts in the
Mesozoic aged rocks, principally the shales and coal beds. Waters found in
Cretaccous rocks of the Mcsaverde Formation are dilute waters of calcium or
sodium bicarbonatc type (less than 600 mg/1 TDS) or sodium sulfate waters with
TDS concentrations of 1,360 to 3,980 mg/1 (Feathers, et al, 1981). Recharge by
fresh surface water and precipitation probably further dilutes these concentrations
near the outcrops of these aquifers.

3. Site Geology and Hydrogeology

The Casper Texaco Refinery area is underlain by Late Cretaceous sedimentary
rocks as previously stated. Stratigraphic units present in the site arca arc shown in
Figurcs 4 and 5. The stratigraphic nomenclaturc is from the work of Wiloth
(1961), and Crist and Lowry (1972). Geologic units of interest in the site vicinity,
in ascending stratigraphic order, are the Mesaverde Formation, Lewis Shale, Fox
Hills Sandstone, Quaternary eolian sand; and the Quaternary alluvium.

The Late Crctaceous Mesaverde Formation is approximately 1,000 to 1,150 fect
thick in the area of the Texaco Refinery. Here, the unit has an outcrop width of
nearly two miles due to its gentle dip toward the center of the basin. The members
of the Mesaverde are the bedrock units underlying all of the facility, both north
and south of the North Platte River (Figure 6). The Mcsaverde Formation is
divided into three members in this aréa. These members in ascending stratigraphic
order are the Parkman Sandstone Member, the unnamed middle member, and the
Teapot Sandstone Member. The geologic and hydrogeologic propcerties of these
units are as follows:

Parkman Sandstone Member - The Parkman is the basal member of the Mesaverde
Formation in this area. The Parkman is composed of fine to very fine grained,
micaceous, glauconitic, and calcareous sandstones (Purcell, 1961) with interbedded
carbonaceous shale and coal (Headley, 1958). The sand grains are angular and
moderately well sorted. Bedding is discontinuous with lensing and lateral pinch
out of individual beds common. Bedding ranges from thin to massive. Net
thickness of porous sandstone units is up to 250 feet in Natrona County (Headley,
1958) or about 50 percent of the unit’s total thickness. Total thickness of the
member is given as 470 feet (Hodson, et al, 1973), 500 feet (Crist and Lowry, 1972),
and 600 feet (WWC, 1981).
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The Parkman functions as a confined aquifer in the subsurface to the east of the
outcrop belt. In this area, it is underlain by the Cody Shale and overlain by the
unnamed middle member of the Mesaverde Formation, both shaly, low permecability
units. Published valucs (Fecathers, et al, 1981) give a porosity of 15 to 21 percent, a
hydraulic conductivity of less than 5 gpd/ft“, and a calculated transmissivity of
120 gpd/ft. Expected well yields arc 10 to 20 gpm, although one well north of
Casper had a reported yield of 100 gpm (Crist and Lowry, 1972).

The Parkman Sandstone aquifer is in probable hydraulic isolation from the
potential sources of contaminants at the Texaco Refinery. This is due to the
overlying unnamed middle member of the Mcsaverde Formation which is
approximately 350 to 400 fcet thick and considered a confining unit. The
outcrop/recharge area of the -Parkman is upgradient and up dip from the Texaco
facility.

Unnamed Middle Member - The unnamed middle member of the Mesaverde
Formation is composcd of interbedded carbonaceous shale, thin to massive siltstone,
sandy shale, bentonitic shale, thinly bedded low rank coals, and lenticular beds of
finc grained dirty sandstone. Documcntation is poor, but it appears the shaly
lithologies comprise 60 to 80 percent of the unit. Net thickness of permeable
sandstones and siltstones is unknown. Hydraulic conductivities of sandstonc and
siltstone beds are comparable to the "uppermost aquifer” (WWC, 1983a); however,
the probable depositional environment would indicate the likelihood of these
permeable units being lenticular and laterally discontinuous. The total thickness
of the middlec member could be considered as saturated below the water table,
however the low hydraulic conductivity and low specific capacity, high sulfate and
total dissolved solids (TDS) make the unit unfit for water supply. The literature
(Hodson, ct al, 1973; Crist and Lowry, 1972) describe the unnamed middle member
as a regional confining unit. There are no water supply wells completed in the
unnamed middle member in the refinery arca.

The middle member is the bedrock unit underlying all of the regulated units on-
site and the primary refinery arca except for the portion of the Texaco property
cxtending northcast of the evaporation pond on the north property (Figurc 6). In
the site vicinity, the unnamed middle member is approximately 350 to 400 feet in
maximum thickness. The unit probably functions as an effective barrier to
downward flow of possible contaminants to the Parkman Sandstone member
aquifer below. Lateral migration of contaminants above low permeability beds
occurring at the interface of the unnamed middle member with the overlying
alluvium or eolian sands is possible, however. The possibility also exists of lateral
migration of contaminants within any of the member’s permeable beds lying at or
below this interface or the contact with the stratigraphically overlying Teapot
Sandstone aquifer. Given a basinward hydraulic potential in the Mesaverde
members, down dip and down gradient transport of contaminants could occur, with

-resultant possibility of contaminant introduction to the Teapot Sandstone aquifer.

Tcapot Sandstone Member - The Teapot Sandstone is the uppermost member of the
Mesaverde Formation in this area. The member is approximately 100 to 150 feet
thick based on electric logs from oil wells and logs from water wells (WWC, 1983a).
The unit conformably overlies the unnamed middle member of the Mesaverde.
Lithologically, the Teapot consists of fine to coarse grained sandstone with thin
interbeds of lignitic coal and bentonitic shale. The sandstone is thin to medium
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bedded. Sandstonec beds are white to gray and friable. Interstitial cements are
primarily calcarcous, although argnllaccous cementing matcrial has been noted
(Purcell, 1961).

The Tcapot outcrops as a bluff along the North Platte River downstream from the
Texaco Refinery. The Teapot subcrops the unconformably overlying eolian and
old alluvial deposits north and south of the North Platte River. The subcrop belt
is not well defined in the arca. Projections on published geologic maps (Crist and
Lowry, 1972; Hodson, ct al, 1973) indicatc the subcrop belt to lic within
approximatecly one quarter mile east of the CEP and North Land Farm on the
north property. Due to the strike of the Mesaverde Formation, the subcrop of the
Teapot Sandstonc lics about the same distance east of the casternmost tank farm in
the South Area. Borings arc not known to penctrate the Teapot on the south
property. No borings have definitely penctrated the Tcapot Sandstonc on the north
property; however, the boring for well M-31m cncountered "interbedded gray shale
and fine to coarse grained gray sandstonc” at approximately 5,102 fect above mean
sea level (WWC, 1982a). Geologic logs for borings in the North Areca and South
Arca arc presented in Appendices B and C, respectively.

Based on nearby borings which encountercd carbonaccous shale and siltstone (M-29
and M-20, respectively, Appendix B) the contact of the Tecapot Sandstone with the
underlying unnamed middle member can only be vaguely defined in the
subsurface. The nature of this contact is not documented in the literature,
although it is probably gradauonal and interbedded because of the environment of
deposition,

Hydrologically, the Teapot Sandstone is considered an aquifer in the western
Powder River Basin (Feathers, ct al, 1981; Crist and Lowry, 1972; Hodson ¢t al,
1973). Tabulations of data from the Wyoming State Engincer's Office water well
permit files (WWC, 1982d) indicate substantial usc of water from the Teapot
Sandstonc within a2 two mile radius of the site. Because the outcrop/subcrop of the
Teapot is east of the site, the structural dip is to the cast, and most importantly,
the probable potentiometric surface decrcases in clevation to the northeast
(northcastward flow), the Teapot watcr supply wells are all across or downgradicnt
from the Texaco Refinery. These wells are primarily for domestic or livestock use.

Regionally, the aquifer is considered confined in the subsurface, with the
underlying unnamed middle member of the Mesaverde and the thick, overlying
Lewis Shale acting as confining units (Crist and Lowry, 1972; Hodson, et al, 1973;
Feathers, et al, 1981). This is discussed in further dctail under Hydrogeology of
the North Area.

Thin interbeds of shale and bentonite probably act as confining layers to create "a
series of semi-confined to con{ined subaquifers within the Teapot aquifer” (WWC,
1981). The producing aquifer is characterized as "about 50 feet thick, although the
formation [sic] is 100 to 150 feet thick"™ (WWC, 1981). This has not been
substantiated during this study. Net thickness of Teapot porosity, based on oil well
data, indicates as much as 100 feet (Headley, 1958). Well yields from the Teapot
are generally five to 45 gpm. Hydrologic data for local water wells completed in
the Teapot aquifer are presented in Table 2.
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NDana 1962; MHWeltz and others 1954,

S = Prawdown (fect).

Sources for data are Wyoming State Enqgineers Office 1981, Crist {974,

Township-north, range-west, sectlon, aquarter scclian; quarter-quarter secllon:
system.

S = drawdown (fecel), and B = saturated thickness ar completion fInterval.

modlfled from; Western wWater Conaultania, inc., 1981

Hodson and olhers 1973, Crist and Lowry 1972;
U.S. Geological Survey well numbering
Transmisslvily estimated using ¥ = 2000 /5, where T = transmissivity (gal/day/ft), O = yleld [(gallons/mninute) and

Permeability estimated using K = (2000 03/5)/h, where ¥ = perncabi) ity (gal/day/flz). 0 = yield {ga)lans/ninute),

Table 2 ttydealaglc data arranged by formatlon far sclected waler wells within two miles of the Casper Texaco lefinery vlclnlty.a
Sslurated
Tickness
or Hell .
Hell Reported Complction £stimated® Specific Esllmau:d'1 Pump Test
b Depth  Production  Drawdown  Interval Transmissivity Capacit Permeah buration

Hell Owner Well Hame Location (fcet) (GPH) (feet) (feet) (gpd/ft) (gpa/ 1t (gpd/it (hours)
Mesaverde formation {Teapot Sandstone Meaher)
Tank Service lanc. Tank Service | 33-78-5d0 100 45 50 10 l.ﬂxloz 0.9 1.axio§, HoA,
Plttman, J, Plttman | 331-28-5da 130 25 k| 30 l.?xlﬂ3 8.3 5.5x102 36
Forsberg, L. Prattl 2 33-78-5dc¢ 60 10 6 10 J.4x|04 1.7 ].Jxan i
filrkle, V. fBritkle 1 313-78-5Lb 54 0 | 20 2 x IOJ 10 1 x IOl 1
Hiller, R, Hiller 1 33-7U-Ssa 60 15 20 25 I.SHO4 0.8 6 x I02 .5
Miller, R. Clark 1 33-70-5ad 60 {] | 20 l.6llO4 i} 0 x 102 N.A.
Staneking, J. Little Stante 1 33-201-Sac G0 10 1 26 2 x 10 10 7.27x10 H.A.
011 & Gas 1 2
Processors Inc. oG 33-20-5h¢ 60 15 ] 10 6 x Iné 3 ].]nlol 24

- Volh, R. Vol 1 33-70-5b¢ 60 15 45 20 6.7xI04 0.3 3 x IO3 u
Plel), A. Braokhurst 10 13-20-50d 60 15 1 20 3 x 10‘1 15 I.5xl0] 2
Plel, A. Brookhurst 16 33-720-50d 60 15 { 20 3 x IO] 15 I.5x|02 2
Rice, J. Eve Star | 3)-10-5ac¢ 60 10 RI¢ 10 2'7’10] 1.3 2.7x102 2
Gallfan, D, Galllon t 33-70-5bc 60 16 12 25 2.71l04 1.3 1 x 104 4
Lathrop Feed Co. Lalhrop feed 33-20-64b 55 20 1 17 4 x |02 20 2.4x10 .5
Ilathaway, [, Carnlyn | 33-79-lcc 51 22.5 i0 540 I.4ui02 15 1 3

_ Green, 1. Green | 33-719-2¢c 54 S 44 1 Z.JxIOJ 0.1 6 h
Dent Hall Corp. Sandy 47-A 34-20-21cb 700 12 2] 200 1 x I()'1 0.5 5 3 l
Schatt, A. Mystery i 34-20-1)ca 775 15 ] 75 2 x 10, AS 1.2x10 (A34]
Strand, W. Strand 10 34-70-343a uon in 10 70 2.91(]02 0.1 4 \ )
Smith Caltle Cu. K-13 34-79-13ca A20 5 10 20 2.5x10 0.1 1 x 10 1
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The characterization of on-site hydrologic parameters of the Teapot Sandstone is
slightly more complex than the regional characterization. The eolian and older or
"palco” alluvial deposits overlying the Teapot subcrop are similar in composition,
texture, and hydrologic propertics. Pumping tests conducted in the North Area
"proved that the two geologic strata are in hydraulic connection and have similar
permeabilities” (WWC, 1983a). Based on this interpretation, these two units have
been defined as one aquifer and designated the uppermost aquifer in conformity
with the definition of 40 CFR section 260.10. Five single well pumping tests
conducted in 1982 indicate the uppermost aquifer has Eangcs of hydraulic
cogductivity and transmissivity of two to 1,000 gpd/ft“ and 2.2 x lO3 feet to 1.6 x
107 gpd/ft, respectively (WWC, 1983a).

Recharge to the Tecapot Sandstone aquifer takes place along the outcrop belt, and
possibly by leakage from the adjacent bedrock units. The leakage, if any, is
undefined. Primary outcrop recharge is probably from precipitation directly on
outcrops and infiltration from overlying unconsolidated colian and alluvial
deposits. Infiltration of water from the North Platte River where it flows across
the outcrop belt is another possible primary source of recharge, although this is
undefined. During this study, a preliminary assessment of potentiometric data
from local water supply wells was made. These data, compiled from Wyoming
State Engincer files, Crist and Lowry, 1972, and scveral other sources, indicate a
decreasing potential toward the basin axis. This basinward gradient would create
flow towards the basin center, and conscquently could conceivably introduce
contaminants into the Teapot aquifer.

Lewis Shale The Lewis Shale conformably overlics the Teapot Sandstone member
of the Mesaverde Formation. The Lewis is primarily a gray shale to sandy shale
with lenticular bodics of linc-grained sandstone. The formation intcrfingers with
continental deposits west of the study arca. Near the Texaco Refinery, the lower
300 feet of the Lewis Shale is a thick-bedded shale which grades upward into
interbedded sandstone with decreasing amounts of shale. The unit is
approximately 470 feet thick in this arca (Crist and Lowry, 1972), however the
Lewis is truncated by erosion to zero feet at its westernmost outcrop.

Hydrologically, the Lewis Shale acts as a conflining laycr for the underlying Teapot
Sandstone. The lower shaly portion of the unit has generally low permeability, and
is recognized in the literature as a regional confining aquitard (Crist and Lowry,
1972; Hodson, et al, 1973; Feathers, ¢t al, 1981). Discontinuous saturated lenses of
siltstone and sandstone yield small amounts of water (generally <10 gpm) locally.
One well in this area reportedly yielded 50 gpm, however sustained yield in the
Lewis Shale is probably much lower.

The unit outcrops or subcrops the unconsolidated surficial deposits about 6,000 fect
northeast of the refinery proper, and underlies the Excess Service Water Efflucnt
Ponds.

Logs for boreholes M-1 through M-6b indicate the Lewis Shale is overlain by from
five to 34 feet of old alluvial deposits consisting of fine through coarse sand with
some clay and fine gravel. These deposits are overlain in turn by eolian deposits
one to greater than 55 feet thick, composed of silt and fine sand. Potentiometric
surface maps for the area indicate a southward ground water flow direction in the
deposits overlying the Lewis Shale. Three local private water supply wells located
in section 28, south of the easternmost Texaco ponds, possibly indicate a lower
potential surface in the Lewis Shale than in the overlying deposits. These three
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wells reach total depths of 380, 460, and 480 fect below ground surface, and
produce from the Lewis Shale, presumably from lenticular sandstones within the
shale. The potential differcnce between these units indicates a probable poor
hydraulic conncction between permeable beds in the Lewis Shale and the overlying
deposits. Borchole M-5 was drilled 40 feet into dark gray shale and abandoned as
a dry hole at a total depth of 100 fcet (Appendix B). These data indicate the
saturated eolian and old alluvial deposits constitute a perched zone above the shale.

Data presented for potentiometric elevations in Lewis Shale wells (Crist and
Lowry, 1972, Plate 1) and well records from the Wyoming State Engincer’s files
indicate a basinward gradient in the formation. This potentiometric surface is
poorly dcfined due to sparse well control.

Potential for contamination of the formation is considered low. The presence of
the lowest permeability beds in the stratigraphically lowest portion of the
formation, which is closest to the facility, would retard migration into the
pcrmeable sandstone lenscs which produce potable water from a stratigraphically
higher portion of the formation.

Fox Hills Sandstone The last bedrock unit of possible concern is the Fox Hills
Sandstone. The Fox Hills outcrops approximatcly two milcs northeast of the

" Texaco Refinery. It is considered a regional and local aquifer (Feathers, et al,,
-1981).

The Fox Hills is a fine-to-medium-grained sandstone with interbedded sandy shale
to carbonaccous shale, especially in the upper half of the unit. The sandstone is
thin to massive bedded, poorly cemented, and friable. The sandstonc is about 700
fcect thick in Natrona County (Crist and Lowry, 1972).

Well yields are generally less than 20 gpm. f.lthough the sands arc¢ porous, Fox
Hills conductivity is estimated at 34 gpd/ft“ (Crist and Lowry, 1972).
Transmissivity valucs range from 100 to 2,000 gpd/ft, although there is some
uncertainty in these values (Feathers, et al, 1981). The Fox Hills forms a regional
scale aquifer system with the overlying Lance Formation (contincntal sandstones).
An extensive discussion of the Fox Hills/Lance aquifer system 1s presented in
Feathers, et al. (1981).

Potential effects on the Fox Hills aquifer from the Texaco Refinery are considercd
very small. The aquifer’s outcrop area lics well to the northeast of the facility.
Flow in the unconsolidated materials in the intervening area is generally to the
south. The low permeability, thick Lewis Shale is the intervening bedrock unit
and serves as an effective aquitard.

Quaternarv Alluvial Deposits The alluvial aquifers in the vicinity of the Casper
Texaco Refinery are composed of unconsolidated clay, silt, sand and gravel
ranging up to cobble size. The sediments occur as discontinuous bars and lenses
along strcams, with the largest deposits along the North Platte River. The deposits
underlie the floodplains and bordering terraces. Deposits along the Platte form a
blanket of irregular width and thickness which conforms to the erosional surface
cut by the Platte through time.

The alluvium consists of poorly to moderately sorted deposits of clay through
cobble size rocks. The deposits exhibit a generally fining-upward point bar
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scquence, with coarser sands and gravels near the bottom of the alluvium and fine
gravels to sands in the uppermost portions of the deposits. Clay lenses and
modecrately sorted sand lenses occur in places.

The South Area is nearly completely underlain by recent alluvium, except for two
exposcd outcrops of bedrock. The outcrops are of the unnamed middie member of
the Mesaverde Formation. The unnamed middie member underlies all of the

alluvium in the South Arca. Alluvial thickness is zero to 55 fect (Figure 7) thick.

The North Arca has two scparate alluvial deposits. The "lower aquifer” forms a
deposit along the inside of a major bend in the North Platte River. This alluvium
i1s about 700 fect wide at its widest point (WWC, 1983a), and occurs from nearly the
east property boundary to beyond the west property boundary. The bedrock bluffs
of the exposed unnamed middle member and the Teapot Sandstone member of the
Mesaverde Formation bound the alluvium on the north. " Thesc bedrock units also
underlie the alluvium. The deposit is bounded on the south by the North Platte
River. Thec alluvium here is approximately zcro to 15 feet thick. Composition is
similar to the alluvium south of the river.

The second deposit of alluvium, in the North Area, occurs as a now elevated
channel {ill, deposited during an ecarlier river stage before crosion of the North
Platte produced the elevation of the present river channel. This alluvium fills a
"horscshoc” shaped depression eroded by the "paleo” North Platte. This "horseshoce"
wraps around the bedrock high (erosional remnant) which underlies the land farm.
The apparcnt axis of the channel lies just north of the CEP. The palco channel
was cut into the bedrock from approximately 5,110 feet above sca level to 5,080
fcet above scal level. This is well illustrated by the bedrock surface contour map
(Figurc 8).

This downcut channel was filled by alluvium consisting of clay to medium gravel
sized material. The sediment is moderately sorted and contains well sorted sand,
silt, and clay lenses. Clay lenses are more common in this older alluvium than in
the more recent alluvium, based on borchole descriptions. Grain size and possibly
the composition of this dcposit also differs from the more recent alluvium,
probably due to changes in sediment source areas. The older alluvium ranges in
thickness up to about 30 fcet. The deposit is overlain by an irregular veneer of
eolian sand. Previous reports have designated all thesec materials as "eolian"
deposits. For simplicity in nomenclature, description, and hydraulic calculations,
this is probably an acceptable practice. However, the hydraulic conductivity and
other hydrodynamic parameters, including such properties as cation exchange
capacity, may be affected differently by these older alluvial deposits than by the
overlying eolian silts and sands. It should be noted that due to variable screened
intervals and other factors, results of pump/bailer tests and other tests performed
provide an "average" of this system and are not indicative of any possible
differences between the older alluvium and the overlying eolian material,

Ground water in the South Area alluvial aquifer has a general flow direction to
the north and east. The potentiometric contours are affected by the presence of
the bedrock shale outcrop near the river which apparently acts as an "island" in
diverting subsurface flow around it (Figure 9). The natural flow system is also
affected by the Refinery’s hydrocarbon recovery wells and interceptor system,
which is a French drain designed to induce flow from the alluvium near the North
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FIGURE 7 ISOPACHOUS MAP FOR THE ALLUVIUM,
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modltled Irom; Weatern Water Consultants, Inc.,, 1982
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Platte River bank to the alluvium under the South Area. The upgradient end of
the French drain is located ncar the intersection of the western boundary of the
south property and the North Platte.

Recharge to the aquifer primarily comes from the hydraulic connection with the
North Platte, infiltration of precipitation and perched water flowing overland in
the uppermost unnamed middlc member of the Mesaverde Formation plus possible
leakage from the middle member. Reccharge has also taken place by artificial
infiltration of water through recharge wells and ponds in addition to product from
the refinery. No specific source at the refinery is known, but the presence of free
hydrocarbons in the aquifer substantiates this source.

Alluvium thickness ranges from zero to greater than 55 feet (Figure 7). Saturated
thickness of the alluvium ranges from 5 to 30 fect, with an approximately 20 foot
average thickness (WWC, 1982b). Aquifer tests were performed by Western Water
Consultants, Inc. between March 9 and April 6, 1982. "One multiple well pump and
recovery test, four single well pump and rccovery tests and one bailer recovery test
wcre conducted at the Casper Texaco Refinery” at this time (WWC, 1982b). Bascd
on these tests, hydraLﬁlic conductivity was cstimated to range from 2 x 10° to § x_
109 gallons/day/foot“. Estimated transmissivitics ranged from 8 x 10° to 6 x 10°
gallons/day/foot. Calculated average storage cocfficient was 0.1 and estimated
specific capacity ranged from 30 to 100 gallons/minute/foot of drawdown.

Gradient in the atluvial aquifer is approximately | foot/500 feet. Maximum
probable flow rate is approximatecly 22 feet/day.

Ground water in the alluvial aquifer of the north property has a generalized flow
dircction to the southcast to cast toward the North Platte. Potentiomctric contours
are relatively uncomplicated. The potentiometric surface is responsive to changes
in the stage of the North Platte, with which it is in direct hydraulic
communication. Recharge to this alluvium is accomplished through several sources.
Recharge from the North Platte, which is variable (and is probably mostly
discharge into the Platte at low river stage), recharge from infiltration of
precipitation, and ponded secpage emerging from the bluffs bordering the north
side of the alluvium are all primary sources. These seeps emerge where the
relatively high permcability "upper aquifer” contacts the underlying and relatively
low permeability unnamed middle member of the Mecsaverde Formation at the
bluff face (Plate 1, Section C-C’). Another possible source of recharge is discharge
from the unnamed middle member into the alluvium. This recharge is undefined
in quantity and quality.

The seeps at the bluff face are the major obvious pathways for introducing
contaminants from the chemical evaporation pond and land farm arcas on the
bluffs above to the alluvial aquifer. Potential for migration of contaminants
through the unnamed middle member and their introduction by discharge into the
alluvium is undetermined. Sampling by Texaco in the past has indicated the
presence of organic contaminants seeping from the biuffs into the alluvial aquifer.

Saturated thickness for the north alluvial aquifer probably averages about 10 feet.

The alluvium ranges from zero to about 15 feet thick based on boring logs.
Pumping or bailer tests were not conducted in the alluvium on the north property.
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Sceveral tests were conducted in the alluvium south of the river, and due to the
close similarity in composition and grain size between these two deposits, these
south property data should be applicable to the north property alluvium. As in the
south property alluvnum hydr ~ixuhc conductnvnv in the north alluvium probably
ranges from 2 x IO to 8 x 10 gpd/ft Duec to the saturated thickness in the
north alluvium being approximately half of the saturated thickness of the south
alluvium, the transmissivity of the north alluvium should be approximately half of
the transmissivity of the south property alluvium. Gradient in the north property
alluvium and flow rates should also be approximately the same as the south
alluvium or one foot/500 feet and about 22 feet/day, respectively. Although not
stated by Texaco in their data evaluation, porosity is assumed to be 0.25.

Baseline water quality data indicate generally poor drinking water quality as
ammonia, sulfate, and TDS exceeded domestic usc standards. Due to probable
introduction of contaminants from the cvaporation pond/land farm arca at the
upgradicnt end of the alluvial aquifer, the background water quality is poorly
defined.

Quaternary Eolian Deposits Eolian sand and silt deposits of Quaternary age
blanket the surface over a large area near the Texaco Refinery. These
unconsolidated sediments form a variably thick vencer which unconformably ,
overliecs major portions of the bedrock units in this area. The colian deposits occur
over much of the north property, but arec not well documented on the south
property. Scveral borchole logs from the south property indicate therc is onc to
two fect of colian sediment overlying portions of the alluvium. Grading, filling,
and other surface disturbances in the South Arca probably mask this colian
matcrial,

The eolian sediments are composed of well sorted silt and finc sand. These are
typically rounded and the sand grains arc "frostcd.” Source matcrial for the
sediments may be primarily from Teapot Sandstone outcrops. This would explain
the textural similarity of these units. The colian sands in the local areca arc
typically less than 50 fect thick (Hodson, ct al, 1973). The sands arc present as
active and inactive dunes. Deposits on the north property of the Texaco Reflinery
range from gencrally less than eight feet thick near the chemical evaporation pond
and land farm, to about 40 to 50 feet thick in arcas near the excess service water
effluent ponds (borehole log M-5, Appendix B). Some of the sediments previously
interpreted as eolian are probably best classified genetically as older alluvium,
This interpretation is based on presence of gravels and plastic clay lenses, moderate
to poor sorting, oxidation differences (color changes), deposit gcometry and
bedrock surface contours. This interpretation is made from reexamination of
various data, especially the borehole logs.

This genetic distinction may have low importance in terms of the hydrologic
system. The eolian sediments do possess high porosity and permeability. This aids
infiltration and subsequent recharge to underlying bedrock units which have much
slower infiltration rates. If precipitation events are heavy enough, the water can
infiltrate to depths below the depth of effective evaporative discharge, thereby
protecting loss of the moisture to the atmosphere. Retention of moisture by the
eolian materials is generally poor as indicated by the ineffectiveness of the four
lysimeter locations. There may be a possibility the lysimeters were not properly
used. The tubes were left open to equilibrate with atmospheric pressure rather
than applying a vacuum and sealing the tubes at the conclusion of a sampling
event.
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Ground water flow in the colian deposits is defined in the potentiometric maps for
the north property presented under the Hydrogeology of the North Arca Section.
Subsurface flow in the colian deposits north and cast of the evaporation pond and
land farm is gencrally to the south, toward the North Platte River. This is
presented in several reports as the "regional flow dircction,” however this is only
truc for the ground water in the colian deposits. The undcrlying bedrock units
have a flow direction to the northeast, towards the basin axis. The ground water
in the eolian deposits north and cast of the chemical evaporation pond, in the arca
of the excess service water effluent ponds, is in a perched condition due to the
underlying, low permecability Lewis Shale. Where the colian deposits overlie the
Teapot Sandstone, the direct hydraulic communication probably causes the ground
water from the colian deposits to infiltrate the Tecapot Sandstone.

Hydraulic parameters for the eolian deposits were not truly measured directly, as
the aquifer tests were conducted in wells screencd in the older alluvium previously
described. However, in practical usage, the same values for hydraulic conductivity
previously ascribed to the "colian"/older alluvium can be considered adequate.

Contamination migration in the colian deposits is probably rapid and relatively
unattenuated. The sand and silt has a low potential for sorption or cation
exchange. Filtration and possible biodegradation are the only expected
contaminant mitigation effects.

4. Hydrogeolaogy of the North Area

The North Arca of the Casper Texaco Refinery has two regulated units, the
Chemical Evaporation Pond and the North Land Farm. These units are sited on a
topographic high overlooking the North Platte River. Figure 10 presents the
location of monitoring wells completed in the North Arca. As previously stated,
geologic and well completion logs are presented in Appendix B. The topographic
high is underlain by a bedrock high of the unnamed middle member of the
Mesaverde Formation. The bedrock high represents an crosional feature, which
was left when the ancestral North Platte River eroded a channel to the immediate
north of the bedrock high. The contour map of the bedrock surface, Figure 8,
shows the bedrock low mapped from borings and a seismic refraction gecophysical
survey (WWC, 1982d). The axis of this bedrock low lics approximately 100 fect
north of the regulated units. From this area, the axis of the palcochannel bends
southward, towards the North Platte River where it intersects the face of the
bluffs along the river approximatcly 600 fect southeast of the rcgulated units.
Plate | presents Cross Scctions A-A’, B-B’ and C-C’ which are refcrenced hercafter
in the following sections.

The paleochannel is filled with an alluvial deposit consisting of medium to coarse
sand with fine to medium gravel common in the lower portions of the deposit. The
alluvium also contains lenses of clay. This deposit is overlain by eolian fine sand
and silt deposits of variable thickness. The eolian sediments are typically less than
eight feet thick. These sediments, both paleo alluvium and eolian, were all
described as eolian in previous works.

The bedrock low is eroded into the unnamed middle member of the Mesaverde

Formation. The Teapot Sandstone Member also underlies the eastern portion of the
bedrock low, but the location of the lower contact of the Teapot with the middle
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member is conjectural to date (Plate |, Section A-A"). The contacts were not
mapped on the bluffs along the river, and borchole data are poorly documented
and inconclusive. Two wells which may have penetrated this contact and the
lowermost portions of the Teapot Sandstone arc M-3Im and M-14d (Figure 10,
Appendix B). These borcholes intercepted sandstone with a similar description as
the Tcapot. Borchole M-3 to the northeast, Figure 10, also may have intercepted
the Teapot in a stratigraphically higher portion of the unit based on the presence
of coal in the borchole. Bascd on these sparsc data, the subcrop of the Teapot can
be considered to lic within 750 to 1000 fect cast of the regulated units. The thick
blanket of palco alluvium and eolian sand overlying the Teapot are in direct
hydraulic contact with the Teapot Sandstone, as previously stated (WWC, 1982d).
Stratigraphic position, topographic position, and pumping test data substantiate
that the Tecapot Sandstone and overlving unconsolidated alluvium and eolian
deposit can all be considered hydrauiically intcrconnected. Thercforc these units
collectively constitute the "upper aquifer” as defined in 40 CFR Section 260.10.
Exact relationships in the subsurface are presently undefined by borings and
gcophysics. The borchole logs presented by the facility are insufficient in
lithologic description and lack information such as penctration rates, fluid loss, ctc.
which could help clarify the subsurface contacts.

The Chemical Evaporation Pond and Land Farm overlie eolian sand and palco
alluvium from 21 feet thick in M-9d to 50 fcet thick in M-8d. Recharge to this
deposit is taking place by infiltration from the Chemical Evaporation Pond, which
has been "rcfilled” with water from the North Platte by Texaco.

The infiltration of river water produced rccharge to the ground-water system of
the upper aquifer underncath the Chemical Evaporation Pond, which has created a
ground-water mound. This mounding cffect has fluctuated in magnitude through
time depending on the volume of water introduced to the pond. The mounding of
the water table creates an increase of gradient, and radial flow away from the
pond in all directions except south where the shale bedrock high blocks the flow
path. Flow paths diverge radially with watcr flowing towards the river on the
west and cast. Flow northward probably responds to change in gradicnt and splits
to flow southeast or southwest towards the river. The potentiometric maps
produced by the Task Force (Figurces 11, 12, 13 and 14) substantiate earlier
potentiometric mapping. Flows to the west infiltrate the alluvium of the "lower
aquifer” which lies along the North Platte. Flows to the southeast surface as sceps
at the shale/ailuvium-colian interface. Flow volumes of the seeps are not
documented.

Radial flows to the east and north encounter the bedrock low, which would act as
a preferentially permeable "channel” compared to the confining shaly middle
member. This bedrock low may also act as a "sink” for any dense immiscible
phases present ("sinkers”). If a dense immiscible phase were present, it may tend to
collect in the bedrock low. Due to the probable subcrop of the Teapot Sandstone
along this bedrock low (see Plate 1, cross section B-B’) and the probability of
recharge to the Teapot at the subcrop/outcrop, dense phases could migrate into the
Teapot aquifer. Dissolved phases may also be introduced to the Tcapot through
recharge at the subcrop.

Potentiometric maps of the North Area plotted by Western Water Consultants, Inc.

are accurate for the eolian sand and paleo alluvium north of the river. However,
published data (Crist and Lowry, 1972, Plate 1) on the Teapot Sandstone indicate a
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basinward (northeast) gradicnt and flow dircction for this aquifer east of the site.
The existing monitor wells do not substantiate this because few are probably
complcted in the Tcapot and nonce arc completed in the Teapot to the cast where it
is overlain by the confining Lewis Shale. Local water supply wells completed in
the Teapot Sandstone cast of the site, and tabulated by Westecrn Water Consultants,
Inc. (WWC, 1982d) from data held by the Wyoming State Engincer's Office, also
substantiates a probable northeastward decline in the Teapot’s potentiometric
surface. Duc to poor clevation and screened interval control, these data are
difficult to obtain accurate potential elevations from. Careful re-evaluation of the

-data from water supply wells in this arca may possibly allow accurate potential

maps to be drawn for the Tcapot Sandstone. An cvaluation of the ground-water
monitoring system in the North Area is discussed in detail in Scction D.

Potcntiometric contour maps were constructed by the Task Force for the
approximate average historic high water levels in the uppermost aquifer in
October, 1982 and the approximate historic low in December, 1985. These are
prescnted in Figures 11 and 13, respectively. Both maps show approximately the
same configuration with a prominent mound at the Chemical Evaporation Pond.
Flow directions and gradicnts arc approximately the same for both maps.
Fluctuations of the water level for individual wells range from about five to six

feet in monitor wells close to the Evaporation Pond to only one tenth of a foot in

monitor well M-23 cross gradient and located several hundred fcet from the pond
(Figure 10).

Onc anomalous fecature, a potentiometric "low”", shows up on the map constructed
for the Scptember, 1987 water level measurement event (Figure 14). This low is
also indicated in a potentiometric map constructed by Texaco for June, 1987 (WWC,
1988). These lows arc uncxplaincd. Review of the data does not indicatc a
transcription or measurement correction error. '

The hydraulic properties of the geologic units of the North Area are tabulated in
Table 3. These data were compiled from various reports by Western Water
Consultants, Inc., who performed singie well pumping tests and bailer tests at nine
wells. Laboratory permeameter tests were also conducted on two cores from the
unnamed middle membegr. The fcrmcamctcr4tcsts mcgsurcd vertical hydraulic
conductivity at 2 x 10°“ gpd/ft“ and 8 x 107" gpd/ft“. No description or other
analysis of the cores was provided, and it is assumed they were from the shaly
lithology portions of the member. Data for tests of two wells (M-51/Am and M-
S1Ad) completed in shale gave hydraulic conductivity values of 0.2 gpd/ft“. The
unnamed middle member is predominantly a shaly lithology and can generally be
considered a confining unit, especially because of its thickness of 350 to 400 feet.
Sandy siltstone lenses however have a conductivity comparable in magnitude to the
"uppermost aquifer.” Tests in wells M-8d and M-10d, which are screened in shale
and silty sandstone lenses, respectively, had hydraulic conductivities of
approximately 100 gpd/ftz. It is unknown how much communication the relatively
permecable lenses have with the overlying unconsolidated deposits of the uppermost
aquifer. The vertical gradient between nested wells M-51Am and M-S51Ad, screenced
seven feet and 27 feet into the shale of the middle member, respectively, showed a
0.05 downward gradient in the unit. Lateral continuity of the permeable lenses
within the unnamed middle member is probably restricted. Due to this, the long
distance lateral transport of potential contaminants would be confined to the
permeable lenses only. Leakage to other units is possible. No documented water
supply wells are completed in-this unit in the vicinity of the Texaco Refinery.
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Geologic Unit

Eolian Sand

Paleo Alluvium

Recent Alluvium

Teapot Sandstone

Unnamed Middle Member
- shale
- siltstone/sandstone

- permeameter tests

Vertical permeability
(2 tests)

Estimated
Hydraulic Conductivity

2 to 1000 gpd/ftl
2
2 to 1000 gpd/ft
2 x 103
» 2
-2 to 1000 gpd/ft
0.2 gpd/ft?
100 gpd/ft?
2 x 1072 gpd/ftl

8 x 1074 gpdsit?

to 8 x 10° gpd/ft?

