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Executive Summary 

This Site-Wide Ground Water Monitoring Work Plan (Plan) has been prepared and 
revised in response to requirements stated in a letter from the New Mexico Environment 
Department's Hazardous Waste Bureau dated February 9, 2009 (see Appendix A.) 

This Plan has been prepared to collect data that will be used to characterize the nature and 
extent of potential impacts to ground water at the Gallup Refinery owned by Western 
Refining ("Gallup Refinery" or "Facility"). The monitoring work plan is also designed to 
make the Facility quickly aware of any levels of contaminants that exceed compliance 
standards. 

This Plan divides the Facility into two areas for periodic monitoring: the East Side and 
the West Side. The East Side includes the Refinery Complex, recovery wells from which 
free products have been principally removed, but continue to be recovered in small 
quantities, and the northeast set of observation wells and monitoring wells. The West 
Side includes a cluster of wells in and around the waste water treatment system, boundary 
wells, shallow monitoring wells in and around land treatment areas, and 
produced/production water wells. This plan also includes sampling requirements for 
aeration lagoons, influents, and evaporation ponds located in the West Side. Designated 
wells and sample points in these two areas will be monitored on an annual, semi-annual, 
quarterly, monthly, and weekly basis following the procedures presented in this Plan. 

Gallup Refinery will periodically review facility-wide monitoring data, and assess the 
monitoring program presented in this Plan. Revisions to the Plan, as necessary, will then 
be presented annually for agency review and approval. These revisions may include, but 
not be limited to, a reduction or change in monitoring locations, monitoring frequency, 
and/or target chemicals to be analyzed. 

We have created a monitoring work plan with quality assurance practices and controls as 
well as standard procedures for sampling, and a schedule of activities to monitor ground 
water at select locations of the Gallup Refinery. The persons responsible for the 
implementation and oversight of this plan are: 

Refinery Manager 
• Mark B. Turri 

Environmental Manager 
• Ed Riege 

Environmental Specialist 
• Cheryl Johnson 
• Alvin Dorsey 
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1.0 Introduction 

This Facility-Wide Ground Water Monitoring Work Plan (Plan) has been prepared for the 

implementation of a ground water monitoring program at the Gallup Refinery owned by 
Western Refining ("Gallup Refinery" or "Facility"). The Plan follows the requirements of 

the February 9, 2009 letter issued by the New Mexico Environment Department's 

Hazardous Waste Bureau (NMED/HWB) (a copy of this letter is provided in Appendix 
A). 

1.1 Scope of Activities 

This Plan has been prepared to collect data that will be used to characterize the nature and 

extent of potential impacts to ground water at the Gallup Refinery. The monitoring plan 
is also designed to make the facility quickly aware of any levels of contaminants that 
exceed compliance standards. 

This Plan divides the Facility into two areas for periodic monitoring: the East Side and 
the West Side. The East Side includes the Refinery Complex, recovery wells from which 

small quantities of free products have been continually removed, and the northeast set of 

observation wells and monitoring wells. The West Side includes a cluster of wells in and 
around the waste water treatment system, boundary wells, shallow monitoring wells in 
and around land treatment areas, and produced/production water wells. This plan also 
includes sampling requirements for aeration lagoons, influents, and evaporation ponds 

located in the West Side. Designated wells and sample points in these two areas will be 
monitored on an annual, semi-annual, quarterly, monthly, and weekly basis following the 

procedures presented in this Plan. 

Gallup Refinery will periodically review facility-wide monitoring data, and assess the 

monitoring program presented in this Plan. Annual revisions to the Plan, as necessary, 

will then be presented for agency review and approval. These revisions may include, but 
not be limited to, a reduction or change in monitoring locations, monitoring frequency, 

and/or target chemicals to be analyzed. 

1.2 Facility Ownership and Operation 

This Plan pertains to the Western Refining Southwest Inc. Gallup Refinery located at Exit 

39 on Interstate I-40. This refinery is known as the Gallup Refinery and is located at 

Jamestown New Mexico, approximately 17 miles east of Gallup. Figure 1 shows the 

regional location ofthe Gallup Refinery. 

The owner is: 
Western Refining 
123 W. Mills Avenue 
El Paso, TX 79901 

(Parent Corporation) 
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Operator: Western Refining Southwest Inc 
Route 3, Box 7 
Gallup, New Mexico 87301 
Western Refining Southwest Inc 
I-40, Exit 39 
Jamestown, New Mexico 87347 

(postal address) 

(physical address) 

SIC code 2911 (petroleum refining) applies to the Gallup Refinery. 

The following regulatory identification and permit governs the Gallup Refinery: 

U.S. EPA ID Number NMD000333211 
OCD Discharge Permit No. GW-032 

The facility status is corrective action/compliance. Annual and quarterly ground water 
sampling is conducted at the facility to evaluate present contamination. 

The refinery is situated on an 81 0 acre irregular shaped tract of land that is substantially 
located within the lower one quarter of Section 28 and throughout Section 33 of 
Township 15 North, Range 15 West ofthe New Mexico Prime Meridian. A small 
component of the property lies within the northeastern one quarter of Section 4 of 
Township 14 North, Range 15 West. Figure 2 is a topographic map showing the general 
layout of the refinery in comparison to the local topography. 

2.0 Background Information 

2.1 Historical and current site uses 

Built in the 1950's, the Gallup Refinery is located within a rural and sparsely populated 
section of McKinley County in Jamestown New Mexico, 17 miles east of Gallup, New 
Mexico. The setting is a high desert plain on the western slope of the continental divide. 
The nearest population centers are the Pilot (formerly Giant) Travel Center refueling 
plaza, the Interstate 40 highway corridor, and a small cluster of residential homes located 
on the south side of Interstate 40 approximately 2 miles southwest of the refinery 
(Jamestown). The surrounding land is comprised primarily of public lands and is used 
for cattle and sheep grazing at a density of less than six cattle or 30 sheep per section. 

The refinery primarily receives crude oil via two 6 inch diameter pipelines; two pipelines 
from the Four Comers Area enter the refinery property from the north .. In addition, the 
refinery also receives natural gasoline feed stocks via a 4-inch diameter pipeline that 
comes in from the west along the Interstate 40 corridor from the Conoco gas plant. 
Crude oil and other products also arrive at the site via railroad cars. These feed stocks are 
then stored in tanks until refined into products. 
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The Gallup Refinery is a crude oil refining and petroleum products manufacturing 

facility. The Standard Industrial Classification (SIC) code is 2911 and the NAIC is 

32411. There are no organic chemicals, plastics, or synthetic fibers manufactured that 

contribute to our process flow of waste water. We do not manufacture lubricating oils. 

The Refinery incorporates various processing units that convert crude oil and natural 

gasoline into finished products. These units are briefly described as follows. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

The crude distillation unit separates crude oil into various fractions; including gas, 

naphtha, light oil, heavy oil, and residuum. 

The fluidized catalytic cracking unit (FCCU) dissociates_ long-chain hydrocarbon 

molecules into smaller molecules, and essentially converts heavier oils into naphtha 

and lighter oils. 

The alkylation unit combines specific types of hydrocarbon molecules into a high 

octane gasoline blending component. 

The reforming unit breaks up and reforms low octane naphtha molecules to form 

high octane naphtha. 

The hydro-treating unit removes undesirable sulfur and nitrogen compounds from 

intermediate feed stocks, and also saturates these feed stocks with hydrogen to 

make diesel fuel. 

The isomerization unit converts low octane hydrocarbon molecules into high octane 

molecules. 

The treater units remove impurities from various intermediate and blending feed 

stocks to produce finished products that comply with sales specifications. 

The ammonium thiosulfate unit accepts high H2S and ammonia containing gas 

streams from the Amine and the Sour Water Stripper units, and converts these into 

a useful fertilizer product, ammonium thiosulfate. 

The sulfur recovery unit converts and recovers various sulfur compounds from the 

gases and liquids produced in other processing units to create a solid elemental 

sulfur byproduct. This unit only operates when the ammonium thiosulfate unit is 

inoperable or cannot handle incoming loads. 

As a result of these processing steps, the Refinery produces a wide range of petroleum 

products including propane, butane, unleaded gasoline, diesel, and residual fuel. In 

addition to the aforementioned processing units, various other equipment and systems 

support the operation of the refinery and are briefly described as follows. 
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Storage tanks are used throughout the refinery to hold and store crude oil, natural 

gasoline, intermediate feed stocks, finished products, chemicals, and water. These tanks 

are all located above ground and range in size from 80,000 barrels to less than 1,000 

barrels. 

Pumps, valves, and piping systems are used throughout the refinery to transfer various 

liquids among storage tanks and processing units. A railroad spur track and a railcar 

loading rack are used to transfer feed stocks and products from refinery storage tanks into 

and out of railcars. Several tank truck loading racks are used at the refinery to load out 

finished products and also may receive crude oil, other feed stocks, additives, and 

chemicals. 

Gasoline and diesel is delivered to the Pilot Travel Center via tanker truck. An 

underground diesel pipeline exits between the refinery and the Pilot Travel Center. As 

the result of an off-refinery release, the pipeline was purged of product, filled with 

nitrogen and temporarily placed out of service. Western is working with OCD and PSTB 

to place this line back into service. 

A firefighting training facility is used to conduct employee firefighting training. Waste 

water from the facility, when training is conducted, is pumped into a tank which is then 

pumped out by a vacuum truck. The vacuum truck pumps the oily water into a process 

sewer leading to the New API Separator (NAPIS). 

The process wastewater system is a network of curbing, paving, catch basins, and 

underground piping that collects waste water effluent from various processing areas 

within the refinery and then conveys this wastewater to Tank 35 (T-35) and then to the 

NAPIS. 

