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Executive Summary 

 

In January of 2008, the Western Refining Company’s Gallup Refinery (Gallup) requested the assistance of Trihydro 

Corporation (Trihydro) to characterize the accumulated sediment in Aeration Lagoons 1 and 2 and Evaporation Pond 1.  

Gallup also requested that Trihydro collect sediment thickness measurement at various locations and calculate the 

approximate volume of sediment in the above mentioned aeration lagoons and pond. 

 

A Sediment Sampling Work Plan (Plan) was prepared to assist in the field activities and was submitted to Western 

Refining Company and the New Mexico Department of Environmental Quality (NMED) on March 28, 2008.  After 

reviewing the Plan, NMED recommended collecting discrete-depth grab samples instead of composite samples as 

proposed in the Plan.  Gallup Refinery agreed with this recommendation and discrete-depth grab samples were 

collected from various sediment depths in each body of water. 

 

Field work to implement the plan was conducted from April 7 to April 11, 2008.  Field work consisted of: 

 Collecting two sediment samples at five locations in each aeration lagoon.   

 Measuring sediment thicknesses at each aeration lagoon sample location as well as five additional locations in each 

lagoon to assist in sediment volume calculations.   

 Collecting one sediment sample at eight locations in Evaporation Pond 1.   

 Measuring sediment thicknesses at each evaporation pond sample location as well as eight additional locations to 

assist in sediment volume calculations. 

 

The sediment samples were analyzed for diesel range organics (DRO)/gasoline range organics (GRO) by USEPA 

method 8015, semi-volatile organic compounds (SVOCs) by USEPA method 8270, volatile organic compounds 

(VOCs) by USEPA method 8260, RCRA metals by USEPA method 6010C, and mercury by USEPA Method 7471.  

Results of the laboratory analysis are discussed in Section 6. 
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1.0 INTRODUCTION 
 

Aeration Lagoon 1, Aeration Lagoon 2, and Evaporation Pond 1 are currently used as part of Gallup’s process water 

treatment system.  Both lagoons and the evaporation pond are located in an area west/northwest from the refinery that 

is approximately 280 feet by 440 feet in size.  Gallup is considering taking the two lagoons and Evaporation Pond 1 out 

of service and removing accumulated sediment.  In order to determine the approximate volume of sediment that needs 

to be removed from each lagoon and pond, Gallup requested that Trihydro conduct a sediment investigation in each of 

the above mentioned bodies of water.  The investigation included sampling the sediment and collecting sediment depth 

measurements which will assist Gallup in determining appropriate volumes and disposal methods for the sediment. 

 

A reconnaissance event was conducted during the week of March 2, 2008.  The purpose of this event was to help 

determine the appropriate sediment sampling and measurement methodoligies.  Results of this event are discussed in 

Section 2.  The Sediment Sampling Work Plan (Plan), prepared to assist in the investigation, was submitted to Western 

Refining Company on March 28, 2008.  Field activities associated with the investigation were performed in accordance 

with the Plan unless otherwise noted in Section 3.  Field investigation methodologies and results are described in detail 

in Section 4.  Trihydro has compared the results of the analytical data with relevant screening levels that may help 

determine appropriate disposal of sediments.  The screening levels and the results of the analytical data are described in 

detail in Sections 5 and 6, respectively.  The approximate sediment volume calculations and investigation conclusions 

are discussed in Section 7. 
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2.0 RECONNAISSANCE FIELD EVENT 
 

To determine the appropriate sampling techniques and sediment thickness measurement procedures, Trihydro 

completed a reconnaissance field event during the week of March 2, 2008.  During this event, approximate water 

depths and sediment thicknesses were measured at six locations within Aeration Lagoon 2 and eight locations in 

Evaporation Pond 1. 

 

Based on the results of the reconnaissance field event, the sediment in Aeration Lagoon 2 appeared to be stratified into 

two general sediment types.  The uppermost sediment layer was determined to be soft, loose, and unconsolidated.  This 

“soft sediment” ranged in thickness from approximately 8-10 feet.  Similar thicknesses were encountered during the 

April 2008 sampling activities.  During the reconnaissance event, the material underlying the soft sediment was 

determined to be a more compact, dense layer of sediment.  This “hardpack sediment” occurs directly beneath the soft 

sediment and extends to the bottom of aeration lagoons.  The reconnaissance field event provided information to 

determine the most appropriate sampling methods. 

 

Hardpack sediment was not identified during the reconnaissance field effort in Evaporation Pond 1.  Soft sediment was 

identified in Evaporation Pond 1 and ranged in thicknesses from approximately 2 to 4 feet.  A hard layer, presumably 

the native soil bottom of the pond, was identified beneath the soft sediment during both field events. 
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3.0 DEVIATIONS FROM APPROVED PLAN 
 

According to the Plan, at each sample location in the aeration lagoons, the soft sediment interval was to be composited 

and sampled and the hardpack sediment interval was to be composited and sampled.  However, based on a 

teleconference between NMED and Gallup Refinery on April 8, 2008, the sampling methodology was modified so that 

one discrete-depth grab sample would be collected from each interval (soft sediment and hardpack) at  each sample 

location at varying depths throughout the lagoons instead of compositing the entire intervals at each sample location. 