Table 3

Hydrologic Properties
North Arca Geologic Units

Estimated Transmissivity

2

2.2 x 10° to 1.6 x 10° gpdsft

2.2 x 102 to 1.6 x 10° gpd/ft

1

1.2 x 107" to 3.3 x 10° gpd/tt

7.5 x 102 to 1.6 x 10° gpd/ft

undef ined

Gradient Range

-1

~1
-1

foot/100 feet

foot/100 feet

foot/500 fect

foot/100 feet

foot/100 feet
foot/100 feet

Data compiled from:
Western Water Consultants, Inc., 1982 and 1983

Calculated

Hax imum

Flow Velocity

1.5 fr/day

1.5 ft/day

22 tt/day

1.5 ft/day

0.01 ft/day
0.2 ftsday
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Vertical gradients at the North Area were calculated for well nests. All water
level data are from 1987. These data are presented in Table 4. Downward
gradients were observed at seven well nests. Upward gradients were observed at
three well nests. The largest downward gradient, 0.56, was obscrved at the M-6
well nest (Figure 10). This probably represents the downward flow component into
the Tecapot Sandstone from the water in the colian deposits south of the Excess
Scrvice Water Effluent Ponds. The borchole logs for holes near these ponds
indicate a variable thickness of eolian sand overlying shale. The borchole log for
M-5 encountered 40 fect of shale near the M-6 well nest. Borchole M-5 was
abandoned as dry. It is probable the water in the eolian deposits is perched over
this shale and rapidly infiltrates the Teapot Sandstone wherever ¢rosion has
exposcd the Teapot through the shale or where the shale tapers to an crosional zero
thickness knifc edge at the shal¢/Teapot contact. This shale may be the Lewis
Shale which stratigraphically overlics the Tcapot Sandstone.

The next larger downward gradicnts were observed in well nests M-9, M-10, and M-
11 southeast of the Chemical Evaporation Pond (Figure 10). The effect of the
ground-water mound under the pond is probably rcsponsible for determining the
magnitude of these gradients.

Well nests at M-7 and M-14 both exhibited upward gradients of 0.02. Well nest M-
31, between M-7 and M-14 nests, has a downward gradicnt of 0.03. Explanation for
this distribution is lacking, howcever it may be associatced with the configuration of
the bedrock low as these well nests are all located along the bedrock depression
(Figurc 8).

Hydraulic connection of the uppermost aquifer to the alluvium along the North
Platte River (lower aquifer) occurs through the sceps along the bluffs southeast of
the Chemical Evaporation Pond, by probable direct connection of the uppermost
aquifer adjacent or overlying the alluvium west of the pond, and possibly by
downward leakage into permeable siltstone lenses in the middle member of the
Mesaverde which could migrate laterally to the bluff face for discharge or
subsurface lcakage to the alluvium.

The alluvium of the lower aquifer is situated between the bluffs and the North
Platte River. No pump or bailer tests were conducted in this alluvium. Five tests
conducted in the correlative alluvixm sbutl} of the river indicated hydraulic
conductivities of 2 x 10° to 8 x 107 gpd/ft“ (WWC, 1982d). This aquifer is zero to
greater than 15 feet thick with a saturated thickness of about 10 fcet, depending
on river stage. The direct hydraulic connection of the alluvium to the river is
responsible for primary recharge, with recharge also coming from the uppermost
aquifer. Discharge is also primarily into the North Platte. The gradient is low,
approximately | foot per 500 fect. Estimated maximum flow rates are about 22
feet per day (WWC, 1982d). Attenuation of pollutants from the uppermost aquifer
is probably by discharge to the North Platte and dilution. The North Platte creatcs
a hydraulic barrier (discharge point) to any migration further southward.

In summary of the potential contaminant pathways in the North Area, the
principle potential water supplies affected are the North Platte River and its
adjacent alluvium, and possibly the Teapot Sandstone aquifer northeast (down dip
and probably down gradient) of the site. Both of these aquifers and the surface
water are used for water supply east of the site.
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Well #

M-6a
M-6b

M-7s
M-7d

M-8s
M-8d

M-9s
M-9d

M-10s
M-10m

M-11s
N-11d

M-1s
M-14d

M-31s
N-31m

M-50As
M-50Ad

H-51As
MK-51Am
M-51Ad

27.0/
19.0/

23.5¢
49.0

14.0/
67.0'

18.0’
34.0'

19.57
29.0’

18.0’
44.07

22.0/
44.3

27.1
41.8'

18.0"
52.0’

10.0’
40.0’
61.0¢

Screened Interval

30.0’
24.0/

26.5'
52.0/

17.0/
70.0/

21.0/
37.0*

22.5'
32.0'

21.0'
47.0

28.0/
50.3/

33.v
47.8'

21.0'
55.0

13.07
43.0
64.01

1 Water Level Data; Western Water Consultants,

Table 4

vVertical Potential Gradients Determined from Well Nests, North Arca

Midpoint Static
of Screen Water Level
28.5° 5152.8
21.5° 5156.7
25.0' 5121.4
50.5° 5121.8
15.5° 5123.8
68.5¢ 5120.7
19.5¢ 5124.9
35.5¢ 5122.2
21.0/ 5121.8
30.5¢ 5120.7
19.5¢ 5125.7
45.5° 5122.0
25.07 5118.9
47.3¢ 5119.4
30.3¢ 5119.8
44,8 5119.3
19.5¢ No Data
53.5¢ 5121.8
11.5¢ 5116.0
41,5 5117.0
62.5 5116.0

Inc., 2/29/88

Date of

Mecasurement

12/714/87
12/14/87

-12/14/87
12/14/87

12/14/87
12/14/87

12/14/87
12/14/87

12/14/87
12/14/87

12/14/87
12/14/87

12/714/87
12/14/87

9/14/87

9/14/87

12/14/87

12/14/87

12/14/87
12/14/87

Screen
Elevation
Difference

Static
Elevation
Difference

7.00
25.5¢
53.0°
16.0
9.5/

%0
22.3¢
14,77
34.0¢

30.0'

21.0'

3.9¢

0.4’

2.7

1.1

3.7

0.5’

0.05'

1.0

1.0

Direction
Gradient of Gradient
3.9 Downward
7.0 = 0:56
0.4 Upward
25.5 = 0.02
3.1 = Downward
$3.0 0.06
2.7 Downward
16.0 = 0.17
11 Downward
5= 0.12
7 Downward
26.0 = 0.14
0.5 Upward
22.3 = 0.02
0.5 Downward
14.7 = 0.03
_1.0 Upward
30.0 = 0.03
1.0 Downward
21.0 = 0.05
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The potential'for contamination of the Teapot aquifer is undefined at the present
time. Testing of down gradient Tcapot wells for contaminants is recommended, as
is additional characterization of this aquifer on-site.

Patential for contamination of the paleco alluvium/colian deposits and the unnamed
middle member of the Mesaverde also exists and has been documented locally.

This is not considered to be as great a concern for contaminant ingestion by people
or livestock as these units are not used for water supply. The primary concern for
these units is their documented and possibly some still undocumented effects on
the Teapot and alluvial aquifers which they recharge to a greater or lesser degree.

5. Hydrogeology of the South Area

The South Arca of the Casper Texaco refincery is located on the floodplain along
the south side of the North Platte River. Covering the floodplain is a blanket of
alluvium deposited by the North Platte River. Figure 15 presents the location of
monitoring wells complcted on the South Arca. Geologic and well completion logs
for the South Arca arc presented in Appendix C. The alluvium consists of
unconsolidated finc to coarse sand with variable amounts of fine to coarse gravel.
Underlying the alluvial deposits is the bedrock subcrop of the unnamed middle
member of the Mesaverde Formation. The unnamed middle member of the
Mesaverde consists primarily of shale with minor amounts of siltstonc occurring as
discontinuous lenses.

The unnamed middle member of the Mcsaverde Formation is defined as a
confining unit in the litcrature (Hodson, et al,, 1973; Feathers, et al,, 1981; Crist
and Lowry, 1972). The member is predominantly shale as previously discussed.
Descriptions of the outcrop along the North Platte River indicate the unit here
consists of bentonitic stltstone and claystone. One well, SS-8, was "located within
30 feet of the North Platte River and drilled to a depth approximately 35 feet
below the surface elevation of the river” (WWC, 1982b)-and was dry at depth.

A bailer recovery Icst on wcll SS-5 gave an estimated hydraulic conductivity of 8.9
X 10'3 to 1.4 x 10° gpd/ft Transmissivity for this unit based on 13.5 fcet of
saturated thickness was calculated at 1.2 x 107" to 1.9 x 10 gpd/ft Corc samplcs
from three wells gave vertical conductivity values of 2.2 x 10° to 1.1 x 1074
gpd/ft°. The vertical conductivity is two or threc orders of magnitude lower than
horizontal conductivity as pointed out by Western Water Consultants, Inc. (WWC,
1982b. This is the normal case in most stratified sedimentary rocks. The dip of
the strata does however expose the eroded horizontal "edges” of the strata to
infiltration. Therefore the horizontal conductivity would be regarded as the "best”
estimate for indicating fluid flow.

As in the North Area, there are no known water supply wells producing from the
middle member in this area. Thicknesses of the member are probably in excess of
250 feet under the site. Published values of 350 to 400 feet thickness are for a
maximum section. The Texaco Refinery is located in the middle of the outcrop
belt where the dipping strata are erosionally truncated, therefore they are not at
full thickness. All these properties indicate the validity of designating the
unnamed middle member a confining unit.

The alluvium is the only aquifer present in the South Area. Extensive alluvial
deposits equivalent to this alluvium lie east and west of the site. Thickness of
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alluvium ranges from zero to greater than 55 feet (Figure 7). The deposit covers
the entire site except for bedrock outcrops in the northeast and southwest portions
of the arca. The alluvium is underlain by, and fills, a paleo channel cut into the
underlying bedrock by the North Platte River. Figurc 16 presents a bedrock
contour map constructcd by the Task Force which shows c¢vidence of this palco
channel. Saturated thickness of the alluvium ranges from approximately {ive fect
to 30 fcet. An average saturated thickness for the alluvial aquifer has been given
as about 20 feet. The Task Force evaluation supports this as approximately
correct.

During March and April, 1982, pumping and bailer recovery tests were performed
on four wells and single well pumping tests were performed on three wells in the
alluvial aquifer. These data have been tabulated by Western Water Consultants,
Inc. (WWC, 1982b). {lydraulic c%nducliv;tics for the alluvium were calculated to
range from 8.3 x 10 to 2.1 x 10” gpd/{t~. Estimated transmissivitics ranged from
7.6 x 10° to 3.3 x 10° gpd/rt.

Gradicnts for the alluvial aquifer vary duc to the bedrock high, man-madc
structurcs, pumping, and natural slopc. Caiculations on "local” scale maps by
Western Water Consultants, Inc. (WWC, 1982b) give a gradient of 50 fecet/mile.
Task Force measurements of potentiometric maps of the site indicate gradients
ranging from approximately onc to two feet per 600 fcet. The gradicnts near
pumped wells would be much steeper but available map scales and data do not
allow quantification of this.

Flow directions arc gencrally cast and north for the central portion of the site
(Figure 17), while [low for the southecastern corner is to the northeast/cast (Figure
18). The bedrock high of low conductivity shale in the northeast portion of the
area creates a diversion of flow around it. Perched water is documented to occur
along the east side of the high. This is an inconsequential differentiation,
however, as the entire aquifer overlies the shaly bedrock. The potentiometric
surface map for the southeast corner of the facility (Figure 18) shows a flat
gradient at the corner with general flow to the east towards the Little America
Refinery. Insufficient data exist to evaluate scasonal fluctuations.

A potential for mistakes in contouring of the potentiometric surfaces and in
prediction of flow directions in the central portion of the South Area is possible
due to the presence of an immiscible hydrocarbon phase on the water table.
Hydrocarbons are documented to occur in a relatively large part of the South Areca.
Water level data measured before May 8, 1985 arc not corrected for depression of
the water table by the hydrocarbon phase. This can have a significant effect on
potentiometric contour maps. If these uncorrected data are used, anomalous or
incorrect potentials and flow directions may result.

Flow directions and gradients are also modified by several man-made [eatures. An
interceptor trench enters the area from the northwest. This trench induces flow to
the alluvium. Other interceptor trenches. parallel the North Platte River. These
trenches are excavated to a depth below the water table. They function as a cut-
of f or open drain where hydrocarbon accumulations can be removed from the
water table. During pumping, the gradient near these trenches would steepen.

A ’'clay barrier’ (ground-water barrier) was installed during the 1950's. This
barrier parallels the North Platte and is located just south of the river. It extends
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from the bedrock high to the west about 400 feet. This presumably acts as a dam
to hydrocarbons migrating toward the Platte. Somec of the effect of these
structurcs on the local flow paths is unknown although Figure 18 appears to
indicate an cffcct. The probability of lcaks or breaches in the containment
structures is suggested by the presence of hydrocarbon sceps along the bank of the
North Platte.

Pathways for potential migration of contaminants off-sitc arc limited. The paleo-
channel appears to direct flow around the bedrock high in the northeast corner of
the property. This pathway may allow contaminants to flow eastward around the
bedrock high and the interceptor system, although insufficient data exist to
document this. The lowest areas of the paleo channel may act as 'sinks’ for dense
phase immiscibles. These could conceivably infiltrate siltstone lenses in the
unnamed middiec member and migrate laterally, however the effects from this
possible pathway arc considered to be minor on water supply aquifers.

The major impacts from the contaminants would probably be to the North Platte
River. Continuing scepage around the barricrs and interceptor system allows
contaminants to reach the river. Escapc of contaminants to the cast, around the
bedrock high and through permeable lenses in the middle member are possible
pathways to the river. While no bedrock aquifers underlie the South Area,
migration to the northeast of contaminants may impact the Teapot aquifer. This
pathway is presently undcefined and conjectural. To recach the subcrop of this
aquifer, migration off-sitc to the northcast must take place. The distance to the
subcrop of the Tcapot Sandstone from the eastern boundary of the waste
management area is not defined. Characterization of the uppermost aquifer
including the Tcapot Sandstonce is required under 40 CFR 265.90(a).

D. GROUND-WATER MONITORING SYSTEM

Ground-water monitoring at the Texaco facility began in the 1940’s. Dozens of wells
were installed in the South Arca between 1947 and 1957 to define the hydrogeology of the
areca, and to define the thickness and arcal extent of oil contamination existing at that
time. In the carly 1980's numerous wells were installed in both the South and North
Arcas in an attempt to bring the system into compliance with State and Federal
rcgulations. A minor number of wells have been installed since 1982 in both arcas. As of
August, 1986, at lcast 208 wells exist at the facility. Most are still in use today for water
quality and/or water level measurements. A minor number of wells were and are used for
production, oil recovery, injection and pumping and observation purposes.

Most monitoring wells at the Texaco facility have a unique alpha-numeric designation. In
general, the M- and SP- series wells are located in the North Area, designed to monitor the
uppermost aquifer and unnamed middle member, and the alluvial aquifer, respectively.
Some of the wells located in the North Area are nested. The alpha-numeric sequence in
these wells is followed by an "s, m or d,” indicating shallow, medium, or deep. In
addition, some well designations are followed by an "A", indicating alternate. The South
Area predominantly consists of simple numeric and SS- series wells. The numeric series
wells were installed in the 40’s and 50’s, with the SS series installed since 1981.

For clarification purposes, the remainder of this Section is subdivided into four major
Subsections. Subsection 1 assesses the current ground-water monitoring system under

interim status in the North Area. The second Subsection assesses the proposed ground-
water monitoring system of the North Area for permitting purposes. Subsection three
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dctails the rcgulatory adequacy of both the interim status and the proposed ground-water
monitoring systems mentioned above. Finally, Subsection 4 assesses the South Area
ground-water monitoring system, including a discussion of the oil recovery system
currently in place. Texaco’s Sampling and Analysis Plan, and past water quality data will
be assessed in Section E of this report.

1. Ground-water Monitoring System under Interim Status (North Area)

Two units are currently subject to the rcgulatory requirements of 40 CFR 265
Subpart F. These are the North Land Farm, currently operating under interim
status, and the CEP, a former interim status unit which, according to Texaco,
ccased ecxcepting waste in June 1982. A Part B Permit Application has becn
dcveloped by Texaco and was received by US. EPA Region VIII in 1985, The land
farm will be operated undcr interim status until such time as a decision on
whether to grant or deny-a permit is issued. The CEP was opcrated under interim
status until September, 1986, when the pond was clean closed under 40 CFR 265.
Because wastes were not disposed of in the CEP after July 26, 1982, ground-water
monitoring pursuant to 40 CFR 264 is not required.

a. History of Interim Status Monitoring

As part of the ground-water monitoring requirements of 40 CFR 265,
Texaco installed four monitoring wells near the CEP in early 1982 (WWC,
1984b). One well was designated as an upgradicnt well (M-7s), and three as
downgradient (M-8s, M-10s and M-51As) (Figure 10). These four wells
scrved as the detection monitoring system for the CEP. Detection
monitoring wells specific to the North Land Farm have not been designated
by Texaco undcer the interim status program. It should be noted that 25
monitoring wells existed in the North Arca prior to the first round of
sampling during March 1982. Analytical results of this sampling event
indicated that ground water was degraded below and downgradient of the
CEP and North Land Farm. During the remaindecr of 1982 and again in
1984, a total of 52 additional monitoring wells were installed in the North
Arca.

Because of the degraded ground water known to have existed in early 1982,
Texaco implemented what they state is a "voluntary” ground-water
assessment program. The Task Force considers this to be an assessment
monitoring program under 40 CFR 265.93(d). This program consisted of
monitoring 23 wells in the vicinity of the CEP and North Land Farm.
These wells were used to obtain water level and ground-water quality data
on a quarterly basis. Data have been collected semi-annually or annually
for the other wells in the North Area. This program remains virtually
unchanged presently, with the exception of eight additional wells which are
monitored on a quarterly basis. '

Texaco has maintained that since the inception of the assessment program,
the degraded ground water is due to leakage from the CEP, and not the
North Land Farm. According to Texaco, "unsaturated zone monitoring data
collected under the pond and North Land Farm during interim status
confirm that the pond, and not the North Land Farm, is the source of the
groundwater quality degradation” (Texaco, 1985). Texaco further maintains
that because contamination has not migrated from the land farm,
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compliance monitoring (40 CFR 264.99) or corrective action monitoring (40
CFR 264.100) is not appropriate under opcrating standards regulations, and
that detcction monitoring (40 CFR 264.98) is the alternative. The detection
monitoring program proposcd by Texaco in their Part B Application is
asscssed in Subscction 2.

The chemical evaporation pond ground-water monitoring system, although
currently operating under 40 CFR 265.93(d) asscssment monitoring, will be
subject to 40 CFR 264.101 which addresses correction action from SWMUSs as
this unit does not meet the regulatory definition of a regulated unit under
40 CFR 264.90 (i.c. ceased receiving wastes in June, 1982).

b. Assessment Program Under Interim Status

The assessment program implemented in 1982 was designed to determine the
rate, extent and concentrations of contaminants in the ground water in the
North Areca. As was introduced earlier in this report, two HWMUSs and four
SWMUSs exist in the North Arca. They include the North Land Farm and
CEP (HWMUs), and the Asphalt Landfill, North Tank Farm, Solid Waste
Landfill and the Excess Service Water Effluent Ponds (SWMUs). All the
above units have at least some potential to contribuie to the degraded
ground water. With the exception of the wells designed to monitor ground
water near the Excess Service Water Effiuent Pond (Figure 19), the
assessment program cannot differentiate between the remaining units in
terms of dctecting a release from a single unit.

According to Texaco, monitoring frequency for each well is defined as
follows: Il contamination has becen detected, that well will be monitored
quarterly [40 CFR 265.93(d)(7)(i)). Thec monitoring frequency of wells with
contamination will continue on a quarterly basis until that well achicves
water quality objectives (as set forth by Texaco) for four consecutive
quarters. If contamination has not been detected, that well will be
monitored yearly. Because a potential exists for most wells located in the
North Area to exhibit contamination, all wells were assessed for design,
placement, and construction deficiencices.

According to well inventory sheets and well completion details, 77 ground-
water monitoring wells were installed within the North Area between 1981
and 1984. Locations of all wells in the North Area are presented in Figures
10 and 19. The majority of wells installed in 1981 and 1982 werc to define
the geology and hydrogeology near the North Land Farm and CEP (Texaco,
1983). Two additional wells were installed on March 29, 1984 (M-36 and SP-
28). Four more were installed in September of 1984 (SP-29 - SP-32) to
characterize water quality in the alluvial aquifer near the North Platte
River (WWC, 1984b).

Currently, 65 wells are monitored for ground -water quality. Of the 77 wells
in the North Area, 12 records of we!ll completions were not provided to the
Task Force. Of these 12, six wells are currently used for monitoring
purposes. These are SP-1 and SP-31 (uppermost aquifer), SP-2 and SP-4A
(unnamed middle member), and M-12s and SP-26 (alluvial aquifer). An
assessment of these wells is obviously limited. It should be noted that wells
SP-31, SP-1 and M-12s are currently monitored on a quarterly basis as part
of the assessment program.
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Monitoring Well Svstem Design/Placement/Construction The ground-water
monitoring system was originally implemented to define the geology and
hvdrogcology in the North Area. Subscquently, the system was and is used
to define water quality under the assessment program and provide hydraulic
properties of the two aquifers and the confining unit.

Horizontal locations of these wells were based on-regional and local ground-
water flow. The vertical locations of the screened intervals were designed
to provide ground-water samples from the upper and alluvial aquifers, in
addition to the unnamed middle member.

Based on the refinery waste constituents (Table 5), the monitoring system
should be capable of monitoring the water table during high and low water
level stages for light phase immiscibles. The system should also be capable
of dectecting dense phase immiscible components. Table 6 presents historic
high and low water elevations of all monitoring wells located in the North
Area between 1982 and 1987, and compares these with the screened
clevations. Table 6 also presents the adequacy of the intervals to detect
light phase immiscibles during both historic high and low water level
periods. Finally, the table addresses the adequacy of the monitoring system
to detect any dense phase immiscibles. The criterion used by the Task Force
to verify the latter was that a well had a portion of the screened interval
located at the aquifer/unnamed middle member (aquitard) interface.

“As indicated in Table 6, only seven wells are capable of detecting light

phase layers for all previous water level clevations. Based on potentiometric
maps and water quality data, these wells are located hydraulically up or
cross gradient, or so far away from the HWMUs so that dilution or other
natural factors.affect the ability to obtain a sample representative of any
potential floating layers being transported from the units. Wells M-6b and
M-23 are located near the Excess Service Water Effluent Pond No. 1 and
approximately 1200 feet northwest of the CEP, respectively (Figures 19 and
10). Wells M-17 and M-37 are both located at lcast 400 fect cast of the
North Land Farm, and weclls SP-29, SP-30 and SP-31 are¢ located in the
alluvial aquifcr near the North Platte River (Figure 10).

Table 6 also indicates that 35 wells arc unable to detect a light phase

“immiscible during any past water level. However, many of these are

designed and constructed to monitor other sections of the uppermost
aquifer, in addition to other stratigraphic units.- Examples of the latter
include the m and d- series wells, and the wells screened in the unnamed
middle member.

Finally, Table 6 presents the wells whose screens are capable of detecting
potential dense phase immiscibles. Discounting most of the SP- series wells
located at the alluvial aquifer/unnamed middle member contact, 12 wells
are screened such that dense phase immiscibles could be detected.

The horizontal locations of all monitoring wells in the North Area are
shown on Figures 10 and 19. Based on the local geology and hydrogeology,
in addition to past analytical results, complete characterization of the
uppermost aquifer is not possible. Two areas of concern were noted by the
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Table 5
Select Physical Constants of Known Groundwater Contaminants
CHEMICAL DENSITY (g/ml) WATER SOLUBILITY (g/m3)
Anthracene 1.25 0.075
Benzene 0.8787 1780
Benzenethiol 1.0766 Insoluble in H,0
Chlorodane 1.59-1.63 Insoluble in H,0
Chrysene 1.274 .002
Cresols 1.030-1.038 Soluble in about 50 parts H,0
1-2 Dibromoethane 1.5389 4.310
2,4-Dimethyliphenol 1.0276 STightly soluble
2,4-Dinitrophenol 1.683 Very sparingly soluble in H,0
Ethylbenzene 0.8672 1780
Fluoranthene 1.252 0.260
Fluorene 1.203 1.98
Heptachlor 1.5050 Insoluble
Methyl Ethyl Ketone 1.3814 61.4
(2-butanone)
1-Methyl-Napthalene 1.025 27
2-Methyl-Napthalene 1.0058
2-Methylphenol 1.047 Soluble in about 40 parts H,0
4-Methylphenol 1.5395 100 m1 H,0 dissolves about
2.5 g at 50°F
Naphthalene 1.145 34.4
4-Nitrophenol 1.495 Moderately soluble in H,0
Phenanthrene 1.179 1.18
Phenol 1.0722 93.0
Pyrene 1.271 0.148
Toluene 0.8669 515
Xylene 0.8968 185
References

CRC Handbook of Chemistry and Physics, The Chemical Rubber Co., 1969.

Dangerous Properties of Industrial Materials, Van Nostrand
Reinhold Co., 1984.

The Merck Index, Merck & Co., Inc., 1976.

Soil Gas Sensing for Detecting and Mapping of Volatile Organics, National
Water Well Association, 1987.
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WELL I.D.

M-1
M-2
N-3
-4
M-6a
M-6b
M-7s
M-7d
M-8s
M-8sa
M-8d
M-9s
MN-9d
M-10s
M-10m
M-10d
N-11s
M-11d
M-12s
M-13
M-14s
M-14d
M-15
N-16
M-17
M-18d
M-19
M-20
M-21

HISTORIC HIGH

ELEVATION

5210.9
5183.8
5187.6
5187.9
5154.1
5158.9
-5121.9
5121.9
5124.9
5124.9
5120.8
5127.3
5122.9
5122.3
5121.7
5120.7
5128.5
5122.8
5080.
5121.
5119.
5119.
5118.
5118.
5114.
5108.
5116.
5121.
s121.

- = 00N OO0 WD oW

HISTORIC LOW
ELEVATION

5208.
5180.
5185.
5186.
5153.
5156.
5120.
5120.
5121.
5119.
5119.
5123.
5118.
5118.
5117.
5116.
5121.
5117.
5076.
5119.
5117.
517,
5117.
5116.
5112,
5105.
5114.
5120.
5119.

VI O NSOV O WS =2 OO0 = W = 00 W= 000NV O N WO W

*{ No log available.

SCREENED INTERVAL

.Table 6

Historic High, Low and Screened Interval Elevations
' (North Arca)
(Elevations in feet above mean sea level)

ADEQUATE TO DETECT
LIGHT IMMISCIBLE
COMPONENTS AT
HISTORIC HIGH

ADEQUATE TO DETECT
LIGHT IMMISCIBLE
COMPONERTS AT
HISTORIC LOW

ADEQUATE TO
DETECT DENSE
PHASE IMMISCIBLE

ELEVATIONS ELEVATIONS? ELEVATIONS? COMPONENTS?
5183 - 5188 No No No
5175 - 5180 No Yes No
5186 - 5191 Yes No No
5177 - 5182 No No No
5149 - 5152 No No No
5154 - 5159 Yes Yes No
5115.5-5118.5 No No No
5090 - 5093 No No No
5121 - 5124 - No . Yes No
5115 - 5118 No No No

© 5070 - 5073 No No No
5123 - 5126 No Yes No
5107 - 5110 No No No
5121.5-5124.5 Yes No No
5112 - 5115 No No Yes
5096 - 5099 No No No
5120 - 5123 No Yes No
5094 - 5097 No No No
*1
5113.25-5119.25 No Yes No
5107 - 5113 No No No
5084.7-5090.7 No No Yes
5104.5-5110.5 No No No
5107.5-5113.5 No No No
5105 - 5115 Yes Yes No
5075.5-5081.5 No No Yes
5108 - 5114 No NO No
*1 No
5090.5-5096.5 No No No
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WELL 1.D.

M-22
M-23
M-24
M-25
M-26
N-27
M-29
M-30
M-31s
M-31m
N-32
N-33
M-34
H-35
M-36
N-37
M-40A
M-50As
M-50Ad
M-51As
M-51Am
M-51Ad
SP-1
sp-2
sp-3
SP-4
SP-4a
SP-5
sp-7
SP-8
SP-9
sP-10
sSp-19
Sp-23
SP-24

HISTORIC HIGH
ELEVATION

5121.
5117.
5120.
.5
5098.
5110.
5119.
5095.
5120.
5119.
5094.
5089.
5120.
5115.
5120.
5111,
5126.
No data
5122.
5115.
5117.
5115.
5112.
5098.
5105.
5103.
5102.
5080.
5080.
5080.
5080.
5080.
5077.
5077.
5084.

5114

1
6
7

S D W N = WV DN OO

-

3

N NSO W SNV O NN O N

HISTORIC LOW
ELEVATION

5120.
5116.
5119.
5113,
5095.
5108.
5118.
5093.
5118.
5118.
5092.
5085 .
5118.
5112.
5118.
5109.
5121.
No da
5114,
5114,
5115.
5113.
5110.
5096.
5105.
5103,
5102.
5076.
5076.
5076.
5076.
5076.
5077.
5075.
5079.

O & O NS & VO NOWVMOKVDODNOOMA NNWVNWWMN=NWOWNVWWMS®-

a

SCREENED INTERVAL

ELEVAT

*1
5112

5096.
5093.
5088.
5083.

5109

5085.
5106.

5091
5082
5077

5100.
5099.
5098.
5089.

5119
5124
5121
S111
5081
5059
1
"1
“1
"1
1

5070.

5071

5071.
5073.

5071
507
5072
5076

TONS

T-5017,
5-5102.
5-5099.
5-5094.
2-5089.

- 519

- 5092
- 5087

- 5122
- 5127
- 5124
- 5114
- 5084
- 5062

4-5091.
5-5112.
.7-5097.

4-5110.
9-5109.
6-5118.
1-5114,

5-5074.
.0-5074,
5-5075.
5-5077.
.0-5074.
.0-5076.
.1-5075.
.4-5079.

NNy

w o o0

Ll Y Y A oS IR Vo B (N ]

Table 6 (continucd)

ADEQUATE TO DETECT
LIGHT I1MMISCIBLE
COMPONENTS AT
HISTORIC HIGH
ELEVATIONS?

Yes
No
No
No
No
No
No
Ko
No
No
No
No
No
No
Yes
No

Yes
No
No
No

No
‘No
No
No
No
No
No
No

ADEQUATE TO DETECT
LIGHT IMMISCIBLE
COMPONENTS AT
HISTORIC LOW
ELEVATIONS?

Yes
No
No
No
No
Yes
No
No
No
No
Yes
No
No

Yes
Yes

No
Yes
No
No

No
No
No
Yes
No
No
Yes
Yes

ADEQUATE TO
DETECT DENSE
PHASE IMMISCIBLE
COMPONENTS?

No
No
Yes
Yes
No
No
Yes
Yes
No
Yes
Yes
Yes
No
No
No
Yes
No
Yes
No
No
No
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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HISTORIC HIGH
WELL 1.D. ELEVATION
sp-25 5080.1
SP-26 5080.3
sp-27 5080.3
SP-28 5080.1
spP-29 5077.0
spP-30 . 5077.5
sp-31 5077.9
sp-32 5077.4

HISTORIC LOM
ELEVATION

Dry

5076.5
Dry

5076.2
5075.3
5076.0
5076.4
5075.8

*2 Log does not indicate elevation.

SCREENED INTERVAL
ELEVATIONS

"1
"
"1
5071.5-5079.5
5074.3-5077.8
5070.6-5079.8
5073.0-5080.0
2

Table 6 (continucd)

ADEQUATE TO DETECT
LIGHT IHMMISCIBLE
COMPONENTS AT
HISTORIC HIGH
ELEVATIONS?

No

Yes
Yes
Yes

ADEQUATE TO DETECT
LIGHT IMMISCIBLE
COMPONENTS AT
HISTORIC LOW
ELEVATIONS?

Yes
Yes
Yes
Yes

ADEQUATE TO
DETECT DENSE
PHASE IMMISCIBLE
COMPONENTS?

No

Yes
Yes
Yes
Yes
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Task Force. The first area is located cast of the CEP and North Land
Farm. As noted in Plate I Scction A-A’, a palco-channel (top of bedrock
depression) occurs cast of the HWMUs. In addition, the Teapot Sandstone
subcrops in or ncar this bedrock depression. Based on well logs, the Teapot
Sandstone has at best a single well located so as to monitor ground-water
quality of this unit. Beccause this unit 1s used as a water supply down-dip
(towards the northcast), the Task Force reccommends both the installation of
additional wells to characterize water quality on Texaco property, and
sampling of wells down-dip to determinc if contamination has migrated off-
site.

The second area of concern noted by the Task Force is the lack of
monitoring wells located south and southwest of the HWMUs. This arca is
characterized by the shaley unnamed middle member. Previous technical
reports submitted by Texaco indicate that this unit acts as a ground water
barricr, and that flow is diverted on both sides of this unit (i.e. to the
southwest and southeast). However, tt appears that locally-this shaley unit
may be hydraulically connected with the surrounding units (i.c., the colian
and alluvial deposits). Evidence to substantiate this is based on the fact
that two wells (M-9d and M-10d) have shown contamination in the past.
The Task Force reccommends that additional wells be installed south and
southwest of the HWMUs in the unnamed middie member. The installation
of additional wells in this area would also provide data on the impact that
the SWMUs may have on ground water. In addition, it is evident based on
Figurc 19 that an inadequate number of wells arc instatled adjacent to the
Excess Scervice Water Effluent Ponds to evaluate potential relecase from this
SWMU. Based on 4he geology and hydrogeology of the arca and past
analytical data, the wells located along the western property boundary arc
adequately located from a horizontal viewpoint.

Design and specifications of the wells located within the North Area are
presented in Table 7. Additional information rclated to the technical
adequacy of the construction of these wells are presented in Table 8. In
asscssing the technical merit of the monitoring system, only genceralized
inadcquacics will be mentioned. The rcader is referred to Tables 7 and §
for specific construction inadequacies of each monitoring well.

All wells were drilled by rotary or hollow stem auger methods. The Task
Force noted that two different types of drilling fluids were used during

construction of some of the wells. Table 9 lists the type of drilling fluid
and the associated wells. All other wells used air and/or water, or used a
hollow stem auger where no fluid is necessary.
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WELL 1.0,

MH-8s

M-68

n-7s

n-7d

tab-b
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DATE
DRILLED

11724701

11725781

12/72/81

1274701

12/1/81

1274181

1271/8y

1/8/82

12/5/81

1/8/82

SURFACE
ELEVATION

(feet sbove
mean sea level)

sa27

5201

5201’

5201

NA

5179

si78’

5142’

$142¢

S138

TOTAL

DEPTH

(feet balow
surface)

50’

32

15

26!

100

L0

33

26,5

60’

20’

CASING

DIAMETER

(inches)

Iy

Iy

4"

4L

o

Iyl

I

4

Teble 7

Monltoring Well Specifications

CASING

Sch

Sch

Sch

Sch

Sch

Sch

Sch

Sch

Sch

40

L0

40

40

40

40

40

40

L0

TYPE

v

av

gv

gv

(North Ares)

SCREENED
INTERVAL
(feet below
surface)

30-44

21-26°

10-15°*

19-24¢

27-30/

19-24°

23.5-26.5'

49.52¢

14-7

sLOT o
PERF, SIIE
(inches)

0.020%

0.10"

0.020*

0.020"

0.020"

SAND PACK

8-12 frac sand

1/4% pes grav
8 B-12 frac od.