T-35 is an equalization tank which handles large process and storm water flows allowing 

the flow to the NAPIS to be controlled during process and storm water events. The 

equalization tank is also used to store the waste water for a couple of days if problems are 

encountered with the downstream equipment, i.e., NAPIS and the benzene strippers and 

in the future the new DAF and MPPE units. The NAPIS is a two compartment oil water 

separator. Oil is separated from water based on the principle that, given a quiet surface, 

oil will float to the water surface where it can be skimmed off. The skimmed slop oil is 

passed to a collection chamber where it is pumped back into the refinery process. The 

clarified water is piped to three benzene strippers where benzene is removed. The 

stripped water flows into the first aeration lagoon. Sludge sinks to the bottom of the 

NAPIS which is periodically vacuumed out by a vacuum truck and disposed as hazardous 

waste at an approved landfill or recycled and reused in refineries that have this allowable 

exemption under RCRA. 

At the benzene strippers, ambient air is blown upwards through the falling cascade of 

clarified waste water as it passes through distillation column packing. Countercurrent 

desorption of benzene from the water occurs due to the high volume of air passing over 

the relatively large surface area provided by the packing. The desorbed benzene is 
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absorbed into the air stream and vented to the atmosphere. Effluent from the stripper 

columns gravity flows through piping into the first aeration lagoon. 

At the aeration basins, the treated waste water is mixed with air in order to oxidize any 

remaining organic constituents and increase the dissolved oxygen concentration available 

in the water for growth of bacteria and other microbial organisms. The microbes degrade 

hydrocarbons into carbon dioxide and water. Three 15-hp mechanical aerators provide 

aeration in the first aeration lagoon with two 15-hp aerators providing aeration in the 

second lagoon. Effluent from the second aeration lagoon flows onward into the first of 

several evaporation ponds of various sizes. 

At the evaporation ponds, waste water is converted into vapor via solar and mechanical 

wind-effect evaporation. No waste water is discharged from the refinery to surface 

waters of the state because all of the waste water evaporates. . 

The storm water system is a network of valves, gates, berms, embankments, culverts, 

trenches, ditches, natural arroyos, and retention ponds that collect, convey, control, treat, 

and release storm water that falls within or passes through refinery property. Storm water 

that falls within the processing areas is considered equivalent to process waste water and 

is sent to T-35, T-27 and T-28 when needed before it reaches the NAPIS, benzene 

strippers and waste water treatment system for retention in evaporation ponds. Storm 

water discharge from the refinery is very infrequent due to the arid desert-like nature of 

the surrounding geographical area. 

The Gallup Refinery currently operates under the Multi-Sector Permit 2008 (MSGP-

2008). Gallup Refinery submitted a new NOI for coverage under the new MSGP. The 

refinery maintains a Storm Water Pollution Prevention Plan (SWPPP) that includes Best 

Management Practices (BMPs) for effective storm water pollution prevention. The 

refinery has constructed several new berms in various areas and improved outfalls 

(installed barrier dams equipped with gate valves) to minimize the possibility of 

potentially impacted runoff leaving the refinery property. 

2.2 Potential Receptors 

Potential receptors at the facility also include those that may arise from future land uses. 

Currently, these include on-site workers, nearby residents, wildlife, and livestock. 1 The 

major route to exposure of humans would be from contaminants reaching a drinking 

water well. Other routes could be from showering, cooking, etc. with contaminated 

ground water, raising crops and vegetables with contaminated ground water, or getting 

exposed to or fishing in surface water that has commingled with shallow ground water. 

Exposure can also occur through contact with soils and/or plants that have become 

contaminated themselves through contact with contaminated ground water. However, 

drinking water wells remain the primary route of possible exposure. 

1 Note: There is extensive and regular patrolling by security personnel of the facility which operates 24-

hours- therefore, we can discount the possibility of an inadvertent or deliberate intruder becoming exposed 

to contamination in groundwater that has reached the surface in some form. 
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At this time, the nearest drinking water wells are located on-site at the southwest areas of 

the facility, at depths of approximately 3000 feet. These wells are designated PW -2, PW-

3 and PW-4. Figure 3 shows the locations ofthese wells. These wells are operated by the 

facility to provide the refinery's process water, drinking water to nearby refinery-owned 

houses, to the refinery itself, and to the Pilot Travel Center. These wells are monitored 

and no contaminants have been detected in the deep aquifer that these wells are screened 

within. 

Other than the on-site wells, there are no known drinking water wells located within a 4-

mile radius of the site. The nearest drinking water wells that could be used by off-site 

residents are located to the northwest of the site at a distance slightly greater than 4-miles 

located within the Navajo community of Iyanbito (shown on the USGS Topographical 

Map- Gallup Quadrangle (Revised 1980).) These wells are northwest of the South Fork 

of the Puerco River which heads towards the southwest from immediately north of the 

facility. As the shallowest ground water will generally flow in the direction of surface 

water flow, any possible shallow ground water contamination that left the facility either 

now or in the future would flow towards the southwest after leaving the facility and away 

from the community of lyanbito. The Cibola National Forest lies in the south-east 

direction and there are no wells or residents in this protected area. Boundary monitoring 

wells along the southwest to northwest perimeter of the facility have not shown any 

evidence of contaminants having left the facility in shallow ground water. 

Artesian conditions at some locations of the site lead to the possibility of ground water 

emerging onto the surface and thus being able to affect wildlife. No surface water on the 

site is used for human consumption or primary contact, such as immersion, or secondary 

contact, such as recreation. The man-made ponds on the site are routinely monitored and 

are a part of this Plan. Therefore, if they are in contact with shallow ground water that has 

exhibited elevated levels of contaminants, the Plan will detect any commingling of 

ground water and surface waters. 

Fluctuating ground water elevations can smear contaminants into subsurface soil and 

rocks, and there is a possibility that plant roots could reach such contaminated soils and 

bio-concentrate contaminants creating another route of exposure to potential receptors, 

such as birds and animals that eat the plants. No food crops are currently grown on the 

site. 

2.3 Type and characteristics of the waste and contaminants and any known and 
possible sources 

The types of waste likely include- volatile and semi-volatile organic compounds, 

primarily hydrocarbons, but could include various other industrial chemicals such as 

solvents; acids; spent caustic solutions; and heavy metals present in spent chemicals and 

waste water. These wastes could be in the form of waste water, spent chemicals destined 

for off-site shipping and disposal packed in drums, sludge, and dry solids. Dry wastes 
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could stem from wind-blown metallic powders used as catalysts, and regular municipal 
solid wastes stored in covered containers destined for municipal landfills. 

Most of the wastes and contaminants that could possibly reach ground water have the 
characteristic that they would biodegrade and naturally attenuate. However, any heavy 
metals present in dirt and sludge could possibly leach into ground water and would not 
attenuate. There is a possibility also that certain long-lived chemicals would not 
biodegrade, or, if they did, it would be at a very slow pace. 

Possible sources include leaks from buried pipes, tanks, surface spills, and historical 
dumping of wastes in remote areas of the site. 

All above-ground large tanks have leak detection or equivalent systems, such as radar 
gauges. Pumps that could leak hydrocarbons are within containment areas, and all tanks 
are also within berms to contain spills. The NAPIS has double walls and a leak detection 
system. This situation did not exist in the past. So, past spills and leaks could be a source 
of ground water contamination . 

Similarly, surface impoundments can serve as a source of possible ground water 
contamination. In the past, liquids from the railroad rack lagoon in the northeast end of 
the Facility discharged into a field and drain onto the ground and evaporate- this led to 
subsurface soil contamination and has recently been cleaned up for a corrective action 
complete with controls status. Disposal of waste water into open fields is not practiced at 
the Gallup Refinery. 

There are fourteen Sold Waste Management Units (SWMU) identified at the Gallup 
Refinery, and one closed Land Treatment Area. 

RCRA Regulated Units 

• Land Treatment Unit 

SWMUs 

• SWMU 1 -Aeration Basin 
• SWMU 2 -Evaporation Ponds 
• SWMU 3- Empty Container Storage Area 
• SWMU 4- Old Bum Pit 
• SWMU 5 -Landfill Areas 
• SWMU 6 -Tank Farm 
• SWMU 7- Fire Training Area 
• S WMU 8 - Railroad Rack Lagoon 
• SWMU 9 -Drainage Ditch and the Inactive Landfarm 
• SWMU 10- Sludge Pits 
• S WMU 11 - Secondary Oil Skimmer 
• SWMU 12- Contact Wastewater Collection System 

12 
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• SWMU 13- Drainage Ditch between North and South Evaporation Ponds 

• SWMU 14- API Separator 

Existing ground water monitoring wells effectively surround all these SWMUs. 

2.4 Summary of contaminant releases that could contribute to possible ground 
water contamination 

Spills and leaks are known to have occurred on the site in various locations. Although 
most hydrocarbons are rapidly picked up for recovery, some of the liquids present in a 

spill enter the subsurface. With precipitation, there is a possibility that some of the 
contaminants could leach out and reach ground water. 

Separate Phase Hydrocarbons (SPH) floating on shallow ground water has been found at 
the northeast end of the facility. A system of recovery wells has been created and SPH 
has been pumped out for several years. Recovery through hand-bailing continues on a 

quarterly basis with the volumes recovered, dropping substantially every year. Trace 
levels of Benzene have also been found in wells in this area possibly linked to this spilled 

material. 

Recovery Wells 

• RW-1 
• RW-2 
• RW-5 
• RW-6 

A small tank that held Methyl Tert Butyl Ether (MTBE) has leaked and created a plume 

ofMTBE in the shallow ground water at the northeast end of the refinery. This tank is no 

longer in service and has been removed. MTBE has not been used at the refinery since 
April2006. 