 

Based on the March 2008 reconnaissance field event, it was presumed that only one distinct interval of sediment would 

be present in Evaporation Pond 1.  As such, only one sediment sample was collected from each location during the 

April sampling event.  According to the Plan, the entire sediment interval at each sampling location in Evaporation 

Pond 1 was to be composited and sampled.  However, based on the above mentioned teleconference, one discrete-depth 

grab sample was collected from each sample location at varying sediment depths throughout the pond. 
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4.0 FIELD INVESTIGATION 
 

Sediment measurements and samples were collected on April 7 through 11, 2008 by Trihydro personnel.  The sample 

and measurement locations, methods, equipment, decontamination procedures, documentation and logging, and 

investigation derived waste (IDW) disposal are described in this section.   

 

4.1 SITE CONDITIONS 
Both lagoons and the pond are located in an area approximately 280 feet by 440 feet.  Processed refinery waste water 

effluent from the New API Separator is discharged in to Aeration Lagoon 1 where it is furthered treated with the 

assistance of two large aerators.  The aerators promote increased biodegradation.  Water from Aeration Lagoon 1 is 

then routed  to Aeration Lagoon 2 where it undergoes a similar process.  The effluent from Aeration Lagoon 2 is 

drained into Evaporation Pond 1.  The two aerators in Aeration Lagoon 1 were operational immediately prior to 

sampling activities and were shut down to allow for pond access.  No aerators were operating in Aeration Lagoon 2 or 

Evaporation Pond 1 immediately prior to or during sampling activities.  High winds with gusts up to 50 mph were 

common during April event. 

 

4.2 SEDIMENT INVESTIGATION METHODOLOGY 

4.2.1 SAMPLE AND SEDIMENT MEASUREMENT LOCATIONS 
In order to more accurately locate appropriate and representative sediment sample and measurement locations, a grid 

with approximately 40 foot spacing was marked off for each lagoon and pond.  Five representative sediment sample 

locations and five representative sediment measurement locations were selected for each lagoon.  As shown on Figure 

1, eight sample and eight measurement locations were selected for Evaporation Pond 1.  The locations of the lagoon 

and pond influents, effluents, and aerators were considered when determining representative sample locations.  The 

grids illustrated on Figure 1 were staked by Trihydro field personnel using the corners of the lagoons and pond as 

reference points.  The density of sample locations and measuring points allowed Trihydro field personnel to sufficiently 

characterize the lagoons and pond. 

 

4.2.2 SEDIMENT MEASUREMENTS 
Sediment measurements in the aeration lagoons were obtained with two measuring devices: a graduated 2-inch capped 

PVC pipe and a graduated ¾-inch steel pole.  Sediment measurements were collected at the sample locations and at the 
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additional measuring point locations using these two devices.  The top of the soft sediment was measured by gradually 

inserting the PVC pipe until a slight amount of resistance was felt.  The PVC was then pressed down with force until 

refusal was encountered.  The depth that refusal with the PVC pipe was encountered is the estimated depth to the top of 

the hardpack sediment.  For consistency, the same person took all measurements using the PVC pipe.  The graduated 

¾-inch steel pole was then driven to the bottom of the lagoon until refusal encountered.  Due to the narrower diameter, 

the lack of buoyancy, and the added weight of the steel pole, it was able to be driven deeper into the sediment than the 

2-inch PVC pipe.  The depth at which the steel pole encountered refusal is estimated to be the bottom of the lagoon.  

For consistency, the same person took all measurements using the steel pole.  Table 1 shows the sediment depths and 

thicknesses of all sampling and measuring points. 

 

Sediment measurements were collected in a slightly different manner in Evaporation Pond 1.  Evaporation Pond 1 had 

deeper water than the aeration lagoons.  The deeper water made collecting sediment measurements with the PVC pipe 

difficult.  Therefore, the ¾-inch graduated steel pole was used to record sediment measurements in Evaporation Pond 1 

which contains only one distinct sediment interval.  The steel pole was gradually inserted into the water until a slight 

amount of resistance was encountered.  This depth is the estimated depth of the top of the soft sediment.  The steel pole 

was then driven into the sediment until refusal was encountered.  The depth at which the steel pole encountered refusal 

was taken to be the depth of the bottom of the pond.  For consistency, the same person took all measurements using the 

steel pole in Evaporation Pond 1. 

 

4.2.3 SEDIMENT SAMPLING 
Several procedures were utilized to sample the sediment depending on the anticipated sediment sample depths and 

consistencies.  The procedures and methods are discussed below. 

 

4.2.3.1 SAMPLING METHODS AND PROCEDURES – AERATION LAGOONS 

Based on the March 2008 reconnaissance field event, it was presumed that there would be two distinct layers of 

sediment in each of the two lagoons: a soft sediment layer and a hardpack layer.  As such, two sediment samples were 

collected at each location.  Two different sampling techniques were used to obtain representative sediment samples 

from the different layers: a butterfly valve-operated sediment sampler (Sediment Sampler) and a stainless steel hand 

auger (Auger). 
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Soft sediment samples were collected using the Sediment Sampler.  The Sediment Sampler was pushed into the soft 

sediment from a boat at each sampling location.  A clean, disposable, eight foot sediment core tube was used at each 

sample location.  The core tube was driven to a sediment depth of eight feet, total depth, or until refusal was reached 

using a rubber mallet.  Upon retrieval, the butterfly valve closes creating a suction that prevents the sediment from 

falling out of the bottom of the core tube.  The core tube was then immediately capped until the samples could be 

extracted.  Samples were extracted by removing the bottom and top caps off of the core tube allowing the sediment to 

gradually slide out onto a clean piece of plastic sheeting.  Varying depths were selected at each sampling location to 

collect representative samples.  A discrete-depth grab sample was then collected from the selected depth and placed on 

ice.   