174" pea grav
4 8-12 frac od.

174" pea grav
$ 8-12 frac sd.

12-20 frac sand
174 pea grav

& 8-12 frac sd,
12-20 frac send

brill cuttings

12-20 frac sand

SCREENED UNLT

Eolian

Eolian

fotlan

Tespot

Eollan
Teopot

Sand

$ond

Sand

VATER

BEARING ULNIT

Uppermost

Uppermost

Uppermnost

Uppermost

DRY, PLUGGED AND ABANDONED

Eotion
Tsapot

Eolian
Teapot

Eollan
Teapot

Eotlan
Teopot

Eollan

Sand
Sand

Sand

Uppermost

Uppermost

Uppermost

Uppermost

Upperoost

squifer

equifer

oquifer

squifer

aquifer

equifer

aquifer

aquifer

oquifer
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WELL |.0.

3211

K-8d

K-9s

#-10s

M-11s

M-11d

DATE
DRILLED

1710782

1718782

1/27/82

1727782

1711/82

1725,82

1725/82

1/24/82

1726782

4715/82

6725782

SURFACE
ELEVATION
{feet sbove
mean ses level)

S$137¢

5140

5144

5144

SN

S124

S

AT

S

1

5143’

TQrAL

DEPIH

(feet below
surfsce)

L0’

70

22’

b0

25

35

50’

22!

S0’

9.5

o7

CASING
DIAMETER
(inches)

el

I

e

g

e

o

]

It

I

2

CASING

Sch

sch

Sch

Sch

Sch

Sch

PVC

L0

&0

40

L0

L0

L0

40

0

Tshle 7 (contlnued)

SCREENED

TTPE INTERVAL
(lteet below
surface)

gv ot 19-22¢

v st 67-70"

gv st 18-21*

sv &t 34-37

v st 19.5-22.5"

v ot 9-32¢

gv ot 45-48-

v st 18-21°

ov st L4-4T7
5-90
21.75-27.75¢

SLOT ok

PERF. SI2E
({inches}

o

(-]

(-]

.020

.200"

.020"

020"

020"

.00~

.020

.00

.o2om

.0z0%

SAKD PACK

8-12 frac sard

orill cuttings

12-20 frec send

12-20 frac send

12-20 frac send

oritt cuttings

orltl cuttings

orltl cucttings

oritl cuttings

8-16 L 12-20
Eol lan Send

SCREENED UNLT

totfan Ssnd

Unnamed
Hiddle mbr,

Eolian Sard
lezpot Sand

Unnamed
Hidgdie Mbr,

Eolien Sand
Tespot Sand

Teapot Sand
unnared M. Hbr.

Unnamed
Middle Mbr.

Eollan Sand
Tespot Sand

Unnamed
Hiddle Mbr,

Atluvium

Eollan Sanc

WATER
BEARING UNIT

Uppermost squifer

Unnamed
Micdte Mbr,

Uppermost aqulfer

Unnamed
Middle mbr,

Uppermost oquifer

Uppermost squifer

Urnamed
Hiddle Mbr,

Urpermast aqulfer

Unnamed
Hiddle Mbr,

Alluvium

Uppermost squlfer



€L

VELL 1.0,

M-8

N-1id

n-15

N-14

N-19

N-20

N-21

tab-b
slh

DATE
ORILLED

7710782

1/9/82

70782

1710782

7713/82

1712782

711782

6/17/82

7/8782

6/16/82

4/19/82

SURFACE

ELEVATION

(feet above

@can sca level)

5135

5135¢

5137+

$135¢

S131¢

$129¢

S128¢

NA

S137¢

NA

Ss1l0

TofAL

© OEPTM

(feet below

surface)

28

70

32.5¢

28

27.8'

$3.5¢/

20

32

52

4.8/

27.5%’

CASING
OIAMETER
(inches)

™~

2~

rdl

FL

r Ll

2

L™

rLl

4~

Teble 7 (contlinued)

SCREENED
CASING TYPE INTERVAL
(teet below
surface)
pve 22-28¢
Ve 44.3-50.3
(444 26.5-32.5'
(444 21.5-27.5°
PVC 16-26¢
pve (7.5-53.%’
pve 14-20°
Sch 40 st 22.5-25.5°
PVC 40.9-46.5"
Sch 40 gv st 24-30
(414 12.3-18.3°

$tor or
PERF. SIQE
(inches)

o

.020~

.020~

.020%

.020*

,020%

.020~

.020~

.020*

.020*

016"

.020"

SAND PACK

12-20
Silica Sand

12-20
Silice Sand

12-20
Silicea Sand

12-20
Sllica Sand

12-20
Silice Sand

12-20
Sitica Sand

12-20
Silica Sand

12-20 froc soand

12-20
Silice Sand

12-20 frac sond

12-20 frac sand

SCREENED UNIT

€ollan Sand
Unnamed
Hiddle Mbr
Basal Clay
Eolian Sand
Bosal Clay

€olian Sand
Basal Clay

Unnamed
Hiddle Mbr.

Eotian Sand

Eolfan Sond

Eolfoan Sand

Eolian Sand

Eotfan Send

VATER
BEARIKG UNLT

Uppermost aquifer

Unnamed
Hiddle Mbr.

Uppermost aquifer

Uppermost aquifer

Uppermost aquifer

Unnamed
Middte Mbr.

Uppermost oquifer

Uppermost equifer

Uppermost aquifer

Uppermost equifer

Uppermost squifer



vL

tab-b
sth

WELL 1.0,

N-25

N-26

n-27

N-31s

N-31m

M-32

DATE
DRILLED

1/7/782

7/7/82

6/20/82

6/20/82

7/13/82

7713782

6/20/82

6/29/82

6/30/82

7/15/82

SURFACE

ELEVATION

(feet sbove

nean sea level)

31447

5124

5101

S114°

KA

5135

5140’

5139.5¢

5095

TOTAL CASING
DEPTIH DIAMETER
(feet below (inches)
surface)

15 2= pve
36 2 PVC
16’ ™ PVC
33 rid pPVC
26 HOUE PLUGCED AND ABANDONED
27.5¢ - PVvC
16° red PVC
33.5° rid PVC
59 2~ pPVvC
14 " pPve

Table 7 (continued)

CASING TYPE

SCREENED
INVERVAL
(feat bolow
surface)
41.5-47.5
248.%-30.5°

6.5-12.3

24.8-32.8¢

16-26"

7.5-13.6*

2r.1-33.¢v¢

41.8-47.8"

3-13¢

SLOT of
PERF.
(inches)

0.020"

0.020*

0.020%

0.020"

0.020%

0.020"

0.020+

0.020*

0.020"

$12€

SAND PACK

12-20
$ilice Sard

12-20 ¢ 8-16
Sitice Sondd

12-20
Silice Sand

12-20
Silica Sand

12-20
Sitice Sand

12-20
Sllica Sand

Clean drilld
cuttings

Clean drill
cuttings

12-20
Silica Sond

SCREENED UNIT

Sandy sititstone

8a1al siltstone

€ollen Sond

Unnamed
Kiddle Mbr.

Eolfan Sand

Basal Clay

Eollan Sand

Eollan Sand

Sassl Clay

Eotlan Sand, Basal

Clay, Unn. M. Hbr.

VATER'
BEARIMG UNIT

Uppermost squifer
Uppermost aquifer
Uppermost squifer

Unnamed
Middle Mbr.

Uppermost aquifer
Uppermost squifer
Uppermost squlfer
Uppermost aquifer

Uppermost squifer



SL

VELL 1.0.

N-33

N-34

NH-3%

H-49A

M-50As

H-50Ad

N-31As

M-S1Am

A-51Ad

tab-b
slh

OATE
ORILLED

T/15/82

715,82

T/15/82

3/29/84

9720784

1/24/82
1726/82

1712782

1/10/82

1720782

1/22/82

SURFACE

ELEVATION

(feet sbove

mean sea level)

5099

S140*

s12a¢

5138.6°

5119.9/

5141

51427

5124

5124

123

TOTAL

DEPTM

(feet below

surface)

23

39.5¢

29.5¢,

40’

31,5

25

22

56¢

15¢

45

70¢

CASING
DIAMETER
(inches)

2-

2™

2=

g

I

Il

(5

L

L»

oM

Toble 7 (continued)

CASING TYPE

PVC

’VC‘

PVC

$Sch 40 PVC

Sch 40 PVC
1n20

Sch 40 gv
Sch 40 gv

Sch 40 gv

Sch 40 gv

Sch 40 gv

Sch 40 gv

SCREENED
INTERVAL
(feet below
surface)

12-22°

29.6-39.3°

18.1-28.1

20-40’

$.4-30.8’

19-22¢

18-217

C52-55¢

10-13¢

&0-:3¢

b1-¢47

SLOT Ok
PERF. SIIE
(Inches)

o

o

o

o

.018+

.oe-

.018=

.020~

025"

.020*

.020

.020"

.020%

.020"

.020%

SAND PACK

8-16
Silice Sond

12-20
Silica Sand

8-16 & 12-20
Silica Send

Orill cuttings

8-16 frec send

oritl cuttings

Yes

12-20 frac sand

12-20 froc sond

pritt cuttings

orill cuttings

SCREENED UNIT

Besal Cloy

Unnamed M. Wbr.

Basal Clay

8asal Cloy

NA

Sand & gravel

Eolian Sand

Eotien Sand

Unnamed
Middle Mbr.

Backfllled
Eolian Sand

Unnomed
Middle Mbr.

Unnamed
Middie Mbr.

WATER
BEARING UNIT

Uppermost aquifer

Uppermast aquifer

Uppermost aquifer

Uppermost aqulifer

Uppermost aquifer

Uppermost aqulfer
Uppermost aquifer

Unnamed
niddle Mbr.

Uppermost aquifer
Unnamed
Middte Mbr.

Unnamed
Hiddle Mbr.



9L

VELL 1.0.

§P-1

sp-2

§P-3

P-4

SP-4A

$P-3

sP-8

sp-9

$P-10

SP-19

tab-b
sih

DATE
ORILLED

3/26/82

£/715/82

/15782

4/15/82

6/22/82

6r22/82

6/22/82

6722/82

16/22/82

6/28/82

SURFACE
ELEVATION

(feet above
mean ses level)

1

“1

1

s079

5081

5082’

sos2’

08y’

5081

TOTAL
DEPTH
(feet below

surface)

9r

(-1

13.2?

1.2

Qr

8.5

CASING
DIAMETER
(inches)

2

-

2w

2"

2~

2"

Table 7 (continued)

CASING TYPE

Sch 40 gv

Sch 40 gv

Sch &0 gv

Sch 40 gv

Sch 40 gv

Sch 40 gv

SCREENED
INTERVAL

(feet below

surtace)

5-8.%'

4-7.5'

1-4.5

7-10.5°

4.8-8.5¢

6.5-10'

6.9-10.5¢

4.8-8.5

6.5-10°

L.5-7.8’

$LOT OR
PERF,
(inches)

0.020~

0.020%

0.020

0.020

0.020+

0.020*

SI2E

SAND PACK

12-20
Silica Sond

12-20
Silice Sand

12-20
Stlica Sand

12-20
Sitice Sand

12-20
Sitice Sand

Clesn drill
cuttings

SCREENED UNIT

Eollan Send

Unnamed
Hiddle Kbr.

Eolian Sand

Unnamed
Hicdle Mbr.

Alluviun

Altuvium

Altuvium

Alluvium

Al tuviun

Alluviun

VATER
BEARING UNIT

Uppermost aquifer

Unnamed
Hidile Mbr.

Uppermost aqulfer

Unnamed
Middle Mbr.

Al tuvium

Alluvium

Alluvium

Al tuvium

Atluvium

Attuvium



LL

VELL (1.0,

sP-20

sP-21

§P-22

§P-23

§P-24

SP-28

SP-26

sP-27

SP-28

SP-29

$P-30

tab-b
sth

DATE
DRILLED

.2

2

.2

6/29/82

T/15/82

*2

-2

2

3729784

9719784

9/19/84

SURFACE
ELEVATION

(fect above
mean ses level)

5080°

5089

5081.5¢

5079.8/

5083.3¢

TOTAL
DEPTH
(feet below

surface)

9.3

13

2.9

Table 7 (continued)

CASING
DIAMETER CASING TYPE
{inches)

2 Sch 40 gv st

Fad ov Bt

2~ PVC

4" Sch &0

PVC 1120
4 Sch 40

PVC 1120

SCREENED
INTERVAL
(feet below
surface)

L.6-7.9

9.6-12.6¢

2-10

2-5.5¢

3.5-12.7

SLOT or
PERF. SIZE
(Inches)

0.020%

0.020%

0.020"

0.025~

0.025+

SAND PACK

Clean dritl
cuttings

8-16
Sltica Sond

Clean dritt
cuttings

8-16 frac sand

Clean sand
ond gravel

WATER
SCREENED UNIT BEARING UNIY
Altuvium Alttuvium
Alluvliun AMluvium
Sand ard gravel Aluvium
Soft - clay - Allyvium
sand
sand and gravel Atluvium



8L

tab-b

slh
DATE
WELL [.D. DRILLED
§P-31 9/19/84
5P-32 9/21/84

*1 No log; portial information obtalned from well fnventory sheets.
*2 nformation unsvailesble.
NA Information not specified on completion detalls,

SURFACE
ELEVATION
(fest above
mean ses lovel)

5083.0°

NA

TOTAL
DEPTN
(feet below

surface)

10.0*

10.5°

CASING
OIAMETER
(inches)

"

g

Table 7 (continued)

SCREENED
CASING TYPE INTERVAL
(feet betow
surface)
Sch &0 3-10°
PYC 1120
Sch 40 3.6-10.4¢
PVC V120

$1L01 OR
PERF. SIZE
(inches)

0,025~

0.025~

SAND PACK

Natural send
and gravel

Naturel sand
arud gravel

SCREENED UNIT

Sand and
gravel

Sand and
gravel

VATER
BEARING UNIT

Alluviun

Alluvium



6L

Well 1.D.

M-1
M-2
M-3
M-4
M-6a
M-6b
M-7g
M-7d
M-8s
M-8sa
M-8d
M-9s
M-9d
M-10s
M-10m
M-10d
M-11s
M-11d
M-12s
M-13

tab-c

slh
Table 8
Technical Adequacy of Monitoring Wells (North Area)
(Depth and Thicknesses in feet)
Thickness
Bentonite Bottom of Filter. Pack Thickness of Drill Cement

Water Total Depth Seal Implaced and/or Drill Cuttings Thickness of Cuttings Above Annular Surface
Bearing Unit of Borehole in Borehole? Above Well Screen Bentonite Seal Bentonite Seal Scal? Seal?
upper aquifer S0 Yes 0 *1 ~25 No Yes
upper aquifer 32 Yes 0 *1 ~-10 No Yes
upper aquifer 15 No 0 -1 -4 No Yes
upper aquifer 24 No 0 1 ~-12 No Yes
upper aquifer 30 No 12 *1 ~5 No Yes
upper aquifer 24 No 3 *1 ~5 No Yes
upper aquifer 26.5 No 8.5 *1 ~6 No -Yes
“upper aquifer 52 No 1 8 -37 No Yes
upper aquifer 17 No 2 *1 ~5 No Yes
upper aquifer 22 No 7 3 é No Yes
unnamed Midl. Mbr. 70 No 10 *1 47 No Yes
upper aquifer 21 No 3 " -7 No Yes
unnamed Midl. Mbr. 37 No 2 " -17 No Yes
upper aquifer 22.5 No 2.5 1 -9 No Yes
upper aquifer 32 No 1 “1 ~22 No Yes
unnamed Midl. Mbr. 43 No 2 * ~32 No Yes
upper aquifer 21 No -15 0 N/A No Yes
unnamed Midl. Mbr. 47 No 4 *1 ~30 No Yes
attuv. aquifer 2
upper aquifer 67 No .75 14.75 0 Yes Yes

*1 Thickness unknown, but appears adequate.
N/A Not applicable.
*2 Well log unavailable; information taken from well inventory data sheets.



tab-c

sth
Table 8 (continued)
Thickness

Bentonite Bottom of Filter Pack Thickness of Drill Cement
Water Total Depth Seal Implaced andfor Drill Cuttings Thickness of Cuttings Above Annular

well 1.0. Bearing Unit of Borehole in Borehole? Above Well Screen Bentonite Seal Bentonite Seal Scal?
M-14s upper aquifer 28 No 16.5 4 0 Yes

M-14d upper/un. Midl. Mbr. 70 No 19.7 22 1 No
M-15 upper aquifer 32.5 No 10.5 14 0 Yes
N-16 upper aquifer 28 No 15.5 4 0 Yes
N-17 upper aquifer 27.8 No 8 S 0 Yes

M-18d upper aquifer 53.5 No 19.5 15 1 No
M-19 upper aquifer 20 No 8 4 0 Yes
N-20 upper aquifer 32 No 15.5 4.5 o Yes
N-21 upper aquifer 52 No 24.5 11.5 0 Yes
K-22 upper aquifer 44.8 No 17.5 5 0 Yes
M-23 upper aquifer 27.5 No 6.3 4 0 Yes
N-24 upper aquifer 48 No 35 5.5 0 Yes
MN-25 upper aquifer 36 No 20.5 3 -0 Yes
M-26 upper aquifer 16 Yes 2.5 2 0 Yes
N-27 unnamed Midl. Mbr. 33 No 20.8 4 0 Yes
M-29 upper aquifer 27.5 No 8 S 1] Yes
N-30 upper aquifer 16 Yes 3.5 2 0 Yes
M-31s upper aquifer 33.5 No 23 .1 3 0 Yes
M-31m upper aquifer 59 No 36.8 2.6 0 Yes
N-32 upper aquifer 14 No 0.5 0 N/A Yes
M-33 upper/unm,. Midl. Mbr. 23 No 4 4 0 Yes

N-34 upper aquifer 39.5 No 14.5 7 5 No
N-35 upper aquifer 29.5 No 10.8 4 0 Yes

M-36 upper aquifer 40 No ~17 1 *3 No
N-37 upper aquifer 31.5 No 3.4 0 «3 Yes
N-49A upper aquifer 25 No -16 0 *3 Yes

*3 Bentonite seal to surface.

Surface
Seal?

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
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wWell 1.D.

M-50As
M-50Ad

"M-51As

M-51Am
M-51Ad
SP-1
Sp-2
sp-3
SP-4
SP-4a
SP-5
SP-7
sP-8
SP-9

sP-10

sP-19
SP-23
SP-24
SP-25
SP-26
sp-27
SP-28
sP-29
SP-30
sP-31
SP-32

tab-c
slh

Water
Bearing Unit

upper aquifer

unnamed Midl. Mbr.

upper aquifer

unnamed Midl. Mbr.
unnamed Midl. Mbr.

upper aquifer

unnamed Midl. Mbr,

upper aquifer

unnamed Nidl. Mbr.

*4

alluv,
atiuv.
altuv.
atluv.
alluv.
alluv.
alluv.
atluv.
%

*4

*%

alluv.
alluv.
alluv.
alluv.
alluv.

aquifer
aquifer
aquifer
aquifef
aquifer
aquifer
aquifer
aquifer

aquifer
aquifer
aquifer
aquifer
aquifer

Totatl Depth

of Borehole

22
56
15°
45
70
9

.

10
5.7
12.9
10
10.5

Bentonite Bottom
Seal Implaced
in Borehole?

Yes
No
No
No
No
*2
*2
2
*2

No
No
No
No
Yes
No
Ho
No

No
No
No
No
No

*4 Well log and well inventory data sheets unavailable.

Table 8 (continued)

Thickness
of Filter Pack Thickness of Drill Cement

and/or Oritl Cuttings Thickness of Cuttings Above Annular Surface
Above Well Screen Bentonite Seat Bentonite Seal Seal? Seal?
~15 0 «3 Yes Yes

0 *1 -2 No Yes

-5 *1 ~2 No Yes

3 7 ~-27 No Yes

10 -47 No Yes

6.83 1 1 No No

~b 2 1 No No

4L.92 3 1 No No

2.33 2.5 0 No No

2.5 2 2 No No

4.5 0 N/A No No

4.6 0 N/A No No

6.6 3 *3 No No

*3 2 N/A : No No

0 ] N/A Yes Yes

0.5 0 N/A Yes Yes

1 0 N/A Yes Yes

0.4 0 N/A Yes Yes



eval-B

Table 9
Drilling Fluid Utilized (North Arca Wells)
Hvdro-gci Baroid foam

M-1 M-6a
M-2 M-6b
M-3 M-T7s
M-4
M-5
M-7s
M-7d

According to the TEGD, Texaco should provide chemical data regarding anv
potential impacts on water quality the drilling fluid may have (EPA, 1986a).

According to Texdco, most of the wells in the system are designed and
constructed in the colian sands and the Tcapot Sandstone (upper aquifer).
It should be notcd that contrary to the various technical reports, the Teapot
Sandstone is not being monitorcd directly except for possibly in one well
(M-35).

Complction dctails show that many of the wells were drilled several feet
deeper than the bottom of the screen was sct (Appendix B). This interval
was filled with drill cuttings and/or 12-20 frac sand, providing a potential
pathwav for downward migration of contaminants. Very few of these wells
uscd a bentonite or cquivalent bottom scal as depicted in Table 8. The
TEGD reccommends a bottom scal for the same reason as noted above (EPA,
1986a).

In virtually every well, the filter pack (consisting of drill cuttings and/or
12-20 frac sand) extended well above the well screen. As presented in Table
8, this interval ranged upwards to 36.8 feet. In order to ensurc discrete
sample horizons, the filter pack should extend no more than two fect above
the well screen (EPA, 1986a). Completion details in some cases do not
specify the thickness of the bentonite annular seal (Appendix B). From a
qualitative standpoint, however, it appcars that the thickness is adequate in
most cases. Several of the wells, most notably the SP- series, do not utilize a
bentontte annular seal. Mast of these have a cement surface scal, however.
The Task Force noted that two wells, SP-19 and SP-23, did not usc either a
(annular) bentonite or a cement (surface) seal.

Table § also indicates the thickness of drill cuttings above the bentonite seal
and below the cement surface seal. The TEGD recommends this interval be
filled with a cement-bentonite grout (EPA, 1986a). Finally, Table 8
indicates which wells used a cement based annular seal and a surface seal in
their construction, as depicted from the completion details.

Completion details specify that all monitoring wells were constructed of
either galvanized steel or PYC (Appendix B). According to the details, at
least two wells were constructed using dissimilar metals. Wells M-20 and M-
22 were constructed using a stainless steel screen and a galvanized steel
casing. Additional wells may have been constructed using stainless steel
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screens, but were not indicated in the well completion details. The TEGD
(EPA, 1986a) recommends avoiding the use of dissimilar metals in the
saturated zonc unless a diclectric coupling is placed between the two metals.

Potential problems may exist when PYC is used in contact with aqueous
organic mixtures. Thesc organics may encourage lcaching from or
adsorption to the PVC polymer matrix. There has been recent concern over
the potential of vinyl chloride monomer to Icach from PVYC casing, which in
some cases may cause organic analytical interferences in situations where
prolonged exposure to aqueous organic mixtures may occur (Barcclona and
others, 1983). In certain situations under high organic concentrations, PVC
may also adsorb organic constitucnts (Barcelona and others, 1983).

Furthermore, PYC in contact with organics, particularly benzene, is not
recommended because of problems with long term- structural integrity of the
well. In the future Texaco should review all available data/information on
casing materials carcfully and make a sclection accordingly before installing
new wells. This would be important at wetls which exhibit significant
organic accumulations, especially sincc long term monitoring is probable.

In addition, the type, method and duration of well development have not
been specified. Turbidity measurements during the Task Force evaluation
indicate gencrally high values. Most wells exceceded the recommended limit
of 5 N.-T.U. (EPA, 1986a). Complction dctails often did not specify if a
protective casing with a locking device was emplaced over the wells. The
purposc of this is to prevent tampering with the well or entrance of foreign
material (EPA, 1986a). Finally, decontamination of equipment and well
casing were not specificed.

Past Analytical Performance A ground-water pollution abatement plan was
requested by EPA in November 1982, and the following month, the plan was

implemented. As part of the plan, Texaco began trecatment of the CEP
water by mechanical acration in December 1982 (WWC, 1984a). In
November 1983, the treated water from the CEP was discharged to the
Excess Service Water Effluent Ponds. Texaco stated that even though the
resulting sludge contained up to 2.4 percent lead, EP toxicity tests indicated

‘that the sludge was non-hazardous (WWC, 1984a). The sludge was rcmoved

from the CEP in 1986 and disposed of in the North Land Farm. As
previously mentioned, approximatcly half of the monitoring wells located in
the North Area are sampled quarterly as part of Texaco’s assessment
program. The purpose is to evaluate the rate, extent and concentration of
contamination emanating from the CEP. The remainder of the wells are
sampled semi-annually or annually. The specific well and the sampling
frequency are presented in Table 10.

The parameters Texaco monitors pursuant to 40 CFR 265.93(d)(4)(it) includec:
specific conductance, pH, TOC, total ammonia, total chloride, phenols,
sulfide, total sodium, cyanide, nitrate, oil and grease, total sulfate, total
arsenic, total barium, total cadmium, total chromium, total lead, total
mercury, total selenium and total silver. Analytical results for the above
parameters have been provided to the Task Force from March 1982 through
December 1987 (WWC, 1984a, 1985, 1987a and 1988). Additional analyses
were done between March 1982 and December 1984 on the following
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Table10 Monitoring Freguency of Wells on North Property for 1987.

Quarterly Semi-Annuaily Annualily

Uppermost Agquifer

H-7s M-30 M-1 M-7d
M-8sa M-32 M-2 M-15
4-9s M-33 M-3 ¥-20
M-10s M-36 M-4 M-21
M-10m M-37 14-6b th=22
M-11s M-494 _ M-23
M-13 M-51As M-24
M-14s 5P-1 M-25
M-16 SP-3 M-29
M-17 M-31s
M-19 M-31m
M-26 M-34
‘ M-35
Unnamed Middle Member
M-9d -84
M-1Gd M-11¢
M-14ad
M-184
H-27
M-50Ad
M-51Am
M-S1Ad
Sp-?
SP-4A
A)luvial Aquifer
M-12s SP-5
Sp-7 : S5P-¢
SP-23 SP-8
SP-28 SP-1G
SP-29 SP-24
SP-30 SP-256
SP-31
Sp-32
Surface Water
North Platte River ESW-1e
Recharge Pond ESW-22
ESW-5a

Source: WWC, 1988.
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parameters: DOC, TOX, alkalinity, aluminum, dissolved ammonia, dissolved
arsenic, total barium, beryllium, boron, dissolved cadmium, calcium,
dissolved chloride, dissolved chromium, cobalt, copper, coliform bacteria,
fluoride, the herbicides 2,4-D and 2,4,5-TP Silvex, iron, dissolved lead,
lithium, magnesium, mangancse, dissolved mercury, nickel, nitrite, the
pesticides endrin, lindane, methoxychlor and toxaphene, potassium, gross
alpha, gross beta, Ra-226, Ra 228, Sr-90, uranium, dissolved selenium,
dissolved silver, dissolved sodium, dissolved sulfate, total dissolved solids,
vanadium and zinc.

In addition to the above "regular® analyses, four scparate sampling events
were held in the past. In.March and Scptember of 1984, Texaco monitored
for the organic priority pollutants, and in Junc of 1986 for the modificd
Skinner list (TriHydro, 1987a). The Task Force evaluation was the fourth
event. Twenty-three monitoring wells, two seeps and the alluvial pond were
sampled during the first three events. The sampling locations and the
results of the organic analyses arc presented in Figure 10 and Table 11,
respectively. The inorganic results are too massive to be included in the
report-or as an Appendix, but may be found in Volume HI of the TriHydro
(1987a) report.

The results of past organic analyscs indicate that contamination exists in
the North Area, primarily centercd around the CEP and North Land Farm.
The volatile organics benzene and tolucne were detected at concentrations
of less than 1000 ug/! near the regulated units during past sampling events.
These two volatiles were not detected or were detected at extremely low
concentrations in wells located along the western property boundary and the
alluvial wells. Methyl ethyl ketone was also detected in wells M-32 and M-
36 (Figure 10).

The base/neutral extractable organic bis(2-cthylhexyl)phthalate was detected
at most sampling locations, including several wells along the western
property boundary during the two events held in 1984. Because this
constituent was not detected during the Task Force evaluation, it scems
likely that these results may be due to laboratory or sampling related
contaminants. Texaco has not presented any supporting information
suggesting either of the above, however. Naphthalene was cither not
detected or not analyzed in the past.

Minor concentrations of the pesticides chlordane and heptachlor were
detected in wells M-10s, M-10d and M-36 in 1986. Several acid extractable
organics also were found in the ground water in the past. Again, these arc
generally confined to the wells surrounding the two regulated units. These
constituents include benzenethiol, cresols, 2,4-dimethylphenol and phenol.
Of importance, cresol was detected in concentrations up to 289,000 ug/l. It
is interesting to note that this constituent may exist as a dense phase and
that the highest concentrations of cresol were detected in wells screened at

or near the upper aquifer/shale interface. From the above discussion and

Table 11, wells M-10m and M-36 appear to be the most contaminated of all
wells located in the North Area. Samples analyzed for a complete set of
organic constituents in the wells near the Excess Service Water Effluent
Ponds have not been collected prior-to the Task Force evaluation. Two

85



98

Table 11 Organlc Hazsrdous Constituents Detected (n Ground Water, Casper Plant Korth Property.®

Volatile Organics Aase/Heutral Extractasble Orqanics Pestliclides

Well Number snd
Date Sampted Benzene Hethyl ethyl ketone Toluene Naphthalene Bis{2-ethylhexyl)phthalate Chlordane Meptachlor
M-7s (Backqround)

3-21-84 ND ND ND KD 0.005 NA NA

() -84 KD HD KD KA NA NA NA
M-10s

7 -B& 0.012 . 0s] 0.018 0.043/0.0404 ND 0.048 KO
K- 10m

3-21-84 0.330 ND 0.945 KO 0.1 WA WA

6 -84 0.150 ND 0.800 NA NA NA NA
H-10d

7 -84 0.057 HOD 0.012 HO HD HD 0.000246
H-12s

9-21-84 NO KO L] WO 0.066 HA NA

.3 -84 ND HO 0.005 KA NA HA HA

7 -84 0.0032J ND WD Np ND ND HD
M-30

<21-84 ND HD KO KO 0.073 NA NA
H-32

3-21-84 ND ND NO K0 0.10 NA KA

9-21-84 ND KD KD KD 0.10 NA KA

& -84 NO 6.011 LD KA NA NA KA
M-33

3-21-84 ND ND HO ND 0.132 NA NA

14 -84 NO ND ND KD KO KD X0
M-35

7 -88 ND HD NO NO ND ND NOD
¢ ALl units are In mg/L.
HA - NHot Analyzed
NO - Hon Detectable
J - Indicates an estimated value where the mcasured value Is less then the method detection limit but greater than 0.

Source: TriHydro 1987a
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Teble j1 Orgenic Hatardous Constituents Detected In Ground Water, Casper Plant North Property (continucd).

Volatile Orqanics Base/Heutral Extractable Organics Pesticlides

Well Number snd ‘
pate Sampled Benzene Methyl ethyl ketone Toluene Naphthalene Bis(2-ethylhexyl)phthalate Chlordane Heptachlor
K-35

[ -84 0.230 0.520 0.330 NA NA NA NA

7 -86 : 0.310 0.670 0.410 ND HO 0,480 KD

7 -8&6

(duplicate) 0.270 0.570 0.340 L] ND 0.300 WD
Ho49A

3-21-84 0.13 KD 0.10 ND NO ND HA

é -84 0.16 NO 0.410 NA KD NA RA
M-51A

7 -88 0.076 ND 0.034 ND NO ND NO
spP-1

3-21-84 0.058 HD NOD ND . 0,071 HA HA
SP-

3.-21-8¢8 0.15 ND 0.22 L{] 0.10 NA NA

9-21-84 0.089 ND 0.12 XD 0.07m2 NA WA

6 -84 0.080 ND 0.099 WA NA NA NA
S5P-7 .

9-21-84 ND HO HO KO 0.064 NA HA
se-9 .

9-21-84 NO WD KO KO 0.12 NA NA
sP-10

9-21-84 ND ' ND KO ) 0.064 NA NA
§p-23

9-21-84 ND ND HO HQ 0.019 NA NA
sp-28

9-21-84 ND ND KD HD 0.011 HA NA
sp-29

9-21-84 HD ND KO KD 0.030 NA NA

* ALl units ere in mg/L.
HA - Not Analyized

ND * Hon Detectsble

Jd + lndicates on estimated value where the mecasured value Is less than the method detectfon timlt but greater than 0,
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Table 11

Vell Number and

Orgsnic Hazerdous Constituents Detected In Ground Water, Casper Plant North Property (contimicd).

Volatile Organics

Onse/Heutral Extractable Orqanics

Pesticides

Date Senpled Benzene Methyl ethyl ketone Totuene Naphthalene Bis(2-ethylhexyl)phthalate Chlordane Heptechlor
sP-30

9-21-84 L] ND KO ND 0.010 HA KA
SsP-31

9-21-84 ND ND KD L[] 0.056 NA NA
SP-3

9-21-84 ND MO ND ND 0.028 NA NA
Seep ¥3

9-21-84 ND ND KD ND 0.024 NA NA
Seep #4

9-21-84 ND WD ND L ]o] 0.052 KA NA
Alluvial Pond

9-21-84 HD ND KD HO 0.050 NA KA

ALl units are

in mg/L.

HA - Not Analyzed
HD - Hon Detectable
- Indicates on.estimated value where the measured value s less than the method datection timit but greater than 0.

J
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Table 111 Organfc Hatsrdous Constituents Detected In Ground Uater, Casper Plant North Property.®

Uell Humber and

Acid-Extractable Orqanics

Date Sampled Benzenethiol Cresols 2,4-0imethylphenol 2,4-0inltrophenct &-Nltrophenot Phenal
M-7s (Background)

3-21-84 ND ND NO ND ND ND

6 -85 ND ND KD KD ND ND
H-10s

1 -8s ND 0.048/0.060J 0.023/0.031J .0003 0.044570.380 0.008/0.010J
M-i0m

3-21-84 1.0 289 29 KD KD 130
4 -8 0.12 32 5.0 ND ND 8.4
H-10d

7 -84 ND HO 1.1 KO KD KO
H-12s .
9-21-84 ND KO NO ND KD NO
[ -84 NO ’ NO WO KD {4 KO
7 -85 0.014J N0 ND ND ND ND
K30

3-21-84 ND HD ND NO NO NO
B-32

3-21-84 ND ND ND ND ND WD
9-21-84 NO ND ND ND ND ND

é -88 ND ND ND ND ND ND
H-33

3-21-84 ND ND ND MD ND HD
7 -84 ND KD ND KO KO- ND
H-35

7 -84 ND 0.0032J ND Lo} RO 0.0038J

¢ All units are In mg/L.

NA - Not Analyred

ND -« Non Detectable

J - Indicates nn estimated value where the mcasured volue {s less than the method detectlon Limit but greater than O.
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Table 11 Orgsnic Harsrdous Constlituents Detected In Ground Water, Casper Plant North Property (continued).

Acld-Extractable Orqanics

Well Nurber and

Date Sampled Benzenethiol Cresols 2, 4-Dimethyliphenal 2,4-Dinltrophencl L-Hitrophenol Phenol
n-34

é -85 4.00 170 25 WD KD &4

7 -84 HD 143 14 HD WD &4

7 -84

(duplicate) ND 136 13 NO KD 62
H-49A

3-21-84 ND 214 19 ND ND 84

[ -BS NO 93 12 ND NO L9
K-Sl1As

7 -85 NO 1.4784 2 ND ¥D HD
sP-1

3-21-84 0.012 0.033 0.33 ND KD KD
sp-3

3-21-84 0.11 30 7.9 ND ND 0.14

9-21-84 WD ND 6.5 ND NO 0.2%

6 -84 ND L9 15 ND ND ND
sp-7

9-21-84 ] ND KD ND ‘ ND ND
sp-9

9-21-84 ND ND ND NO ND ND
se-10

9-21-84 ND ND ND ND ND HD
SP-2

9-21-84 ND KD ND ND ND ND
sp-28

9-21-84 KD KD ND HO ND ND
sp-29

9-21-84 ND KD ND HD 1} ND

* All units are In mg/L.
MA - Hot Analyred

ND - Non Detectable
J --Indicates an estimated value where the measured value Is less than the methnd detection limit but greater than 0.
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Teble 11 Organic Harardous Constftuents Detected In Ground Water, Cosper Plant North Property (continued).