A series of monitoring wells at various depths are in place to monitor contaminant 

plumes from this northeast area that has SPH and MTBE releases. These monitoring 

wells are designated as follows. 

Monitoring Wells 

• OW-29 

• OW-30 

• OW-13 

• OW-14 

• OW-50 

• OW-52 
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A unit at the southwest end of the Facility that is used to recover oil and recycle this oil 

back into the process has also - through leakage and spills - caused some MTBE and 

hydrocarbon contamination in shallow ground water. This unit is known as the New 

American Petroleum Institute Separator (NAPIS) which was put into service in October 

2004. The NAPIS has one up-gradient well- NAPIS-1 and three down-gradient shallow 

monitoring wells, NAPIS-2, NAPIS-3 and KA-3. 

There has always been the possibility that the waste water treatment system of the 

Facility based at the aeration lagoons (AL-l and AL-2) and evaporation pond 1 (EP-1) 

may have leaked contaminants into shallow ground water. The first aeration lagoon, 

known as AL-l, has received waste water with benzene at levels greater than 0.5 ppm

either through ineffective treatment farther upstream in the process, or through overflows 

- making these liquids a hazardous waste; however the aeration process and biological 

action within this lagoon has brought the benzene levels to well below 0.5 ppm and of the 

order ofO.l ppm and less. Equalization tanks (Tank 35, Tank 27 and Tank 28) were put 

in service in 2011 for collection of excess waste water effluent from various processing 

areas within the refinery. The equalization tanks are used to divert excess waste water 

overflow to the NAPIS caused by unit shutdowns or rain storms. The waste water flow 

can then be controlled to the NAPIS. 

Monitoring well GWM-1 was installed in July 2004 down gradient of the aeration basins 

in order to detect potential leakage from the aeration basins, however analyses of ground 

water samples collected at GWM-1 have indicated only very low concentrations of 

constituents such as BTEX and methyl tertiary butyl ether (MTBE) that would indicate a 

potential for historical releases in the area. GWM-1 has shown benzene levels ranging 

from 0.012 ppm in 2006 to 0.0096 ppm in 2011. Ethyl benzene was detected in July 2008 

at 0.0039 ppm to 0.0042 ppm in December of2021. MTBE was also detected in 2006 at 

0.16 ppm with a slight decrease in December of2011 at 0.054 ppm. The location of this 

well was determined in the field after mutual consultation by representatives of the 

refinery, OCD and the drilling contractor. 

Two new shallow ground water monitoring wells were installed in the early fall of 2005 

near GWM-1 which is located at the southwest comer ofEP-1. GWM-2 was placed at 

the NW comer ofEP-2 and GWM-3 was placed at the NW comer ofEP-1. GWM-1, 2 

and 3 were placed to determine whether any leakage from the lagoons and or evaporation 

pond is occurring. GWM-2 and GWM-3 are considered dry wells since its installation in 

2005. Water was detected in the first quarter of 2008 in GWM-2Notification was given 

to NMED and OCD respectively. In 2010 during the second quarter inspections, GWM-

2 and GWM-3 were found to have a water level of 1.5 feet in GWM-2 and 0.88 feet in 

GWM-3. Weekly inspections were done to monitor recharge rate. Quarterly inspections 

in 2011 have indicated the continued presence of water in both GWM-2 and GWM-3 

wells. GWM-2 and GWM-3 have shown non-detectable (<0.001 ppm) levels ofBTEX 

constituents and MTBE has been detected in GWM-2 at levels ranging from 0.011 ppm 

in September 2010 to 0.0027 ppm in December 2011, which are below the EPA RSL 

standard of0.012 ppm. GWM-3 has also indicated the presence ofMTBE at levels 

ranging from 0.009 ppm in September 2010 to non-detectable levels of<0.0025 ppm in 
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September and December 2011. GWM-2 and GWM-3 have also shown high levels of 
fluoride, chloride and sulfate which are above the WQCC and EPA MCL standards. 
GWM-3 has also detection levels ofDRO ranging from 3.7 ppm in September 2010 to 
1.3 ppm in December 2011. The continued presence of water in GWM-2 and GWM-3 
may be attributed to the fluctuation of ground water levels due to the increase in moisture 
this year. Figure 3 shows the location of all of the active monitoring wells on the 
Facility. 

3.0 Site Conditions 

The Gallup Refinery is located within a rural and sparsely populated section of McKinley 
County. It is situated in the high desert plain on the western flank of the continental 
divide approximately 17 miles east of Gallup. The surrounding land is comprised 
primarily of public lands and is used for cattle and sheep grazing at low densities2

• 

3.1 Current site topography and location of natural and manmade structures 

Local topography consists of a gradually inclined down-slope from high ground in the 
southeast to a lowland fluvial plain in the northwest. The highest point on refinery 
property is located at the southeast comer boundary (elevation approximately 7,040 feet) 
and the lowest point is located at the northwest comer boundary (elevation approximately 
6,860 feet). The refinery processing facility is located on a flat man-made terrace at an 
elevation of approximately 6,950 feet. 

3.2 Drainages 

Surface water in this region consists of the man-made evaporation ponds and aeration 
basins located within the refinery, a livestock watering pond (Jon Myer's Pond) located 
east of the refinery, two small unnamed spring fed ponds located south of the refinery, and 
the South Fork of the Puerco River and its tributary arroyos. The various ponds and 
basins typically contain water consistently throughout the year. The South Fork of the 
Puerco River and its tributaries are intermittent and generally contain water only during, 
and immediately after, the occurrence of precipitation. 

3.3 Vegetation types 

Surface vegetation consists of native xerophytic vegetation including grasses, shrubs, 
small junipers, and some prickly pear cacti. Average rainfall at the refinery is less than 7 
inches per year, although it can vary to slightly higher levels elsewhere in the county 
depending on elevation. 

On alluvial fans on valley sides and drainage ways, the existing vegetation is usually 
alkali sacaton, western wheatgrass, Indian ricegrass, blue grama, bottlebrush squirreltail, 
broom snakeweed, fourwing saltbush, threeawn, winterfat, mat muhly and spike muhly. 
On fan remnants on valley sides we usually find blue grama, western wheatgrass, Indian 

2 See, for example, the web site of McKinley County at http://www.co.mckinley.nm.us/ 
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ricegrass, big sagebrush, galleta, bottlebrush squirreltail, fourwing saltbrush, 
needleandthread, oneseed juniper, sand dropseed, spineless horse brush, rabbitbrush, and 
twoneedle pinyon. 

3.4 Erosion features 

The impacts of historic overgrazing are visible at the north-side of the facility, in the form 
of arroyos that formed when surface run-off cut through the ground and washed away 
soils that were not able to hold water with their ground cover lost to overgrazing. Now 
that the facility is fenced and no livestock grazing occurs on the site, vegetation has 
recovered in these areas. With the facility helping to bring back vegetation in its 
undeveloped areas the formation and deepening of erosion features on its land has 
decreased. 

3.5 Subsurface conditions 

3.5.1 Soil types and associations 

Most of the soils found at the surface in the locations where wells are located consist of 
the Mentmore-Gish complex? These soils occur in alluvial fans on valley sides and fan 
remnants on valley sides. The parent material for these soils is slope and fan alluvium 
derived from sandstone and shale. These are well drained soils with moderately slow (0.2 
in/hr) to slow permeability (0.06 in!hr). In this association, the Gish and similar soils 
make up about 45 percent, the Mentmore and similar soils 35 percent, and minor 
components 20 percent. These minor components are - Berryhill and similar soils 1 0 
percent, and Anodize and similar soils 1 0 percent. The typical profile for these soils is - 0 
to 2 inches fine sandy loam, 2-72 inches various kinds of clay loam. 

Drill logs for various wells have been provided electronically to the NMED/HWB. From 
these well logs we can infer that the soils in the subsurface are generally composed of 
clays starting at the immediate subsurface, interbedded with narrow sand and silt layers. 
At about 100 to 150 feet, layers of mudstone, sandstone (from the Chinle formation, 
Petrified Forest group) and siltstone start to appear. Figure 4 shows a generalized 
relationship of soils in and around the Gallup Refinery. 

3.5.2 Stratigraphy 

The 81 0 acre refinery property site is located on a layered geologic formation. Surface 
soils generally consist of fluvial and alluvial deposits; primarily clay and silt with minor 
inter-bedded sand layers. Below this surface layer is the Chinle Formation, which consists 
of low permeability clay stones and siltstones that comprise the shale of this formation. 
As such, the Chinle Formation effectively serves as an aquiclude. Inter-bedded within the 

3 Soil Survey of McKinley County Area, New Mexico, McKinley County and Parts ofCibola and San Juan 
Counties, Natural Resources Conservation Service (NRCS), US Department of Agriculture, available at -
http://soildatamart.nrcs.usda.gov/Manuscripts/NM692/0/McKinley.Area%20NM.pdf 
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Chinle Formation is the Sonsela Sandstone bed, which represents the uppermost potential 
aquifer in the region. 

The Sonsela Sandstone bed lies within and parallels the dip of the Chinle Formation. As 
such, its high point is located southeast of the refinery and it slopes downward to the 
northwest as it passes under the refinery. Due to the confinement of the Chinle 
Formation aquiclude, the Sonsela Sandstone bed acts as a water-bearing reservoir and is 
artesian at its lower extremis. Artesian conditions exist through much of the central and 
western portions of the refinery property. 