 

The Auger was used to collect discrete-depth hardpack sediment samples from sample locations in the aeration 

lagoons.  Field personnel attempted to collect hardpack samples from as close to the original soft sediment sampling 

location as possible.  The depths of the discrete-depth grab samples were determined in the field based on the results of 

the sediment measurements described in Section 4.2.2.  It should be noted that much difficulty was encountered when 

attempting to drive the Auger to the desired sample depths.  At one location, the Auger became stuck in the sediment to 

the extent that manual retrieval was not a safe option.  Subsequently, field personnel determined that it was not safe to 

attempt to drive the auger to all of the desired sampled depths.  As such, the Auger was driven into the sediment until 

the desired sample depth was achieved or until refusal.  Soft sediment overlying the desired hard pack sample interval 

was pushed through the open top of the Auger as the Auger was driven down.  After the desired depth or refusal was 

achieved, the hardpack sediment was extracted from the Auger, sampled, and placed on ice.   

 

It should be noted that the soft sediment and hardpack sediment descriptions and corresponding depths on the sediment 

sample forms in Appendix B were obtained from the sediment collected with the Sediment Sampler and the Auger.  

The measurements that were used to approximate sediment volumes were obtained with the graduated, capped 2-inch 

PVC pipe and the graduated, ¾-inch steel pole as described in Section 4.2.2.  Due to the different techniques and 

equipment used for sampling and measurement collecting, slight discrepancies exist between the measurements 

collected with the two different devices. 

 

4.2.3.2 SAMPLING METHODS AND PROCEDURES – EVAPORATION POND 1 

As mentioned in Section 2.0, no hardpack sediment was encountered in Evaporation Pond 1.  Soft pack sediment 

sampling was performed in the same manner described for Aeration Lagoons 1 and 2.  Sediment thicknesses were 
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much less in Evaporation Pond 1 than they were in the aeration lagoons.  At sampling locations, sediment thicknesses 

ranged from 1.2 to 2.2 feet.   

 

4.2.4 EQUIPMENT DECONTAMINATION PROCEDURES 
Sampling equipment was decontaminated before sampling commenced and after each sample was collected.  All 

sampling devices were decontaminated using a non-phosphate detergent solution followed by two distilled water rinses.  

Prior to use, the equipment was either air-dried or dried with clean paper towels.  The PVC pipe and steel pole used to 

for collecting sediment measurements were not decontaminated in between measuring points because these devices did 

not come in contact with the samples. 

 

4.2.5 FIELD DOCUMENTATION AND LOGGING 
A qualified geologist was on-site to log all sediment samples.  The sample logs were completed according to the Plan 

specifications.  Sample logs are included as Appendices B.  No field screening (Photo-ionization Detector) was 

performed because all sediment samples were collected from beneath the water of the lagoons and pond and were 

saturated upon retrieval. 

Photographs were used to document field activities.  These photographs may be used to substantiate and augment the 

field notes.  Photographs were also taken of sediment samples that were characteristic of samples collected from the 

lagoons and pond.  Additionally, photographs were taken to document unique features of sample media, sediment 

staining, or other defining features.  Since the majority of the samples collected were very similar in appearance, 

Trihydro did not deem it necessary to take photographs of every sediment sample.  Each photograph was numbered and 

recorded on the photograph log.  The investigation photographs are included as Appendix A. 

 

4.3 SEDIMENT CHARACTERISTICS 
The sediments encountered in the aeration lagoons and Evaporation Pond 1 differed slightly.  Each is described in 

detail below. 

 

4.3.1 SEDIMENT CHARACTERISTICS – AERATION LAGOONS 1 AND 2 
Sediment characteristics were recorded on the sediment sample forms included as Appendix B.  The sediment layers 

encountered during sampling were not as distinct as was anticipated based on the March 2008 reconnaissance field 

event.    A visual distinction between the two layers was not clearly evident during the April 2008 field event, however, 
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as described in Section 4.2.2., an attempt was made to measure the soft sediment and hardpack sediment layers in the 

aeration lagoons.  Based on these measurements, soft sediment thickness ranged from 3.5 feet to 5.9 feet in Aeration 

Lagoon 1 and 5.8 feet to 8.5 feet in Aeration Lagoon 2.  The sediment characteristics were similar in both ponds.  The 

sediment is described on the sample forms as a black sludge (organic) that is generally fluid in the upper portion and 

thickens with depth.  At some locations, varying degrees of silt content, green staining, and fibrous root content are 

noted.  An organic odor is described throughout all sampling locations.  Based on the measurements described in 

Section 4.2.2, the hardpack sediment ranges in thickness from 0 feet to 2.5 feet in Aeration Lagoon 1 and 0 feet to 2.2 

feet in Aeration Lagoon 2.  The hardpack sediment in Aeration Lagoons 1 and 2 appear to have very similar physical 

characteristics based on the samples collected with the Auger.  The upper portion of the hardpack sediment appears to 

be the same as the lower portion of the soft sediment, but is slightly thicker and generally contains a greater amount of 

silt.  The lower portion of the hardpack sediment is generally described as grey or reddish-grey clay with varying 

amounts of sand and silt.  It is presumed that this clay is actually the base of the lagoons.   