Acid-Extractable Orqanics

Uell Number and

Date Sampled Benzenethiol Cresols 2,4-Dimethytphenol 2, 4-Dinftrophenol L-Witrophenol Phenol
sP-30

9-21-84 ND ND KD ND NO HD
sp-3

9-21-84 KD ND ND ND ND ND
sP-32

9-21-84 ND ND ND KD XD KO
Seep #3

9-21-84 ND HD KD HO KO ND
Seep #4

9-21-84 ND ND ND nD ND ND

Alluvial Pond
9-21-84 ND NO ND ‘ND NO ND

* AllL units are In mg/L.

NA * Not Analyzed

KD - Non Detectable :

J - .Indicates an estimated value where the mensured value is less than the method detection Limit but greater than 0.
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wells, M-1 and M-6b, did not indicatc organics present in the ground water
during the cvaluation, however. In addition, inorganics above applicable
standards (to be discussed later) were not detected.

The extent of contamination has been defined by Texaco on a yearly basis
for only a sclect group of paramecters. These include TOC, phenol, sulfide
and ammonia. Indcpendent cvaluations of these values and subsequent
concentration maps prepared by the Task Force agree favorably with
Texaco’s presentations. Appendix F contains these concentration maps over
a five year period for the above mentioned parameters. Additional
contaminant concentrations have been posted for select organic species by
the Task Force for further comparison purposes (Figures 20, 21, and 22).
These paramceters include benzene, phenol, toluene and 2,4-dimethylphenol.
The above parameters were chosen because of their high rate of occurrence,
relative to other parameters. It should be noted that because these figures
are bascd on a limited number of data points (sec Figure 10 and Table 11)

the data cannot be contourcd.

Other factors which may have had an effecct on past analytical performance
are summarized below. The system cannot generally detect light and dense
phase immiscibles. Furthcrmore, it is unknown what influence some of the
construction inadequacies may have on water quality. Texaco should
consider installing new wells using current recommendations adjacent to
some existing wells, and comparing analytical results of the paired wells to
determine if construction inadequacies affect water quality. These paired
wells will also aid in cvaluating the effects of PVC casing material used in
some wells. Finally, the depth at which the sample is taken in relation to
the screened interval may affect past analytical results.

In summary, contamination has becen documented in the past in the North
Arca. Strong evidence exists indicating that contamination may be
migrating into the alluvial wells to the southeast. Organic contamination
does not appear to have migrated past the western property boundary.
Sufficient data do not exist to make a similar detecrmination of the castern
property boundary, however. With the possible exception of light and/or
dense phase constituents migrating of[-site, the system as a whole seems
capable of monitoring the rate and extent of contamination in the dissolved
phase, assuming the appropriate analytes and wells are utilized.

Adequacyv of System The assessment program, as it was designed and
constructed, is adequate in some respects. Several potential and known
problems exist with the system, however. This Subsection addresses the
monitoring network as a whole, with major emphasis placed on the
adequacy of the assessment program currently on-going at the facility.

The system is able to detect dissolved contaminants migrating from the
HWMUSs in most instances. An insufficient number of wells exist in the
unnamed middle member south and southwest of the CEP and the North
Land Farm. Because contamination has been documented in two wells in
this unit, some degree of hydraulic communication may exist. In addition,
the Teapot Sandstone subcrops just east of the North Land Farm. As
indicated on Plate 1, this unit dips gently towards the northeast. Because
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Texaco does not currently maintain any wells screened in this unit, a
potential exists for contamination, especially dense phase immiscibles, to
migrate of f-sitc undctected.

It is apparent that the system cannot differentiate the source(s) of
contamination betwcen the CEP and/or possibly the North Land Farm.
Becausc of the extent of contamination and the proximity of the HWMUs to
ecach other (Figure 10), differentiating sources of contamination is probabtly
not possible. Under the original assessment program, Texaco included both
HWMUs as one single management unit under one assessment monitoring
system. Following Texaco’s admission that contamination was coming from
the CEP and not the North Land Farm, an asscssment monitoring program
under 40 CFR 265.93(d) was continued for both units.

The majority of the wells as designed and constructed arc only capable of
montitoring dissolved constituents. As has been discussed in previous
Subscctions, rclatively few wells have the capacity to detect light phasc
immiscibles during both historic high and low water levels. The same holds
truc for dense phase immiscibles, with the exception of the SP- series wells.

Several construction problems also exist with the monitoring system.
Although it is difficult to assess the impact of these problems in relation to
the adequacy of the system, they should be investigated by Texaco. As
noted in the previous Subsection, Texaco should consider installing new
wclls next to existing wells and compare the results to determine what
influence the construction flaws may have on the system.

In summary, the assessment program as a whole 1s able to dctect the extent
and rate of transport of dissolved species in the North Area. However,
Texaco should re-evaluate their choice of parameters to be analyzed. The
Task Force recommends that additional organic constituents be analyzed,
plotted and contourcd. Correclations between organic contaminants and
organic indicators should be established, to demonstrate that the indicators
(¢.g., TOC, phenols) accurately depict contaminant concentrations and plume
migration. :

2. Proposed Ground-water Monitoring System under 40 CFR 264 (North Area)

Texaco has proposed in their Part B Permit Application that upon permit approval,
the assessment program currently on-going under interim status for the North Land
Farm would be dropped and that detection monitoring under 40 CFR 264
regulations would be implemented (Texaco, 1985). Texaco’s logic is that
unsaturated zone monitoring beneath the North Land Farm and the CEP in the
past indicate that the CEP is the source of degraded ground water. Texaco has not
designated detection wells specific to the land farm under interim status.

During the assessment monitoring of both HWMUSs under interim status, Texaco
determined that contamination was a result of the CEP and not the land farm. At
this time an assessment program is on-going for the HWMUSs as a whole, but the
North Land Farm designate a detection program in order to monitor and detect an
immediate release from this unit. As previously mentioned, differentiating the
sources of contamination from the CEP and/or the landfill is probably not
possible, but if a detection monitoring system was implemented for the land farm,
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additional releases specifically from the land farm could have been monitored for,
especially since wastes ceased to be disposed in the CEP after June 1982 but
continucd in the North Land Farm. Because of this, baseline and statistical data
have not been provided for the North Land Farm arca. In addition, Texaco must
institute a corrective action program under 40 CFR 264.101 to protect and/or
remediate the ground water from all releases from any SWMU, regardless of the
time at which wastes were placed in such unit. This pertains specifically to the
CEP pond as it is evident that some type of ground water restoration program
should be implemented. In fact at the time of the Task Force Evaluation, Texaco
had implemented a program involving the recharge of the CEP with river water in
order to enhance biodegradation and reduce concentrations of contaminants.

a. Detection Monitoring Program (North Land Farm)

The detection monitoring program proposcd by Texaco under 40 CFR 264.98
is assessed below. This includes an assessment of the design, placement and
construction of the monitoring wells, past analytical performance and the
adequacy of the system.

Monitoring Well System Design/Placement/Construction According to
Texaco’s Part B Permit Application, two ¢xisting and two proposed
monitoring wells are specified to meet the requirements of 40 CFR 264
(Texaco, 1985). Texaco has designated monitoring well M-36 as the
upgradient and M-10m as one of the downgradient wells. Although not
explicitly stated in the application, the point of compliance appears to be
the perimeter of the North Land Farm. The other two downgradient wells
(M-38 and M-39) are to be installed upon application approval (Texaco,
1985). Figurc 23 identifies the existing and proposed wells. A conflicting
group of monitoring wells have also been presented by Texaco "to provide
an environmental evaluation of the solid waste landfill and the North Land
Farm" (TriHydro, 1987b). In this scenario, monitoring well M-7s is
considered the upgradient well and M-10s, M-49A, M-50A and M-51As the
downgradient. Information is not available stating with any certainty
which group of wells has been and will continue to monitor ground water
quality near the North Land Farm under the requirements of RCRA, 40
CFR 264. This Task Force evaluation will assess the monitoring system
proposed in the Part B Permit Application. The other group of wells was
previously discussed under the Interim Status assessment monitoring
program for the North Area.

The current and proposed monitoring wells should be designed to monitor
both light and dense phase immiscible constitucnts. Table 5 presents a list
of constituents detected in the ground water in the vicinity of the North
Land Farm and CEP. Following the recent land treatment demonstration,
17 hazardous waste constituents were identified in the soils under the North

- Land Farm at depths of up to seven fect. These were at statistically
significant concentrations above background.

The potential for these constituents leaching and/or migrating into the
aquifer is quite possible. Based on past water level elevations,
approximately ten feet of soil are all that separate the extent of known
contamination in the soil and the ground-water surface.
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According to the Part B Permit Application, Texaco only intends to monitor
at the water table of the uppermost aquifer (Texaco, 1985). The Task Force
has compiled Table 6 which demonstrates the ability of the North Land
Farm wells to adcquately monitor light phase immiscibles relative to historic
high and low water table elevations. As indicated, monitoring wells M-36
and M-10m are not capable of detecting light phase immiscibles during high
water table events because of screen placement. Historical high water level
elcvations will probably fluctuate as a result of Texaco artificially
recharging the CEP. Complete water table elevations from wells in the
North Area from December 1986 to December 1987 arc located 1n Appendix
E.

Monitoring wells M-36, M-10m and the proposed M-38 and M-39 wells arc
not designed to monitor dense phasc immiscibles. This determination was
bascd on well logs (Appendix B) and top of shale bedrock (unnamed middle
member) (Figure 8). It should be noted that well M-10m could detect dense
phascs, bascd on well logs. As previously discussed, Plate | Section A-A’ is
a cross section of the North Arca, and indicates a depression in the shale
confining unit in the vicinity of the North Land Farm. The potential exists
for dense phase constituents to pool or conglomerate in this depression.
Currently, none of the existing and proposed wells could detect such a layer.
Additional wells are required to monitor the lower depths of the aquifer for
dcnsc phasc constituents, or designating different wells for such. The depth
of the screened interval should intersect the upper aquifer/ confining unit
interface. :

The horizontal locations of monitoring wells (existing and proposcd) arc
bascd on local ground-water flow. The three downgradicnt wells mect the
regulatory and technical requirecments for compliance point monitoring,
although based on the lateral distance between wells, additional compliance
point wells along the southern boundary are required. In this case, the limit
of the waste management unit is the point of compliance. Background
monitoring well (M-36) does not, howcver, comply with the required
rccommendations and regulations. Based on previously mentioned
potentiometric surface maps constructed by Texaco and the Task Force
(Figure 15), M-36 is generally not hydraulically upgradient. The fact that
soil contamination exists below the treatment zone may indicate that
contaminants are entcring the ground water, Background wells must be
designed/designated so that they are not affected by the unit they are
monitoring. An anomalous potentiometric low has been noted in the past
near M-36. It stands to reason that representative background water is not
possible from M-36. The Task Force rccommends that Texaco’s choice of
background well M-36 be removed from the permit application. This
includes either designating an existing well as the background well, or
replacing M-36 with a new well(s). The Task Force recommends that a new
monitoring well be installed near M-36 to correct the previously mentioned
deficiencies.

Construction details for monitoring wells M-36 and M-10m, in addition to a
brief narrative for the construction of the proposed wells (M-38 and M-39),
have been made available to the Task Force. Table 7 presents specification
and design information and Appendix B contains well construction details

(logs).
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Monitoring well M-36 was drilled and completed on March 29, 1984 using a
6 1/4 inch hollow stem auger. Well M-10m was drilled and completed on
January 25, 1982 using a rotary rig and a 6 1/2 inch bit. After drilling to
the total depth (Table 7), the well screen and casing were emplaced into the
borchole. A filter pack of known size and composition was not used in
these wells, as collapsed formation sand and drill cuttings were used. A
bentonite scal was emplaced immediately above the screened interval in M-
10m. Well M-36 had approximatcly 17 feet of drill cuttings placed above
the screencd interval prior to placement of the bentonite seal. A cement
surface scal was used in M-10m, but not in M-36, as the top of the bentonite
seal was flush with the ground surface. Well development procedures were
not indicated.

Sufficient detail to fully-assess the technical merit of these wells is not
available, although some dcficiencics were noted. A bentonite bottom scal
was not used prior to well installation to prevent vertical migration of
constituents in M-36 and M-10m. Well completion details do not specily or
indicate whether a bottom cap was uscd at the bottom of the screen. The
filter pack consisted of collapsed formation sand in M-10m and drill
cuttings in M-36. If surrounding formation matcrial is used as a filter pack,
the TEGD recommends that a sieve analysis to establish the appropriate well
screen slot size and a determination of the chemical inertness of the
formation material be performed (EPA, 1986a). This information was not
provided. A bentonite secal was emplaced immediately above the well screen
in M-10m, although the thickness of this scal is not specified. In M-36,
approximately 17 feet of drill cuttings were emplaced above the screened
interval, effectively acting as.a conductor of water. The TEGD
recommends a maximum of two feet of filtecr pack matcrial above the well
screen to ensure discrete sample horizons (EPA, 1986a). A bentonite seal of
unknown thickness was emplaced above the drill cuttings (filter pack) to the
ground surface. A cement surface seal was not used in M-36, according to
completion details. In well M-10m, approximately 25 fecet of drill cuttings
were emplaced above the bentonite scal and below the cement surface seal.
The annular space above the bentonite seal and below the surface seal
should consist of a cement-bentonite mixture, as recommended by the TEGD
(EPA, 1986a). Well casing stick-up was approximated for M-36, but not
given for M-10m. Surveyed casing and/or reference point elevations are not
specified on the construction details, as recommended by the TEGD (EPA,
1986a). The choice of the screened interval and construction material for
M-36 may be inadequate. Completion details indicate that a 20 foot well
screen was used (Appendix B).

Potential problems may occur when PVC is used in contact with aqueous
organic mixtures. These organics may encourage leaching from or
adsorption to the PYC polymer matrix. There has been recent concern over
the potential of vinyl chloride monomer to leach from PVC casing, which in
some cases may cause organic analytical interferences in situations where
prolonged exposure to aqueous organic mixtures may occur (Barcelona and
others, 1983). In certain situations under high organic concentrations, PVC
may also adsorb organic constituents (Barcelona and others, 1983).

Furthermore, PVC in contact with organics, particularly benzene, is not
recommended because of problems with long term structural integrity of the

100



eval-B

well. In the future Texaco should review all available data/information on
casing matcrials carcfully and make a sclection accordingly before installing
new wells. This would be important at wells which exhibit significant
organic accumulations, ¢specially since long term monitoring is probable.

Well development techniques are unknown. Based on a turbidity value of
450 N.T.U. obtained during the Task Force evaluation in monitoring well M-
36, development techniques or the choice of slot size appear inadequate.
The TEGD recommends that if turbidity values in monitoring wells exceed
S N.T.U.’s, then the well performance should be re-evaluated by further
development or replaced as necessary (EPA, 1986a). Decontamination of the
drill rig and well casing were not discussed as rccommended by the TEGD
(EPA,49862a). Finally, the anomalous low water levels at well M-36 noted
earlicr in this report during the latter part of 1987 should be evaluated.

Proposcd construction of monitoring wells M-38 and M-39 is discussed in
Texaco’s Part B Permit Application (Texaco, 1985). The following is taken
verbatim from the application:

"Wells M-38 and M-39 will be installed in accordance with the RCRA

-regulations at 40 CFR 264.97(c). Test holes will be drilled by the hollow

stem auger mcthod. Total drilling depth is estimated to be 30 to 40 fect at
each location. Borcholes will penctrate 10 to 15 feet into the uppermost
aquifler.

"Soil samples will be taken from the ground surface to total depth. A
lithologic log of the strata encountered will be recorded for each borchole.
All drilling samples will be logged, recorded, bagged, and scaled in the
field. Particular attention will focus on the identification of stained or
discolored strata, odors, moisture content; and significant lithologic
variations. :

"After drilling and logging is completed, schedule 40, PVC casing will be
installed to the total depth drilled. Casing diamecter will be four inches.
Factory-slotted PVYC casing will be sct from about 10 fcet below the water
table to about 5 feet above the water table. This range is desirable to
ensure that the wells remain functional during the expected fluctuations in
static water levels. Blank casing will extend from the top of the screen to
the ground surface. '

"A gravel pack consisting of sand or gravel will be emplaced in the annulus
opposite the screen and up to about three feet above the screen. A
bentonite seal will be emplaced above the gravel pack. A concrete grout
will be emplaced in the annulus from the top of the bentonite seal to the
ground surface. A protective stecl shelter with locking lid will be set into
the cement at cach well.

"The drill stem and equipment will be cleaned with soap and water prior to
drilling each borehole to prevent contamination of the sites." (Texaco, 1985)

A full technical evaluation of the two proposed monitoring wells would be

pointless without actual construction details. However, the Task Force
recommends the following changes: The well screen length should be re-
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evaluated by Texaco. Fifteen fect of well screen may not provide water
guality at discrcte locations. The proposed wells are not capable of
dctecting dense phase immiscibles. Finally, the choice of material (PVC) in
the construction of these wells should be re-evaluated in terms of lcaching/
adsorption and long term structural intcgrity.

Past Analytical Performance According to the Part B Permit Application,
water quality data have been collected quarterly since March 1982 at 23
wells in the vicinity of the CEP and North Land Farm (Texaco, 1985). The
two cxisting wells proposed under 40 CFR 264.98 are included in this
sampling frequency (Table 10).

Existing water quality data, based on the horizontal location of well M-10m
and past analytical data, are representative of water downgradient from the
North Land Farm. It should be noted that well M-10m is screened towards
the bottom of the saturated zonec of the upper aquifer, thus prohibiting the
detection of light phasc immiscibles. Thercfore, well M-10m is capable of
detecting only dissoived and dense phasc contaminants.

Texaco indicates in their Part B Permit Application that well M-36 is the
background well for the North Land Farm. Past water quality data show
that this is one of the most contaminated wells in the North Area.
Potcntiometric maps constructed by Texaco and the Task Force clearly
indicate that this well is generally not upgradient. Furthermore, the ground
watcr depression observed in this well should be explained (Figure 11).
Also, because the contamination source cannot be currently delineated, the
CEP is most likely affecting water quality in well M-36. The vertical
placement of the screen in well M-36 is located to monitor the water table
(For light phase immiscibles) during rclatively low stages only.

According to well completion logs, M-36 has a 20 foot scrcened interval. A
screen of this length may not provide discrete samples, as factors including
dilution can affect water quality. Finally, it should be noted that well M-36
may be capable of -detecting dense phase components based on Figure 8,
Bedrock Surface Contours. However, the well log does not indicate that the
unnamed middle member was encountcred during drilling (Appendix B).

In summary, only well M-10m has provided adcquate samples of ground
water beneath the North Land Form for dissolved species, but as previously
stated, it cannot monitor for light and/or dense phase immiscibles at the
point of compliance. To avoid redundancy, analytical data from thesc
wells, in addition to others sampled by Texaco in the past, were previously
presented in the Ground-Water Monitoring System under Interim Status
(North Area) - Assessment Program section earlier in this report. Also,
because a detection monitoring program under 40 CFR 265 was not
implemented at the land farm, baseline data and/or statistical evaluations
were not available.

Adequacy of Proposed Ground-Water Monitoring Program The ground-
water system existing and proposed in Texaco’s Part B Permit Application
does not meet technical recommendations and regulatory requirements. The
most serious problem is Texaco's choice of a background monitoring well.
Well M-36 is neither hydraulically upgradient, nor able to provide water
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quality unaffected by the North Land Farm. An apparent ground-water
depression observed at well M-36 (Figure 14) should be explained. Texaco
should evaluate this and dcsignate other existing or new wells as the

- upgradicnt well(s). Recgulation 40 CFR 264.97(g)(3)(1) states that background

quality may be bascd on sampling of wells that are not upgradient from the
waste management area where hydrogeologic conditions do not allow the
owner or operator to determine what wells are upgradient. Downgradient
wells M-10m (existing) and M-38 and M-39 (proposed) are located at the
compliance point from a horizontal view. Additional wells designed to
monitor the southern boundary of the North Land Farm are also warranted.
Vertical placement of the .existing and proposed downgradicnt wells are
currently not capable of detecting dense phase immiscibles. Finally,
construction details indicate that representative water quality samples may
not be possible. Texaco should consider constructing new wells using
current recommendations adjacent to existing wells, and compare analytical
results to determine if construction [laws do in fact affect water quality.

Of importance for the North Land Farm unit is to design a ground-water
monitoring system which mcets the 40 CFR 264 Subpart F requirements, and
is capable of detecting statistically significant releases over the long term.
This includes ground-water monitoring specifically for the Land Farm, even
during the corrective action program for the CEP or other SWMUs rcquxrcd
under 40 CFR 264.101.

In summary the main purpose of the detection monitoring system should be
to detect releases from the land farm given all-of the other variable
hydrogeologic and hydrogeochemical conditions in the immediate area
surrounding the land farm.

b. Corrective Action Program under 40 CFR 264.101 (CEP)

This Subsection doc¢s not assess a corrective action program specified by
Texaco, as the facility has not designated such a program under RCRA at
this time. Rather, this Subsection reflects the view of the Task Force
relative to the regulations under 40 CFR 264. Duec to the serious naturc of
this deficiency in regards to permitting thc North Land Farm, it merits
discussion.

As a review, Texaco maintains that the ground-water monitoring program
under 40 CFR 264 for the land farm would be detection monitoring (40
CFR 264.98). This is due to the fact that unsaturated zonec monitoring at
both the CEP and the land farm during interim status confirm that ground
water degradation is due to the CEP. Quoting 40 CFR 264.101, "The owner
or operator of a facility seeking a permit for the treatment, storage or
disposal of hazardous waste must institute corrective action as necessary to
protect human health and the environment for all rcleases of hazardous
waste or constituents from any solid waste management unit at the facility,
regardless of the time at which waste was placed in such unit."

Texaco readily admits to degraded ground water in the North Area,
emanating from the CEP. This is evident by the assessment program
currently on-going under interim status. Based on the above discussion,
Texaco must operate a corrective action program under 40 CFR.264.101
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because corrective action under 40 CFR 264.100 is not applicable as wastes
were not received in the CEP after June, 1982 according to Texaco. As part
of the program, Tcxaco must specify a ground water monitoring program
capable of determining the effcctiveness of the remedial action program in
the form of recharge to the CEP, which at the time of the Task Force
Evaluation had just begun. This would entail specifying the number and
location of the wells, the paramecters to be analyzed and the methods of
evaluating data to show decreases in contaminant concentrations and the
responsible hydrogeochemical mechanisms at work (e.g., dilution vs,
biodegradation).

The Task Force recommends that Texaco submit a ground water remediation
program pursuant to 40 CFR 264.101 which at 2 minimum specifics:

) The number and locations of wells to be utilized, rationale for their
selection and an cvaluation of the construction details to permit
assessment of the integrity of each well.

0 Designate those indicator paramecters and waste constituents to be
used to compare to a background well which can provide data that
can accurately represent the conditions at the site. This is essential
in order to show that all waste constituent concentrations of concern,
the indicator paramcters, are dccreasing

0 Design a sampling and analysis program, which would complement
data evaluation techniques, which can ultimatcly show the
effectiveness of restoring the quality of ground water in the North
Area.

A number of possible analytic procedures could be applied to existing data
to assess the effects of recharge of river water on the attenuation of
contaminant concentrations in ground water in the CEP arca. These could
include, but not necessary be limited to, the following kinds of data
evaluation tecchniques:

0 Trend analyses of contaminant concentrations versus time in
monitoring wells, in an effort to isolate the effects of river water
recharge from attenuation effects occurring prior to recharge.
Monitoring wells might be grouped according to their distances
downgradient from the recharge pond in an effort to eliminate some
variability in the data.

) Reassessment of trends of maximum quarterly contaminant
concentrations, to determine whether the data more probably suggest
a stabilization of maximum concentrations, rather than a continuing
decline. In addition, the wells at which maximum quarterly
concentrations are detected should be identified, and an assessment
made as to whether or not there is an identifiable trend of distance
of maximum concentration from the CEP versus time.

0 Since Texaco has suggested that changes in sulfide and sulfate

concentrations may correlate with aerobic or anaerobic
biodegradation (Hamilton, 1988), an examination of temporal of
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spatial trends in variations of sulfide/sulfate ratios might provide
useful information. Similar gcochemical studncs might be possible
using other chemical species.

o) Mathematical modeling of the hydraulic effects of river water
recharge could provide uscful information regarding relative rates of
recharge versus ground-watcr underflow, rates of transport of
recharged water within the uppermost aquifer, and the areal and
temporal extent of the effects of river water recharge. Furthermore,
by treating the recharged water as an ideal tracer within an
appropriate mass-transport modcl, it should be possible to estimate
the attenuation duce solcly to dilution and dispersion effects, and thus
provide estimate, of thc attenuation duc to chemical and biological
degradation phenomena.

3. Compliance with Applicable Regulations

This subscction addresses the regulatory deficiencics of the present interim status
and proposed RCRA ground-water monitoring programs. At this time the CEP has
been "clean closed” under RCRA and Texaco continues to monitor ground water -
under an assessment monitoring program. This program has been implemented to
address ground-water contamination emanating from the CEP.

The North Land Farm is currently operating undcr the same interim status
asscssment monitoring program as the CEP (40 CFR 265.93(d)). A Part B
application has been submitted for continucd operation of this unit. A permit has
been issued to Texaco for the Land Treatment Demonstration required prior to
issuance of a permit. Because Texaco intends to continuc opcration of this unit,
they. will be required to opcrate their ground-water monitoring system in '
compliance with 40 CFR 264 Subpart F, and must provide permit information
pursuant to 40 CFR 270.14(c).

a. Interim Status Program

The interim status ground-water monitoring system for the North Areca has
changed significantly since its inception in 1982. In 1982, as previously discussed,
four wells were designated as RCRA wells under detection monitoring. Over the
last 6 ycars changes in the designation of certain wells (detection vs. assessment),
implementing a corrective action program (recharging the CEP), and the closure of
the CEP have complicated the analysis of historical data from these wells. At this
time Texaco considers the North Area to be operating under assessment monitoring.

Based on the above discussion, Texaco’s assessment monitoring program must
identify the extent and rate of migration of contamination, in addition to defining
the concentrations of hazardous waste constituents within the plume. In addmon
because a corrective action program (recharging CEP) will be on-going, the
assessment monitoring program must be capable of demonstrating the effectiveness
of the corrective action. The deficiencies noted in the interim status assessment
monitoring system are as follows:
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0 Texaco must determine the rate and extent ¢f migration and concentration
of hazardous wastc in the groundwater (40 CFR 265.93(d)(4)). Currently,
Texaco has made the above determination on only four paramecters {TOC,
phenol, sulfide and ammonia). The rate and extent of migration and
concentration of all Appendix VII wastes must be established.

0 Because Texaco maintains that the CEP 1s the source of contamination in
the North Area, the North Land Farm should not be included under an
assessment program in conjunction with the CEP. Instead the North Land
Farm should have a designated detection monitoring program which will
allow for the immediate dectection of releases from this unit (40 CFR
265.90). Data collected from this interim status program, which Texaco has
not vet implemented, could be used as baseline data in evaluating the
proposed detection system under 40 CFR 264.98.

0 Each well must be constructed in a manner that maintains the integrity of
the well bore hole (40 CFR 265.91(¢c)). The casing must be screcned to
cnable sample collection at depths where appropriate aquifer flow zones
exist. The annular space must be sealed to prevent contamination of
samples and the ground water.

Bascd on the refinery waste constituents, the monitoring system should be
capable of cvaluating the presence of both light and dense phase
immiscibles. Only a few of the monitoring wells in this arca arc capable of
dectecting light phase constituents-at both historic high and low water levels,
in addition to detecting a dense phase component. Numerous wells also
have construction deficiencies which may influcnee the quality of the
samples and may provide a downward potential migration pathway for
contaminants.

b. Proposed 40 CFR 264 Ground-Water Monitoring

Because Texaco is sceking a permit to continuc the opcration of the North Land
Farm, the ground-water monitoring system, as previously stated, should be capable

of dctecting an immediate releasc at the point of compliance as outlined in 40 CFR

264 Subpart F. In operating the North Land Farm ground-water monitoring
system, it is important to take into consideration how the rccharging of the CEP
will affect the ground-water flow in the vicinity of the land farm. The ground-
water monitoring system must be capable at all times (during recharge and
following completion of the CEP corrective action program) to detect immediate
releases from the land farm. It is evident that this will require a dctailed and
continuous evaluation of the ground-water [low conditions and hydrodynamic
effects from the CEP. Because ground water contamination is known to exist in
the North Area, Texaco will also be required to implement a corrective action
program under 40 CFR 264.101 for the CEP.

The following deficiencies for the proposed North Land Farm ground-water
monitoring system are based on the ground-water monitoring requirements sct
forth by Texaco in their Part B application and those deficiencies found by the
Task Force to be lacking for implementing a corrective action program under 40
CFR 264.101 for the CEP:
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North Land Farm

Texaco should implement a monitoring system consisting of a sufficient
number of wells to yield ground-water samples which are representative of
background water quality unaffected by lcakage from the regulated unit
and which represents the quality of ground water passing the point of
compliance (40 CFR 264.97(a)). Texaco designated well M-36 as the
upgradicnt well designed to meet this requirement. This well is not always
hydraulically upgradient from the North Land Farm. Due to its location,
background water quality could likely be affected by the land farm.
Furthermore, ground water flowing from well M-36 does not pass under the
point of compliance. Finally, Texaco should evaluate the anomolous water
levels and contaminant concentrations in well M-36. It appears that this
well may be acting as a sink for contaminants and could introduce
contamination into the lower portion of the uppermost aquifer. Therefore,
Texaco’s choice of M-36 as an upgradient well is inadequate. '

Texaco must designate monitoring wells at the point of compliance which
will detect an immediate release of hazardous waste constituents to the
ground water (40 CFR 264.98). Based on the permit application, existing
well M-10m and proposed wells M-38 and M-39 located at the point of
compliance, an insufficient number of wells exist dircctly south of the
North Land Farm.

All regulated monitoring wells must be constructed in a2 manner that
maintains the integrity of the borchole. The casing must be screened to
enable sample collection at depths where appropriate flow zones exist. The
annular space must be scaled to prevent contamination of samples and the
ground water (40 CFR 264.97(c)). Because constituents which may exist in
both light and dense phases have been documented, the monitoring wells
should be screened to detect these phases. Well M-10m is capable of
dectecting dense phase componcnts, but not light phase components. Well M-
36 is not constructed so as to detect light phase layers during relatively or
historic high water lcvels, nor is it capable of monitoring the depths of the
aquifer for dense phasc constitucnts. Both monitoring wells M-10m and M-
36 have construction deficiencies which may influence the quality of the
samples and may provide a downward potential migration pathway for
contaminants. :

Texaco is required to monitor for indicator parameters, waste constitucnts
or reaction products that provide a reliable indication of the prescnce of
hazardous constituents in ground water (40 CFR 264.98(a) and
270.14(c)(6)(i)). The parameters chosen by Texaco include benzene, toluenc,
phenol, lead and chromium. These parameters are already present in the
ground water and any leakage from the North Land Farm may not be
detected. Texaco must provide a list of parameters unique to the fand
treatment wastes that would serve as reliable indicators of hazardous
constituents migrating from the unit.

Texaco must implement a corrective action program which mitigates ground
water contamination from any solid waste management unit (40 CFR
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264.101). Texaco has stated that the degraded ground water in the North
Arca is from leakage of the CEP. Bccause a Part B permit has been applied
for, the facility is rcquired to initiate such a program. This should include
specifying all pertinent information required to determine the effectivencess
of the program. 40 CFR 264.101 lacks specific regulatory requirecments for
this corrective action program, therefore the following technical
deficiencies are listed bascd on what the Task Force feels to be an
appropriate corrective action program:

- Texaco should first establish a waste management boundary with a
set of designated RCRA wells installed at this boundary. These wells
should be continuously monitored in conjunction with those wells
designated under the corrective action program for continued
evaluation of the effectiveness of the corrective action program
under 40 CFR 264.101.

- Texaco should establish a list of hazardous constitucnts and
concentration limits for those hazardous waste constituents to be
uscd in ordcr to monitor the effectiveness of the corrective action
program. These constituents should include not only indicator
parameters, but those hazardous constituents dctected in-the ground
water and which are unique to the CEP. In setting concentration
limits, close scrutiny of the background well(s) should be performed.

- Texaco must designate those wells which will be utilized as part of a
groundwater monitoring program to aid in c¢valuating the rate and
extent of contamination. These wells may also be utilized as part of
the corrective action ground-watcer monitoring program which will be
used to determine the success of the corrective action. The data
evaluation techniques used to determine the effectiveness of
corrective action and the data collection schedule should be
presented. Texaco should outline 1n detail those wells and data
evaluation techniques which will be utilized as part of this corrective
action ground-watcr monitoring program under 40 CFR 264.101.

- At this time, Texaco has only provided a description of the rate and
extent of migration and concentrations of four indicator paramecters:
phenols, TOC, sulfide and ammontia. It appears that Texaco has only
analyzed for organics four times, including the Task Force split
samples, since 1982. Only during the Task Force Evaluation was an
Appendix IX scan completed. An identification of organics on a
continual basis is essential in order to relate those concentrations to
the indicator parameters (e.g. TOC and phenols) that are currently
being utilized to determine the effectiveness of the corrective action
program. Texaco should not only evaluate indicator paramecters over
time for effectiveness of the corrective action program, but must also
show that concentrations of specific hazardous waste constituents are
also being addressed or treated as part of the program.

4. Ground-Water Monitoring System (South Area)

The area south of the North Platte River (South Area, Figure 15) currently

maintains a network of ground-water monitoring wells, but is not subject to the
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ground-water monitoring requirements of RCRA as outlined in 40 CFR 264 and
265 subparts F. As previously mentioned the South Arca contains the process units
of the refinery and several tankage units. RCRA-regulated or interim status land
disposal units do not exist in this arca. The South Arca docs, however, contain
numecrous solid waste management units which possess relatively high potential for
contamination to the ground water. Such units include the service water return
ditch; storm water surge ponds; PCS coke settling pond; precipitator and accelerator
ponds; barometric separator and barometric lagoons; several tank farms; and the
process arca and associated piping and historical spills. In addition, the reports

reviewed by the Task Force indicated that a waste oil dump, old ponds and dump

sites located along the south bank of the river may also be contributing to relcascs
to the ground water. :

a. History

Investigations have bcen ongoing in the South Arca since the 1940's to
investigate.and/or remediate the accumulation of large quantities of
floating hydrocarbons in the central tank farm arca (Figure 2). In addition
a new study (1986/1987) is currently underway to investigate ground-water
contamination bencath the southcastern corner of. the site adjacent to the
east tank farm and land farm arca (Figure 2). This study was implemented
as a result of the Task Force evaluation analytical results. A brief history
of ground-water monitoring and hydrocarbon recovery activities for the
South Arca is as follows:

0 Bctween 1947 and 1958 Texaco drilled and instalicd approximately
74 wells which were used as monitoring wells, hydrocarbon recovery
wells and for exploration of the local geology.

0 In July 1957, an east and west open interceptor ditch was installed to
intercept the flow of hydrocarbons in the ground water before they
sceped into the North Platte River. This open ditch system was
replaced with a closed system in 1972/1973.

0 Sometime after 1957 a "clay barrier” was constructed east of the east
end of the cast interceptor ditch to halt hydrocarbon migration
(WWC, 1982c¢).

0 In 1972 and 1973, the east and west interceptor ditches were replaced
with a closed interceptor system which consisted of two 24-inch
perforated culverts stacked one on top of the other and buried. A
concrete sump was installed at the east and west end of the west and
east interceptor ditches, respectively. Each sump contained a 300
gpm pump (WWC, 1982c).

0 From December 1981 to January 1982, 15 additional wells were
drilled as part of the Phase I studies to better define the local
geology, because detailed lithologic descriptions were not available
(WWC, 1982b).

o From June to July 1982, 27 additional monitoring wells were

installed to further define the extent of hydrocarbon accumulation
“and the local hydrogeologic conditions (WWC, 1982c¢).
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o} As a result of the June and July 1982 investigation, Texaco
submitted an Application for Permit to Construct the Hydrocarbon
(Oil) Recovery Project proposed at the Casper Texaco Refinery in
March and June 1983 (WWC, 1983b).

) In July and August 1983, Phase I of the Oil Recovery operations
were implemented with the construction of four recovery wells, nine
recharge wells and 11 additional monitoring wells. The system
became operational (uninterrupted) in Scptember 1983,

0 From April through June 1984, Phase Il of the Oil Recovery system
was undertaken. This phasc included the installation of two
additional rccovery wells, 13 recharge wells, and four monitoring
wells (April 1984). In April 1985, five additional recharge wells were
installed.