3.5.3 Presence and flow direction of ground water 

Ground water flow within the Chinle Formation is extremely slow and typically averages 
less than 10-IO centimeters per second (less than 0.01 feet per year). Ground water flow 
within the surface soil layer above the Chinle Formation is highly variable due to the 
presence of complex and irregular stratigraphy; including sand stringers, cobble beds, and 
dense clay layers. As such, hydraulic conductivity may range from less than 1 o-2 

centimeters per second in the gravelly sands immediately overlying the Chinle Formation 
up to 1 o-8 centimeters per second in the clay soil layers located near the surface. 

Shallow ground water located under refinery property generally flows along the upper 
contact of the Chinle Formation. The prevailing flow direction is from the southeast and 
toward the northwest. In the past, a subsurface ridge has been identified that was thought 
to deflect some flow in a northeasterly direction in the vicinity of the refinery tank farm. 
This is not clear from the present data. 

4.0 Investigation Methods 

The purpose of this section is to describe the types of activities that will be conducted and 
the methods that will be used as part of this Plan. Appendix B provides more detailed 
information on actual sampling procedures that will be used. 

4.1 Ground water Sampling Methodology 

All monitoring wells scheduled for sampling during a ground water sampling event will 
be sampled within 15 working days of the start of the monitoring and sampling event. 

Appendix C-1 provides 2011 details ofthe annual and quarterly DTW (depth to water) 
and DTB (depth to bottom) measurements taken during 2011. The table also includes 
date of establishment, ground elevation, top of casing elevation, well casing stick-up 
length, well depth, ground water elevation and corrected water table elevation with 
respect to wells that have separate phase hydrocarbon levels. 

Appendix C-2 provides Revision 2-2011 Corrected Well Elevation Summary Table. 
This table provides a corrected version of the 2009 Well Elevation Summary Table which 
had some discrepancies regarding well elevations, well depth and stick up lengths. The 
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information supplied in Revision 2 is a compilation of data provided by DePauli 
Engineering who was contracted to re-survey all of our active wells to verify ground level 
elevations, well casing elevations, stickup lengths. Gallup field technician also field 
verified casing diameters, depth to bottom of wells using a Testwell Water Level bottom 
sensing indicator as well as went over original drill logs to verify screened intervals. 
Screened interval depth to bottom level may be equal to or lower than the total depth of 
the well. Settlement may have occurred in some of these wells over time. 

Appendix C-2.1 provides Revision 2 - 2011 Corrected Well Elevation Summary Table 
for Artesian Wells. Information provided in this section was gathered from well boring 
logs. These wells are encased and therefore measurement for depth to bottom was not 
field verified. 

4.1.1 Well Gauging 

At the beginning of each quarterly, semi-annual, or annual sampling event, all monitoring 
and recovery wells listed in Appendix A- Table 1 Ground Water Monitoring Schedule, 
will be gauged to record the depth to SPH (if present), the depth to water, and the total 
depth of the well. The gauging will be performed using an oil/water interface probe 
attached to a measuring tape capable of recording measurements to the nearest 0.01 foot. 
All measurements will be made relative to the same datum for all wells. 

Gauging measurements will be recorded on a field gauging form. Data obtained from the 
gauging will be reported in the annual ground water monitoring report. The data will be 
used to develop groundwater contour maps and SPH thickness isopleths which will also 
be included in the annual report. 

4.1.2 Well Purging 

Each monitoring well will be purged by removing ground water prior to sampling in 
order to ensure that formation water is being sampled. Generally, at least three well 
volumes (or a minimum of two if the well has low recharge rate) will be purged from 
each well prior to sampling. Field water quality measurements must stabilize for a 
minimum of three consecutive readings before purging will be discontinued. Field water 
quality measurements will include pH, electrical conductivity, temperature, and dissolved 
oxygen(%). Field water quality measurement stability will be determined when field 
parameter readings stabilize to within ten percent between readings for three consecutive 
measurements. Once the readings are within ten percent, purging will stop and the well is 
ready for sample collection. The volume of ground water purged, the instruments used, 
and the readings obtained at each interval will be recorded on the field-monitoring log. 
Well purging and sampling will be performed using disposable bailers and/or 
appropriately decontaminated sampling pumps. 
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4.2 Ground water Sample Collection 

Ground water samples will be obtained from each well within 24 hours of the completion 
of well purging. Sample collection methods will be documented in the field monitoring 
reports. The samples will be transferred to the appropriate, clean, laboratory-prepared 
containers provided by the analytical laboratory. Sample handling and chain-of-custody 
procedures are described in more detail in Appendix B. Decontamination procedures for 
reusable water sampling equipment are described in Appendix B. 

All purged ground water and decontamination water from monitoring wells will be 
disposed of in the refinery waste water treatment system upstream of the API Separator. 
The procedures for disposing materials are described in Appendix B. 

Ground water samples intended for metals analysis will be submitted to the laboratory as 
total metals samples. Ground water samples obtained for dissolved metals analysis will 
be filtered using disposable filters with a 0.45 micrometers mesh size. 

4.2.1 Sample Handling 

All sample containers are supplied by the contracted analytical laboratory and shipped to 
Western in sealed coolers. Chemical preservation is also provided by the laboratory 
through pre-preserved bottleware. Collection of containerized ground water samples are 
in the order of most volatile to least volatile, such as: VOCs, SVOCs, Metals, phenols, 
cyanide, sulfate, chloride, and nitrates. Immediately after the samples are collected, they 
will be stored in a cooler with ice or other appropriate storage method until they are 
delivered to the analytical laboratory. Standard chain-of-custody procedures, as described 
in Appendix B of this Plan, will be followed for all samples collected. All samples will be 
submitted to the laboratory as soon as possible to allow the laboratory to conduct the 
analyses within the method holding times. Details of the general sample handling 
procedures are provided in Appendix B. 

The following shipping procedures will be performed during each sampling event: 

• Individual sample containers will be packed to prevent breakage and transported 
in a sealed cooler with ice or other suitable coolant or other EPA or industry-wide 
accepted method. The drainage hole at the bottom of the cooler will be sealed and 
secured in case of sample container leakage. 

• Each cooler or other container will be delivered directly to the analytical 
laboratory. 

• Glass bottles will be separated in the shipping container by cushioning material to 
prevent breakage. 

• Plastic containers will be protected from possible puncture during shipping using 
cushioning material. 
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The chain-of-custody form and sample request form will be shipped inside the 

sealed storage container to be delivered to the laboratory. 

Signed and dated chain-of-custody seals will be applied to each cooler prior to 

transport of samples from the site. 

4.3 Analytical Methods 

Ground water and surface water samples collected during the monitoring events will be 

analyzed for the constituents listed in Appendix D, Table 1. In addition, for various 

locations the list of metals is modified to either be the Skinner list of the NM Water 

Quality Control Commission list or RCRA 8 metals list. Appendix D, Table 1 provides a 

summary oftarget analytes for each EPA analytical method. 

4.4 Quality Assurance Procedures 

Contract analytical laboratories will maintain internal quality assurance programs in 

accordance with EPA and industry accepted practices and procedures. At a minimum, the 

laboratories will use a combination of standards, blanks, surrogates, duplicates, matrix 

spike/matrix spike duplicates (MS/MSD), blank spike/blank spike duplicates (BS/BSD), 

and laboratory control samples to demonstrate analytical QA/QC. The laboratories will 

establish control limits for individual chemicals or groups of chemicals based on the 

long-term performance of the test methods. In addition, the laboratories will establish 

internal QA/QC that meets EPA's laboratory certification requirements. The specific 

procedures to be completed are identified in the following sections. 

4.4.1 Equipment Calibration Procedures and Frequency 

The laboratory's equipment calibration procedures, calibration frequency, and calibration 

standards will be in accordance with the EPA test methodology requirements and 

documented in the laboratory's quality assurance and SOP manuals. All instruments and 

equipment used by the laboratory will be operated, calibrated, and maintained according 

to the manufacturers' guidelines and recommendations. Operation, calibration, and 

maintenance will be performed by personnel who have been properly trained in these 

procedures. A routine schedule and record of instrument calibration and maintenance will 

be kept on file at the laboratory. 

4.4.2 Field QA/QC Samples 

Field duplicates and trip blanks may be obtained for quality assurance during sampling 

activities. The samples will be handled as described in Section 4.4.3. 

Trip blanks will accompany laboratory sample bottles and shipping and storage 

containers intended for VOC analyses. Trip blanks will consist of a sample of analyte 

free de-ionized water placed in an appropriate sample container. Trip blanks will be 

analyzed at a frequency of one for each shipping event involving twenty or more 
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samples. Generally, a trip blank will only be placed in one of the containers, if more than 

one container is used to ship the set of samples. 

4.4.3 Laboratory QA/QC Samples 

Analytical procedures will be evaluated by analyzing reagent or method blanks, 

surrogates, matrix spike/matrix spike duplicates (MS/MSDs ), blank spike/blank spike 

duplicates (BS/BSDs) and/or laboratory duplicates, as appropriate for each method. The 

laboratory QA/QC samples and frequency of analysis to be completed will be 
documented in the cited EPA or other test methodologies. At a minimum, the laboratory 

will analyze laboratory blanks, MS/MSDs, BS/BSDs and laboratory duplicates at a 

frequency of one in twenty for all batch runs requiring EPA test methods and a frequency 

of one in ten for non-EPA test methods. Laboratory batch QA/QC samples will be project 

specific. 