 

4.3.2 SEDIMENT CHARACTERISTICS – EVAPORATION POND 1 
The sediment encountered in Evaporation Pond 1 appears to have very similar physical characteristics to the soft 

sediment encountered in the aeration lagoons.  Based on the measurements described in Section 4.2.2., sediment 

thicknesses ranged from 1.2 feet to 5.1 feet.  However, it should be noted that of the 16 locations that sediment was 

measured, only 5 of them had sediment thicknesses greater than 2 feet.  As anticipated based on the March 

reconnaissance field event, only one distinct sediment layer was encountered.  The sediment in Evaporation Pond 1 can 

generally be described as a black sludge that is fluid in the upper portions, has a silt content and thickness that increase 

with depth, and contains an organic odor throughout.  Silt, and at some locations sand, are generally only noted in the 

lowest few inches of each location.  Some green staining was also noted in several of the samples. 

 

4.4 INVESTIGATION DERIVED WASTE 
Excess sediment collected from the aeration lagoons and Evaporation Pond 1 was returned to the lagoons and pond 

from which it was collected.  Wastes associated with sampling including personal protective equipment (PPE), rinse 

water from decontamination, and disposable sampling instruments were managed according to appropriate regulations 

by Gallup. 
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5.0 REGULATORY CRITERIA 
 

This investigation was internally driven in order to characterize and approximate the volume of sediment in each of the 

lagoons and pond.  As such, no regulatory screening levels have been designated as the clean up criteria of the 

sediment.  However, since the data obtained in this investigation may be utilized to determine appropriate disposal 

options for the sediment upon pond/lagoon closure, Trihydro included a comparison of the analytical results to the 

EPA’s Maximum Concentration of Contaminants for the Toxicity Characteristic and NMED’s Industrial Soil Screening 

Levels.  These comparisons are illustrated on Table 2 and described in detail in Section 7.2. 
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6.0 ANALYTICAL RESULTS 
 

Laboratory sampling analyses included diesel range organics (DRO)/gasoline range organics (GRO) by USEPA 

method 8015, semi-volatile organic compounds (SVOCs) by USEPA method 8270, volatile organic compounds 

(VOCs) by USEPA method 8260, RCRA metals by USEPA method 6010C, and mercury by USEPA Method 7471.  

The laboratory results are included as Appendix C.  The sample data is summarized in Table 2. 

 

6.1 TOTAL PETROLEUM HYDROCARBONS (TPH) 
DRO was detected in each of the sediment samples at concentrations ranging from 7,200 mg/kg to 370,000 mg/kg.  

MRO was detected in 11 of the 28 samples analyzed at concentrations ranging from 25,000 mg/kg to 37,000 mg/kg and 

was detected in each body of water including both the soft sediment and the hardpack sediment samples in the aeration 

lagoons.  GRO was detected in each Aeration Lagoon 1 sample (soft sediment and hardpack) and one Aeration Lagoon 

2 sample (soft sediment) at concentrations ranging from 150 mg/kg to 670 mg/kg.  GRO was not detected in any of the 

Evaporation Pond 1 samples.  The average total TPH concentration (DRO + MRO + GRO) for Aeration Lagoon 1, 

Aeration Lagoon 2, and Evaporation Pond 1 was 133,870 mg/kg, 193,343 mg/kg, and 164, 750 mg/kg, respectively.  

The average TPH concentrations were higher in the soft sediment samples than the hardpack sediment samples in both 

aeration lagoons.  When comparing the average TPH concentrations of the soft sediment samples to the hardpack 

samples, the Aeration Lagoon 1 showed a 22 percent decrease and Aeration Lagoon 2 showed a 54 percent decrease. 

 

6.2 METALS 
The suite of metals for which the samples were analyzed consisted of arsenic, barium, cadmium, chromium, lead, 

mercury, selenium, and silver.  Of these, arsenic, barium, cadmium, chromium, lead, and mercury were detected in 

each sample.  Selenium and silver were not detected in any samples analyzed.  Arsenic concentrations ranged from 3.2 

mg/kg to 47 mg/kg, barium concentrations ranged from 81 mg/kg to 500 mg/kg, cadmium concentrations ranged from 

0.12 mg/kg to 6.6 mg/kg, chromium concentrations ranged from 8.3 mg/kg to 60 mg/kg, lead concentrations ranged 

from 9.7 mg/kg to 220 mg/kg, and mercury concentrations ranged from 2.1 mg/kg to 18 mg/kg.  The average total-

metal concentrations (arsenic + barium + cadmium + chromium + lead + mercury) decreased in the direction of water 

flow: Aeration Lagoon 1 showed an average metal concentration of 398 mg/kg, Aeration Lagoon 2 showed an average 

metal concentration of 349 mg/kg, and Evaporation Pond 1 showed an average metal concentration of 313 mg/kg.  In 

Aeration Lagoon 1, the average metal concentration was 45 percent higher in the hardpack sediment than it was in the 
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soft sediment.  In Aeration Lagoon 2, the average metal concentration was 22 percent higher in the soft sediment than it 

was in the hardpack sediment. 