0 In August 1986, EPA performed a Task Force Evaluation of the
Texaco Refinery which included split sampling of six wells and the
PCS Coke Settling Pond in the South Arca.

0 As a result of the Task Force Evaluation ground-water analytical
results, contamination was detected beneath the southeast corner of
the Texaco Refinery. In December 1986 and January 1987, eight
additional monitoring wells were installed to further investigate this
contamination (WWC, 1987b). Because this investigation was

“undertaken after the Task Force Evaluation, it will not be discussed
in detail.

A total of 139 ground-water monitoring wells were installed in the South
Area from 1947 until January 1987. These wells were installed to. monitor
accumulations of floating hydrocarbons, oil recovery activitics and
characterization of the hydrogeologic conditions.

As part of the oil recovery system, a total of six recovery wells and 27
recharge wells have been installed.

Of the 139 ground-water monitoring wells and 33 oil recovery system wells,
numerous wells either do not contain completion records or geologic logs, or
they have been plugged, abandoned, or are no longer in use. An inventory
of the monitoring wells as tabulated by Texaco as of 1982 is included as
Appendix C. In evaluating the South Area, the Task Force only utilized
wells where completion records and/or geologic logs were available. Fifty-
nine ground-water monitoring wells which met this criterion are listed in
Table 12 with their locations identified in Figure 15. This list of wells does
not include those related to oil recovery operations, although their locations
are included on Figure 15. The oil recovery system is discussed in further
detail later in this section.

Those wells which were not utilized by the Task Force include the wells
listed in Appendix C minus those presented in Table 12. Also wells §S-52
through SS-55 installed in April 1984 were not included, as no records were
provided to the Task Force.
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Tabte 12

Vell Specifications - §outh Argg

AVERAGE
APPROX. VATER couto couLo
GROUND LEVELS DETECT DETECY
SURFACE COMPLETION . CORRECTED HEAVY LIGHT
DATE CASING ELEVATION INTERVAL OLPTH 10 HON | 10RED MAY, AUG., OCT. IWNISCIBLES MU SCIBLES
HELL INS'AlLEQ IVPE l“sl! ’SCQ(ENI !(DROC( |H![3VA‘ 198% V(StNO‘POSSlEl! YES/NO/POSSEBLE
£s-1 12-9-81 4™ GALY 5086 27-32 3% ALY $080.3 YES O
(5059-5054) (5051)
ss-2 12-10-81 4* cALY 5085 7.5-12.5 37 ALY 5080.5 N0 NO
(5077.5-5072.5) (5048)
ss-3 12-11-81 4= GALY s08s 25-30 38 ALY 5080.6 NO O
(5050-5055) (3049)
554 12-11-81 4" GALY 5085 e-13 ’ 19 ALV 5081.8 O uo
(5077-5072) (5066) :
$$-S 12-12-81 ) 4" GALY 5085 15-18 20 Aty 5076.5 POSSIBLE ¥
(5070-5087) (5085)
$8-6 12-13-81 &% GALY $104 6-9 ) 19 ALV 5097.4 KO POSSIBLE
(5098-5095) (5085)
ss-7 12-15-81 4% GALY $116 €245 60 ALV 5084.9 NO NO
(5074-5071) (5056
$5-9 1-4-82 4 ALY 5108 §2-45 (9] ALY 5085.6 o o

(50566-5063) (5054)
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$5-10

s5-1

§s-12

§5-13

§5-14

$5-15

$5-16

§5-17

55-18a

DATE
INSTALLED

12-18-81

12-20-81

t2-7-81

6-23-82

7-8-82

T-11-82

T-11-82

7-11-82

7-14-82

CASING
1veg

i

e}

-

Ic

GALY

GALYV

GALY

PVC

PVC

PVC

PVve

PVC

PVC

APPROX .
GROUND

SURFACE
ELEVATIOM

MSL

5098

5098

5090

I

311

5113

5096

5089

5088

COMPLETION
INTERVAL

{SCREEN)

8-

(5080-5077)

5-25
(5093-5073)

1-14
(5079-5074)

32.3-42.3
(5078.7-5058.7)

31.7-40.7
(5084.3-5074.3)

29.1-35.1
(5083.9-5077.9)

8.3-17.3
(5087.7-5078.7)

3.7-12.7
(5085.3-5076.3)

3.2-13.2
(5084.8-5074.8)

Ishle 12

Ugll Speclticstiony - South Area

DEPIN 10 MON [ TORED
georocK INTERVAL
23 ALV
(5073)

26 ALV
(5072)

28 ALV
(5082)

28.5 BEDROCK
(5032.5)

8.5 ALY
(5047.5)

37.8 ALV
(5075.5)

18.5 ALY
(5077.5)

12.5 ALV
(5076.5)

4.0 ALY
(5074)

AVERACE
VAIER
LEVELS
CORRECTED

MAY, AUG., OCT.

1989

5085.1

5078.6

5081.83

5085.9

5085.1

5088 .9

WD

5083.2

5081.¢

cauLo

DETECY

HEAVY
IMMISCLIBLES
YES/NO/POSSIALE

POSSIBLE

YES

o]

(]

KO

POSSIBLE

POSSIBLE

YES

POSSIBLE

couLo
DETECT
LIGHT
IMMISCIBLES

YES/NO/POSSIBLE

O

YES

L[]

L]

POSSIBLE

POSSIBLE

KD

YES

YES
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§5-19
§$-20
?S'Z|
$5-22
§s-23
$S-24
§$-25
§§-26

$s-27

DATE

[NSTALLED

7-14-82

7-14-82

7-16-82

T-13-82

7-14-82

T-14-82

7-15-82

7-15-82

7-15-82

CASING
1YPE

™

g

™

pL

2™

pL

2

PvC

PVC

GALV

GALV

PVC

pPve

pve

pPvC

PVC

APPROX.
GROUND
SURFACE
ELEVATION
L]

5087

5095

509$

5099

5096

5091

5096

5092

5093

COMPLETION
IMTERVAL

{SCREEN)

7.5-17.5%

(5079.5-5049.

10.3-20.3

(5084.7-5074.

11.2-21.2

(3083.8-5073.

19.2-29.2

(5079.8-5069.

11.0-21.0
(5085-5075)

9.5-19.%

(5081.5-507%.

10-8-19.8

(5085.2-5076.

11.8-20.8

(5080.2-5071,

10.3-19.3

(5082.7-5073.

$)

18]

8)

2)

Jable 12

Vell Specificationy - South Arey

oEPIN 10
[13:11ed 4

18.0
(5069)

25.0
(5070)

22.%
(5072.5)

17.%
(5081.5)

23.0
(5073)

22.0
(5069)

22.5
(5073.5)

22.5
(5069.5)

22.5
(5070)

MONLIORED
INISIVA&

ALY

118 )

ALY

BEDROCK

ALY

ALY

ALV

ALY

ALV

AVERAGE

WATER

LEVELS

CORRECTED

HAY, AUG., OCT,
1085

$080.4

5082.8

5082.3

5083.7

5081.7

5081.5

5081.4

5081.4

5081.7

couLo

OETECTY

HEAVY
In4ISCIBLES
Yfs/nospossialg

POSSIBLE

NO

POSSIBLE

NO

POSSIBLE

POSSIBLE

POSSTBLE

POSSIBLE

POSSIBLE

couLo
DETECT
LIGut
PWAISCIBLES

YES/NO/POSSIBLE

TES

YES

YES

L{1]

YES

YES

POSSIBLE

YES
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§§-28

§§-29

§$-30

§s-32

§s-33

§5-34

§$-35

§5-36

$5-37

DATE
INSTALLED

7-15-82

7-15-82

7-16-82

7-16-82

6-26-82

6-26-82

6-27-82

4-27-82

6-27-82

CASING
1reg

2

PVC

PVC

PVC

pvC

PVC

PVC

PVvC

PVC

PVC

APPROX.
GROUND
SURFACE
ELEVATION
(us1)

5095.5

3090

$088

5088

5084

5084

5086

5085

5088

COMPLET 1OM
INTERVAL
{SCREEN)

14.3-23.3
(5081.2-5072.2)

7.0-16.0
(5083-5074)

$.1-15.1
(5082.9-5072.9)

13.0-23.0
(5075-50a5)

2.5-8.5
(5081.5-5075.5)

L.4-14 .4
(5079.6-5069.6)

3.6-13.2
(5082.4-5072.8)

4.8-14.4
15080.2-5070.6)

4.9-1¢.5
(5083.1-5073)

Lsble 12

Vell Speciflicetions - South Areg

DEPIN 10 HON] TORED
8roroOCK [NTERVAL
21.5 AtV
(5048)

22.% ALY
(5047.5)

15.1 ALV
(5072.9)

24.0 ALY
{5064 )

8.0 ALY
(5074)

23.7 ALY
(5050.3)

25.5 ALV
(5080.%)

32.8 ALV
(5052.2)

31.4 ALV
(5056.6)

AVERAGE

VATER
LEVEL

CORRECTED
MAY, AUG., OCT,
1985

3081,

s081.

S0A2.

5082.

5078.

5080.

5079.

5080,

S0L0.

$

-

couLo
DETECT
HEAVY
THMISCIBLES

YES/NO/POSSIBIE

NO

NO

YES

YES

YES

1o}

NO

NO

NO

CouLd
DETECT
LIGHT
I1MMISCIBLES

YES/NO/PDSSIBLE

YES

N0

YES

POSSIBLE

YES

YES

YES
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Tshig 12

Vell Speciticatlions - Jouth Ares

AVERAGE
APPROX . WVATER CouLD couLo
GROUKD LEVELS DETECT OETECT
SURFACE COMPLETION COQRECTED HEAVY LIGHT
DATE CASING ELEVATION INTERVAL OEPTH 10 MOKITORED HAY, AUG., OCT, IRMISCIBLES IMRISCIBLES
m |H§'llli2 "Pi 1"5!. ‘icﬂ((l! BEDROCK INTERVAL 1985 !;S‘MO‘POS!IB[! VES‘NO‘POSSI![E
£5-39 7-12-82 2= pvc ~5098 : 1.7-10.7 1.0 ALY D POSSIBLE XD
(5096.3-3087.3) (3087)
$3-40 1983 2= pvec 5093.13"* 8.0-18.0 nA ALV 50811 NO YEs
(3085.1-5075.1)
$5-41 1983 2= pve soe7.18"" 11.0-21.0 nA ALY uo ND ¥0
(5085.2-3075.2)
55-42 1983 2 PVC s092.68'° 6.8-16.8 WA ALV $081.1 X0 Yes
(5085.9-5075.9)
$5-43 1983 4= pvc $093.29'" 43103 A AV 5080.9 ND YES
(5088.9-5078.9)
$5-44 1983 & PVC so92.971" 7.0-17.0 ¥A ALV $080.9 ND YES
(5085.9-5075.9)
s8-45 1983 4% PVC s097.29"" 9.0-19.0 A ALV 5081.2 KD YES
(5083.3-5078.3)
$5-47 1983 4 PVC s09s.72"" 10.0-20.0 A ALY 5082.2 ND YES
(5085.8-5076.8)
$S-48 1983 4 pPVC s099.77'" 12.0-22.0 A ALV 5082.5 o Yes

(5087.8-5077.8)
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Table ig

Vel Speclflications - South Ares

AVERAGE
APPROX . WATER couLo couLd
GROUND LEVELS DETECT DETECT
SURFACE COMPLETION CORRECTED HEAVY LIGHT
OATE CASING ELEVATION IMTERVAL OEPTH 10 KON 1 TORED WAY, AUG., OCT. IKMISCIDLES IMHISCIBLES
m INS'A!’!Q l'PE ’NSL! ‘;Cﬂf[ﬂl ![OIKS |N|!nv‘l 1985 'fiz“otposslglg 'gs{NO{POSS'alE
$5-49 1983 & pVC s093.2¢"" 5.3-15.3 I ALV 5082.3 Ko YES
(5087.9-5077.9)
$5-50 1983 & pve s095.20"" 8.7:18.4 NA ALV $081.3 WD YES
(5085.5-5076.8)
$5-5% 1963 4= pveC s008.51"" 9.7-19.7 A ALV 5081.9 o ves
(5088.8-5078.8)
$5-56 12-29-84 2+ pve $106.9 16.2-25.9 30¢ ALV s0as.7%" NO YES
(5090.7-5081) (5076.9)
$5-57 12-30-85 2= pvC 5112.1 21.6-31.4 NE ALV 5085.72" KO YES
(5090.5-5080.7)
$5-58 12-30-86 2= pvc $114.0 26.2-33.8 NE ALV soss.772" No vES
(5089.8-5080.2)
$5-59 12-31- 86 2v pve S114.4 23.8-33.6 vE ALV s0ss.82" xo YES
(5090.6-5080.8)
$5-60 1-5-87 24 pve $110.3 19.8-20.6 NE ALV s085.72" X0 ' YES
(5090.5-5080.7)
ss-61 1-6-87 2+ pve $106.0 15.5-25.3 WE ALV soss. a2 ¥O YES

(5090.5-5C60.7:
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$5-62

$5-63

N-41a

1
2*

NE
GALYV
NA

DATE CASING
JNSTALLED 1veg
1-7-87 2% PVC
1-7-87 2= pvc
2-7-82 4" GaL
6-21-82 2% PVC
12-19-81 7
1-7-82 42

TOP OF CASING ELEVATION (MSL)

WATER LEVELS (NOT CORRECTED), SEPTEMBER 1987

NO DATA

NOT ENCOUNTERED
GALVANIZED STEEL
NOT AVAILABLE

APPROX.

GROUND

SURFACE
ELEVATION

(L9

31146

S114.2

5123

~5114

~5097

~5096

COMPLET IO
INTERVAL

gscaern)

26.5-34 .4
(5090.1-5080.2)

28.8-35.6
(5084-5079.2)

46-49
(5077-5074)

955
(5065-5059)

3-28
(5094-5072)

19-39
(5077-5057)

Yahle V2

Well $pecifications - South Areg

OEPTH TO MON | TORED
BEDROCK gutgavay
NE ALV

113 ALV

49 ALV
(507¢)

35 ALY
(5059)

37 ALV
(5040)

39 ALY
(5057)

AVERACE

VATER

LEVELS

CORRECTED

MAY, AUG., OCT.
1985

s085.62°
soss.28%"
KO
ND

$083.06

5082.1

could

DETECH

HEAVY
IMMISCIBLES
YES/NO/POSS [BL

L {0}

NO

YES

[ Lo}

YES

cand
DETECT
LIGHT
IMHISCIBLES

YES/NO/POSSIBLE

YES

YES

L[]

N0

YES

NO
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Completion records and geologic logs for the South Area wells utilized by
the Task Force are also presented in Appendix C.

b. Monitoring Well System Design/Placement/Construction (South Area)

The facility-wide ground-water monitoring system in the South Area was
installed to define the extent of accumulation of floating hydrocarbons and
local hydrogeologic conditions. Subsequently, the system has not been
utilized to define the water quality which would include dissolved
constituents and also densc phasc immiscible components of refinery wastes.
This does not include the southeast arca of the refinery, where ongoing
investigations are evaluating both dissolved and light immiscible
contamination,

The horizontal placements of the South Area wells were based on previous
data on hydrocarbon accumulations and also local ground-water flow
conditions. This resulted in almost all of the wells being completed to
define the extent of floating hydrocarbons. For the remaining discussion,
the central South Arca and the southeast corner will be discussed separately.

Central South Area The vertical placement of the screened intervals of
most wells are completed in the alluvium with emphasis placed on screening
the water table to detect floating hydrocarbons. Only two wells in the
South Area, SS-13 and SS-22, had screened intervals within the unnamed
middlc member. Well SS-13 is discussed under the Southcastern Corner
Arca.

Based on the refinery waste constituents (Table §), the ground-water
monitoring system should be capable of monitoring the water table for light
immiscibles, dense immiscibles and also dissolved organic and inorganic
constituents. According to Texaco, oil samples from ten wells showed virgin

"to cracked contaminated products with the cracked content increasing

eastward, and distillation tests indicated contaminated refined product
mixtures ranging from ncarly heavy straight run naphtha to gas oil (WWC,
1982b).

To evaluate the monitoring well network’s capability of detecting light
immiscibles, Table 12 presents data for average water levels, corrected for
hydrocarbon accumulations taken from most wells in May, August and
October 1985 corrected water levels, except as noted on the Table. These
averaged water levels were compared to screened interval depths to evaluate
which wells would be capable of detecting light immiscibles. Table 12 lists
those wells capable of detecting light immiscibles with a "Yes." The term
"Possible” was used as screen and water levels may vary from 1 to 2.0 feet,
and these wells may be capable of detecting floaters during fluctuations in
water levels. These wells have also been plotted on Figure 24, which shows
the apparent petroleum thickness as calculated by Texaco on November 5,
1985. This was the most recent petroleum thickness map available to the
Task Force. '

It should be noted that numerous wells measured on November 5, 1985

displayed the presence of light immiscibles at less than 0.5 feet. These wells
include: SS-24, 0.48%; SS-11, 0.44’; §S-23, 0.157; $5-45, 0.41°; $SS-47, 0.49’; SS-52,
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0.15%; SS-5, 0.23"; SS-37, 0.26%; and SS-55, 0.14" (Groundwater Technology,
1983-1985). These wells and other wells often show fluctuations in oil
thickness with water level increase/decreases. - This is discussed later in this
Section, under the Hydrocarbon Recovery System.

Figure 24 points out that wells do not exist north/northeast of the storm
surge ponds to detect light immiscibles. [t is interesting to note that wells
SS-4 and SS-5 have historically shown hydrocarbon accumulation up to 2.0
feet, even though their screened intervals do not intersect the average water
table. During the Task Force evaluation, 5.02 feet of hydrocarbon
accumulation was measured in well SS-4 (see Task Force Ficld Data Sheets,
Appendix D). Oil was mcasured from 9.83 to 14.85 [cet (screen at 8-13 feet
and measured total depth of 15.4" below ground surface), thus explaining
that this hydrocarbon accumulation may be attributed to a dense immiscible
phase rather than light. Regardless, the potentiometric map previously
presented (Figure 17) would indicate that this arca may be seeping into the
North Plattc River. The lack of wells adjacent to S5-4 and SS-5 screened at
the water table or deeper precludes an evaluation of hydrocarbon
accumulation in this area. Additional arcas which may lack wells to
evaluate accumulations of hydrocarbons include the areas north of SS-30
and SS-17, adjacent to SS-51 and bectween the east and west interceptor
ditches north of SS-52 (Figure 24),

Table 12 also presents those wells in the South Area which may be capable
of detecting a densc phase immiscible component. Criteria for these wells
included those whose screened interval was completed at approximately the
alluvium/unnamed middle member contact. The potential for dense phase
immiscibles has not been investigated by Texaco, as their ¢fforts have been
directed to the floating phase. As previously mentioned, the Task Force’s
detection of hydrocarbons in well SS-4 indicates the presence of a dense
phase (i.c. 5.02 foot of hydrocarbons from 9.83 to 14.85' with a scrcened
interval from 8 to 13 feet and a total depth of 15.4 feet). The Task Force
also detected a dense phase at well SS-19, where 1.0 foot of hydrocarbons
were mecasured on the bottom of the well (see ficld data sheet for SS-19,
Appendix D). No other dense phases were detected by the Task Force in the
South Area. To date, no measurements or documentation exists from Texaco
for dense immiscible components. Those wells which may be capable of
detecting a dense phase are plotted on Figure 25. Based on the
hydrogeologic conditions in the South Arca previously discussed, there are
two areas where the potential for an accumulation of dense immiscibles
could exist. They include a bedrock erosional low presented previously in
Figure 7 and confirmed in Figure 16, and also a potentially abandoned
meander loop identified on those figures. The low and abandoned mcander
loop are presented on Figure 25 for comparison to well locations. Although
these areas may be potentially conducive to dense immiscible accumulation,
other variables such as ground water flow directions and the alluvium/
unnamed middle member interface surface (i.e. local features) may also be
conducive.

For detecting dissolved constituents, it appears that numerous wells would

be suitable, although Texaco has not implemented such a ground-water
program at this time.
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Only two wells, SS-13 and S$S5-22, have a screencd interval within the
bedrock, although at this time no analytical data have been collected. Both
wells appear to have been completed in a sandy siltstone or silty sandstone
lens in the unnamed middle member, It should be noted that construction
dctails indicate that only well §5-13 may be completed to allow for a
discrete sample from the ‘bedrock unit and this well is located in the
southeastern arca far removed from the areas of hydrocarbon accumulation
(Appendix C). Further evaluation of the bedrock unit is recommended in
order to evaluate the potential for contaminant pathways and/or
contamination in this unit.

The horizontal locations of wells M-41, M-d1a, M-42 and SS-9 all appear to
be appropriate for them to serve as background wells for the South Area,
based on ground-water flow (Figure 17). Although M-42 is presented on this
Figure, no completion records or geologic logs were provided to the Task
Force.

Dcsign specifications of the wells located within the South Arca and
evaluated by the Task Force are prescnted bricfly in Table 12 and arc
detailed on completion logs in Appendix C. Because of the large number of
wells in the South Area, only general construction practices and
inadequacies will be mentioned.

All wells were drilled with either rotary or hollow stem augers to the total
depth of the boring. The rotary drilling included the use of cither
Hydrogel, air, water, or Johnson Revert (Appendix C). No details were
provided by Texaco on the chemical composition of the drilling fluids.

As indicated on Table 12, many of the wells were drilled to a total depth
(top of bedrock) which was several feet deeper than where the bottom of
the well was actually completed. In most cases the bottom of the boring was
either backfilled or gravel packed, and then the well was completed. As
was previously stated for the North Areca, the backfilled or gravel packed
interval below the bottom of the well may act as a pathway for potential
migration of contaminants deeper in the aquifer. At least one well (8S-6)
contained a bentonite seal at the bottom of the hole to avoid vertical
migration of contamination (Appendix C).

As presented in Table 12, well construction materials vary from 2" and 4"
PVC to 4" Schedule 40 galvanized steel. The screen and in many cases the
perforated interval was constructed of saw, pre-cut galvanized (0.10
perforations) slots or stainless steel Johnson screen (0.02 to 0.1 slot) for the
4" galvanized wells or factory slotted PYC screen with variable slot size
from 0.02, 0.08, to 0.18 inches for the PVC wells. Screen lengths varied
from 3.0 to 22 fect (Table 12, Appendix C). The TEGD (EPA, 1986a) states
that the use of galvanized in conjunction with stainless stcel may lead to
accelerated corrosion of the galvanized steel, which could cause failure of
wells during long term monitoring. The TEGD recommends that an
electrically isolating (dielectric) coupling be used when two dissimilar
metals are in direct contact.

Also, the use of PYC as a monitoring well material may present problems

when in contact with aqueous organic mixtures. Please refer to the
discussion on the adequacy of PYC well casing material for the North Area.
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In all wells, the filter pack consisted primarily of a gravel pack material
(pea-gravel, 8-16 or 12-20 frec silica sand), or in many cascs, collapsed
formation material or backfill from drill cuttings. Texaco did not provide
a grain size analysis of the formation material which could have been used
to evaluate the adequacy of the screen slot size with either the natural
gravel pack or the introduced filter pack.

In most cases the gravel pack and/or backfill extended well beyond the
recommended 2.0 feet above the top of the screcen. This recommended
interval ensures collection of discrete samples (TEGD, EPA, 1986a)
(Appendix C).

The use of bentonite as.an annular scalant above the screen was noted in
numerous wells, although it was also common practice to backfill the
annular space above the gravel pack and/or top of screen with drill cuttings
to about 2-3 fecet below ground surface. Overlying the gravel pack, a
cement surface scal (2:1 ccment to water ratio) was installed. The use of
drill cuttings as backfill material may not be appropriate as contaminants
from the soils could migrate into the open interval. In addition, where a
bentonite annular seal is non-existent, the backfill and/or gravel pack could
provide a contaminant pathway from shallow to deep aquifcr flow paths.

There were no data presented by Texaco on the type of well development
procedures which may have been utilized following well construction.

Data collected by the Task Force for turbidity from several South Arca
wells indicate values exceeding those recommended by the TEGD (5 N.T.U.)
(EPA, 1986a). The values recorded by the Task Force include: SS-19, 90
N.T.U.; SS-7, 85 N.T.U.; and SS-49, 247 N.T.U. These high turbidity valucs
may be a result of screen slot size vs. gravel pack vs. formation material, or
may be a result of the natural introduction of silts and clays to the well.
The impact of such turbidity values should be evaluated by Texaco if a
ground-water quality sampling program is implemented in the future.

As a check on the construction diagrams and the measured vertical
placement of the screened intervals, the Task Force measured total depth
for comparison. A brief comparison showed that the Texaco boring logs for
wells SS-49, SS-4, SS-7, SS-34 and M-41A compared favorably with only
slight variances of 1 to 2 feet. These variances may be a result of ’
accumulations of sediment in the bottom of the well or errors in
measurements during well completion.

Analvtical Performance (Central South Area) Studies of the water
quality in the South Area are limited to those performed by Texaco in
conjunction with the oil recovery project. Specifically, only an evaluation
of the excess water produced from the recovery wells exists. The first set
of ground-water analyses were collected in September 1982 at monitoring
wells M-41a (upgradient), SS-9 (upgradient), Ob-2, SS-1, SS-5 and #10 (not
utilized or presented on Table 12 by the Task Force). These wells are for
the most part completed with sCreens below the oil-water interface to
evaluate concentrations of dissolved constituents. As part of Texaco’s
permit conditions to operate the oil recovery system, samples were collected
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at the recovery wells on November 27, 1984 and again on May 14, 1985
(Groundwater Technology, 1983-1985). During these sampling events,
indicator paramcters, inorganics and some metals were sampled for. The
only organic analysis for the alluvial aquifer in the South Arca was for
effluent from the interceptor system flowing to the cffluent ponds (WWC,
1983b). The next sampling event was performed by the Task Force in
August 1986, where five wells (8S-19, §§-49, §S-34, SS-4, and M-41a) in the
central portion of the South Areca were analyzed. Results verify the
presence of organics in the ground water. This does not include the prescnt
investigation currently ongoing in the southeastern portion of the property,
which is discussed later in this section.

The inorganic and indicator parameter analytical results for samples
collected from wells M-d1a, well SS-9, weil Ob-2, well §S-1, well SS-5 and
well #10 are presented in Table 13 and their locations can be found on
Figure 1S.

These data show clevated TOC and chlorides when compared to background.
The metals analysis did not show any elevated constituents. As was
previously mentioned, Texaco maintains that the organic data listed in
Table 14 for the inflow to Excess Efflucnt Ponds is representative of the
alluvial ground water as it originates in the interceptor ditches. These data
show several organics detected which may exist in light and/or dense
immiscible phases (dependent upon concentrations) and/or dissolved in
ground water when compared to the physical characteristics of refincry
wastes outlined previously in Table 5.

The ground-water data collected in November 1984 was for effluent being
pumped from recovery wells RW-1, RW-2, RW-3, RW-5 and RW-6
(Groundwater Technology, 1983-1985). These data were evaluated to
characterize the quality of the water being discharged to recharge wells as
part of the oil recovery system. These wells ( RW-1, RW-2, RW-3, RW-5 and
RW-6) were again sampled in May 1985 for similar constituents which
include indicator parameters, some tnorganics and several heavy metals. As
previously mentioned, no organics were sampled for. Analytical results are
presented in the Fifth and Seventh Quarterly Reports for the Oil Recovery
System (Groundwater Technology, 1983-1985). Table 15 lists those
parameters which either appear to be clevated or have becn identified as
indicator parameters at the facility. These results indicate variable water
quality with sulfate and chromium concentrations being consistently
elevated and above the applicable criteria. It should be noted that sulfates
may be a function of variable ground-water quality in the shallow aquifer
and/or biodegradation of sulfides, as background sample results in Table 13
show elevated sulfates. It is probable that the waste constituents of concern
in the South Arca are organics, for which there is a lack of data.

The Task Force samples collected in August 1986 were analyzed lor organics
at wells §S-19, SS-49, SS-34, §5-4 and M-41A. These results are discussed in
detail later in this report. In summary, numerous organics including
benzene, ethylbenzene, naphthalene, toluene, total xylenes and other
base/neutral organics were detected in various concentrations. The
upgradient well M-41A did not contain any organics. It is worth noting that
at well SS-4, adjacent to SS-5, several other organics were detected which
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Table 13 Water Quality Data, Casper

Constituent

Orqanic Species

Blochemical Oxygen Demand (mg/1)
Chemfcal Oxygen Demand (mg/l?
011 and Grease {mg/1)

Phenols (mg/1)

Total Organic Carbon {mg/1)

Field Parameters

pH {std. units)
Spec. Cond. (umhos @ 25°C)
Temperature (°C)

Mafor lnorgén!c Species

Total Ofssolved Solfds (mg/1)
Sodfum {mg/1)

Patassium (mg/1)

Calcfum (mg/1)
Hagnesium ?m /")
Bicarbonate ?mg/l)
Sulfate (mg/))
Chloride (mg/1)

Minor Inarqanic Species

Arsenic, Total (mg/1)
Barfum, Total (mg/1)
Doron, Total (mg/1).
Cadmium, Total ?mg/l)
Chromium, Total (mg/}) .
Chromium, Dissolved (mg/1)
Copper, Total (mg/1}

Cyanide, Total {mg/1)
Fluoride, Yotal (mg/1)

lron, Total! {mg/1}

Lead, Total (mg/1)

Hanganese, Total (mg/1)
Mercury, Total {mg/1)
Hitrogen, Ammonla {mg/l as N)
Hitrogen, Hitrate (mg/1 as N)
Nitrogen, Hitrite {mg/1 as N)
Selenfum, Total (mg/1)
Stlver, Tota) (mg/l)

Sulfide {mg71)

Uranfum, Total {mg/1}

Iinc, Tolal'(mg/lg

Note: -~ means less than value shown

Saurce: wwe. 1983b

Well M-41A

20
43
2.1
-0.01
29.2

7.1
2030
g

2526
210
27
261
185
540
1430
3z

-0.001
-0.10
0.52
-0.002
-0.0}
-0.01
0.01
-0.02
0.27
0.04
-0.058
0.18
-0.0002
-0.05
0.48
0.015
-0.001
-0.01
-0.10
0.028
1.043

Hell 55-9

1400
128
108
132
105
400
650
17

-0.001
-0.10
0.51
-0.002
-0.01
-0.01
-0.01
-0.02
0.40
0.0]
-0.05
0.05
-0.0002
-0.05
0.22
0.002
-0.001
-0.0)
-0.10
0.007
1.181

Texaco Refinery (September 1982).

Hell Ob-2

26

75
1.9

-0.01

61.9

7.2
1490
21

1323
122
87
172
105
880
361
12

-0.001
-0.10
D.74
-0.002
-0.01
-0.01
-0.01
-0.02
0.30
0.04
-0.05
1.08
-0.0002
¢.05
6.10
0.001
-0.001
-0.01
-0.10
0.004
1.329

2110

2]

1817

n

49
116
105
780
S
445

-0

-0

-0

Hell SS5-1

.001
-0.
.51

.002
-0.
-0.

10

0l
ol

.01
-0.
.45
.04
-0.
.70
-0.
.27
.15
-0.
-0.
-0.
-0.
.002
.603

02

05,
0002

001
001
0]
10

Hell §5-5

2]
199
54.2
0.18
58.S

6.9
1490
22

1145
202
39
120
6]
880

255

-0.00}
-0.10

-0.002
-0.01"
-0.01
-0.01
-0.02

-0.05
-0.0002

0.005
-0.001
~=0.01
-0.10
0.001
1.550

Kell 110

)2
127

0.10
16.2

961
65
64

164

1020
12
56

-0.00}
-0.10
0.54
-0.002
-0.01
-0.01
-0.01
-0.02

-0.05

-0.0002
4,0
0.47
0.040

-0.001

-0.0l}

-0.10
0.001

-0.005
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Table 14 TOX and Priority Pollutant Data for the Excess Service Water Effluent Ponds, Casper Texaco Refinery

(October 1982).

Constituent

(a)

Chlorinated Hydrocarbons

TOX (ug/1 as Cl1)

oc ~ BHC (Benzene Hexachloride) (ug/1)
Endosulfan Sulfate (ug/1)

1,1,1 - Trichloroethane (ug/1)

(a)

Unchlorinated Hydrocarbons

Methyl Phenol (2 {1somers) (ug/1)
Dimethyl Phenol (2 isomers) (ug/1)
Methyl Ethyl Phenol (2 isomers? (ug/1)
Acetone (ug/1)

2,2,5 - Trimethylhexane (ug/1)

Dimethyl Hexane (ug/1)

Methyl Octene (ug/1)

Methyl Cyclohexane (ug/1)
Trimethyl Cyclopentane (ug.1)
Ethyl Methyl Cyclopentane (ug/1)

Methyl Naphthalene (ug/1)
Dimethyl Naphthalene ?ug/])
Trimethyl Naphthalene (ug/1)
Methyl Phenanthrene (ug/1)
Hydrocarbons C,. - Cg (ug/1)

Naphthalene (ug/1)
Toluene (ug/?1)
Chrysene (ug/1)
Fluorene {(ug/1)
Phenanthrene {ug/1)
Pyrene (ug/1)

ra) Priority pollutants not listed on the table were not dotected in the samples.

Qanren. WRWE 1004h

Inflow to Excess
Effluent Ponds

-0.001
3.5

-50
-50
-50
25
20

24
34
53
9
6

150
630
370

97
180

-10
-2
27
41
67
61

Excess
Effluent

Pand #1

41
-0.001
~-0.03
-2

-50
-50
-50
-5
-5

-5
-5
-5
-5
-5

-10
-10
-10
-10
-10

-10

-2
-10
-10
-10
-10

Excess

Effluent
Pond #2

63
-0.001
-0.03
-2

Excess
Effluent
Pond #5

49
0.12
-0.03
-2

-50
-50
-50

-5

-5
-5
-5
-5
-5

-10
-10
-10
-10
~10

-10

-2
-10
-10
-10
-10
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tab-j

*2

Sources:

Groundwater Technology, 1983-1985

slh
Applicable RW-1 RW-1
Parameters Criteria 11/27/84 5/14/85
*9
Sul fate 250 8 24
*1
Chloride 250 24 24
Phenol NA 0.16 0.1
*2
Chromium(T) 0.05 0.10 0.08
. .2
Lead (T) 0.05 ND(0.05) KD(0.05)
ToC NA 32 23
Oil & Grease NA 365¢oil) 0.7
pH (su) NA 7.1 7.0
Conductivity NA 936 1090
(umhos/cm)
=1

Secondary Drinking Water Standards 40 CFR 143.3.

Primary Drinking Water Standards 40 CFR 265 App I11.

Table 15

Summary of Refinery- Related Constituents
Recovery Well Samples - South Area

RW-2 RW-2
11/27/84 5/14/85
1020 1030
26 3
0.04 0.10
0.17 0.20

ND (0.05) ND(0.05)
9 7

4.0 ND(1.0)
8.4 7.65
1600 2180

RW-3

11/27/84

2840

110

1.5

0.21

0.17

62

1091.0

7.5

4360

RW-3 RW-5 RW-5 RW-6 RW-6

5414/85 11727/84 5/14/85 11/27/84 5/16/85
1960 440 550 760 900
84 38 57 32 30
0.99 0.08 o.n 0.10 o.n
0.23 0.08 0.12 0.14 0.19
KD(0.05) ND(0.05) ND(0.05) ND(0.05) ND(0.05)
29 18 19 129 10
1.4 22.8 77.8 3.58 0.4
T.2 7.0 7.35 7.2 7.0
3750 1260 1660 1710 1920
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are indicative of a dense immiscible organic phase. These constituents
include chrysene, fluorcne, fluoranthene, pyrenc and phenanthrene. This
supports the previous statement that dense immiscible organics are of
concern at wells SS-4, SS-5, and possibly in other areas at the site.

Based on the past analytical performance for the South Area, it is apparent
that Texaco has only been cvaluating the extent of floating product, as a
ground-watcr quality evaluation for both dissolved constituents and densc
phase organics has not been undertaken.

Southeast Corner As previously mentioned, the southeastern corner of the
refinery property is currently subject to an investigation of the extent of
ground-water contamination in this arca (WWC, 1987b). Approximately 13
monitoring wclls have been included in this investigation (Figure 15). Of
the 13 wells, 8 were installed in latc 1986 and 1987 as a result of the Task
Force evaluation and will not be discussed in detail. These cight wells
include SS-56 through SS-63 (scc Figurc 15). The subscquent discussion
refers to the five original wells.