4.4.4 Laboratory Deliverables 

The analytical data package will be prepared in accordance with EPA-established Level 

II analytical support protocol which will include: 

• Transmittal letter, including information about the receipt of samples, the testing 
methodology performed, any deviations from the required procedures, any 

problems encountered in the analysis of the samples, any data quality exceptions, 
and any corrective actions taken by the laboratory relative to the quality of the 

data contained in the report; 
• Sample analytical results, including sampling date; date of sample extraction or 

preparation; date of sample analysis; dilution factors and test method 

identification; water sample results in consistent units (milligrams per liter or 

micrograms per liter (flg/L) ); and detection limits for undetected analytes. Results 

will be reported for all field samples, including field duplicates and blanks, 

submitted for analysis; 

• Method blank results, including reporting limits for undetected analytes; 

• Surrogate recovery results and corresponding control limits for samples and 

method blanks (organic analyses only); 

• Laboratory duplicate results for inorganic analyses, including relative percent 

differences and corresponding control limits; 

• Sample chain-of-custody documentation; 

• Holding times and conditions; 
• Conformance with required analytical protocol(s); 

• Instrument calibration; 
• Blanks; 
• Detection/quantitative limits; 

• Recoveries of surrogates and/or matrix spikes (MS/MSDs); 

• Variability for duplicate analyses; 

• Completeness; 
• Data report formats; 
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Data deliverables provided by the laboratory that include analysis of organic compounds 

will also include the following: 

• A cover letter referencing the procedure used and discussing any analytical 

problems, deviations, and modifications, including signature from authority 

representative certifying to the quality and authenticity of data as reported; 

• A report of sample collection, extraction, and analysis dates, including sample 

holding conditions, 
• Tabulated results for samples in units as specified, including data qualification in 

conformance with EPA protocol, and definition of data descriptor codes; 

• Final extract volumes (and dilutions required), sample size, wet-to-dry weight 

ratios, and instrument practical detection/quantitative limit for each analyte, 

• Analyte concentrations with reporting units identified, including data qualification 

and a description of the qualifiers, 
• Quantification of analytes in all blank analyses, as well as identification of 

method blank associated with each sample, 

• Recovery assessments and a replicate sample summary, including all surrogate 

spike recovery data with spike levels/concentrations for each sample and all 

MS/MSD results (recoveries and spike amounts), and 

4.4.5 Review of Field and Laboratory QA/QC Data 

The sample data, field, and laboratory QA/QC results will be evaluated for acceptability 

with respect to the data quality objectives (DQOs). Each group of samples will be 

compared with the DQOs and evaluated using data validation guidelines contained in 

EPA guidance documents: Guidance Document for the Assessment of RCRA 

Environmental Data Quality, National Functional Guidelines for Organic Data Review, 

and Laboratory Data Validation Functional Guidelines for Evaluating Inorganics 

Analyses, and the most recent version ofSW-846, and industry-accepted QA/QC 

methods and procedures. 

The laboratory will notify the Gallup Refinery Project Manager of data quality exceptions 

within one business day of identifying the data quality exception in order to allow for 

sample re-analysis, if possible. The Gallup Refinery Project Manager will contact NMED 

within one business day of receipt of laboratory notification of data quality exceptions in 

order to discuss the implementations and determine whether the data will still be 

considered acceptable, or if sample re-analysis or re-sampling is necessary. 

4.4.6 Blanks, Field Duplicates, Reporting Limits and Holding Times 

4.4.6.1 Blanks 

The analytical results of field blanks and field rinsate blanks will be reviewed to evaluate 

the adequacy of the equipment decontamination procedures and the possibility of cross

contamination caused by decontamination of sampling equipment. The analytical results 
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of trip blanks will be reviewed to evaluate the possibility for contamination resulting 
from the laboratory-prepared sample containers or the sample transport containers. The 
analytical results of laboratory blanks will be reviewed to evaluate the possibility of 
contamination caused by the analytical procedures. If contaminants are detected in field 
or laboratory blanks, the sample data will be qualified, as appropriate. 

4.4.6.2 Field Duplicates 
Field duplicates will consist of two samples either split from the same sample device or 
collected sequentially. Field duplicates will not be collected on a routine basis, as there is 
sufficient data to establish outliers or suspect results through a trends analysis. Field 
duplicate samples may be collected for confirmation if a sample establishes the presence 
of a contaminant in an unexpected location, such as a deep aquifer, or at unexpected 
levels. 

4.4.6.3 Method Reporting Limits 
Method reporting limits for sample analyses will be established at the lowest level 
practicable for the method and analyte concentrations and will not exceed ground water 
or surface water cleanup standards and screening levels. Detection limits that exceed 
established standards or screening levels and are reported as "not detected" will be 
considered data quality exceptions and an explanation for its acceptability for use will be 
provided . 

4.4.6.4 Holding Times 
Per EPA protocol the sampling, extraction, and analysis dates will be reviewed to 
confirm that extraction and analyses were completed within the recommended holding 
times. Appropriate data qualifiers will be noted if holding times are exceeded. 

4.4. 7 Representativeness and Comparability 

4.4.7.1 Representativeness 
Representativeness is a qualitative parameter related to the degree to which the sample 
data represent the relevant specific characteristics of the media sampled. Procedures will 
be implemented to assure representative samples are collected and analyzed, such as 
repeated measurements of the same parameter at the same location over several distinct 
sampling events. Any procedures or variations that may affect the collection or analysis 
of representative samples will be noted and the data will be qualified. 

4.4.7.2 Comparability 
Comparability is a qualitative parameter related to whether similar sample data can be 
compared. To assure comparability, analytical results will be reported in appropriate units 
for comparison with other data (past studies, comparable sites, screening levels, and 
cleanup standards), and standard collection and analytical procedures will be 
implemented. Any procedure or variation that may affect comparability will be noted and 
the data will be qualified. 
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4.4.8 Laboratory Reporting, Documentation, Data Reduction, and Corrective 
Action 

Upon receipt of each laboratory data package, data will be evaluated against the criteria 

outlined in the previous sections. Any deviation from the established criteria will be 

noted and the data will be qualified. A full review and discussion of analytical data 

QAIQC and all data qualifiers will be submitted as appendices or attachments to the 
ground water monitoring reports. Data validation procedures for all samples will include 

checking the following, when appropriate: 

• Holding times 

• Detection limits 

• Field equipment rinsate blanks 

• Field blanks 

• Field Duplicates 

• Trip blanks 

• Reagent blanks 

• Laboratory duplicates 

• Laboratory blanks 

• Laboratory matrix spikes 

• Laboratory matrix spike duplicates 

• Laboratory blank spikes 

• Laboratory blank spike duplicates 

• Surrogate recoveries 

If significant quality assurance problems are encountered, appropriate corrective action 

will be implemented. All corrective action will be reported and the corrected data will be 

qualified. 

5.0 Monitoring and Sampling Program 

The primary objective of ground water monitoring is to provide data which will be used 

to assess ground water quality at and near the Facility. Ground water elevation data will 

also be collected to evaluate ground water flow conditions. The ground water monitoring 

program for the Facility will consist of sample collection and analysis from a series of 

monitoring wells, recovery wells, outfalls, and evaporation pond locations. 

The monitoring network is divided into two investigation areas (East Side and West 

Side). The sampling frequency, analyses and target analytes will vary for each 
investigation area and well/outfall/evaporation pond location. The combined data from 

these investigation areas will be used to assess ground water quality beneath and 
immediately down-gradient of the Facility, and evaluate local ground water flow 

conditions. 
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Samples will not be collected from monitoring wells that have measurable SPH. For 

wells that are purged dry, samples will be collected if recharge volume is sufficient for 

sample collection within 24 hours. Wells not sampled due to insufficient recharge will be 

documented in the field log. 

The following sections outline the monitoring program for each investigation area. 

5.1 East Side 

5.1.1 Sampling Locations 

The location of the East Side monitoring and recovery wells are shown in Figure 3. The 

following wells will be sampled (as described in Appendix D, Table 1) within the East 

Side area: 

Recovery wells 

• RW-1 
• RW-2 
• RW-5 
• RW-6 

Monitoring wells 

• OW-29 

• OW-30 

• OW-13 

• OW-14 

• OW-50 

• OW-52 

5.2 West Side 

5.2.1 Sampling Locations 

The locations of wells on the West Side are shown in Figure 3. 

The following wells, outfalls, and ponds will be sampled (as described in Appendix D, 

Table 1) within the West Side area: 

(Note: these outfalls are from one section of the waste water treatment system to another 

-they do not discharge to any location outside the facility.) 

Monitoring wells 

• NAPIS 1 
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'"" • NAPIS 3 

• KA-3 ,. 
• GWM-1 

""' • GWM-2 
,,, • GWM-3 

• SMW-2 
"111 • SMW-4 
,,.. • MW-1 

• MW-2 
'"' • MW-4 

'"" • MW-5 

• OW-l 
""' • OW-10 
;Jjil 

• OW-11 

• • OW-12 

'"' • BW-lA 

• BW-lB 

'"'' • BW-lC 
41 • BW-2A 

• BW-2B ,,.. 
• BW-2C 

'"' • BW-3A 

• BW-3B ,,, 
• BW-3C 

'4 

• PW-2 
.. • PW-3 

• PW-4 

"" Outfalls 

.. 
• Influent to AL-l .. • Influent to AL-2 

"" • Influent to EP-2 

• AL2 to EP-1 
'"' • Pilot Effluent (Travel Center) 
41 • NAPIS Effluent 

.. • Boiler Water Inlet to EP-2 

'"" Ponds 

'"' 
• EP-1 

""' • EP-2 
·'• • EP-3 
,.,. 
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• EP-4 

• EP-5 

• EP-6 

• EP-7 

• EP-8 

• EP-9 

• EP-11 

• EP-12A 

• EP-12B 

• Any temporary pond containing liquid 

Containment 

• NAPIS secondary containment (Leak Detection Units -LDU) 

• East LDU 
• West LDU 
• Oil Sump LDU 

5.3 Monitoring Program Revisions 

Upon review of the analytical results from the monitoring events under this Plan, historic 

facility-wide monitoring data, available soil boring data, and other related information 

Western Refining will assess the monitoring program presented in this Plan. Revisions to 

the Plan, as necessary, will then be presented for agency review and approval on an 

annual basis. These revisions may include, but not be limited to, a reduction or change in 

monitoring locations, monitoring frequency, and/or target analytes. 