 

6.3 SEMI-VOLATILE ORGANIC COMPOUNDS 
Each sample was analyzed for a suite of 69 SVOCs using USEPA method 8270C (see Appendix C).  Of these 

constituents, the following compounds were detected in one or more of the lagoon and pond samples: 

benzo(a)anthracene, chrysene, fluorene, 2-methylnaphthalene, 3+4-methylnaphthalene, naphthalene, phenanthrene, 

phenol, and pyrene.  The average total SVOC concentration (the sum of the above mentioned analytes) for Aeration 

Lagoon 1, Aeration Lagoon 2, and Evaporation Pond 1 was 609 mg/kg, 418 mg/kg, and 519 mg/kg, respectively.  The 

average SVOC concentrations of the soft sediment samples in Aeration Lagoon 1 and 2 were 32 percent and 66 percent 

higher than that of the hardpack sediment samples in the lagoons, respectively. 

 

6.4 VOLATILE ORGANIC COMPOUNDS 
Each sample was analyzed for a suite of 65 VOCs using USEPA method 8260B (see Appendix C).  Of these 

constituents, the following compounds were detected in one or more of the lagoon/pond samples: benzene, toluene, 

ethylbenzene, MTBE, 1,2,4-trimethylbenzne, 1,3,5-trimethylbenzene, naphthalene, 1-methylnaphthalene, 2-

methylnaphthalene, carbon disulfide, isopropylbenzene, 4-isopropyltoluene, n-butylbenzene, n-propylbenzene, sec-

butylbenzene, and xylenes.  The average total VOC concentrations (the sum of the above mentioned analytes) 

decreased in the direction of water flow.  Aeration Lagoon 1 had an average total VOC concentration of 161 mg/kg, 

Aeration Lagoon 2 had an average total VOC concentration of 54 mg/kg, and Evaporation Pond 1 had an average total 

VOC concentration of 24 mg/kg.  In Aeration Lagoon 1, the average total VOC concentration in the hardpack sediment 

was 3 percent higher than average total VOC concentrations in the soft sediment.  In Aeration Lagoon 2, the average 

total VOC concentration was 68 percent higher in the soft sediment than it was in the hardpack sediment. 

 

6.5 QUALITY ASSURANCE/QUALITY CONTROL PROTOCOL 

Analytical data was validated through EPA Tier 1 and Tier 2 data validation standards.  Analytical parameters, such as 

surrogate recoveries and duplicate sample analyses, were reviewed to verify the quality of data submitted.  Laboratory 

data were also validated to verify that the samples were analyzed according to the specified USEPA Methods.  Based 

on the Tier II data validation, qualifiers were added to the laboratory results due to high Matrix Spike (MS) and Matrix 

Spike Duplicate (MSD) results, high Relative Percent Difference (RPD)s, low surrogate recoveries, and severe matrix 
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interference.  Results were flagged with a “J”, indicating that the detection value is estimated, or with a “UJ”, 

indicating that the reporting limit is estimated.  No data was rejected based on the Tier II data validation.  The 

analytical results are included as Appendix C and the data validations are included as Appendix D.  Field QAQC 

measures included the collection of one blind duplicate per 20 samples collected, the collection of one MS and MSD 

sample set, and the collection of one equipment blank per day of sampling with non-disposable sampling equipment. 
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7.0 CONCLUSIONS 
 

The purpose of this report was to describe the field activities implemented to determine approximate sediment volumes 

and to characterize the sediment for Aeration Lagoon 1, Aeration Lagoon 2, and Evaporation Pond 1.  The conclusions 

of the investigation are discussed below. 

 

7.1 SEDIMENT VOLUMES 
Figure 1 illustrates the approximate dimensions of Aeration Lagoon 1, Aeration Lagoon 2, Evaporation Pond 1, and the 

sampling and measuring point locations.  These dimensions and sediment measurements were used as input parameters 

in SurvCAD to approximate sediment volumes for each body of water.  SurvCAD volume calculations are included as 

Appendix E.  SurvCAD estimates approximately 1464 cubic yards of soft sediment and 229 cubic yards of hardpack 

sediment have accumulated in Aeration Lagoon 1.  SurvCAD estimates approximately 3404 cubic yards of soft 

sediment and 430 cubic yards of hardpack sediment have accumulated in Aeration Lagoon 2.  As mentioned in Section 

4.3.1, the distinction between the soft sediment and hardpack sediment in the aeration lagoons was not as evident as 

had been anticipated based on the March 2008 reconnaissance event.  Because of this, for the purposes of disposal 

options, it may be easier to consider the entire sediment layer as one total volume for the lagoons.  With this in mind, 

the total volume of sediments in Aeration Lagoons 1 and 2 are 1693 cubic yards and 3834 cubic yards, respectively.  

SurvCAD estimates that there is approximately 3178 cubic yards of sediment in Evaporation Pond 1.  It should be 

noted that the above volume calculations are in-situ calculations and that the no expansion or compaction factors have 

been applied.  If sediment removal is determined to be an appropriate option, appropriate factors should be applied. 