The vertical placement of the screened interval in most wells is completed
in the alluvium with emphasis on detecting light immiscible phases. In the
past, floating phases have been detected in well SS-15. Monitoring well SS-
13 has been screened within the unnamed middlc member,

Bascd on the refinery waste constituents (Table 5), the monitoring wells in
this area should be capable of detecting light and dense immiscibles and
also dissolved constituents. Based on Table 12 and Figure 24, nonc of the
five wells have screencd intervals capable of detecting light phases (SS-6
and 7, SS-13 - 15). As was previously prescnted in Figure 18, the ground-
water flow direction appears to be northeast to cast, although in the vicinity
of well SS-15, the gradient appears to be fairly flat and probably to the
cast. According to Table 12, SS-14 does not have a screened intervai which
intersects the water table. At this time no wells exist at the southeastern
property boundary (Figure 24) capable of monitoring for light immiscibles
potentially migrating off the Texaco property. The presence of light
immiscibles detected in well SS-15 (0.1 fect) indicates the nced for
additional wells located to the east/southeast to evaluate the presence of a
floating phasc.

Table 12 also presents those wells which could dctect a dense immiscible
component. As previously mentioned, these wells would have to contain a
screened interval completed at the alluvium/unnamed middle member
interface.

Based on these criteria, only one well, §S-15, may be capable of dectecting a
dense immiscible phase if measured and/or sampled for (Figure 25). Well
SS-13, completed in the unnamed middle member, may be capable of
detecting a dense phase, if migration from the alluvium to the top of the
unnamed member has occurred. It is interesting to note in this arca,
especially at well SS-7 and SS-14, that the erosional subsurface of the
bedrock is deep, compared to adjacent wells. This feature can be seen on
the bedrock surface map presented as Figure 16. It is possible that the
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bedrock surface could control contaminant migration and ground-water
flow. The potentiometric map constructed by the Task Force (Figurc 18)
appears to mimic the bedrock surface, cspecially near well SS-13.

For dctecting dissolved constitucnts, it appears that several of the wells
would be capable, as scveral dissolved contaminants were dctected in the
wells, unrelated to light phase immiscibles (i.e., SS-7 and SS-14). At this
time, the monitoring wells complcted at the eastern boundary (SS-7 and SS-
14) and along the southern boundary (SS-13) have shown some organics
contamination. No wells have been installed outside of the Texaco property
to evaluate the extent and/or contaminant concentrations. Analytical
results are discussed in further detail later in this section, under past
analytical performance.

Wells SS-6 and M-41A would appcar to be located appropriately to act as
upgradicnt wells. However, the ground-water flow conditions as they relate
to well M-41A and the southcastern corner should be investigated further,
possibly by the installation of additional piczometers.

Decsign specifications of the wells located within the southeastern area are
presented in Table 12 and are detailed on complction logs presented in
Appendix C. The new wells SS-56 through SS-63 are included in this Table
and Appendix as information on well specifications was available to the
Task Force at the time of this writing.

The construction of wells SS-6, S§S-7, SS-13, SS-14 and SS-15 is similar to the
design specifications previously discussed for the wells in the central
portion of the South Arca (scc previous discussion). Therefore the
deficiencies in construction previously presented also pertain here.

Past Analvtical Performance (Southeast Corner) The sampling of
monitoring wells in this arca began with the detection of benzenc,
ethylbenzene, total xylenes and naphthalene at well SS-7 by the Task Force
evaluation performed in August 1986. Since August 1986, Texaco collected
samples in October 1986 for verification of the Task Force results, and in
December initiated a drilling program and sampling schedule to investigate
this contamination.

Potential sources as identified by Texaco may include "the storage tanks and
pipe lines in the East Tank Farm, numerous other (non Texaco) hydrocarbon
pipclines in the area and other (non Texaco) storage tanks near the area of
investigation” (WWC, 1987b). No [urther details were provided.

It appears that Texaco has only analyzed for selected organic compounds
(benzene, ethylbenzene, toluene, xylene, and naphthalene) in the
southeastern area. Texaco has plotted concentrations for the October 1986
sampling event, which are presented in Figure 26.

As can be seen from Figure 26, contamination has been detected consistently
along the castern property boundary (SS-7 and SS-14) and southeastern
corner (SS-15), with the highest concentrations found in SS-15 (note that this
well has contained accumulations of hydrocarbon in the past).
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In summary, it appears that the potential for migration of contamination
off-site to the cast is high, as wells along thc property boundary have
elevated concentrations of scveral organics and the potentiometric map
(Figurc 18) indicates an castern/northeastern component of flow. It should
be noted that the ground-water flow is not completely understood at this
time. As previously mentioned, additional data is rcquired to completely
understand the conditions in this arca.

C. Adequacy of Ground-water Monitoring System (South Area)

The facility-wide monitoring system was designed and constructed to detect
and evaluate the extent of accumulations of floating hydrocarbons
throughout the south property. As a result, the full extent of contamination
in the South Area has not been defined, specifically the presence of
dissolved and/or dense phase immiscible organics. It appears that a detailed
evaluation of the rate and extent of contamination and oversight of the
ground water corrective action system will fall under RCRA as the
potential for relcases from SWMUs has been documented in an RFI (A.T.
Kecarney, 1986).

Of importance is the identification and abatement of all potential sources
of ground-water contamination in the South Arca which may be continuing
to rclease contaminants into the ground water in the form of light and
dense phase immiscibles and other dissolved organic and inorganic
contaminants. :

The monitoring well network overall appears adequate to detect and
cvaluate the presence of the floating hydrocarbons in the South Area,
although as was pointed out previously, several areas north of the identified -
plume (Figure 24) appear to lack wells constructed to monitor for light
immiscibles. These wells would aid in.detecting floating hydrocarbons
migrating towards the river prior to any actual scepage along the south
bank of the North Platte River.

Although numerous wclls may be adequate to detect dense phase immiscible
components, Texaco has not initiated a program to evaluate the potential
for such accumulations. It was documented during the Task Force
investigation that dense phase immiscible do exist at the site as was
evidenced by a one foot sinking oil phase at the bottom of well SS-19. As
was previously mentioned, scveral areas at the site appear to be conducive
for the accumulation of dense phase immiscibles (e.g., Figure 25 presents
approximate locations of bedrock lows and abandoned meander loop
channels of the North Platte River).

The significance of dissolved organic contamination in the ground water
has not been addressed except in the southeastern corner of the South Arca.
Wells in this area have detected benzene, ethyl benzene, toluene, total
xylenes and naphthalene.

The southeastern area lacks the number of wells required to define the full
extent of contamination. This is apparent as wells located along the eastern
and southern boundary have detected organic contaminants, and based on
ground-water {low directions, appear to be migrating off-site to the
east/northeast. :
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Several construction problems also exist with the monitoring well network
as previously mentioned. It is difficult to asses the impact of these
problems at present as Texaco has concentrated only on monitoring
accumulations of floating hydrocarbons. When a ground-water quality
assessment of the South Arca is undertaken, the adequacy of each well must
be evaluated prior to collecting and analyzing ground-water samples. It
may be appropriate, through process of elimination, to choose wells in the
South Area which mcet the technical requirements of RCRA monitoring
wells as set forth in the TEGD (EPA, 1986a) and at the same time are
placed vertically and horizontally such that the full extent of contaminant
migration can be evaluated.

d. Hydrocarbon Recovery System

In response to the problem of floating hydrocarbons, two remedial action
technologics have been employed at the site. The first remedial action
includes the interception of ground water along the south bank of the North
Platte River via two interceptor ditches, and the seccond, involves the
recovery of floating hydrocarbons by pumping the aquifer. The following
is a discussion of cach remedial action technology.

Interceptor Ditch Svstem The original interceptor ditch was installed in
1957 to address oil seepage into the North Platte River (i.c. sceps #2 and #3,
Figure 15). In addition to these open ditches, scveral pits were installed to
intcrcept floating hydrocarbons. Both the trenches and pits reportedly
recovered high volumes of hydrocarbon wastes (WWC, 1982¢). There arc no
data on the maintenance and/or performance of these trenches from 1957 to
1972, when they were replaced. According to Texaco, a "Clay Barrier” was
also constructed in 1957 (Figure 15). No construction details were provided,
except that the clay was locally derived material with hydraulic
conductivitics ranging from 1077 to 1072 cm/sec (WWC, 1982a). Based on the
potentiometric map for the South Arca (Figure 17), it appears that this clay
barrier may still exist (i.c., flow of ground water around clay barrier and
east trench).

The present interceptor system (east and west, Figure 15) was constructed in
1972 and 1973 to replace the original open trenches. This new system
consisted of a closed system. The cast and west trenches were constructed
using two 24-inch perforated culverts, stacked on top of each other,
approximately 495 and 643 fcet long, respectively. Each ditch, following
insertion of culverts, was backflilled with one inch gravel, a minimum of 2
feet on each side of the culvert (WWC, 1982c). Based on the regulatory
definition of a SWMU, both trenches meet this definition as previously
discussed.

At the east end of the west trench and the west end of the east trench, a 17-
foot deep concrete sump was installed with a 300 gpm pump located in each.
Water levels in the trench were controlled by an adjustable weir located in
each sump. Water levels in the trench were maintained approximately 0.6’
below the river in order to reverse flow and have the trenches act as a
ground-water sink. From the sumps, the hydrocarbons and ground water are
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~ diverted through a series of tanks used to scparate the oil phase and store

water prior to discharge to the service water ditch system (Figure 15) (WWC,
1982c¢). .

In 1982, Texaco performed a spot check on the velocity of flow and also
installed 4 wells, SS-36 and SS-37 (West System) and SS-34 and SS-35 (East
System) to evaluate the conc of depression caused by the trenches. The flow
tests performed by Texaco indicated that there was flow in the western
system, but little to no flow in the eastern system. This would indicate that
the eastern system may not opcrate properly during certain times of the
year. The water level measurements taken in 1982 at the wells adjacent to
the trenches (SS-34, SS-35, SS-36, SS-37) show that the trench systems are in

. fact acting as ground-water sinks (WWC, 1982¢). Since 1982, no data exist

on maintenance or performance monitoring of the interceptor svstem. Based
on the location of the east and west system, and the approximate location of
the "clay barrier® (Figure 15), it appears that approximatcly 950 feet of the
south bank of the North Platte River could be subject to undectected
scepage. This secems highly likely as substantial accumulations of
hydrocarbons were detected over time by Texaco in wells §S-4 and SS-5 and
by the Task Force in August 1986 in well §S-4 (5.02 fect). This suggests
that floating hydrocarbons and possibly dense phase immiscibles may be
migrating to the north and towards the river in this area.

The analytical results collected by the Task Force in August 1986 at well.
SS-34 showed concentrations of benzene at 38 ug/l, indicating that a
dissolved organic fraction may be migrating past the cast interceptor trench.
In addition the Task Force results for well SS-4 indicate that organic

" contamination cxists in this well in elevated concentrations, thus increasing

the potential for discharge to the river as a trench or barrier does not exist
in this area. As previously mentioned, the results seem to indicate that
contamination in wells $S-4 and $S-34 may be in the form of a dense
immiscible phase (i.c. presence of chrysene, fluorene, {luoranthene ctc.) or
dissolved organics respectively. This indicates the trench system may not be
capable of intercepting dense phase organics.

Because detailed construction design specifications were not available, it
could not be determinced whether the interceptor trenches would in fact
intercept dense immiscibles migrating towards the river. If in fact the
trenches could intercept dense phases, the sumps (based on details provided
by Texaco) do not appear capable of pumping dense phase hydrocarbons
collected at the bottom of the sump (WWC, 1982¢c). Although the intcrceptor
system may drain dissolved organic constituents within the ground water to
the sump, the treatment process (oil/water separation) would not adequately
treat dissolved constituents. The water routed through the separation tanks
would in fact end up in the service water system ditch, and would be
returned to the ground water through seepage from the bottom of the ponds
(i.e. service water ditches and ponds) (A.T. Kearney, 1986).

Qil Recovery System Texaco installed a series of hydrocarbon recovery
wells in August, 1983 (RW-1 through RW-4). In June 1984, two additional
recovery wells (RW-5 and RW-6) were installed. The approximate locations
of these recovery wells is presented on Figure 15,
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Each recovery well is fitted with two pumps, one which is situated at the
ground-water interface to pump product, and the other pump utilized to
depress the water table and induce flow of floating hydrocarbons toward
the rccovery well(s). The water produced from the pump which lowers the
water table is injected without trcatment down a series of recharge wells
assigned specifically for each rccovery well, except for RW-1 which
discharges to the PCS coke scttling pond. These recharge wells are also
presented on Figure 15.

The design of the oil recovery system was based on the identified extent of
floating phase, and the characteristics of the aquifer (WWC, 1983¢). Figure
27 prescnts the theory originally used for the installation of the first four
recovery wells in 1983. Figures 28 and 29 present as-built drawings for
rccovery weils RW-1 through RW-4. Design specifications for RW-5 and
RW-6 instalicd in 1984 wecre unavailable. An as-built diagram for the
recharge wells installed in 1983 is presented as Figure 30.

The design and opcration of the oil recovery system as of January 1986,
which includes all new componcents (recovery and recharge wells), is
discussed below. Table 16 presents specifications for the recovery system in
operation as of January 1986.

The operation of the recovery system has been somewhat intermittent since
August of 1983 duc to 1) severe weather during the winter months which
forced shutdown of all recovery wells, except RW-1; and 2) in September,
1986, when the price of oil dropped, so did the rcason for operating the
recovery system, except RW-1. This was because the contractor operating
the system dcrived their profits from the sale of recovered product (A.T.
Kecarney, 1986).

The reason for continued operation of RW-1 was that sometimes during the
shutdown of this reccovery well, oil seeps were noted along the river, beyond
the interceptor system (probably the clay barrier). Since the system’s
operations from August 1983 to November 30, 1985, approximately 25,007
barrels of hydrocarbon have been recovered from this system (Groundwater
Technology, 1983-1985). The breakdown for each individual well is as
follows:

RW-1 9.0 barrels (no product removed since 1983; RW-1 still operating)
RW-2 11,307.68 barrels

RW-3 9,663.35 barrels

RW-4  587.58 barrels (shutdown April 1584)

RW-5 1,569.36 barrels

RW-6 1.870.85 barrels

Total 25,007.82 barrels

The Task Force reviewed nine quarterly reports from the period August
1983 to November 1985 (Groundwater Technology, 1983-1985) in order to
evaluate the effectiveness of the oil recovery program in reducing the
accumulations of hydrocarbons across the central portion of the South Area.
During each quarter, Texaco constructed apparent petroleum thickness maps
and ground-water contour maps to evaluatc the effects of pumping. Figures
31 through 40 prescnt apparent petroleum thicknesses for each quarter. As
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Recovery Well ..

Table 16

0i1 Recovery System Design Specifications

Recovery Well - Injection (Recharqe) Well

Series

Receiving Injection Wells

RW-1 PCS Coke Settling Pond

RW-2 I-1, I1-2, I-3, 1-9 and I-10
RW-3 I-4, 1-5 and SS-46

RW-5, RW-6 [-11 through I-19 and P-1
Note: 1) RW-4 was removed from service in April 1984.

Recovery Well

2) Documentation as to what recovery well discharged to
recharge wells P-2, P-3, [-20 and I-25 through [-29

was not available.

3) Recharge Gallery I-11 through I-19 abandoned in May 1985.

Operational Pumping Rates

Maximum Pumping Rate

(gpd)

RW-1 14,400

RW-2 259,200

RW-3 259,200

RW-5 230,400

RW-6 230,400

Recharge Wells/Capacity to Receive
Recharge Well Maximum Receiving
Rate d

I-1, 1-2, -3, 1-9, I-10 51,840
I-4, I-5, SS-46 - 86,400
[-11 through I-19 and P-2 N 46,080

Source: A.T. Kearney, 1986
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Average Pumping Rate

(gpd)

7,200
216,000
216,000

64,800
129,600

Average Receiving
Rate d

43,200
72,000
19,440
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can be seen from these figures, it appears that a reduction in the
hydrocarbon plume is occurring as a result of pumping, although the plume
dimensions scem to vary through time. This is cvidenced by the presence of
hydrocarbon accumulation isolated at wells SS-4 and SS-5 during the May
quarterly measurement periods (Figures 35 and 38). This accumulation does
not appear to be within the influcnce of cither the interceptor trenches or
recovery wells currently in place. Other isolated accumulations are also
evident through time.

It is also interesting to observe the influence that the recharge wells/
galleries are having on the shape of the plume. For example, it appears that
rccharge wells I-1, 1-2 and 1-3 and later 1-9 and [-10 could be pushing
accumulations of hydrocarbons farther north towards well SS-37 and the
northern bank of the Barometric Lagoon (Figures 35 and 37). In addition,
the recharge gallery I-11 through [-19 activated in Scptember of 1984
(Figure 34) appeared to have controlled some lateral migration of
hydrocarbons by hydraulic control (reversal in gradicnts). When this gallery
was abandoned in May 1985 (Figure 38), the plume appcars to have
migrated farther eastward. Without further monitoring, the effects of
adding and/or abandoning recharge wells on plume migration cannot be
evaluated. '

An evaluation of decrcasing accumulations in any one given well across the
sitc would be difficult, as the fluctuations appear to be sporadic and,
controlled by several variables including but not limited to, scasonal
fluctuations in water levels which may be attributed to rise and fall of the
North Platte River and operation and shutdown of both the recovery and
rccharge wells,

Task Force conclusions on the oil recovery system are that after three years
of operation, there still appcars to be an arca trending northwest/southeast
adjacent to the cooling towers and service water ditch where substantial
accumulations of hydrocarbons are present (2.0 - 3.0°) (Figures 31 through
40). The overall dimensions of the plume appcar to have decreased since
1983.

The treatment of the floating hydrocarbons in a scries of tanks cannot be
evaluated as no data have been presented by Texaco on the effectiveness of
this process.

The ground water collected from the recovery wells (i.e. pumps used to
depress water table) is injected down a scries of recharge wells. The quality
of this water, re-injected into the uppermost aquifer, has been sampled
twice, but only included an analysis of indicator parameters and several
water quality constituents. These data were previously discussed and
presented in past analytical performance for the central South Area. Table
15 previously presented a2 summary of analytical results collected from the
recovery wells. No analysis for organics has ever been performed on the
ground water being re-injected into the aquifer. The only analysis for
organics in the alluvium was collected by the Task Force in August 1986 for
wells SS-4, SS-19, SS-49 and SS-34. The results may be indicative of the
ground-water quality being extracted from the recovery wells and re-
injected into the uppermost aquifer due to their locations in relation to the
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recovery wells. The organics detected are presented here for information on
the recharge water quality. A detailed discussion of the Task Force data is

~included later in this report.

Table 17 presents the Task Force organic data which may be most
representative of the ground-water quality being re-injected into the aquifer
through the recharge wells. Wells SS-19 and §S-49 are probably the most
indicative of recharge water as they arc located closest to the recovery
wells. Wells SS-34, located north of the interceptor trench, and SS-4 (which
appeared to contain densc immiscible components) may be less
representative. The data (Table 17) show considerable concentrations of
benzene, cthyl benzene, toluene, naphthalene, and total xvlenes. In addition,
as previously discussed and presented in Table 15, other inorganic
constituents may be present in the recharge ground water, such as total
chromium above the Interim Primary Drinking Water Standard (40 CFR 265
App II).

In addition to the recharge wells, the PCS coke scttling pond and service
water return ditch are the receptors for skimmed water from recovery well
RW-1 and also from the interceptor trench system. As can be scen [rom
Table 17, the PCS Pond results indicate that contaminants were detected and
may be seeping back into the aquifer.

These data suggest that re-injection of this ground water from recovery
wells may not be appropriate without prior trcatment. In addition, both the
dissolved organic fraction and dense immiscible phascs arc not addresscd by
the current oil recovery system.

Evaluation of Hvdrocarbon Recovery Svstem The hydrocarbon recovery
system currently in place at the Texaco south property can only be expected
to reduce the floating hydrocarbon phasc but not entircly eliminate it.
According to Texaco, up to 50 percent of the hydrocarbons will remain
bound to sediments and will not flow to cithcr the interceptor trenches or
recovery wells (WWC, 1982c¢).

The existing datwa indicate that a dissolved organic fraction and probably a
dense immiscible organic phase exist at the site. The extent of these types
of hydrocarbon contamination has not been defined and the current
recovery system (trenches and recovery wells) is not capable of extracting or
treating these contaminant plumes. In fact, with the re-injection of
dissolved organic contamination into the recharge wells, the recovery system
may be contributing more to the dissolved organic contamination.

It is possible that the recovery wells will increase contamination of ground

water by mixing of floating hydrocarbons with ground water (i.e. change in
gradients and pumping of product within the recovery well), thus causing
more contaminants to dissolve into the ground watcr and possibly migrate
and/or discharge to the North Platte River.

Specific conclusions and recommendations for the hydrocarbon recovery
system are as follows:
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tab-h

slh
Table 17
Ground-Water Quality/Dissolved Fraction
Indicative of Recharge Water Quality
Ground Water Task force, August 1986 (ug/l)
$S-19 §§-49 §S5-34 $S-4 PCS Pond

Benzene 2000 6000 38 900 7.7
Acetone ND ND NO ND 12
Ethylbenzene 170 310 ND 41 ND
YToluene 290 620 ND 44 ND
Total Xylenes 890 3000 ND 140 27
Anthracene ND ND ND 480 ND
B8enzo(a)anthracene ND ND ND 860 33
Chrysene ND ND KD 1200 68
fluorene ND ND ND 700 ND
Fluoranthene ND ND ND 560 ND
Naphthalene 770 2800 ND 610 NO
2-Hethyl -naphthalene 1800 3200 ND 960 NO
4-Methylphenol ND 210 ND ND ND
2-4-Dimethylphenol ND 500 ND ND ND
Pyrene ND ND ND 2100 120

Phenanthrene 340 240 ND 6000 59
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The oil recovery system (recovery and recharge wells) and the
interceptor trench system should work in conjunction with each
other. Tcxaco only reports quarterly on the operation of the oil
recovery system. Continucd operation of these components should be
maintained.

- Texaco should implement a performance monitoring program
for the interceptor trenches, which at a minimum should
include 1) an evaluation of grade control (Wagner, et al,, 1986)
to cnsure that ponding in the trenches is not occurring; 2)
continucd monitoring of water levels in wells SS-34, S§S-35, the
east interceptor trench, wells §S-36, SS-37, the west interceptor
trench and the North Platte River to ensure the trench is
continuing to act as a ground-water sink. This is important as
it is probable that the oil reccovery system (recovery and
recharge wells) plus scasonal variations in watcer levels will
alter the performance of the trench. In order for the trenches
to be cffective, they must operate to account for these
variations. Texaco should consider additional wells south and
‘north of the trenches to evaluate gradicents; 3) the
implementation of a monitoring program of wells installed
between the trenches and the North Platte River to cnsurc
that no contamination is migrating past the trenches. The
wells should be completed to monitor for floating
hydrocarbons, dissolved organics and dense immiscibl¢é phases;
4) A maintcnance and operation program to inspect the
trenches to ensure proper operation. Inspections should
include an evaluation of the drains for chemical clogging
(biological slimes), excess siltation due to introduction of fines
and other mechanical failures associated with the pumps and
skimming devices in each sump.

At this time, there is approximately 950 feet of shorcline along the
North Platte River where a trench or barrier docs not exist. (Figure
15). This area is evidenced by the potentiometric contours plotted by
the Task Force in Figure |7 and appcars to be a promincnt
contaminant pathway for the discharge of hydrocarbons to the North
Platte River. This is further supported by the presence of
contamination in wells'SS-4 and SS-5 in the form of a floating
and/or sinking phases. Based on the location of wells SS-4 and SS-§5,
it appears that discharge of contaminants to the North Platte River
may be occurring, possibly on a seasonal basis.

- It is recommended that Texaco evaluate the potential for
releases in this area to the North Platte River. This may
include the installation of additional wells bétween SS-4 and
recovery well RW-1 (Figure 15). As part of this evaluation,
the structural integrity of the clay barrier installed in 1957
(Figure 15) should be investigated in order to determine the
efficiency of this structure to control contaminant migration
(i.e. floating, dissolved and/or dense immiscibles). If the
potential for migration is high, which it appears to be in this
area, Texaco should consider the installation of a ground-
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E.

water control system in this area which may include French
drains or barricr walls, or possible expansion of the oil
rccovery system (recovery wells). As part of this monitoring
and performance evaluation for the trenches, inspection. for
sceps along the south bank of the North Platte River (cntire
Texaco property) should be implemented so that immediate
detection of releases can be made. The inspection schedule
for seeps should take into account scasonal fluctuations in
water levels and river stages and operation and shutdown of
the hydrocarbon recovery system.

It is apparent that the oil recovery system (recovery and recharge
wells) may be increasing contamination of the aquifer by injecting
untrcated ground water back into the aquifer. As part of
performance monitoring, Texaco should sample the water being
recharged to the aquifer for organics. Based on these analyses,
Texaco should present a trcatment method (if required) such as air
stripping to remove the dissolved hydrocarbons to an acceptable level
(Wagner, et al,, 1986). The usc of the PCS coke settling pond and the
service water ditch for discharged skimmed water from RW-1 and
the interceptor trenches, respectively, should be evaluated as this
may also be re-introducing contaminants into the ground water
through seepage as was previously discussed and presented in Table
17. An enclosed treatment system as opposcd to open ponds would be
morc appropriate. In conclusion, the treatment technologies currently
in place should be re-evaluated to determine further impacts to the
ground water and/or surface water bodies.

The oil recovery system installed to treat the floating hydrocarbons
appears to have significantly rcduced accumulations of hydrocarbons
across the site. As part of the performance monitoring of this
recovery system, Texaco should continually monitor the existence of
intersecting capture zones (overlapping cones of depression) to assure
that the plume is being contained and capturcd. This evaluation
program should include the identification of dead zones where
contamination is not being influenced by the recovery system. Also,
the influence of the recharge wells should be evaluated as to their
impact to the shape of the floating hydrocarbon plume. As was
previously mentioned, the impact from the recovery and recharge
wells on the interceptor system should be evaluated.

SAMPLING AND ANALYSIS

This section of the report assesses Texaco’s Sampling and Analysis Plan for compliance
with the applicable technical recommendations and regulatory requirements of 40 CFR
265.92 and proposed for 40 CFR 264. Texaco's field implementation is also assessed for
compliance with accepted methodologies and adherence to their sampling and analysis
plan. Following the above assessment, the analytical results of the Task Force inspection
are presented and discussed. Also, an analytic comparison between the split samples (Task
Force and Texaco) are provided. Finally, this section compares the analytical results from
the Task Force to past results from Texaco.
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Texaco
a. Sampling and Analysis Plan Review

Two sampling and analysis plans and onc addendum have been submitted by
Texaco in their Part B Permit Application. The report entitled Casper
Texaco Refinery Sampling and Analysis Plan was prepared by Western
Watcer Consultants, Inc. on November 19, 1981 (WWC, 1931). An addendum
to this plan was prepared by the same author on May 5, 1982, Interestingly,
this addendum contained an undated Ground-Watcr Monitoring Manual
prepared by TriHydro Corporation, which is for the most part a sampling
and analysis pian. The Part B Permit Application does not specifv how
these reports are related. Because all were submitted within the application,
the Task Force will consider them as a single document and review them as
such.

The sampling and analysis plan addresses the following topics: presampling
procedures, sample collection, sample prescrvation and shipment, analytical
procedures and chain-of-custody control. Most of the above topics are not
addressed in any appreciable detail. A brief discussion of the above topics
follows: ' :

Presampling Procedures All wells will be monitored for water levels prior
to water quality sampling. At least three saturated well column volumes
will be evacuated prior to sampling. Field paramcters will include specific
conductance, temperature, and pH.

Sample Collection A submersible pump or bailer will be used to obtain
water samples. The pump or bailer will be constructed out of materials
resistant to leaching or sorbing when placed in contact with ground water.
To reduce possible interpretation errors on the vertical segregation of water
quality at the ncsted well site, the shallow wells will be pumped and
sampled first. The pump and bailer will be thoroughly cleaned after
sampling each well. Samples to be analyzed for volatile organics will be
transferred directly to a VOA bottle.

Sample Preservation and Shipment The plan states that all sample bottles
will be cleaned with the acid used in the prescrvation procedure if required
and distilled water. In addition, two distiiled water blanks preserved with
concentrated nitric acid will be analyzed for the heavy metals. Preserved
samples will be refrigerated and transported to the laboratory for analysis.
Samples will reach the laboratory within 24 hours of collection.

Analvtical Procedures The plan states that analytical procedures will be
selected from "Standard Methods (APHA, 1975), Manual of Methods for
Chemical Analysis of Water and Wastes (EPA, 1979), and the Annual Book
of ASTM Standards (ASTM, 1980)" wherever possible (WWC, 1981).

Chain-of-Custody According to the plan, a chain-of-custody record will be
maintained for every sample in order to document sample possession from
the time of collection through the time of analysis.
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In accordance with the TEGD (EPA, 1986), the following technical
deficiencies of the written sampling and analysis plan were noted by the
Task Force:

o The air in the well head should be sampled for organic vapors using
cither a photoionization analyzer or an organic vapor analyzer.

o} A discussion of how static water levels will be obtained is not
includcd.
o The plan does not specify how light and/or dense phase immisciblcs

will be detected. A discussion on how Tcxaco will determine the
thicknesses of such layers should also be included.

o} A step by step procedure for well evacuation was not included in the
plan. Speccifically, the procedurcs used by the facility when an
appropriate volume of water cannot be evacuated, should be
discussed.

o Texaco should lurther discuss sample withdrawal procedures. The

' plan does state the choice of materials used during sampling
withdrawal, but docs not indicatc how samples will be obtained for
light and/or dense phase immiscibles.

0 Texaco indicates in the addendum to the sampling and analysis plan
that ground water samples that are organically contaminated should
be filtered. This is in direct opposition of current protocols.

o A dctailed QA/QC program that will be used in the ficld and
laboratory was not specificd in the plan.

The above deficiencies in the plan indicate that the sampling and analysis
plan lacks the detail required as sct forth in 40 CFR 265.92(a) and also the
technical recommendations in the TEGD (EPA, 1986a) duc to a lack of
detail.

The only other regulatory deficiency noted by the Task Force in the written
plan specifically for the 40 CFR 264 ground water program was that a
statistical procedure for determining whether a statistically significant
change has occurred was not proposed {40 CFR 264.97(h)(2)].

b. Field Implementation (Sampling Audit)

Two months prior to the actual Task Force evaluation, members of the Task
Force scheduled a sampling audit coinciding with Texaco’s scheduled round
of sampling at all wells in the North Arca (EPA, 1986b). The purpose of
this audit was to evaluate Texaco’s field procedures relative to their
sampling and analysis plan and accepted methodologies. Samples were
collected by Western Water Consultants, Inc. on behalf of Texaco.

Western Water Consultants stated that all the wells had three casing volumecs

of water removed. Also, some of the wells had gone dry before three casing
volumes could be removed, and it was necessary to revisit some of the well
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sites to remove the three casing volumes. It should be noted that evacuation
of the wells took place before the Task Force arrived in the field. An
indcpendent evaluation of the methods used to calculate the three casing
volumes and how the quantity was mcasurcd could not be performed.

The sampling procedurcs were the same at all wells. Western Water
Consultants stated it followed the procedures listed in the document entitled
Casper Texaco Refinery Sampling and Analysis Plan, written by the same.
The Task Force observed that a 1 1/2 inch LD. stainless steel bottom-filling

~‘bailer was used for sampling the wells. A braided white rope was present in

each well. It was stated that this rope was also used on the bailers which
were used to purge the wells.” According to Western Water Consultants, new

‘ropes are used during each sampling event. Plastic drop cloths were present

around each well to minimize the contact of the bailer rope with potential
contaminants on the ground surface.

Prior to sampling, the stainless steel bailer was cleaned in the ficld by first
rinsing with a small amount of acctone, and then with deionized water.

"The rope was then attached and the bailer was lowered into the well. The

first bail of water was uscd to rinse the device used for filtering samples
obtained for the analysis of metals. The filtering device was then filled
and placed into a positive pressure nitrogen drive filtering apparatus. A
0.45 micrometer {ilter was used. One liter plastic bottles, with preservatives
already emplaced, were then filled [or analysis of metals.

The subsequent sample bottles were filled by pouring the ground watcer
directly from the top of the bailer into the appropriate sampling container.
Labels on the sampling containers were filled out prior to filling the bottlcs.
The pH, temperature, and specific conductance of the well samples were ,
measured in the field by filling a glass beaker with ground water from the
bailers. The field instruments were calibrated in the ficld, at the beginning
of each day, and immediately prior to usec. All the filled samplc bottlcs

~ were placed into a cooler with "blue-ice.” Preparation of chain-of-custody

records was not observed. It was stated by Western Water Consultants that
the appropriate forms are filled out in the office prior to shipping the
samples. Western Water Consultants also stated that the samples are shipped
by bus to Accu-Labs, which is located in the Denver metropolitan area.

The paramecters to be analyzed varied depending on which well was
sampled. At most of the wells, samples were taken for the analysis of:

dissolved metals
phenols

anions

oil and grease
‘cyanide
nutrients
sulfide

TOC

0 000 OO0 O o
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[ 29 ]

The sampling for the above parameters was donc on the majority of wells
sampled during this event (RCRA semi-annual). On ten of the wells,
Texaco changéd the analysis to include sampling for organic constituents.
The parameters sampled on the ten wells were the same as the list given
above with the following changes:

volatile organic analysis
base-ncutral organic analysis
no oil and grease analysis
no cyanide analysis

o 0 0 O

The following deficiencies in sampling methodologies were noted:
0 The air 1n the well head was not sampled for organic vapors.

o} Texaco did not sample for light and/or dense phase immiscibles, nor
dctermine the thickness of any such layer.

0 The first bail of water was used to rinse the filter used for dissolved
metal analysis. Samples taken for volatile organic analysis should be
taken [irst to minimize disturbance of the well water by the bailer.

o} The composition of the bailer rope was not specified.

The above discussion noted the technical deficiencies as observed by the
Task Force. In general, Texaco's sampling procedures appear adequate. The
sampling audit verified that Texaco's current sampling procedures are more
up to datc than the sampling and analysis plan. The Task Force
recommends that Texaco update its November, 1981 plan and addendum to
incorporate current reccommendations of the TEGD (EPA, 1986a).

Task Force
a, Techniques of Sampling

The Ground Water Task Force conducted an evaluation of the Casper
Texaco facility from August 11 to-15, 1986. This evaluation included
conferences with facility representatives and an indcpendent sampling of 16
ground-water monitoring wells and three surface water locations. In
addition, five QC samples were taken including a ficld blank, three
equipment blanks and a trip blank. The sampling procedures listed below
were detailed by the Ground Water Task Force in a Project Plan dated
August, 1986 (EPA.. 1986¢).

Well Purging Table 18 presents the list of parameters analyzed by the CLP
laboratory during the Task Force evaluation. Field analysis included pH,
specific conductance, temperature, turbidity and static water level
measurements. All field analysis and sample collection were performed by
Yersar Inc., on behalf of the Task Force. The field analyses may be found
in Appendix D.