5.3.1 Request for Modifications to Sampling Plan 

Gallup Refinery requests a change to the monitoring frequency for the following wells; 

OW-50, OW-52 and OW-l. OW-50 and OW-52 were installed in October 2009 to 

monitor the possible migration of MTBE from up-gradient wells OW -14, OW -29 and 

OW-30. Since its installation, quarterly sampling analytical lab data has indicated non

detect for BTEX constituents as well as MTBE and VOCs for 2010 and 2011. Based on 

the analytical data Gallup requests to change the monitoring/sampling frequency to an 

annual basis. 

OW -1 inspection was changed in the Facility Wide Monitoring Work Plan approved 

August 25, 2010 to quarterly sampling. In the past this well was only required to be 

visually checked and water level measurement recorded on a quarterly basis. Based on 

the 2010 and 2011 quarterly sampling results, lab analysis data indicates non-detectable 

levels for BTEX plus MTBE constituents as well as VOCs for 2010 and 2011. Gallup 

proposes to change the sampling frequency to an annual basis and continue to monitor 

this well on a quarterly basis for water level measurement. 
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Based on these proposals, Gallup has made changes to Appendix D to reflect requested 

changes. Hall Environmental Lab Data is also included for OW -50, OW -52, and OW -1 in 

Appendix E as supporting documents . 
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Appendix A: Letter from NMED/HWB February 9 

!!ILL RK:JI~R[.t;-~f,! 
G~"C"ntT 

l:ihi'>'!:;•El'lt>ll 
Li~r~:_~ .. tr:.-~ 

Mr. Ec Riege 

NEWMI:XICO 
.EN\o1RO~~IENT DE.PARTMT.1''T 

HaZJlrdous Jf·Mte Bur~au 

~5 Rodeo Pari;. Drl•e East; Bt~hli!Jll: I 
Salllta Fe, Ntlft Mniro ~5-(.31}3 

I"'MH' {5-0Si .f1ti-fil)O(I Fax ~-;!.()~) 476-tiOJI} 

& ... ir;:lOn:tenciil Supeo:mcnden t 
W~ern Refilllllg. Snut.h'i!o'C!:I: lm:., L'i.~!lhJt;J Refu1tty 
Rmttc 3 ., Box '7 
Gallup, Nev.• ~iext<:.~ g7~0l 

RE: FACILITY WIDE GROll!\"DWATltRMONnORJNG WORK PLA.lll 

1:-~t, (1_1b;y 

Str«!'Yr~· 

K<--4 0:11 S:STEI>I 

l~~, Sxm·~-

WE.'ITERN REFINING COMPANY, SOU'fHWRST, INC .. GAU . .{JP REY!NERY 
EPA ID N NMD000333Ul 
HW:s.GRCC-fJ!.l-001 

Dear Mr. Ri~: 

·me New Mexloo Ec1.'=1L."TTerit DcpE!fUIImt (NMED) reqUJ~ W~tt:rr. Refining t«npaoy, 
S<!L!IbwCS:: lm:., Gall'up Relltl«)' fP<:rmittoo,/ ~I) l!Ubmi1 9 rllL"l!ity Wide Gt1:tundvt\ll« MonlttKinj 
rhm (~1otLJ!.UIU1B Pl.m). Tbl! JIUTPR'Ie of 11ris M<~oitcriug .Plan t-~ ;o cil91acterize the nature m~o;'l 
exten1 of groll:lldw.l-1~ ront91t'lmlll)oo a.1, ani! tlllg:rBtin.g fran th~ facility IUld pn)vldc ooe plan that 
o:mtams ail groundwnr-:rr mcuutoring liCti·;itics that 'A' ill sntist) both NMED a.ml tlte lS' ew Me:t1.;;.:1 
En.cq;y Minctab and :l\atl.:ual Resmm:.c ~flrtrr.en~ OiJ CLm~·ation DJVi:;:ion (OCD'I 
1 c~:rw:rc:meo~. Tlw Moni1o1irlg J'llm mu:;t be !"e''·i~e.:i on an annu,l bks:is Eo liiCOOO".modare 
rn..--ol!nrin& cr4llge~ :rt the f~ilicy aa:!to alle·..,iatc the need to u(XIare N}..ffiD ll..llid OCD pr:mrit:l. 

Currently, :r,e groundwater mCIIlltorit1g ~lZiremen1s i!l:"e t:Stnbltshed m th~ OCD Dl3clutfi'l: Plm 
rlii(Cd At.te=t B, 20{17, speciticnll~· itCJw 16 (the Sampling S~;hedule Re..,...tllmg frum hi~t9ric:nl 
Ne-~· A.Pl Separnt(lr Sp,ll.sJ. 19, 2~, (A & B). md 2:i 
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,.,. 

Erl Rte.(l.C 

~l'llpRcnnmy 

Febnlary 9, 2009 

Pn~2 

The Permittee m"t.l!il: ue Auaclunoot t uf thls. letter u a geuc:ral gui.-d~ fur prepariug the 

Morutori.ng Plnr. Tn~ FvkmiiDri:ng PIMt mm:: im:tudc, but ~~not limited to the fullowiltl!r 

b, 

.:::. 

d. 

C, 

f. 

b. 

A :iel:tloo « 1nble m Llldulk, bul not limited to, 11 ~cti.fJ{ion of all extstillg 

wom1orin,g welir.. re:xn•ery \11¢]ls. noo .1111)' n~:he£ requir~ .sttmpli.ns kx.:.~~uoos. 

spc:ci.fyinJ ~~r euct locwoo, dnte the •Kel~ were in:~ollw inclwimg ground 

cl.evation, top c.f c~i.fig cicvation. wdl casine; ~k up length • ..-.-ell depth. well ca.stng 

OiiUTietCT • .sere~ m1er.·al. :;.::reen L=gth, f:D!1 stratigapbi.:. l.llli:t(s) m1et!l>f>Ctc:d by tbe 

vn:ll~. 

Tbc :irutial soomittaL mtc~L lnclooc a se~:tion or appenciu: that ioch.xlet; all wt:ll 

o.:Otlru'Uctioo diagrnm s. 

A mlrt).· map !riho~·in,g all monitoring well hx.:ll!);)lli_ T'ili'S au~p m~t b~: revis«l as 

n~<ary c.: reflect 81~' "-"C:ll additinn!l; md .,.,·ell a:baru).')llJDm4li tha1 oo;;w: duritlg the 

yecar. 

11te ~011 em groundw.w=r mumtootk,g/sampl!na re:tuiT"'!!Cru!!!ltl E'oond in cbe OCD 

Dis-chll.l ge Plai! (items 16 (the S81npling Sctlr;-OOie Rcliullln,g from lti!l1corical. Ne'A· APl 

Scp!ll'a1or Sll'!ll~)., 19. 20 (.A & Bl. fllld 25) 

The :;.qnplms reqUJ.rorocnts 011,1st m.::lude U1e proposed fu!q~.JC:nL')' of !l8.1llpl.irltg. 

Sllmpling mt!Choook>g..·. fickl wlltl:r quabty param«m 'co be- rn15'1Surtd, and cbecucal 

11{1 Ill ybc&.l t:Xu!1.hods. 

A desc:"ipdc•n ~f fill :snmplm~ m!!th!Xls and p~i.urel 'that wi.u be appli~ dwing ~:ath 

!UOOi~or.illi ~·•mt. 

ldeottficll.l;imt c.f a!! ficld ins1TUTT'Jcnb; pn~ li:or U:Se II" ..-.·ell liS e&l.ibr.at:wo 

prtu:edure~ 

'Ib: P~rmtttee must rotltim.Je to sllbmit !Jleir .~ual Grcn . .m~r MD11.Ltorillg Report ro NMED 

.md the OCD by September l of =cit sub5.1!Qurol ~~ to ioch.xl.e the ::rpeci:lk:d fiems f(n.:m.d ;n th.e

OCD Disclwg,e Pmnit .m1d dt!'ICI'lbe a:ll g:rotm~er m011itori1:1g a:.c:tiV1ties.. The an:nual updalBS. 

lr1 iliis Monitoring Pl1m mu.'il be slllbuu.ttcd b~· April I uf e~u:h yta:L b~Olling in 201 0, :w dut ~~· 

cl!alt~ will be im;tl~too prior to t.h~ fU'OI.IZ'Idv.rll.tt!r I:OOWt(ltmg. 1J.tiDITJIIrie; provtded in til<: 

,A..tu.luaJ Grwod"'•z.t~:r Mcllutorin.g ~· 
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Ed Ri:eg.e 
Goi'li!.JP Reftn~· 
Feb~·~: 2009 
Pa~3 

Or:.x: this M;)ui10riu£, f>Jan tS ll)lpru11cd, llu:~ pl.ar1 wdt wc.ladc a:nd rcpl~cc: tbc reqLUretncuu of 1hc 
OCD Discharge PW!. TI1e mfonnar.ioc. gathered ~~ the Mollir.-onng PiAn w-ill (hen be in<:hld¢:1 in 
the Armua: GrouOO'II.'flter Mooicoring ReJX)rt 'The Ann~;~nl Grol.lfldwnter Monir.oong: RcJX1!1: is 
con:r;iliered n Periodic Monitorir,;.~ RepoT1 for the PlliiPOO~ "f o;:~rnplia~ 'Pli1h ~!ED 

re!J:uiremt!n.t.s and the OCD Di.~ch!!rge P'hm iteml!; !() (.it, .zmd B) zmd ::!5. Atizu:hmr:nt 2 .,m.,.ide~ 

g&'ltnJ guicl= tar the pn:p.zrrllla1m afPen::dk Maoit<:lrin_g Repurt:s. 