 

7.2 SEDIMENT CHARACTERIZATION 
Analytical results of the sediment samples are discussed in detail in Section 6 and summarized on Table 2   As 

previously mentioned, the data obtained during this investigation may be utilized to determine appropriate disposal 

options for the sediment in the evaporation pond and aeration lagoons.  As such, Trihydro included a comparison of the 

analytical results to the EPA’s Maximum Concentration of Contaminants for the Toxicity Characteristic and NMED’s 

Industrial Soil Screening Levels.  EPA’s Maximum Concentrations of Contaminants for the Toxicity Characteristic 

may be found in CFR Title 40 Part 261 – Identification and Listing of Hazardous Waste.  These numbers are generated 

as screening levels for Toxicity Characteristic Leaching Procedure (TCLP) method 1311.  The analysis performed on 

the sediment samples collected for this investigation were total constituent analysis, not TCLP.  EPA does allow a total 

constituent analysis (as performed for Gallup’s sediment samples) in lieu of the TCLP extraction.  However, the results 
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of the total constituent analysis must be divided by twenty to be compared to the TCLP screening levels.  The 

Maximum Concentrations of Contaminants for the Toxicity Characteristic listed of Table 2 of this report have been 

multiplied by 20 to adjust for the different analysis.  Furthermore, the multiplier of 20 assumes that the samples were 

100% solid.   

 

As shown in Table 2, elevated concentrations of lead, mercury, arsenic, and benzo(a)anthracene were identified during 

this investigation.  When compared to the Maximum Concentrations of Contaminants for the Toxicity Characteristic, 

the metals concentrations show the potential for the sediment to be characteristically hazardous.  However, 

comparisons made should be considered estimates and the final characterization of the material should be determined 

during profiling. 

 

Twenty-six samples from various depths of the three bodies of water exceeded the screening adjusted Maximum 

Concentrations of Contaminants for the Toxicity Characteristic screening level for mercury.  Three samples exceeded 

this screening level for lead.  It should be noted that the three samples that exceeded the lead screening level were 

collected from the hardpack sediment of Aeration Lagoon 1. 

 

NMED’s Industrial Soil Screening Levels may be found on Table A-1 of NMED Soil Screening Levels.  Ten samples 

exceeded the industrial soil screening level for arsenic, and one sample exceeded the industrial soil screening level for 

benzo(a)anthracene.  The arsenic exceedences came from the soft sediment and hardpack sediment of Aeration Lagoon 

1, the soft sediment and hardpack of Aeration Lagoon 2, and sediment obtained from Evaporation Pond 1.  The 

benzo(a)antrhacene exceedence came from Evaporation Pond 1. 

 

It is important to note that since this investigation was internally driven, no official screening standards have been set 

and that disposal methods should not be determined based on the above mentioned exceedences.  If the sediment is to 

be shipped off-site for disposal, TCLP analysis will likely be required to make a hazardous/non-hazardous 

determination. 

 



 
 
 

TABLES 



TABLE 1.  SEDIMENT DEPTH AND THICKNESS MEASUREMENTS, 
GALLUP REFINERY, WESTERN REFINING COMPANY, GALLUP, NEW MEXICO

Measuring Point Depth to Soft Sediment Soft Sediment Thickness Depth to Hardpack Hardpack Thickness Total Depth
Total Sediment 

Thickness

AL1-1 3.0 3.5 6.5 2.5 9.0 6.0
AL1-2 1.0 3.5 None 0.0 4.5 3.5
AL1-3 4.0 4.5 8.5 0.6 9.1 5.1
AL1-4 1.0 5.3 6.3 1.2 7.5 6.5
AL1-5 2.5 4.0 6.5 0.5 7.0 4.5

AL1-A 0.5 4.2 None 0.0 4.7 4.2
AL1-B 2.0 5.9 None 0.0 7.9 5.9
AL1-C 5.0 3.2 8.2 0.4 8.6 3.6
AL1-D 1.0 5.3 None 0.0 6.3 5.3
AL1-E 0.5 4.5 None 0.0 5.0 4.5

Measuring Point Depth to Soft Sediment Soft Sediment Thickness Depth to Hardpack Hardpack Thickness Total Depth
Total Sediment 

Thickness

AL2-1 1.5 7.3 8.8 0.7 9.5 8.0
AL2-2 2.0 7.5 None 0.0 9.5 7.5
AL2-3 2.5 8.5 11.0 1.1 12.1 9.6
AL2-4 1.5 8.0 9.5 0.8 10.3 8.8
AL2-5 1.5 6.5 8.0 1.5 9.5 8.0

AL2-A 1.5 8.2 9.7 0.8 10.5 9.0
AL2-B 1.5 8.2 9.7 1.3 11.0 9.5
AL2-C 2.0 8.0 10.0 0.5 10.5 8.5
AL2-D 2.0 6.7 8.7 2.2 10.8 8.8
AL2-E 4.0 5.8 9.8 0.7 10.5 6.5

Measuring Point Depth to Soft Sediment Soft Sediment Thickness Depth to Hardpack Hardpack Thickness Total Depth
Total Sediment 

Thickness

EP1-1 5.5 2.2 None None 7.7 2.2
EP1-2 9.7 1.3 None None 11.0 1.3
EP1-3 7.9 1.7 None None 9.6 1.7
EP1-4 7.8 1.5 None None 9.3 1.5
EP1-5 11.4 1.3 None None 12.7 1.3
EP1-6 4.3 1.5 None None 5.8 1.5
EP1-7 6.8 1.2 None None 8.0 1.2
EP1-8 5.3 1.7 None None 7.0 1.7