Prior to sampling, depth to water measurements were obtained. Standing
water in all wells sampled by the Task Force (Versar Inc.) was removed
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TABLE 18

VOLATILES

chloromethane
bromomethane

vinyl chloride
chloroethane
methylene chloride
acetone _
carbon disul fide
1,1-d1chlioroethene
},l1-dichloroethane
trans-1,2-drchloroethene
chloroform
1,2-dichloroethane
2-butanone
1,1,1-trichloroethane
carbon tatrachlorige
vinyl acetate
bromogichloromethane

SEMIVOLATILE COMPOUNDS

acenaphthene
2,4-dinitrophenol

bis (2-chloroetnyl)ether
2-chlorophenol
1,3-dichlorobenzene
1,4-dichlorobenzene
benzyl alcohol
1,2-dichlorobenzene
2-methylphenol

bi1s(2-chloroisoproplylether

4-methyliphenol
n-nitroso-di-n-propylamine
hexachloroethane
nitrobenzene

leophorone

2-nitrophenaol
2,4-dimethylphenol

benzoic acid

bis (2-cnloroethoxy) methane

2,4-a1chlorophenol
1,2,4-trichlorobenzene
naphthalene
4-chlonocaniline
hexachlorobutadiene
4-chloro-3-methylphenol

Source: Project Plan Ground-Water Monitoring Compliance Evaluation
Hazardous Waste Ground Water Task Force,

Analytical Parameters

1,1,2,2-tetrachloroethane
1,2-dichloropropane
trans-1,3-dichloropropons
trichloroethane _
dibromochloromethane
1,1,2-trichloroethane
benzene
¢1s-1,3-dichloropropene
2-chloroethylvinylether
bromoform

2-hexanone
4-methyl-2-pentanone
tetrachloroethene

toluene

chlorobenzene
ethylbenzene

styrene

phenol
4-nitrophenol

- didenzofuran

2,4-dinitrotoluene
2,6-a1nitrotoluene
diethylphthalate
4-chlorophenyl-phenylother
fluorene

4-nitroaniline
4,6-dinitro-2-methylphenol
n-nitrosodiphenylamine(1)
4-bromophenyl-phenylether
hexachlorobenzene
pentachlorophenol
phenanthrene

anthracene
di-n-butylphthalate
fluoranthene

benzidine

pyrene
butylbenzylphthalate
3,3-dichlorobenzidine
benzo (a) anthracene

bis (2-ethylhexyl) phthalate

chrysene

Casper, Wyoming, August 1986.
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2-methyinaphthalene
hexachlorocyclopentadine
2,4,6-trichlorophenol
2,4,5-trochlorophenol
Z2-chloronaphtnalene
2-nitroaniline

dimethyl phthalate
acenaphthylene

PESTICIDES/PCB'S

alpha-BHC
delta-BHC
heptachlor
heptachlor epoxide
dieldrin

endrin

4.,4-D0D

endosul fan sulfate
methoxychlor
chlordane
aroclor-1016
aroclor-1232
aroclor-12438
aroclor-1260

METALS AND OTHERS

aluminum
antimony
arsenic
barium
berylilium
cadmium
calcium
chromium
cobalt
copper
iron
lead
cyanige
ammonia
chlorige
nitrate

purgeable organic carbon

purgeanle organic carbon

Sul fides
Total Ssifides
Tds

Table 18

(continued)

di-n-octyl phthalate
benzo (b) fluoranthene
benzo (k) flupranthene
benzo (a) pyrene

inceno (1,2,3-cd) pyrene

_dibenz (a,H) anthracene

benzo (g,h,t) perylene
3-nitroaniline

beta-BHC

gamma-BHC (1indane)
aldrin

endosulfan I
4,4,-DDE

endosul fan I]
endrin alaehyde
4,4-00T
endrin.ketone
toxaphene

- aroclor-1221

aroclor-1242
aroclor-1254

magnesium

manganese

mercury

nickel

potassium

selenium

silver

sodium

thallium

tin

vanadium

zinc

percent solids (%)
sulfates

total organic carbon
total orgamic halioe
total phenois
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prior to sampling. Removal of three casing volumes was attempted using a
Tecflon bailer or bladder pump. When the recovery rate of the well was
sufficient, three well volumes were purged and sampling instituted. The
ordcr of collection, beginning with volatile organics, is prescnted in Table
19, along with the bottle type and prescrvation method. The amount of
water removed was determined by collecting it in a container of known
volume during purging.

Where slow-recharging wells were encountered, the three casing volume
minimum evacuation requirement was waived. In these situations, the
volatile organic samples were collected as soon as possible. The other
samplcs were collected after a sufficient volume had accumulated. The
purged water was trcated as a hazardous waste and shipped off-site for
disposal. For wells in which historical or ficld information did not indicate
contamination, the purged water was disposed of at the well.

The following information was rccorded during purging of the well (notc
that Western Water Consultants did the actual purging of the wells prior to
the arrival of the Task Force):

1) Type of purging equipment used and types of materials used in well
construction, including lines used to lower equipment into the well.
This was recorded for each well. Also noted was if facility-
dedicated equipment was uscd.

2) Physical properties of evacuated water:

) Color,
o Odor,
o} Turbidity,
0 Presence of oil/grease or heavy-phase organic compounds.
3) Intake depth in wells not completely evacuated.
4) Volumes purged from all wells.
5) Time interval necessary for each purge scquence.
6) Methods used to detcrmine volumes evacuated.
7) Procedures for collection, management and disposal of evacuated
water.
8) Deccontamination and cleaning procedures for equipment used to

sample more than one well,

Sample Collection In wells in which an immiscible phase was not
encountered, dedicated Teflon bailers with double check valves that are
bottom emptying were used for sample collection. These bailers were used
for the collection of all sample parameters. The Teflon bailers were
lowered into the wells using a Teflon and stainless steel cable. The
sampling proceeded as follows:
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TABLE 19 Sampling Order, Bottle Type and
Preservation Method

Sampling

Order Parameter Bottle Type Preservatives

1. Volatile organics 4 - 40 m) VOA vials Cool 4°

2. Purgeable organic 1 - 40 mL VOA vials Cool 40

carbon (POC)
3. Purgeable organic 1 - 40mL VOA vials Cool 40
halogens (POX)

4, Extractable organics 4 - 1 L. amber glass Cool 49°
5. Pesticides/herbicies 2 - 1 L. amber glass Cool 40
6. Dioxin 2 -1 L. amber glass Cool 490

1. Total metals 1 L. plastic HHO3-5 mL

8. Dissolved metals 1 L. plastic  HHO3-5 mL -5 ml
9. Totf}oeyganic CaERYNqoc ) - 50 mL glass Hps04
10. Total organic halogens 1 L. amber glass Cool 40C

(TOX) no headspace
1. Phenols 1 L. amber HpS04-5 mL
Cool 40
12. Cyanide 1 L. plastic  HaOH-5 mL
Cool 4©
13. Sul fate and chlorine 1 L. plastic Cool 40
14, Nitrate and ammonia ) L. plastic  hpS04-5 mL
Cool 40

Source: Project Plan Ground-Water Monitoring Compliance Evaluation
Hazardous Waste Ground Water Task Force, Texaco Inc.
Casper, Wyoming, August 1986. .



eval-B

1) Selection ot a new or clecancd Teflon bailer.

2) Attached bailer to a Teflon-coated stainless steel cable.

3) Lowered the bailer slowly until it contacted the water surface.

4) Allowed the bailer to sink to the bottom of the screened interval and

then filled with minimal surface disturbance.

5) Slowly raiscd the bailer to surfacé. Efforts were made not to allow
the bailer line to contact the ground surface by placing the bailer
line on a protective lincr.

6) Opcned the bottom ecmptying device to allow slow discharge down the
side of thc sample bottle with minimal entry turbulence.
Intermediate sample containers were not used.

7) Repeated the above steps as needed to acquire a sufficient sample
volume to fill all containers. The samplc bottles were fillicd by
parameter scts.

In wells in which an immiscible phase was encountered, a bladder pump
constructed of Teflon was employed. The bladder pump was operated by
compressed air from air ¢ylinders. The bladder pump intake was lowcered
slowly through the immiscible oil phase to the bottom of the well, and then
moved up approximatcly one foot to minimize the introduction of
sediments. After threc casing volumces were removed, sampling began. The
pumping rate was adjusted to minimize the velocity at which water cxits the
sample orifice to minimize turbulence,

Pond Sampling Samples of the liquids contained in onc waste pond in the
South Arca and two ponds on the North Arca were obtained. The samples
obtained were also analyzed for the paramecter listed in Table 18.

Sampling of the three ponds was performed using an intermediate collection
container attached to a pole. The container was constructed of Teflon, and
was rinsed before filling with the desired pond liquid twice before taking a
sample. Care was taken to avoid leaves, stoncs, sediments and other debris

that was present. The appropriatc sample container was filled in a2 manner
that minimized sample agitation/aeration.

The same in-situ parameters measured at each well were also measured at
each pond sampling site. The three surface water sample locations were as
follows:

D) Inlet pond to the Excess Service Water Ponds on the North Area of
the North Platte River.

2) The pond formed at the base of the bluff near well M-12s on the
North Area of the North Platte River.

3) The PCS coke setting pond on the South Area of the North Platte
River.
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Qualitv Assurance/Quality Control The sampling activitics during these
cvaluations were supported by preparing and analyzing scveral sets of
quality control (QC) samples. The QC samples fell into two major
categorics, inciuding field blanks and field duplicates. Laboratory QC
samples (performance evaluation sample) were not required by the
laboratory.

Scveral types of QC blanks were emploved during the cvaluation. They
included:

o} Trip blanks,
o Ficld blanks,
0 Equipment blanks.

Trip blanks are uscd to determine if contamination 1s introduced from the
sample containers. This includes the time during container transport to the
facility and containcr storage at the facility. These blanks were prepared
by the sampling tcam sclected for the Texaco facility. They were preparced
by using certificd, organic frce water of known high purity, and were sent
with the other sample bottles to the ficld. For each analytical parameter
group such as organic compounds, mectals, and volatile compounds, onc sct of
trip blanks was prepared and accompanicd the monitoring personnel during
the sampling activities.

Ficld blanks were used to determine if contamination was introduced by the
sample collection activitics or sampling environment. They were prepared
by bringing a quantity of certified, organic frce water to the licld and
using this water to preparc appropriate sample aliquots for each paramecter.

Equipment blanks are used to determine if contamination is introduced by
the sample collection equipment. Although the recommended procedure is
to have dedicated cquipment for cach monitoring well to be sampled, there
were occasions when some equipment, including bladder pumps and bailers,
were reused. After the equipment was decontaminated, a quantity of
certified, organic frce water was passed through the instrument and aliquots
collected for cach analytical parameter. An cquipment blank was collected
by the sampling personnel cach day that sampling equipment was reuscd
during the evaluation. This was submitted for analysis in place of the field
blank for that day of sampling.

Duplicate samples are a method of checking on the precision of analytical
methods of the laboratory. The duplicate samples were submitted to the
analytical laboratory along with all other samplecs. One duplicate sample
was taken at well M-36.

Equipment All ficld equipment that was used for obtaining ficld
measurements was calibrated prior to the investigation and at periodic
intervals during use. Calibration records were maintained to demonstrate
the precision and accuracy of field measurements made with a particular
instrument,

Calibration records included:

o} A unique identification number assigned to the device.
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o The source and traceability of the standard(s) used for calibration.

0 The name of the person performing the calibration, the datc and
notation as to whether it was a routine check or onc required by
malfunction.

Equipment calibration was further supported by routine maintenance, as
required by the individual types of equipment used. Routine maintenance
included changing batterics in portable meters and lubricating moving parts
of a sampling device with non-contaminating materials.

Maintenance records were kept similar to calibration rccords, and
documented the type of work done (routine checks, emergency repairs), the
person performing the work, and the identity of the equipment.

Deccontamination Decontamination of all field equipment was performed
prior to usc. The decontamination was performed off-site whenever
possible. The wastc solvents were collected in a container for proper
disposal. Decontamination procedures for smaller sampling equipment such
as soil scoops and containers were not necessary, as the equipment was
properly disposed of after use.

On-sitc decontamination was performcd only when extenuating
circumstances dictated. On-site decontamination was performed by the
proccdure as for of f-sitc decontamination.

When bailers and bladder pumps were decontaminated on-site, an equipment
blank was collected by rinsing the equipment with certificd, organic free
water and submittal of aliquots of the rinsate (cquipment blank) to the
laboratory for analysis.

Documentation Accountable ficld documents included items such as
logbooks, field data records, correspondence, sample tags, graphs, chain-of-
custody records, bench cards, analytical records and photographs.

All field logbooks, field data records, field laboratory logbooks, sample tags
and chain-of-custody records were assigned to the inspection personncl for
appropriate distribution and accountability. All pertinent factual
information was recorded in these logbooks from the time each individual
was assigned to the inspection team, until the inspection was completed.
Logbook entries were dated, legible, and contained accurate and inclusive
documentation of inspection activities.

Chain-of-Custody Each sample shipment was accompanied by a chain-of-
custody record identifying its contents. The original record accompanicd
the shipment, and a copy was retained by the sampling team. When
replicate samples were offered to the facility, it was noted in the remarks
section of the custody form. The note indicated to whom the replicate
samples were offered, and was signed by both the sampler and recipient.

Labeling and Packaging All samples collected were labeled in a clear and
precise way for proper identification in the field and for tracking in the
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laboratory. Sample labels had a pre-assigned, unique number that was
indelible and waterproofl. A two-part labcl was used so that the sample
identification number was affixed to the sample bottle and also entered in
the ficld logbook at the time of collection. The label attached to the bottle
listed only the sampie number; the label for the notebook included the
sample number and the following information:

o Project code number,

o Station loc;tion and number,

o Datec and time,

o} Sample type (composite or grab),

o Signaturc of sampler,

o} Preservative indication (ycs and no; type),
0 “Analyses required, and

0 Additional remarks.

Samples were properly packaged for shipment and dispatched to the CLP
laboratory for analysis, with a separate custody record accompanying cach
shipment (e.g., onc for cach laboratory, onc for samples driven to
laboratory). Shipping containers were scaled for shipment to the laboratory.
Only mctal and plastic ice chests were utilized as the outside shipping
container. The drainage hole at the bottom of cach ice chest was
permanently plugged to prevent any possibility of leakage through the hole.
Each ice chest was clearly marked with arrows indicating the proper
upright position of the containcr, a label indicating "THIS END UP" on the
top, a label stating "ENVYIRONMENTAL SAMPLES"” on the lid, and a sticker
containing the originator’s name and address.

Each ice chest was securely taped shut. This was accomplished by wrapping
reinforced tape around the ice chest near each end, where the hinges arc
located. Sample containers were packaged in the following manner:

Glass Containers

o The containers were separated in the shipping container by
cushioning to prevent brecakage due to contact with other glass.

o The small glass vials for volatile organic samples were placed inside
a larger plastic container to minimize breakage and to contain any
leakage.

Plastic Containers

0 The cap was tightened securely before it was placed in the shipping
container.
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) The plastic containers were packaged so as to be protected from
punctures from sharp objects.

All sample containers and wet ice were packed inside a sturdy plastic bag,
placed inside the shipping container as an inner pack. The plastic bag was
tightly closed after all of the sample containers and ice had been added to
prevent any lcakage of matcrial from the bag.

Transportation Samples transported of f-site to the CLP were packaged for
shipment in compliance with current DOT and commercial carrier
regulations. All required government and commercial carrier shipping
papers werce filled out and shipment classifications made according to
current DOT regulations.

Sample traffic reports, chain-of-custody records, and any other shipping/
sample documentation accompanying the shipment were enclosed in a
waterproof plastic bag and taped to the underside of the cooler lid. All
samples were shipped "Priority One/Overnight” to the CLP laboratory. If
shipment requires more than a 24-hour pcriod, sample holding times may
compromise the integrity of the sample analyses. When holding times were
exceeded, the analyses were not performed. The Sample Management Office
(SMO) was notilicd immediately after sample shipment, and was provided
with the following information:

o Sampling contractor’s namc;

o Project number;

o] Exact number(s) and type(s) of samples shipped;

o The name of the facility and location from where the samples

were being shipped;

o] The laboratory that the samples were shipped to;

o Carrier, airbill number(s), method of shipment (c.g., priority,
two-day); '

6 Shipment date and time; and

0 Irregularities or anticipated problems, such as special handling

needs, and hazardous samples.
b. Interpretation of Data

This subsection summarizes the usability of the Task Force results, the
QA/QC results and provides a generalized interpretation of the Task Force

. data. Lockheed Engincering and Management Service Company, Inc.

(Lockheed) provided the Task Force with the organic and inorganic
usability audit reports. PRC Engincering provided the same with a QA/QC
data evaluation report.
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Two separate laboratories performed the actual analyses: Compu Chem
Laboratories of Research Triangle Park, NC, for organic analyses and
Centec Laboratories of Salem, VA, for the inorganic and indicator analyses.
Both arc utilized as CLP laboratories.

i) Organic/Inorganic Usability

The organic and inorganic usability audit report was preparcd by
Lockheed, and is presented in Appendix G. This report lists the
sample number and the associated matrix for comparison. The
following is a summary of their findings.

Organics - The organic analysis met the accuracy Data Quality
Objectives (DQOs) established for the program, except eight of 22
average percent recoverics of matrix spike compounds. All the
precision DQOs were met; the average RPDs for both matrix spike
and surrogate compounds ar¢ within the DQOs for the program.

Volatiles by purge and trap data quality - The analysis of these
compounds can be considered quantitative with a few exceptions.
The detected compounds in samples Q0588 (M-36), Q0590 (M-36 Dup),
Q0596 (SS-19), and Q0599 (SS-49) are judged semiquantitative. The
high dilutions of the samples may have resulted in false negatives.
The usability parameters are acceptable.

Semivolatile Data Quality - The semivolatile analysis is judged
quantitative for 18 of 25 samples. However, all detected compounds
in samples Q0586 (M-10D), Q03591 (M-51As), Q0596 (SS-19), Q0588 (M-
36 Dup), Q0590 (M-36 Dup), Q0599 (SS-49), and Q0804 (SS-4) arc
considered semiquantitative with the possibility of false negatives.

Samples Q0588 (M-36 Dup), Q0590 (M-36 Dup), Q0599 (SS-49), and

Q0804 (SS-4) are considered suspect because of unusable QC
surrogate data and matrix spike data.

Pesticide Data Quality - The pesticide analysis is judged suspect due
to high dilutions, poor matrix spike and surrogate spike recoverics,
problems with dibutylchlorendate shifts and unaddressed peaks in
the chromatograms.

Metals - The average percent recoverics for total metals are within
the program accuracy DQOs in 87% of the low concentration samples
and 91% of the medium concentration samples. The average RPDs
are within the program precision DQOs in 91% of the low
concentration and 100% of the medium concentration samples for the
total metals.

No laboratory blank contamination was reported. Al and Fe
contamination was found in the sampling blanks. Analyses met the
completeness goals.

All evaluation criteria used for the total metals are based on IFB WA
84-J092 (SOW 1785).

168



eval-B

Inorganic and Indicator Parameters - The average percent recoveries
for the inorganic and indicator parameters arc within the program
accuracy DQOs in 92% of the low concentration and 100% of the
medium concentration samples. All the inorganic and indicator
parameters are within precision DQOs.

No laboratory blank contamination was reported. Howecver, phenol
and TOC contamination was found in the sampling blank. Analyses
met the completeness goal.

All evaluation criteria used for CN are based on IFB WA 84-J092
(SOW 785),

i)  QA/QC Audit

The QA/QC audit was prepared by PRC Engineering and is
presented in Appendix H. Summarized b<_:low arc their findings.

Qrsanics
Quantitative: volatile and semivolatile results with exceptions.

Semi-quantitative:  volatile results for samples Q0588 (M-36 Dup),
590 (M-36 Dup), 596 (S5-19), 599 (SS5-49), and
801 (SS-7); scmivolatile results for samples
Q0586 (M-10D), 591 (M-51As), and 596 (SS-19);
and positive scmivolatile results for samples
Q0588, 590, 599, and 804 as prcviously
mentioned.

Qualitative: all pesticides results; all negative (non-detect)
semivolatile results for samples Q0588 (M-36
Dup), 590 (M-36 Dup), 599 (SS-49), and -804 (SS-
4) arc qualificd by a higher than usual
probability of false negative results duc to
dilution.

Graphite Furnace Metals

Quantitative: - all arsenic, cadmium, thallium, and selenium
results; antimony and lead results with
exceptions.

Qualitative: antimony results for sample MQ0586 (M-10D)

and lead results for sample MQ0588 (M-36 Dup).

Unreliable: antimony results for sample MQ0591 (M-51As)
and lead results for sample MQ0596 (SS-19).

169



“eval-B

ICP Metals

Quantitative:

Semi-quantitative:

Qualitative:

Unusable:

Mercury

Quantitative:

all bartum, bervlilium, calcium, chromium,
cobalt, coppcr, magnesium, manganese, nickel,
potassium, silver, sodium, and vanadium rcsults
and medium concentration matrix results for
aluminum with excéptions and iron and zinc.

low concentration matrix iron results with
exceptions listed below.

low concentration matrix positive aluminum
results for samples MQO0588 (M-36 Dup), 589 (M-
35), 590 (M-36 Dup), 591 (M-51As), 592 (M-33),
593 (SP-7), 598 (SS-34) and 806 (41A); medium
concentration aluminum results for sample
MQO0596 (SS-14); low concentration matrix zinc
results; and low concentration matrix iron
results for samples MQOQOS583 (M-1) and 586 (M-
10D).

low concentration matrix negative aluminum
results; low concentration matrix positive
aluminum results for samples MQO0583 (M-1), 584
(M-6), 585 (M-10s), 597 (M-12s), 599 (SS-49), and
801 (SS-7); iron results for sample MQO0803
(alluvial pond).

all mercury results.

Inorganic and Indicator Analvtes

Quantitative:

Semi-quantitative:

all chloride, bromide, and sulfate results; nitrate
nitrogen, nitritc nitrogen, ammonia nitrogen,
total phenols, TOC, and TOX results with
exceptions; and cyanide results for samples
MQ0596 (SS-19), 599 (SS-49), 802 (inlet pond),
803 (alluvial pond), 804 (SS-4), and 805 (PCS).

all POX results; ammonia nitrogen results for
samples MQO0582 (blank), 583 (M-1), 584 (M-6),
801 (SS-7), 802 (inlet pond), 803 (alluvial pond),
804 (5S-4), 805 (PCS) and 806 (M-41A); nitrate
and nitrite nitrogen results for samples MQ0589
(M-35), 593 (SP-7), 597 (M-12S), 801 (SS-7), and
802 (inlet pond); TOC results for samples
MQO0589 (M-35), 592 (M-33), 593 (SP-7), 596 (SP-
19), 597 (M-128), 801 (SS-7), 802 (inlet pond),
and 803 (alluvial pond); and TOX results for
samples MQO0584 (M-6), 585 (M-10S), 586 (M-
10D), 587 (blank), 597 (M-12S), 599 (SS-49), and
600 (equipment blank).
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Qualitative: all POC results; and cyanide results for samples
MQO0582 (blank), 585 (M-10S), 586 (M-10D), 592
(M-33), 593 (SP-7), and 597 (M-12S).

Unusable: cyanide results with the above exceptions; total
phenols results for samples MQ0592 (M-33), 593
(SP-7), 596 (S§S-19), 597 (M-12S), 801 (SS-7), 802
(inlet pond), 803 (alluvial pond), 804 (SS-4), and
806 (M-41A); and TOC results for samples
MQO03583 (M-1), 584 (M-6), 598 (SS-34), and 806
(M-41A).

iii) Analytical Results

Ground water and to a lesser degrece surface water samples collected
by the Task Force confirm that hazardous waste constitucnts or other
indications of contamination exist beneath and around the Texaco
facility. The Task Force sample results above detection limits are
presented in Table 20. The raw data may be found in Appendix A.
Figure 41 shows the 16 ground water and three surface water
locations where the Task Force obtained samples.

QOreanic Analysis Analytical results confirm organic contamination
on both the North and South Arcas of the facility. In addition,
several constituents were detected in the surface water of the PCS
Pond. The results from the North Arca are summarized below.

Wells M-1 and M-6b are located-near the Excess Service Water
Effluent Ponds (Figurc 41), and show no evidence of organic
contamination (the reader is continually reminded to refer to Table
20, as no quantitative results will be reiterated in this scction). Well
M-36 shows the highest overall organic concentrations of all wells
sampled by the Task Force. Bascd on its location relative to the CEP
and North Land Farm, and on past analytic data, this observation
was expected. Furthermore, the relatively high level of
contamination confirms that the source of ground-water
contamination in the North Area is from the CEP and/or the North
Land Farm. Downgradient wells M-10s, M-10d and M-51As (Figure
41) also indicate contamination, although in lower concentrations and
numbers of organic species than in-M-36. Wells M-33 and M-35 are
located near the west and east property boundaries, respectfully.
Neither wells indicate any organic contamination. These results,
coupled with potentiometric surface maps, indicate that organic
contaminants do not appear to be migrating off-site at those locations
during the Task Force evaluation. It should be noted that a potential
for off-site contamination still exists as the number of wells sampled
by the Task Force totaled two wells.

Samples taken in the alluvial pond in the North Area clearly show
that several organic species exist in this area. It seems likely that the
source of these contaminants is from the CEP and North Land Farm,
based on potentiometric surface maps. Well completion logs further
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Table 20
Analytic Results (Task Force)
August 11-15, 1986

M-1 H-6b M-10s H-104d M-36 H-36 M-33 M-51As H-33 INLET POND SpP-7 M-12s ALL. POND $5-19 S§5-1
DUP

Acetone 59 3806 3000 23 1
Benzene 12 57 310 270 76 2000 601
2-Butanone 670 570
Ethyl Benzene 15 170 3
Methylene Chloride
Toluene 18 12 A10 360 34 5.2 290 6.
Total Xylenes 24 330 290 59 890 301

Anthracene

Benzo (a) anthracene
Benzo (b) fluoranthene
Benzo (k) fluoranthens
Benzo (a) pyrene
Chrysene

Fluorene

Fluoranthene
Naphthalene 7170 281
2-Methyl-naphthalens 1800 321
Phenol 64000 62000

2-Methylphenol 50000 40000 1600
4-Methylphenol 93000 96000 2
2-4 Dimethylphenol 1100 14000 13000 2000 50
2-Nitrophenol 87
4-Nitrophenol

Pyrene

Phenanthrena 340 2
Chlordane 48 480 300
Heptachlor 0.26

NOTE:
N - Splke recovery not within control limits.
- Blank indicates those concentrations below the lower limit of detectlion,
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Acetone

Benzenc

2-Butanone

Ethyl Benzene
Methylene Chloride
Toluene

Total Xylenes

Anthracene

Benzo (a) anthracene
Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Chrysene

Pluorene

Fluoranthene
Naphthalene

2-Methyl -naphthalene
Phenol

2-Methylphenol
4-Methylphenol

2-4 Dimethylphenol
2-Nitrophenol
A-Nitrophenol

Pyrena

Phenanthrene

Chlordane

Heptachlor

S5-34 55-7
38 1400
180

460

230

55-4

900
Al

(1)
140

480
860

700
560
610
960

2100
6000

Table 20

M-41A PCS POND

12

120
59

(continued)

TRIP FIELD BAILER PUMP
BLANK H-36 BLANK BLANK
350 270 390

19

BAILER
BLANK

29
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Aluminum
Ant imony
Arsentic
Barium
Beryllfum
Cadmium
Calcium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Marcury
Nickle
Potassium
Selenium
Silver
Sodium
Thallium
Vanadlun
Zinc

Total Phenols
TOX

Chloride
Bromlde
S04
Cyanlide

1180N

12.3

36

18300

914N

5920

3250

206000

2630N

1200

270
300

1400

120000

M-6b M-10s

A88 704N
15.5

13.7 53.6
56 81

259000 568000
16

2270N 14800N
6.7 10.2
87600 294000
249 49800

29
10600 5230
1Al

208000 196000

13

2950N 1090N
6000

10 36

7800 63000

1510
19000

280000 40000

750000 2580000
121N

H-10d

»

193000

889N

121000

[Y: 5]

19300

519000
2.0

300

87000
1900
370000
414N

3330N
12.9
196
106

2690N
8

4220
112
257
8750
99.2
939000

151
120N

394000

676000

2600

610000

10000

480000

20 (continued)

2290N
10.2
229
106

8550
18
n

2730
8
4490
119
0.2
266
8800
73.5

990000

153
34N

284000

726000
2400
0.05

580000

80000
1400
540000

5510N

39

1.2
8alo00

3460
3.2
39600
279
0.4

11800
8.1

107000

36N

18000

3ooo0

18000

290000

M-51As

20500N

79
411

7.1
268000

(Y}

55
224000
31
176000
2740

38
32000
2.3

316000

80
13900N

4200
14

125000
280

8000

50000
1600
150000
352

3670H
3.2

A7
224000
8
3360N
13.3

112000
887

18400

420000

420

4l
25

16000

470
1100

7000
550
74000
1720

INLET POND

230000

1110
278000N
730H
7960

27.5

920000

39
18

16000
390
20000

190000

11500000
36

Sp-7

5840N
10.9
133
77100
12
17400
14.4%
72600
2570
LY
15400
456000

13
5200N

282
16

29000

5000
1800

80000

590000
145N

H-12s ALL. POND

15300

31.5
166

92400

.8

!
12200
36.1
91700
1760

32
14800
38.)

467000

2320N

36000
190
6000
4400

70000

500000
145K

20

73900

252

58900N

357

12000

432000

9

32

1)

16000

38000
250
970000

§5-19

2330N

14.4
1160

1.4
130000

20300N
11.1
80600
1620
0.2

4900
154000

0N

207
12

7
33000
8100

14000

43000
600
50000
20N

SS-4

206
10.
250

10800

11500

A2

7900
920
1100

5000

14
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Aluminum
Ant imony
Arsenic
Barium
Beryllium
Cadmium
Calctlum
Chromium
Cobalte
Copper
Iron

Lead
Magnesium
Manganesae
Mercury
Nickle
Potassium
Selenium
Silver
Sodium
Thallium
Vanadiun
Iinc

Total Phenols
TOX ’
POX

T0C

POC

NO3-N

NH3-N

NO2-N
Chlorlde
Bromide

S04

Cyanide

55-34

24900N
6.9
20.)
564

172000

160000

72

220N

11

10000
650

4200
35000

400
350000

5§-7

A30H
928
43900
48708
79800
874

3360

112000

2120N

76

20

7
25000
4900
1000
130

31000

480000

SS-4

347
39.9
1200

120000

52600
62900N
197N
4190

127000

1870

109
17

48000
12000

400

90000
550
5700
20

Table

M-41A PCS POND

1130008

4
1640

s

4.6
398000
123

58
o132
171000H
118
207000
$100

154000

309
881N

33
9.9

3700
620
910

26000

1000000

124000

1580

16800K

625H

8250

102000

9754

39000
420

120000
250
1000000

20 (continued)

TRIP
BLANK

296

759

86

2200

FIELD BAILER PUMP
M-16 BLANK BLANK

136N
A LY
332 217 333
2.4
M A3l 394

43 16

1300

BAILER
BLANK

389

394

107

137

584

Al

3900
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support this notion as they reveal zones of higher conductivity
within the confining unit. These zones most likely contribute to the
discharge points, or sceps, located in the bluffs immediately above
the alluvium.

Analytical results from the South Arca further confirm organic
contamination. Five of the six wells sampled by the Task Force
indicate contamination above detection limits. Only well M-41A
(Figure 41) did not indicate thc presence of organics during the
sampling event. This confirms this well as an upgradient background
well. The PCS Pond was found to contain a wide variety of organic
species, although in gencrally low concentrations.

The analytical results confirm that both light and densc phasc

immiscibles should be monitored for. This is due to the detection of
constituents listed in Table 5 which arc characteristic of light and
dense phase refinery wastes. Of the organics detected at the Texaco
facility, only two havc established criteria for which comparisons
can be made. These criteria include maximum concentration limits
(MCLs) and recommended maximum concentration limits (RMCLs).
Benzene was detected above the MCL of 5 micrograms per liter
(mg/1) in ten of the 16 wells sampled by the Task Force. Xylenes do
not have an MCL, although a Recommended Maximum Concentration
Limit (RMCL) has been proposed. Four wells had concentrations of
Xylenes above the RMCL of 440 ug/l. Three of thesc were located
on the South Area and onc in the alluvium on the North Area.

Inorganic Analvsis Ground-water samples from the North Arca
indicate concentrations of mctals and indicator parameters above
MCL, RMCL, and Sccondary Drinking Water Standards.

Arsenic and sclenium have MCLs of 50 and 10 ug/!, respectively.
Wells M-10s and both sets of samples from M-36 show concentrations
which exceced these standards. A surface water sample from the inlet
of the Excess Service Water Efflucnt Pond shows a value above the
MCL for selenium. The RMCL of 10,000 ug/l nitrate was also
excceded at the inlet location.

Secondary Drinking Water Standards for iron, manganese and sulfatc
were exceeded at several wells and the inlet location.

Analytical results from the North Area alluvium indicate levels of
iron, manganese, selenium and sulfate above the applicable standards.
Most of these were from wells SP-7 and M-12s, although the alluvial
pond displayed elevated concentrations of mangancse and sulfate.

The South Area wells indicate the following parameters above the

applicable standards: barium, iron, and sulfate. The PCS Pond also
displays iron and sulfate above standards.
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3. Data Comparison (Task Force and Texaco)

Ground-water and surface water samples were collected in the field for the Task
Force by Versar, Inc. Sample splits were presented to Western Water Consultants
on behalf of Texaco. The data comparison is prescnted in Table 21. Texaco’s
PARL laboratory analyzed samples from wells M-10s, M-10d, M-36, M-51As, S$5-49,
§S-34, SS-4, M-41A; from the Inlet Pond, Alluvial. Pond, PCS Pond; two bailer
blanks and onc pump blank. Accu-Labs Research, Inc. analyzed Texaco's splits
from wells M-1, M-6, M-35, M-33, SP-7, M-12s, SS-19, and SS-7. Accu-Labs ran the
inorganic contaminants and indicator parameters but subcontracted the organic
contaminants to Rocky Mountain Analytical Laboratory. The raw data are located
in Appendix I for the Texaco samples. All analytes ran for organics, inorganics
and indicators and detection limits are listed in Appendices 1.

The Task Force data were analyzed by EPA contract labs under the CLP. The raw
data, in addition to the detection limits reported by the lab(s), ts included in
Appendix A. It should be noted that three samples collected by the Task Force
were medium concentration samples and, as such, the detection limit was clevated.

Often, the comparison of Task Force data was made on a limited list of
constituents with Texaco's data from the two laboratories. For example, Texaco's
PARL laboratory reported only a partial list of results for inorganics, organics and
indicator parameters as shown on Table 22. For comparison, those analytes
sampled by the Task Force are listed in Table 18.

Table 22 -

Analytes Reported by (Texaco) PARL Laboratory

Inorganics Indicator Parameters QOrganics
Arscnic Cyanide Benzene
Barium Phenols Toluene
Cadmium Ammonia Ethylbenzene
Chromium Sulfate Xylene
Copper Chloride

Lead Conductivity

Manganese

Mercury

Nickel

Selenium

Silver

YVanadium

Zinc

Where blanks occur in Table 21, the analyte was either below the level of
detectability, was not sampled for, or was not reported. These blanks can be
investigated further by review of raw data from the Task Force and Texaco in
Appendices A and I respectively. The capital letter "N" for the Task Force results
denotes a spike recovery not within control limits.