T1r.t J>&:nutrGG must: S"ul.x:ml the MC'l!Jluring J•Jim !D NM£0 aud tbe (JCD Ott 01 be(mt: Ma~ 1 :, 
21XlY. Jf yau ba·.c q!leStrooos regru.dmg th.1s. ieu:cr p.fca~ o.:mtact Hope Mou:zeg!.io c.f my !rta.ff a.1 

5C'5-4!'.S-6045. 

Smcerely, 

J::~~~· 
P'wgram MliDOI_g.et 
Permits Mrulagcrnen: Pre-gram 
Hr.:u.omu,15 Wnstc Bl•renu 

co~.:: D. Cal;onlin mmo NVl6 
H. Mon=gf.itl, NMf!..!l) HWE 
W. J'n:::t:, OCD 
B. Jooc:s, OCV 
G. Raje.n. Gallup 
fiJc: Reading File ~d ORCC 2W9 File 

HVt'B-GRCC-{19-00 t 
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AT"l.lt.CHM.I.NT 1 
GE:SERAL Gl'IDI FOR CO!\o1POSING THE :MONITOR~G PI.AN 

• At~ t!Aecllti"e Sunlltlfir)' (Abst:.JI.::tt !lnlst be itl(:hxled to pr-ovides brit:f ~mrollry oft~ 
PU::JOSC and !>:>:tpe of Iii~ MorJtonng P}nn Tltis s,c:.;:tion rou:;t inclmk the ta.dlit~· name 

ru.rd pMlOOS ·::-f1h.e fu:ility i.nc:lndins nny nrens of·~~ (AOC~), Sollli WIUL~ 
Menllgernent Unit<; ~SVI'Ml.i.(l or ot:her lCGJ.ttoru IIIiA'! the Mmultmcg l'hm will be 

ado.1res.~ing. 

• A Table of (:Oij1t::ms m11s1 be ir~hldcd thilt [j:;r.; nllt~;.;t ~ectinm, ~uh!WI:ll~>r~s, tHbles, 
figurt"S, 9Dd npp~dices ,;r ll1t~ch.::nenu inclu:l.ecl in 1he Mtmlttrring, Plart. 

• Au Lttrod'llcuot~ must be t.nc'Judee ill the Meonilo.riog Plan to i~}l;;:le ~nen~l inir,mr..ahtm 

on 1be Cll!'l'ell\ fucUity and <~Mief d~ption of tbe ;:n,l.T])I)Se of!he propo!>llli grtJu:ndwlUI!l' 
mon.itori.ni; nnd tbe type:s of acrivitie~ thM wili ~ c:mducted. 

• A B&;:;kgt{)l.md ac....'ll.{IO moot be adderl that briefly dcsm"be3 ~llllot _genl!l"'ll bz.c\:gmund 
illfonn.atioo, jooJuding hi.storicnl !.ite ~~:;. ~:mi<J[ ~r~;, tlle t;pe and dlaTacteruti.o::.s 

coflbe waate or oontomimmts Pod M~' kn()WJ)tmd ~bl~ sr.-urce1:~). lLTid H ~Lml'ltllll)' af 
the b:i:;torJ of o:.o:'"t.;.cmir>~mt rel.a~es wbid: o.")'.dd he roni:Tiblttlng to gr{lol.lllld·t~.·ater 
r~ryntamma.tiqn. 

• Tbe Pe.rruittee must indooc a Sit~ C'•:l{)thtions ~on to provide a de1w led ~ of 
'-'\Irr!:m sit(! t<lpl):iT~hy 1100 1~5 l)fllBN:al ~and manmade ~truct'llire3. 'r.tu~ 

:;IX!il.:JO m1,.1p; mciude a Qe.~cr.ptim:. of d:rainage;, vegetaboo types, er<l-3110flal featun!s, and 

'J,lTJent !rite JJ.~e!l. in ai:kht~>:«1 tu, ~am of fi::lal:ures klca!ed io surrounding sites {i.e. 
S\llMU~, AOC.sJ thllt cllt)' ha"e llD mlJXI.'1 utr the s~je>:;{ siu: r~i.ng rccl!nrg-r. !'O:Iimem 
!T.mlo'Jftn't .sur!ac.e ~~oa!ler runoff. or COtllaJllllta!lt fate and transport A d~ptjl)n of 
wbscrfa...-.e oontiiboos 111ust al9C b€: iucluded that prm~des a diaa:!ua!lion -of1be o:mdittoos 
GbS«''Ied during ptevioos rubrurfitcc in,•esti,go.tio1UI, mcludinj: but not limjt~:lto soil typ~ 

and assooiatiolil:5, stratigrnpb~l. and the prescrt::le and :ft.O"'' di~on of gmtmd~r. 

• A Scupe: af A!.'ti\'ttic:~ :1«:1tOI..l ltll.lSt me:Mc. a l;sr. of rill antic.ipat«l acti•.ities to be 
perl'iKmo.::l dwitlg the fac-:llty-wit:k groundwa1e1 monitoring sampling e·.~~ 

• A ~<m mwr. be in::luderl tb:s.t prm•tdc~> il dc»:rip'Jatl (.>f aJJ atttJcipated locations t{l be 
smnpied and rnetht.xls !~:c .;,xn:tdut:Lmg Ill!! lll:ltvifies dum:.,g .. Ute t"acil..i~r wi,.d.e grou:rniwater 
mrmltnrin!!. t!~UJis. ·nus ~.we muv. uu::Jt:.1e .. biJI 1£ not hmitro to, descrip«:iorl~· of

!!;A."ll'Jlliqg melhads. 12lltple haOOliog j.Wcedures, procedures for roUecting field •,~~o·;uer 

qualJt:!o• mtagjJft;'lteuts, ih'Y field equipmcm and calilx'a1Hm prO<:edures, 'I.JIU~er le••el 
tt:ttitsureruent.. J!i.lrgi.ng aruv.ities, and dro:-ntsm1Mr:ion prt..'lCed1Jre; This ~ecti011 m~t pl~r;o 
&ddrc::ss £n.vestigation D~ri,•ed \\' a:;t<: (IDWI 

• The Pamt~ mtz~t i.ndude ~Schedule SiOC"J.OO that proposes o sclx->;JI,l)C fof tl11: 

gruurnlw!ll.s' maoit(lm~. 
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Appendix B: Gallup Field Sampling Collection and Handling Standard Procedures 

Field Data Collection: Elevation and Purging 

All facility monitoring wells and recovery wells are gauged as required through the year. 

Gallup does not have any recovery well pumps that need to be shut off and removed prior 

to water elevation measurements. 

All water/product levels are measured to an accuracy of the nearest 0.01 foot using an 

electrical conductivity based meter, the Heron Instruments 100ft. DipperT electric water 

depth tape complying with US GGG-T -1 06E, EEC Class II. After determining water 

levels, well volumes are calculated using the appropriate conversion factors for a given 

well based on its internal diameter. Volume is equal to the height of the liquid column 

times the internal cross-sectional area of the well. 

Generally, at least three well volumes (or a minimum of two if the well has low recharge) 

are purged from each well prior to sampling. Field water quality parameters measured 

during purging (pH, electrical conductivity, temperature, and dissolved oxygen), must 

stabilize to within 10% for a minimum of three consecutive measurements before 

collection of ground water samples from each well. 

Before sample collection can begin, the water collected from each monitoring well must 

be fresh aquifer water. Well evacuation replaces stagnant well water with fresh aquifer 

water. The water level in the well, total depth of well and thickness of floating product 

(if any) will be measured using the DipperT electric water depth tape. If product is 

present, a ground water sample is typically not obtained. 

If a well is pumped or bailed dry before two or three well volumes can be evacuated, it 

requires only that sufficient time elapse for an adequate volume of water to accumulate 

for the sampling event. The first sample will be tested for pH, temperature, specific 

conductivity and dissolved oxygen(%). The well will be retested for pH, temperature, 

specific conductivity and dissolved oxygen(%) after sampling as a measure of purging 

efficiency and as a check on the stability of the water samples over time. All well 

evacuation information will be recorded in a log book. 

Wells MW-1, MW-2, MW-4, MW-5, BW-1C, BW-2A, BW-2B, BW-3B, SMW-4, 

OW13, OW14, OW29 and OW30 are each equipped with a dedicated electrical pump. 

The remaining wells are purged using a portable Grundfos pump. Recovery wells and 

NAPIS-1, NAPIS-2, NAPIS-3 and KA-3 are hand-bailed as well as GWM1 and GWM2 

and GWM3 are hand-bailed if the presence ofwater is detected. 

Purged well water from wells is collected in fifty five gallon drums and disposed of 

upstream of the NAPIS. The water is treated in the refinery's waste water treatment 

system. 
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Sampling Equipment at Gallup 

The following sampling equipment is maintained at Gallup and used by the sampling 

personnel: 

• Heron Instruments 100 ft. DipperT electric water depth tape complying with US 

GGG-T -1 06E, EEC Class II. 

• Pall Corporation Aero 50A 0.45 micron disposable filter used with 60 ml. 

disposable syringe for filtering water in the field. 