EP1-A 10.0 1.6 None None 11.6 1.6
EP1-B 6.0 2.1 None None 8.1 2.1
EP1-C 7.5 4.3 None None 11.8 4.3
EP1-D 7.3 5.1 None None 12.4 5.1
EP1-E 5.1 1.5 None None 6.6 1.5
EP1-F 6.9 1.8 None None 8.7 1.8
EP1-G 8.0 3.2 None None 11.2 3.2
EP1-H 6.0 1.6 None None 7.6 1.6

Aeration Lagoon 1

Aeration Lagoon 2

Evaporation Pond 1
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TABLE 2. ANALYTICAL DATA SUMMARY, 
GALLUP REFINERY, WESTERN REFINING COMPANY, GALLUP, NEW MEXICO

Sample ID

Sample Depth 
(ft below top of 

sediment)
DRO      

(mg/kg)
MRO       

(mg/kg)
GRO        

(mg/kg)
Mercury 
(mg/kg)

Arsenic 
(mg/kg)

Barium 
(mg/kg)

Cadmium 
(mg/kg)

Chromium 
(mg/kg) Lead (mg/kg)

Benzo(a) 
anthracene 

(mg/kg)
Chrysene 
(mg/kg)

Fluorene 
(mg/kg)

2-Methyl 
naphthalene 

as SVOC 
(mg/kg)

3+4-
Methylphenol 

(mg/kg)

Naphthalene 
as SVOC 
(mg/kg)

Phenanthrene 
(mg/kg)

Phenol 
(mg/kg)

Pyrene 
(mg/kg)

Benzene 
(mg/kg)

Toluene 
(mg/kg)

Ethylbenzene 
(mg/kg)

MTBE 
(mg/kg)

1,2,4 - 
Trimethyl  
benzene 
(mg/kg)

1,3,5-
Trimethyl  
benzene 
(mg/kg)

Napthalene 
as VOC 
(mg/kg)

1-Methyl  
napthalene 

(mg/kg)

2-Methyl  
naphthalene 

as VOC 
(mg/kg)

Carbon 
disulfide 
(mg/kg)

Isopropyl  
benzene 
(mg/kg)

4-Isopropyl  
toluene 
(mg/kg)

n-Butylbenzne 
(mg/kg)

n-Propyl  
benzene 
(mg/kg)

sec-
Butylbenzene 

(mg/kg)
Xylenes 
(mg/kg)

AL1-1-SS 4.8 71000 ND 300 19 29 140 0.64 44 23 ND ND ND 190 ND 53 50 34 ND 3.6 17 4.3 ND 11 2.7 10 13 21 ND 0.64 ND 0.65 1.4 ND 27
AL1-2-SS 2.3 190000 25000 560 11 11 190 0.69 19 79 ND ND 70 460 42 79 210 35 39 5.1 32 10 1.1 26 6.7 19 42 44 ND 1.8 1 2.6 4.7 1.9 56
AL1-3-SS 3.3 54000 ND 170 7 12 210 0.18 16 25 ND ND 36 200 ND 41 84 ND ND 1.3 5.7 1.8 ND 6.7 1.7 4 10 15 ND ND ND 1.7 0.85 0.82 12
AL1-4-SS 5.6 190000 ND 280 9.5 9.5 280 0.48 24 38 ND 33 91 530 ND 94 200 ND 44 4.2 19 5.7 ND 18 4.1 14 28 45 ND 0.79 0.56 1.3 2.4 1.3 33
AL1-5-SS 0.8 220000 ND 280 9.9 12 360 0.2 13 30 ND ND 84 600 ND 110 220 ND ND 5.9 24 6.1 1.1 16 4 14 29 43 ND 1.2 0.71 3 2.5 1.2 35

AL1-1-HP 5.5 7200 ND 240 3.1 11 150 1.2 40 23 ND ND ND 23 6.2 6.7 8.4 6.7 ND 1.2 6.8 2.9 ND 12 3.3 7.2 15 22 ND 0.72 0.54 2.7 1.7 0.96 18
AL1-2-HP 3.0 200000 37000 260 5 32 350 1.4 51 110 ND 34 40 260 98 65 140 54 ND 2.4 11 3.4 ND 10 2.8 6.5 14 20 ND 0.58 ND 2.1 1.5 0.8 20
AL1-3-HP 3.8 110000 ND 150 6.7 11 220 0.12 16 22 ND ND 40 200 ND 36 100 ND ND 2 7 1.9 ND 8.3 2 5.9 15 20 ND 0.51 0.53 2.1 1.2 0.89 12
AL1-4-HP 5.1 76000 ND 590 8.3 47 310 1.4 60 220 ND 31 ND 340 ND 90 84 ND ND 3.2 22 11 ND 37 10 21 29 46 ND 1.6 0.84 7 5.9 1.8 60
AL1-5-HP 3.4 130000 25000 670 18 31 450 0.79 46 110 ND ND 47 460 47 110 130 ND ND 9 48 15 0.74 26 7.4 19 28 42 ND 2.6 0.9 4.9 4.8 1.9 81