178



6LT

SAMPLE SOURCE

PROPRIETOR
LABORATORY

Acetone
Benzene
2-Butanone
Ethyl Benzene

- Methylene Chlorlde

Toluene
Xylene
Phenol

NOTE:

Table 21
Analytical Comparison, Ground-Water Task Force vs Texaco

H-1 M-6b M-10s M-10d H-36 M-35
TF TEX ™ TEX TP 1EX ™ TEX 3 F TEX 17 TEX
ACCU ACCU PARL PARL PARL ACCU
pUP
s9 1806 3000
12 s? 310 270 290
670 570
18 12 410 360 420
24 330 290 140
5 9 9260 1240 64000 62000 226000 6

IF - Task Force (micrograms/liter)
TEX - Texaco (mllligrams/liter converted to micrograms/liter)
N - Splke recovery not wvithin control limits
- Blank indicates those concontrations below the lower limit of detection

M-51As

IF TEX
PARL

23

76

15

34

59 220
9670
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SAMPLE SOURCE

PROPRIETOR TF
LABORATORY

Acetone

Benzene

2-Butanone

Ethyl Benzene
Methylene Chloride
Toluene

Xylene

Phenol

11

INLET POND
wo TEx
PARL

20

20

90

Table 21

A4

(continued)

11

56

ALLUVIAL POND

2000

290
890

6000

620
3000

6630
190
550

4270
640
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SAMPLE SOURCE

PROPRIETOR
LABORATORY

Acetone
Benzene
2-Butanone

Ethyl Benzene
Methylene Chloride

Tolueno
Xylene
Phenol

§5-34
TP TEX
PARL
38 30
40
230

1400

180

33

§5-4

1F TEX

PARL
900 820
Al AO
(X 50
140 240

4230

Table 21 (continued)

30

PCS POND
pe4 TEX
PARL
12
3.5
27
920

BAILER
BLANK

270

20

PUMP PUMP
BLANK BLANK

k14 TEX
PARL
390
19
90

BAILER BAILE
BLANK BLAD

1€

29
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SAMPLE SOURCE

PROPRIETOR
LABORATORY

Aluminunm
Antimony
Arsenlc
Barium
Beryllium
Cadmium
Calctum
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickle
Potassium
Seleniunm
Silver
Sodium
Thallium_
Vanadtum
2inc

INDICATOR PARAMETERS

Total Phenols
TOX

POX

TOC

POC
NO3-N
NH3-N
NO2-N
Chloride
Bromide
S04
Cyantide

M-1
TF TEX
ACCU
1180N 700
12.3
36
18300 17000
914N 780
5
5920 3400
26 36
A0
3250 2800
206000 190000
26130N 3400
5
1200 5000
oo
270
300 400
1400
120000 130000

M-6b
Ir TEX
ACCU
488
13.7
36
18
259000 240000
12
50
6
22708 2200
6.7 5
87600 75000
249 210
0.1
80
10600 10000
208000 190000
29S0N 3100
9
10
7800 7000
300
400
280000 270000
750000 740000

Table 21 (continued)

M-10s
TF TEX
PARL
704N
15.5
53.6 30
81 70
568000
190
16
60
148008
10.2 1420
294000

49800 36710

29 140
5230
141 14
_ 120
196000
13 320
1090N 1280
6000 9260
36
69000
1510
19000 37400 .
40000 52000
2580000 2766000
1210 1700

M-10d
1r TEX
PARL
»
193000
70
BBIN
670
121000
483 400
60
19300
519000
2.0
120
1660N 1660
5500 3240
6.4
69000
300 1330
87000 98000
1900
370000 581000
414N 2040

T¥

33)0N
12.9
196
106

2690N

4220
112

257
8750
99.2

939000

151
120N

394000

676000

2600

610000

100000

480000

DuP

22908
10.2
229
106

8550
18
31

2750
8
4490
119
0.2
266
8800
73.5

990000

153
34l

284000
726000
2400
580000
80000

1400
540000

TEX
PARL

3o
90

100

190

226000

407000

62000

330000
1020

M-35

TP TEX

ACCU

5510N 4800
59

1.2 10

88100 74000

40

3460 3600
5.2

39600 34000

279 320

0.4 0.2

30

11800 10000
8.1

107000 94000

9

I6N 35

6

18000 4000

3000 3300

18000 18000

290000 300000

M-~51As
TP TEX
PARL
20500N
79
411 240
7.1
268000
120
LX)
55
224000
31 1000
176000
2740 2540
38 150
32000
2.3
60
316000
80 210
15900N 9800
4200 9670
14
125000
280

8000 164000

50000 289000
1600

150000 291000
552 1550
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SAMPLE SOURCE

PROPRIETOR
LABORATORY

Aluminum
Ant imony
Axrsenic
Barium
Beryllium
Cadmium
Calectium
Chromiun
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickle
Potasalum
Selenium
S{lver
Sodium
Thalltum
Vanadium
Zine

INDICATOR PARAMETERS

Total Phenols
TOX

POX

TO0C

POC
NO3-N
NH3-N
NO2-N
Chlorlide
Bromide
S04
Cyanide

3670H

224000
8
3360N
13.5

112000
887

18400

420000

42N

A1
25

16000

470
1100

7000
550
74000
172n

5200

390000

12

11

24000
100
160
200

70000

1100000
150

Table 21 {continued)

INLET POND

TF TEX
PARL
154
1.1
119 110
250000
120
1110
1290
278000N
730N 670
90
7960
27.5
50
920000
220
320
39 90
18
16000
390
20000
1210
190000 3408000
11500000 150000
36 250

5840H
‘10.9
135
77100
12
17400N
14.4
72600
2570
Al
15400
456000

13
5200N

282
16

29000

5000
1800

80000

390000
145N

1
70000
1n

13
20000

64000
2400

100

13000

420000

n
4800

A4

34000
200

1200

72000

490000
120

1330
.3
166
92400
8
12200
36.1
91700
1760
32
14800
38.)

467000

2320N

198

36000
190
6000
4400

70000

500000
145N

32

430000

6
1500

56

36000
200

5400

76000 -

490000
130

ALLUVIAL POND

TF TEX
PARL
131
6.7
20
73900
30
252
390
58900N
357 340
12000
432000
9 50
32
13
16000
230
58000 1453000
250
970000 75000
450

2330N

14.4
1160

1.4
130000

20300N
11.1
80600
1620
0.2

4900

154000

30N

207
12

33000
8100

14000

43000

600

50000
20N

1200

12
1300

9
110000

20000

72000
1500

50

4000

140000

8
33

190

41000

15000

15000

41000

50000
18

206N
10.1
2500

108000

33700N

59200

147

6710

115000

31
79000
9200
11000

50000
550

14N

2220

60

430

70

640
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SAMPLE SOURCE

PROPRIETOR
LABORATORY

Alumlnum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Caleium
Chromium
Cobalt
Copper
Iron

Lead
Magnesium
Manganese
Mercury
Nickle
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zine

INDICATOR PARAMETERS

Total Phenols
TOX

POX

T0C

POC
NHO3-N
NH3-N
NO2-N
Chloride
Bromide
S04
Cyanide

S5-34

F TEX
PARL

24900N

6.9

20.3
564 130

172000
18 100

23

33

56700N
140 770

128000
2370 2260
80

10800

2.8

160000
72 160
220N 360
230

11

10000

650
4200 4310

35000 405000

400
350000 54000
1000

$8-7
TF TEX
ACCU
A3ON
928 1100

43900 40000

4870N 4500
6.9 7
79800 71000
874 750
350
33160 Joo00
112000 110000
2120 2200
76 3]

20

7.

25000
4900 9600

1000
130 joo

31000 31000

480000

Table 21
55-4
TF TEX
PARL
3
39.9 20
1200 1060
120000
60
52600
460
629000
797N 860
4190
127000
80
1870 1720
109 423
1?7
48000
12000
400 2930
90000
550
5700 75000
20 260

{continued)

M-41A
TF TEX
PARL
113000
Al
1640 80
s
4.6
398000
12) 130
s8
132 S0
171000N .
138 960
207000
5100 2170
0.7
89 110
23500
6.2
so
154000
309 200
881N 560
a3 10
9.9
5700
620
910
26000 752000
1000000 40000

60

PCS POND
TF TEX
PARL
3l
9.9
376 350
124000
60
1580
460
16800N
625N 590
8250
102000
80
9754 920
12
39000
420

120000 122000
250
1000000 55000

BAILER BAILER

ELANK BLANK
TF TEX
PARL

4

277

431
43 20
1180
90

PIMP PUMP

BLANK BLANK
TF TEX
PARL
533
394
16 90
5
1300
2260
60

BAILER BAIL!I
BLANK BLA}

389

3194

584

374

L} !

3900

1
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Based on the QA/QC data validation reports discussed previously and presented in
Appendices G and H, all analytical data reported for organics and inorganics are
within the program accuracy Data Quality Objectives. Based on this conclusion
the following discussion compares the Task Force data to Texaco’s data. For easc,
this is broken up into organics, metals and indicator paramecters as they are
presented in Table 21.

Organics

Table 21 shows the occurrence of acctone in five samples by the Task Force but
not detected by Texaco. Concentrations appear to be low in all samples except at
M-36 where 3000 to 3806 ug/l concentrations were detected. Lower concentrations
may be attributed to samplec handling contamination, although the concentrations
in M-36 may be associated with degradation of petrolcum waste constituents. At
this time the rclationship between acetone and petroleum waste degradation is not
well understood. Samples analyzed by Texaco compare favorably with all other
organic constituents except phenol with only slight discrepancies. Phenols arc
consistently detected by both of Texaco’s laboratorics, while the Task Force data
reported concentrations above the detection limit only once. This was at well M-
36, but even then the Task Force results did not compare favorably with Texaco’s
(see Table 21). Total phenol concentrations listed under Indicator Parameters in

-Table 21 for the Task Force appear to compare more favorably to Texaco's,

although apparent discrepancies do exist. It is apparent that two different types of
methods and possibly laboratories analyzed for phenols and/or total phenols, thus
possibly explaining the variation between the Task Force and Texaco results. The
Tecxaco data presented in both columns under phenols is the same concentration
(i.c. repcated on the Table by the Task Force). '

Metals

Metals analyzed by both Texaco and the Task Force show some discrepancics. In
addition, some paramcters at various wells exceed the primary drinking water
standard (PDWS). A brief summary of notable discrepancies and ¢xceedance to
standards {ollows: :

o Values for arsenic appear to compare favorably between Texaco and the
Task Force except at well M-36. Arsenic as reported by either Texaco
and/or the Task Force exceeded the PDWS of 0.05 mg/l at wells M-10s, M-36
and M-5l1As,

o} Discrepancies were seen in barium concentrations at wells M-51As, SS-34
and M-41A. Wells where barium exceeded the PDWS of [.0 mg/] as reported
by the Task Force and/or Texaco include SS-19, §5-49, SS-7, §5-4 and M-
41A. . ' '

o Discrepancies in cadmium concentrations were seen at wells M-35 and SS-19,
and then only slightly. Wells where the PDWS of 0.01 mg/l for cadmium
was exceeded include M-6b, M-33, SP-7, M-12s, and M-35.

o Numerous discrepancies in chromium concentrations were detected in most
wells. It appears that chromium was consistently detected by Texaco’s labs
and not by the Task Force. No reason for this discrepancy could be given.
The PDWS for chromium of 0.05 mg/l was exceeded in wells M -10s, M-10d,
M-51As, SS-49, SS-34, S5-4, M-41A and the PCS, inlet and alluvial ponds.
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Notable discrepancies in lead concentrations werc also seen in numerous
wells including M-10s, M-10d, M-51As, §S-49, §S-34, M-41A and the PCS,
inlet and alluvial ponds. General trends indicate that Texaco’s
concentrations are usually higher and at several wells, Texaco detected high
concentrations and the Task Force reported non-detectable. Those wells
which exceed the PDWS for lecad of 0.05 mg/l include M-10s, M-10d, M-51As,
SS-49, SS-34, SS-4, M-41A and the PCS, inlet and alluvial ponds.

Discrepancies in nickel concentrations werc seen at wells M-10s, M-51As, SP-
7, and M-12s. Again, on several occasions the Task Force data was lower
and even non detected in several wells while Texaco reported
concentrations.

Results for selenium compared favorably except at well M-10s where
Tecxaco's value was much less than the Task Force's. The PDWS for
sclenium of 0.01 mg/l was exceceded in wells M-10s, M-36, M-12s and the
inlet pond.

Several discrepancies in silver concentrations were noted in that while
Texaco reported values, the Task Force results were below the detection
limit. Silver concentrations excceded the PDWS of 0.05 mg/l at wells M-10s,
M-51As, M-41A and the inlet pond.

Sevceral discrepancies in vanadium concentrations were seen. For the most
part, Texaco's values were consistently higher than the Task Force results
and were also detected at times when the Task Force reported non-
detectable.

Indicator Parameters

Only those indicator paramecters for which discrepancies were noted arc discussed

below.

(o}

Several discrepancies were noted in the total organic carbon (TOC)
concentrations, especially at wells M-1 and M-35. Other discrepancies,
although slight, may be attributed to the detection of TOC in the pump and
bailer blanks by the Task Force.

Other indicator parameters tend to compare favorably where reported by
Texaco and the Task Force except as noted. Ammonia (N) was reported by
Texaco in M-51As at 25 times the concentration reported by the Task Force.
Bromide was detected in ten samples taken by the Task Force, but was not
reported in any samples by Texaco. The cyanide results are interesting in
that the concentrations detected by Texaco are consistently higher than
those reported by the Task Force.

In summary, the analytical results reported show several discrepancies as noted
above. General observations would be that for several inorganic parameters, it
appears that Texaco is reporting consistently higher concentrations than the Task
Force. In fact for several analytes, the Task Force often reported concentrations
below the lower limit of detection while Texaco reported concentrations
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significantly above the dctection limit. For both parties, analytical results indicate
that numerous analytes exceed the PDWS sct forth in 40 CFR 265 Appendix III as
discussed previously.

In the future, field blanks and/or rcporting of internal QA/QC procedures utilized
by Texaco’s laboratories would assist in assessing the confidence of the reported
analytical results. As previously mentioned, this field and laboratory QA/QC
program should be discussed in detail in the sampling and analysis plan, and
should be implemented in the field to assure that data quality objectives are met.
This is especially important in reviewing data for an evaluation of the

‘effectiveness of any type of remedial action program, cspccmlly when evaluating

background ground-water quality.
4. Comparison to Past Texaco Data

Minimal data exist for comparison of past Texaco data with those of the Task
Force. As previously mentioned, only three "comprehensive™ sampling events in the
North Arca were performed by Texaco prior to the Task Force evaluation. Two
sampling events in 1984 werc analyzed for priority pollutants and one event in
1986 for the modified Skinner list (TriHydro, 1987a). A comprchensive sampling
event has not been performed in the South Area.

The following constituents were chosen for comparison: benzene, toluene, phenol,
2.4-dimethylphenol and 2-butanonc (methyl ethyl ketone). These were chosen
because they occurred or were at least analyzed more often than other organic
constituents. Furthermore, data comparisons could only be made in the following
wells: M-10s, M-10d, M-33, M-35, M-36, M-51As and SP-7, as thesc werc the only
wells sampled by both the Task Force and Texaco in the past.

The above mentioned constituents were either not analyzed or not detected above
the detection limit in both sampling events held by Texaco in 1984. Additionally,
Tcxaco did not analyze or detect above the lower detection limit any constitucnts
except in well M-36 in June, 1986. It should be noted that this is based on the
previously mentioned wells only. Contamination was detccted in other wells by
Texaco, but for comparison purposes, will not be reviewed. Table 13 contains
Texaco's summary table listing the constituents detected in the past and the
associated wells.

In comparing Texaco’s past organic data with the Task Force, no significant
deviations or trends were observed. All the above mentioned constituents werc
detected in well M-36 by both parties in similar concentrations. Benzene was
reported at 230 ug/l by Texaco and 310 ug/l by the Task Force. Toluene
concentrations were 330 ug/l for Texaco and 410 ug/l from the Task Force. Both
parties reported 64,000 ug/! of phenol. 2,4-dimethylphenol was reported at 25,000
ug/l by Texaco and 14,000 ug/l by the Task Force. Finally, 2-butanone (methyl
ethyl ketone) concentrations were 520 ug/l as reported by Texaco and 670 ug/l by
the Task Force.

To be consistent with the organic comparison, only June, 1986 inorganic data will
be compared with the Task Force data. Only those wells which were sampled and
analyzed by both parties are included. In addition, only those inorganic
parameters which exceed drinking water standards during Texaco's June 1986
analysis were reviewed.
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Nitrate was reported by Texaco in M-10s at 16,000 ug/l, while the Task Force
reported 1,500 ug/l. Selenium excceded the standard in two wells by both Texaco
and the Task Force. Well M-12s showed concentrations of 100 and 38 ug/! for
Texaco and the Task Force, respectively. Well M-36 concentrations were 30 and 90
ug/l, respectively. Cadmium was reported by Texaco in well M-33 at 20 ug/l, but
not detected by the Task Force. Finally, arsenic concentrations from well M-36
were 200 ug/l from Texaco and 196 ug/l from the Task Force.
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Effects of Chemical Evaporation Pond Recharge

The Chemical Evaporation Pond (CEP) was opcrated at the North Arca from 1955 to
August 1982. The pond reccived wastewater from the process system, including the Hydro
Treater Unit (HTU), Catalytic-Polymerization Unit (Poly), Fluid Catalytic Cracking Unit
(FCCU), Pressure Coke Stills (PCS), Vacuum Pipe Stills (VPS), Catalytic Reforming Unit
(CRU), and Stabilizers. The process water system also received 138 tons of caustic soda
per year from the merox system. Flow from the FCCU and PCS accounted for 50-60% of
the waste strcam to the pond; the Poly, HTU, CRU, and VPS contributed about 30-40% of
the waste stream; and the stabilizers contributed about 10% (WWC, 1983a). An analysis of
the quality of the waste watcers is shown on Table 8.

In October of 1986, in an cffort to augment contaminant degradation in the uppcrmost
aquifer near the CEP, Texaco constructed a recharge pond from the southern third of the
old CEP and began rccharging the ground-watcr system with relatively clean water from
the North Platte River.

The location of the CEP is shown on Figure 10. The pond had a surfacc area of 6.62
acres, and a maximum capacity of 16 million gallons. Sccpage from the pond has been
identificd as the primary source of ground-water contamination in the North Arca (WWC,
1983a). Contamination identificd as originating from the pond includes TOC, pH,
conductance, lead, chromium, selenium, phenols, ammonia, sulfide, and chloride, based on
comparisons to National Interim Primary Drinking Water Standards, RCRA indicator
paramcters, and Wyoming Water Quality Criteria (WWC, 1983a). In addition, a numbecr of
. hazardous organic constituents have been identified in wells near the CEP during
sampling in 1984 and 1986.

In December 1982, Texaco ceased discharging process wastewatcers to the CEP and
implemented a program to abate ground-watcr pollution resulting from previous opcration
of the pond. Water remaining in the pond was trecated by mechanical acration from
December 1982 until November 1983, and the trecated water was then discharged to the
Excess Service Water Effluent Ponds (WWC, 1984a). In October 1986, the sludge and some
of the soil from the bottom of the CEP was removed to the North Land Farm as part of
CEP closure (WWC, 1987a). Texaco was also relying on the natural processes of dilution,
sorption, and biodegradation to attenuate ground-water contamination in the vicinity of
the CEP (WWC, 1983a). Although Texaco investigated the viability of sorption and
biodegradation to attenuate contaminant concentrations, they concluded that dilution
would remain the principal means of attcnuation (WWC, 1983a). Texaco monitored the
progress of contamination abatement through a program of quarterly sampling of
indicator parameters and water levels.

In October of 1986, in an effort to augment contaminant degradation in the uppermost
aquifer near the CEP, Texaco constructed a recharge pond from the southern third of the
old CEP and began recharging the ground-water system with relatively clean water from
the North Platte River. About 8.8 million gallons of water were pumped into the pond
between October and December 1986 (WWC, 1987a), and about an additional 35 million
gallons were pumped into the pond in 1987 (WWC, 1988), or the relative losses from the
pond due to evaporation and infiltration into the ground-water aquifer. However, no
recharge occurred during the winter of 1986-87, when the pond was frozen (Hamilton,
personal communication, 1988). ‘
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Table g Quality of Haste Streams Feeding Chemical Evaporation Pond, Casper

Units Containing

Texacn Refinery

Flow 03 pit
_ (mg/}) (mg/1)
FCCu & PCS 16 9.2
Poly, HTU, CRU,
and VPS 101 7.8
Stabilizers 20080 9.0

Anmonia ”25
(mg/) - N) {mg/1)
2022 -
3250 7007
615 -

Hote: Analyses are an average of three samples from the FCCU and' PCS and are an average of two

samples from the other two waste streams.

June 1, 1981.

-- Ho. Analyses

Source: WWC, 1983a

A1) samples were taken hetween May 14 and
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Hvdraulic Effects of CEP

In addition to the degradation of ground-water quality noted above, the CEP also had a
significant ¢fTcct on local ground-water Icvels and ground-water flow dircctions. As a
result of secepage from the pond, a distinct ground-water mound was cstablished in the
immediate vicinity of the pond. In the absence of the pond, the cstimated potentiometric
surface elevation bencath the pond would range from 5115 fcet msl on the south, to 5118
fcet msl on the north (WWC, 1983a). However, at the time the CEP was taken out of
scrvice in 1982, the potentiometric surface beneath the pond was in cxcess of 5124 [ect
msl (WWC, 1984a). The apparent mound in the potentiometric surface was approximatcly
1500 fcet in diamcter, and extended bencath essentially all of the CEP, the landfill to the
west, and the land farm to the cast. When recharge to the pond ccased in 1982, the
mound began to deccay, and potentiometric levels began to fall in the vicinity of the CEP.
By the autumn of 1986, potentiometric levels benecath the pond had declined to
approximately 5120 fcet. An apparcnt mound still existed, but its diamcter had becen
rcduced to about 800 .fcet (WWC, 1987a). With the onset of river water recharge in late
1986, the mound was quickly rcestablished. By Junc 1987, potentiometric lcvels bencath
the recharge pond had risen to morc than 5126 fcet (and in cxcess of 5128 feet at well M-
11s). The diameter of the apparcnt mound had incrcased to about 1200 fcet.
Furthermore, a review of the potentiometric level data for 1987 (WWC, 1988) indicates
considerable variability in water levels during the year. At well M-11s (Figure 10), where
maximum water levels were recorded, the water levels varied by more than four fecet
during the course of the ycar. Furthermore, a continual watcer level risc was not obscrved.
The potentiometric level at well M-11s was about 5121 feet prior to recharge, rosc to
about 5127 fcet by December 1986, fell to 5124 feet by March 1987, rosc to in cxcess of
5128 fcet by Junc 1986, and then fell to about 5126 fcct by December 1986. These data
suggest two things: first, potentiometric levels in the immediate vicinity of the recharge
pond arc very scnsitive to the input of watcr at the pond; and sccond, it appears that the
infiltration of water from the pond may be quite variable throughout the year, with a
large proportion of recharge to the ground-water system occurring in late spring and carly
summer of 1987. No details on the operation of the system arc available from which
these conclusions could be confirmed, other than the cessation of recharge during the
winter of 1986-87, when the pond was frozen. Reportedly, the recharge pond is operated
so that a constant hcad is maintained in the pond (Hamilton, personal communication,
1988).

It should also be noted that water level fluctuations at well M-36 have been anomolous
from the time the well was installed in 1984. Western Water Consultants (WWC, 1988), in
their potentiometric level map for June 1987, indicate a localized depression in the
potentiometric surface in the vicinity of well M-36. However, water levels at this well
have continuously been depressed slightly with respect to water levels at other ncarby
wells since water levels were first reported for the well in April 1984, Furthermore, as
water levels rose in response to recharge of river water at the CEP, the water levels at M-
36 rose more slowly than the levels at nearby wells. Texaco reports that the clevation of
this well is continually resurveyed (Hamilton, personal communication, 1988), so that it is
unlikcly that the reported water level in this well is in error. Texaco also reports that
well M-36 does not recover abnormally slowly when the water level in the wecll is drawn
down (Hamilton, personal communication, 1988). As will be noted below, watcr chemistry
at M-36 has also not responded as directly as at other wells to the introduction of river
water at the recharge pond. This evidence suggests that well M-36 may be hydraulically
isolated in some manner from other nearby wells. A number of possible explanations for
this phenomenon can be suggested, ranging from plugging of the well screen to
installation of the well in a buried channel of high hydraulic conductivity. However, the
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available information does not permit any definite conclusions to be drawn rcgarding the
apparcntly depressed watcer levels at well M-36.

Chcmical Effccts of the CEP

As noted previously, the usc of the CEP prior to 1982 has been identificd by Texaco as
the primary causc of ground-water contamination in the North Arca. The pond has
apparcntly allowed the introduction of a wide range of contaminants, including scveral
hazardous constituents, into the uppermost aquifer. The mounding of the potentiometric
surface bencath the CEP also induced flow radially outward away from the CEP, with
some contaminated ground water apparcently discharging from the uppermost aquifcr at
the sceps along the bluff southeast of the CEP and subscquently entering the alluvial
aquifer downslope from the secps.

Following cessation of discharge to the CEP in 1982, Texaco has documented general
dcclines in contaminant concentrations in the vicinity of the CEP. Tcxaco attributes
these declines to 2 combination of dilution of contaminated water with uncontaminated
water from upgradicnt; sorption of contaminants onto soil particles; biodcgradation; and
other chemical degradation phenomena (WWC, 1984a, 1985, 1987a, 1988). However,
Tcxaco has provided few details as to the naturc or rclative magnitudcs of thesc various
possible mechanisms for attenuation of contaminant concentrations. Early in the program,
Texaco did investigate the availability of microorganisms in ground watcer in the CEP
area, and did investigate the relative cfficiencies of dilution and other degradation
mcchanisms. They concluded that the ground water did contain microorganisms capable
of degrading some organic contaminants, although perhaps not within the ground water
immecdiatcly adjacent to the CEP where contaminant concentrations were very high, They
also concluded that whereas phenomena other than dilution were apparently effective in
attcnuating concentrations, dilution was probably the principal mechanism (WWC, 1983a,
1984a).

The recharge of relatively uncontaminated river water at the CEP beginning in late 1986
was expected to augment the rates of contaminant attcnuation within the uppcrmost
aquifer. In addition to the obvious potential for concentration reduction due to increcasced
dilution, it was expected that the relatively oxygen-rich river water would enhance the
rates of aerobic microbial degradation of contaminants. One of the major objectives of
the Ground Water Task Force has been to assess whether the recharge of river water has
in fact enhanced the degradation of organic contaminants in the aquifer, or whether the
effects of such recharge have been largely the hydrauhc ones of dilution and lateral
transport away from the recharge basin.

In an effort to assess the effectiveness of river water recharge in augmenting rates of
natural attenuation of contaminant concentrations, the Task Force has conducted a
varicty of preliminary investigations, utilizing primarily data reported by Texaco,
supplemented where possible with data collected by the Task Force. These preliminary
investigations have included the following:

0 Estimating thc changes in total mass of various indicator chemicals in the system
as a function of time.

0 Estimating the changes in total mass of individual organic contaminants in the
system as a function of time.

o Reviewing changes in contaminant concentrations as a function of time at
individual wells.
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0 Reviewing the reported rates of decline of maximum quarterly concentrations of
various indicator chemicals.

0 Assessing the rates of ground-watcer undcerflow beneath the CEP relative to the rate
of river water recharge.

0 Revicwing the responsc of the ground-water mound to the recharge of river water.

The first assessment attempted by the Task Force was the consideration of variations in
the estimated total mass of contaminants in the system. For each of three indicator
specics (chloride, TOC, and total phenols), the total mass in the system at any given time
was estimated from the isopleths reported by Texaco (WWC, 1984a, 1987a, 1988). For cach
map of contaminant distribution, the arca cncompassed by diffcrent isoplcths was
cstimated, and the arca cnclosed by two successive 1sopleths was calculated. The arca
enclosed by two successive isopleths was then multiplicd by an estimate of the average
concentration within the isoplcths, and then multiplied by an assumed average thickness
of the uppermost aquifer (25 fcet) and an assumed cffective porosity (25%), to yicld an
estimate of total mass of that contaminant cnclosed by the isopleths. The mass enclosed
by all of the successive pairs of ‘isopleth lines was then summed to get an ¢stimate of total
mass of that constituent in the uppermost aquifer. This process was complicated in some
cascs by the fact that isopleths, as displayed by Texaco, often extended beyond the
boundary of Texaco property, although the isopleths were terminated at the property line.
In these cascs, it was nccessary to cstimate the extent of the isopleths beyond the property
line (and in fact beyond the extent of available data). Any e¢rrors madc in such
cxtrapolation of the available data would be expressed in the conscquent estimates -of
total mass in the system. In ordcr to reducc the cffccts of this class of crror, it was
necessary in some cases to limit the estimate of total mass to the mass containcd within a
particular isopleth (c.g., the 50 mg/1.isopleth for chloride, TOC, and phcnol).
Consequently, any mass occurring outside of this isoplcth, or transported outside of the
previous location of this isopleth, will not be accounted for in the analysis.

This approach was also attempted for specific individual constituents for which sufficient
data existed to permit contouring of isopleths (benzene, tolucne, and total cresols).
However, since these constituents were observed in only three or four wells, accurate
contouring of the data was extremcly difficult, and the resulting estimates of total mass
are not considered reliable. They will, however, be discussed here for the sake of
completeness.

Table 9 summarizes the resulting estimates of total mass of various constituents as a
function of time. For each constituent, the mass relative to that estimated for the system
in June 1984 is also given. In general, the chloride mass in the systcm remains somewhat
constant, in relative terms, from 1982 to 1986, and then declines somewhat in 1987. TOC
concentrations decline rather steadily from 1982 to 1986, and then seem to stabilize.
Phenol concentrations vary considerably, sometimes declining considerably in a year,
somectimes rising dramatically. Benzene mass declines from 1984 to 1986 at a rate
comparable to that for chloride. Toluene increases substantially from 1984 to 1986, and
total cresols decline by more than 50% from 1984 to 1986. In terms of absolute rates of
mass decline, chloride mass declined at an average rate of about 12 million grams per
year, TOC at a rate of about 17 million grams per year, phenols at a rate of about 13
million grams per year, and total cresols at a rate of about 28 million grams per year.
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Parameter 6/82
Chloride 232
(.943)%
TOC 199
(1.276)
Phenols 79.2
(1.520)
Benzene -
Toluene -
Cresols -—

* Mass relative to

Table 9

Estimates of Total Contaminant Mass in

Uppermost Aquifer,

Horth Area

252
(1.024)

184
(1.179)

78.7
(1.511)

that in the

(10% grams)

6/84

246
(1.000)

156
(1.000)

52.1
(1.000)

.0885
(1.000)

-124
(1.000)

80.2
(1.000)

162
(1.038)

40.5,
(.777)

system in June 1984

215
(.874)

126
(.808)

55.8
(1.071)

.0774
(.875)

.166
(1.339)

35.9
(.448)

192
(.780)

126
(.808)

27.1
(.520)
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The results of these analyses are somewhat inconclusive. In terms of relative annual
changes in concentrations, chloride remains rclatively constant from 1982 until 1986, and
then declines somewhat with the onset of river recharge. Since chloride is a conscrvative
and rclatively non-reactive specics, this is as would be expected. The decline in total
concentration between 1986 and 1987 can be attributed to the lateral transport of
chlorides beyond the 50 mg/l isopleth, and thus not considered in the analysis. The
gradual decline in TOC mass from 1982 to 1986, and the average rate of mass decline
which is about 40% higher than that for chloride, may be attributed to degradation
phcnomena other than dilution, Howcver, the apparcent stabilization of mass from 1986 to
1987 is anomolous, and suggests at the lcast that the recharge of river water did not
accelerate the degradation of TOC. The variation in phenols was not very consistent,
although there is an overall trend of declining mass at a ratc comparable to that for
chloride. The approximately 50% decline in total mass of phenols from 1986 to 1987 mav
be attributed to the operation of the recharge pond, and is greater-than the mass decline
in chlorides or other species, and thus might indicate cnhanced degradation of phenols.
However, a comparable rclative decline in total cresols was obscrved from 1984 to 1986,
prior 1o the onset of river water recharge. In terms of absolute rates of annual decline in
mass, chloride, TOC, and phenols all declined at approximately equal rates, while total
cresols declined at a rate approximately twice that of the other paramecters. With the
possible exception of phenols, no acccleration in the rate of mass decline was observed
with the onset of river water recharge. :

In general, the results of this analysis suggest the possibility that degradation phcnomena
beyond mere dilution may be acting to reduce the concentrations of some contaminants,
but the evidence is not very clear, and on the basis of the absolute rates of estimated mass
decline, it appears that TOC and phenols decline at approximately the same rates as
chloridc, and thus probably subject to much the same phenomena.

A sccond line of analysis attempted by the Task Force involved reviewing changes in
contaminant conccntrations as a function of timc at individual wells. With the onsct of
river water recharge, a few wells experienced declines in contaminant concentrations,
many wells exhibited no immediate response, and some wells exhibited incrcases in some
indicator parameters. Significant declines in TOC and phenols concentrations with the
onsct of rccharge were observed at wells M-49A and M-9s; declines in TOC and phenols
concentrations at well M-11s were obscrved, although they did not begin until June 1987,
Chloride concentrations also declined significantly at well M-49A, but not ncarly so
significantly at wells M-9s or M-11s. At wells M-36, M-51As, and SP-1, none of the
indicator parameters considered (TOC, phenols, and chlorides) appcared to respond to the
river water recharge, remaining at approximately the same levels as they had been during
1986. At two of the wells considered, M-13 and M-8sa, the river water recharge scems to
have induced a temporary increase in the levels of indicator parameters. At both of thcsc
wells, TOC, phenols, and chloride concentrations gencerally rose from September 1986 until
June 1987, and then began to decline.

" The results of this phase of the Task Force assessment indicate that with the onsct of
river water recharge, concentrations of indicator parameters gcnerally declined at wells
closest to the recharge pond, temporarily rose at wells a little further away, and were
essentially unchanged at wells beyond about 750 feet from the recharge pond. This
evidence suggests that the principal effect of the river water recharge -was a dilution of
contaminated water immediately beneath the pond, accompanied by a lateral "flushing" of
contaminated water away from the recharge pond as the ground-water mound beneath the
pond was reestablished. Although the recharge of oxygenated river water may have
enhanced acrobic biodegradation, the effects of any such activity would appear to be
largely outweighed by the effects of dilution and lateral transport, to the extent that the
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possible effects of other degradation phenomena can not be clearly scen in the data
considered.

Texaco (Hamilton, personal communication, 1988) has also considered variations in sulfate
concentrations as a possible indicator of biodegradation activity, with a rise in sulfate
concentrations possibly indicating acrobic biodegradation of sulfides, and a decrease in
sulfates suggesting anacrobic biodegradation. In gencral, however, it is difficult to
obscrve any distinct changes in sulfate concentrations corresponding to the onset of river
water recharge at the CEP, except for decrcasces in-sulfate concentrations at wells M-10s
and M-10m, and increases in sulfates at wells M-17 and M-19. All four of these wells are
downgradicent of the CEP and to its cast, with wells M-17 and M-19 located further
downgradicnt than wells M-10s and M-10m (Figurc 10). Since the trends in these changes
in sulfate concentrations are contrary to what would be expected with increcased acrobic
biodegradation ncar the pond, and since ¢ven wells closcr to the pond showed no definite
correlations of sulfate with river water recharge, it is not possible to assert that recharge
of acrated river water enhanced biodcgradation bascd on this cvidence.

The Task Force also reviewed the reported rates of decline of maximum quarterly
concentrations of various indicator chemicals (WWC, 1985, 1987a, 1988). According to
Tecxaco, these maximum quarterly concentrations continued to decline, cven through 1987,
although the rates of decline as calculated by Western Water Resources (1985, 1987a, 1988)
were decreasing in some cascs. Upon closer inspection of the reported data, it appears
that the quarterly maxima for several paramcters (TOC, phenols, sulfide, and chloride)
have actually stabilized since about 1985, with no apparcnt cffecct of river water recharge.
Ammonia and conductance maxima appcar to have remained fairly stcady since 1982,
although the maxima for both of these paramcters declined late in 1987. Again, these
trends would be consistent with dilution and latcral transport as the primary mecchanisms
of contaminant attcnuation, with no apparcnt enhancement of contaminant degradation as
a result of river water rccharge. The apparent stabilization of quarterly maxima might
reflect a-gradual outward transport of contaminants, with no continuing attcnuation of
concentrations by means of any phenomena.

Finally, as noted previously, the ground-water mound bencath the CEP has responded
immediately and directly to the recharge of river water. This is not surprising, since it
appears that the rate of recharge of river water far excceds the ratc of natural ground-
water underflow bencath the arca of the CEP. Avcrage recharge of river water during
1987 was 35 million gallons over the course of the year, or about 100,000 gallons per day.
Natural underflow is difficult to estimate because of the abscnce of ground-water level
data unaffected by the CEP, and because of the wide variation in Sstimatcd hydraulic
conductivity of the "eolian” sands (ranging from 1.5 to 1067 gpd/ft“ (WWC, 1983a). Based
on the potentiometric contours for June 1987 (WWC, 1988), the watcr-level gradicnts to the
southeast and southwest, relatively unaffected by the CEP, are about 0.02 (the estimated
gradient beneath the CEP following total decay of the ground-water mound was about
0.006 (WWC, 1983a). It should be noted that the maximum estimated values of hydraulic
conductivity are for well M-49a, the tested well nearest the CEP (Figure 10). Excluding
data for this well, the mean hydraulic conductivity measured for the "colian” sands in the
area uaaffccted by the CEP (the area where the gradient was estimated) would_be 14
gpd/ft“. For an assumed gradient of 0.02, hydraulic conductivity of 15 gpd/t’tz, and
aquifer thickness of 25 feet, the underflow through a cross section 2400 feet wide (the
approximate width of the estimated phenol plume in 1986) would be about 18,000 gpd.
Thus, it appears that natural underflow beneath the CEP may be as low as 20% of the
annual average recharge of river water. Even if the estimated rate of ground-water
underflow were increased by an order of magnitude, the rate of river water recharge
would remain more than 55% of the underflow. This again suggests that dilution and
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lateral transport of contaminants away-from the rcestablished water-level mound may be
thc major phenomena affccting contaminant attenuation in the vicinity of the CEP.

Recommendations

These preliminary Task Force calculations suggest the varicty of analyses that could be
brought to bear on the question of attcnuation of ground-watcr contamination in the
North Arca. Although Texaco maintains that several mechanisms for attenuation of
contaminants may be at work in the North Arca ground-water system (WWC, 1983a, 1984a,
1985, 1987a, 1988; Hamilton, pcrsonal communication, 1988), analyscs of the data to
support this contention has largely been limited to documenting long-term trends in
declining constitucnt concentrations. Attempts at quantification of the relative cffects of
dilution, hydrogcochemical, and hydrobtological phcnomena have apparcntly not been
consistently applied. In order to permit a rational assessment of the potential for river
water recharge to enhance natural attenuation mechanisms, it is rccommended that Texaco
provide quantification and discussion of the relative cffects of all possible attenuation
mechanisms.
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