AL2-1-SS 6.0 50000 ND ND 8.4 20 260 6.6 30 48 ND ND ND ND 150 ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
AL2-2-SS 4.5 260000 31000 ND 6.8 13 500 0.32 21 24 ND ND 98 450 ND 38 230 ND ND ND 2.1 0.72 ND 4.5 1.1 5.8 26 37 ND ND ND 1 ND ND 4.9
AL2-3-SS 0.5 300000 29000 ND 8.9 8.4 350 0.42 14 24 ND 32 43 300 ND ND 250 ND 47 ND 1.2 ND ND 2.9 0.54 4.6 21 27 ND ND ND 0.66 ND ND 2.8
AL2-4-SS 3.0 250000 35000 ND 8.1 14 190 0.42 16 32 ND ND 44 190 ND 44 210 ND ND ND 1.6 0.56 ND 4.1 0.72 5.4 24 30 ND ND ND 1.1 ND ND 4
AL2-5-SS 0.5 370000 ND 430 6.8 4.6 310 0.31 12 18 ND ND 70 550 ND 85 250 ND 36 2.3 18 6.4 ND 17 5.6 15 43 35 ND 1.7 1 3.4 3 2 39

AL2-1-HP 7.4 120000 28000 ND 7.4 18 81 2.4 29 32 ND 42 ND ND 99 ND 50 ND 38 ND 0.6 ND ND 0.93 ND ND 2.5 2.4 ND ND ND ND ND ND 1.9
AL2-2-HP 9.8 130000 ND ND 6.4 20 300 0.73 22 39 ND ND 36 140 36 ND 93 ND ND ND 1.1 ND ND 3 0.71 3.2 11 15 ND ND ND 0.56 ND ND 3.8
AL2-3-HP 9.1 110000 ND ND 2.1 9.8 280 0.26 15 12 ND ND 32 110 44 ND 89 ND ND ND 0.53 0.62 ND 3.8 0.87 3.4 12 17 ND ND ND 0.89 ND ND 4.3
AL2-4-HP 8.4 140000 29000 ND 6.4 21 270 5.2 45 55 ND ND ND 57 100 ND 55 43 ND ND 1.1 ND ND ND ND 1.6 5.7 7.2 ND ND ND ND ND ND 3.2
AL2-5-HP 7.5 51000 ND ND 4.7 14 160 0.62 53 23 ND ND ND ND ND ND ND ND ND ND 1.1 ND ND 1.1 ND 1.2 5.4 6.6 5.8 ND ND ND ND ND 1.8

EP1-1 1.1 200000 ND ND 6.8 5.4 400 0.45 9.7 16 ND 45 53 370 53 31 330 ND 47 ND 0.51 ND ND 1.5 ND 2.6 12 16 ND ND ND ND ND ND ND
EP1-2 1.1 150000 ND ND 4.4 17 190 0.58 24 18 ND ND ND 58 34 ND 71 ND ND ND 0.51 ND ND 1.4 ND 1.4 5.8 7.7 ND ND ND ND ND ND 1
EP1-3 1.5 110000 ND ND 5.1 6.5 220 0.43 13 15 ND ND 47 140 60 ND 130 ND ND ND 0.68 ND ND 1.2 ND 1.3 4.9 6.8 ND ND ND ND ND ND 1.1
EP1-4 1.1 130000 27000 ND 9.6 26 330 6.4 41 39 ND ND 59 180 86 ND 210 ND 40 ND 0.65 ND ND 1.3 ND 1.7 6 7.6 ND ND ND ND ND ND 1.2
EP1-5 1.1 120000 ND ND 6 23 150 0.97 23 22 ND 57 42 130 140 ND 150 ND 48 ND 0.69 ND ND 1.5 ND 1.9 7.1 10 ND ND ND ND ND ND 1.7
EP1-6 0.8 180000 26000 ND 4.1 3.2 330 0.26 8.8 16 ND 40 70 210 ND ND 150 ND 41 ND 0.63 ND ND 2.2 ND 2.8 15 19 ND ND ND ND ND ND 1.3
EP1-7 1.0 200000 25000 ND 4.4 3.6 280 0.27 8.3 9.7 35 74 77 260 ND ND 240 ND 70 ND ND ND ND 1.7 ND 1.7 9.1 12 ND ND ND ND ND ND ND
EP1-8 1.5 150000 ND ND 4.9 11 120 0.8 58 15 ND ND 41 110 ND ND 120 ND ND ND 0.54 ND ND 1.2 ND 1.6 8.1 11 ND ND ND ND ND ND ND

NA NA NA 4 100 2000 20 100 100 NA NA NA NA NA NA NA NA NA 10 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA

NA NA NA 10000** 17.7 100000 564 3400* 800 23.4 2310 26500 NA NA 300 20500 100000 30900 25.8 252 128 984 213 69.2 300 NA NA 460 389 NA 62.1 62.1 60.6 82

*Chromium VI screening level used.
**Elemental Mercury screening level used.
Bold concentrations indicate exceedence of EPA Maximum Concentration of Contaminants for the Toxicity Characteristic.
Highlighted italic concentrations indicate exceedence of NMED Table A-1 Soil Screening Levels (Industrial).

SVOCs VOCs

EPA Maximum Concentration of 
Contaminants for the Toxicity Characteristic

(X 20 to adjust for total constituent 
concentrations)

NMED Table A-1 Soil Screening Levels 
(Industrial)

TPH Metals
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SEDIMENT SAMPLE FORMS 




















































































































































































