• YSI pH/Conductivity meter Model63, calibrated with a one-point, two-point, or 

three-point calibration procedure using pH standards of7, 4 and 10 . 

• IQ Scientific Instruments, pH/Temperature/Conductivity/ Dissolved Oxygen 

meter, Model IQ1806LP. 

• Grundfos 2-inch pumps with Grundfos 115-volt AC-to-De converter. 

Calibration and maintenance procedures will be performed according to the 

manufacturer's specifications. 

Order of Collection 

Samples will be collected in the order listed below: 

Parameter 

VOC, SVOC 
TOC 
Extractable Organics 
Metals* Total and Dissolved 
Phenols, Cyanide 
Chloride, Sulfate, Nitrates 

Bottle Type 

40 ml VOA vials, (H2S04) 
1 liter glass jar, H2S04 
1 liter glass jar with Teflon ™ cap 
500 ml, 125 ml plastic, HN03 
1 liter glass jar 
1 liter plastic, no preservative 

* Prefiltration bottle for dissolved metals which is subsequently filtered and transferred to 

a pint plastic bottle with HN03. 

Filtration 

Ground water samples are filtered prior to dissolve metals analysis. For dissolved metals, 

sample water is poured into a jar and then extracted with a syringe. The syringe is then 

used to force the sample water through a 0.45 micron pore filter paper filter into the 

proper sample bottle to collect dissolved metals samples. Filtration must be performed 

within two hours of sample collection. Pour the filtrate into a sample bottle containing 

HN03 preservative. 
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For samples destined for total metals analysis, do not filter the sample, and preserve with 

HN03 to pH <2 in the field. 

Gallup sampling personnel carry a cell phone when gathering ground water and other 

water samples. While sampling procedures are generally well known and the appropriate 

sample bottles are ordered to match each sampling event, occasional questions do arise 
from unforeseen circumstances which may develop during sampling. At such times, 
sampling personnel contact Hall Environmental Analytical Laboratory to verify that 
sampling is correctly performed. 

Sample Handling Procedures 

At a minimum, the following procedures will be used when collecting samples: 

• Neoprene, nitrile, or other protective gloves will be worn when collecting 
samples. New disposable gloves will be used to collect each sample. 

• All samples collected for chemical analysis will be transferred into clean sample 
containers supplied by the analytical laboratory. The sample container will be 
clearly marked. Sample container volumes and preservation methods will be in 
accordance with the most recent standard EPA and industry accepted practices for 
use by accredited analytical laboratories. Sufficient sample volume will be 
obtained for the laboratory to complete the method-specific QC analyses on a 
laboratory-batch basis. 

• Sample labels and documentation will be completed for each sample. 

Immediately after the samples are collected, they will be stored in a cooler with ice or 

other appropriate storage method until they are delivered to the analytical laboratory. 

Standard chain-of-custody procedures, as described in Section 4.2.1 of this Plan, will be 

followed for all samples collected. All samples will be submitted to the laboratory to 

allow the laboratory to conduct the analyses within the method holding times. 

General Well Sampling Procedures 

For safety protection and sampling purity, rubber gloves are worn and changed between 
each activity. 

Prepare for sampling event by making out sample bottle labels and have bottles separated 

into plastic bags for each well to be sampled and placed in an ice chest ready to take into 

the field. Bring along a note book and sample log. Document weather conditions, sample 

date and time. Fill in label with location, date, time, analysis, preservative, and your 

name. Start sampling by adjusting converter speed for each well. Affix sample label and 

fill bottle according to lab instructions. For samples intended for VOC analysis, use 

bottles with septa lids, fill bottle to neck and add final amount of water with cap to form 

meniscus. Tum bottles upside down to examine for bubbles, if bubbles are detected in 
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the vial, repeat collection procedure.. If no bubbles show, secure lids and pack in bubble 
wrap and place in cooler until sampling is completed. 

Decontaminate equipment that is not dedicated for use in a particular well. 

Refrigerate completed samples until shipping to lab. Be sure to check holding times and 
arrange for appropriate shipping method. 

Be sure that the field effort is adequately staffed and equipped. Check QC requirements 
before departing-QC samples require additional equipment and supplies. 

Surface Water Sample Collection 

At the evaporation ponds, samples will be collected as a grab sample at the pond edge 
near the inlets. This location will be noted in the field notebooks. The sampler will avoid 
disturbing sediment and gently allow the sample container to fill making sure that undue 
disturbance does not allow volatile contaminants to be lost. The sample bottle will be 
used for the sample collection in a shallow location near the bank. If a separate bottle/ 
bailer is used to refill the sample container, this will be duly noted in the field log books. 
The decision to use a separate bottle/bailer will be made, if at all, by the sampler and the 
reasons for doing so will be noted in the field log book. 

Upon arrival at the field site, the sampler will set out safety equipment such as traffic 
cones and signs (if required). The vehicle will be parked a sufficient distance away so as 
to prevent sample contamination from emissions. Appropriate sample containers and 
gloves must be used for the type of analyses to be performed. 

Decontamination Procedures 

The objective of the decontamination procedures is to minimize the potential for cross
contamination 

The majority of field equipment used for ground water sampling will be disposable and, 
therefore, not require decontamination. In order to prevent cross-contamination, field 
equipment that comes into contact with water or soil will be decontaminated between 
each sampling location. The decontamination procedure will consist of washing the 
equipment with a non-phosphate detergent solution (examples include Fantastik™, Liqui
Nox®), followed by two rinses of distilled water and air dried. 

Decontamination water and rinsate will be contained and disposed of the same way as 
purge water, as described in Section 4.2. Decontamination procedures and the cleaning 
agents used will be documented in the daily field log. 

Field Equipment Calibration Procedures 
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Field equipment requiring calibration will be calibrated to known standards, in 

accordance with the manufacturers' recommended schedules and procedures. Calibration 

checks will be conducted daily and the instruments will be recalibrated if necessary. 

Calibration measurements will be recorded in the daily field logs. 

If field equipment becomes inoperable, its use will be discontinued until the necessary 

repairs are made. A properly calibrated replacement instrument will be used in the 

interim. Instrumentation used during sampling events will be recorded in the daily field 

logs. 

Collection and Management of Investigation Derived Waste 

Investigation derived waste (IDW) generated during each groundwater sampling event 

may include purge water, decontamination water, excess sample material, and disposable 

sampling equipment. All water from all wells generated during sampling and 

decontamination activities will be temporarily stored in labeled 55-gallon drums until 

disposed in the refinery wastewater treatment system upstream of the API separator. All 

other solid waste generated during sampling activities (including sampling gloves, tubing, 

etc) will be disposed of with the Refinery's general municipal waste. 

Documentation of Field Activities 

Daily field activities, including observations and field procedures, will be recorded using 

indelible ink on field sampling forms. The original field forms will be maintained at 

Gallup Refinery. Completed forms will be maintained in a bound and sequentially 

numbered field file for reference during field activities. The daily record of field activities 

will include the following information: 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Well ID/ Evaporation pond location/ Outfall 

Date 
Start and finish sampling time 

Field team members, including visitors 

Weather conditions 

Daily activities and times conducted 

Observations 
Record of samples collected with sample designations 

Photo log (if needed) 
Field monitoring data, including health and safety monitoring (if needed) 

Equipment used and calibration records, if appropriate 

List of additional data sheets and maps completed 

An inventory of the waste generated and the method of storage or disposal 

Signature of personnel completing the field record 
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Sample Custody 

All samples collected for analysis will be recorded in the field report or data sheets. 

Chain-of-custody forms will be completed at the end of each sampling day, prior to the 

transfer of samples off site, and will accompany the samples during shipment to the 

laboratory. A signed and dated custody seal will be affixed to the lid of the shipping 

container. Upon receipt of the samples at the laboratory, the custody seals will be broken, 

the chain-of-custody form will be signed as received by the laboratory, and the conditions 

of the samples will be recorded on the form. The original chain-of-custody form will 
remain with the laboratory. Gallup Refinery will maintain copies of all chain -of-custody 

forms generated as part of sampling activities. Copies of the chain-of-custody records 

will be included with all draft and final laboratory reports submitted to NMED and OCD. 

38 



I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_ Appendix C-1 
2011 Annual/Quarterly Sampling DTB/DTW Measurements 

--

A 

Casing Ground 
Date of Well ID Inspection or 

Diameter Level 
Installation Number Sample Date 

(Inch) Elevations 
(ft) 

11/10/2003 BW-1A 10/28/2011 2.00 6,874.10 

10/28/2003 BW-1B 10/28/20 11 2.00 6,874. 13 

11110/2003 BW-1C 10/28/201 1 2.00 6,873.95 

11 /10/2003 BW-2A 10/28/201 I 2.00 6,871.88 

10/28/2003 BW-2B 10/28/2011 2.00 6,871.66 

10/28/2003 BW-2C 10/28/2011 2.00 6,872.90 

6/15/2004 BW-3A 10/28/2011 2.00 6,875.94 

10/15/2003 BW-3B 10/28/2011 2.00 6,876.16 

7/20/2004 BW-3C 10/28/2011 2.00 6,875.72 

9/25/1981 OW-11 10/26/2011 4.00 6,922.05 

12/1511980 OW-12 10/26/2011 4.00 6,939.57 

10/14/1981 MW-1 10/6/2011 5.00 6,876.63 

10/1511981 MW-2 10/10/2011 5.00 6,878.39 

10/16/1981 MW-4 10/12/2011 5.00 6,879.89 

7/2111986 MW-5 10/10/2011 4.00 6,880.20 

9/26/1985 SMW-2 10112/2011 2.00 6,881 .63 

9/25/1985 SMW-4 10/10/2011 2.00 6,877.63 

115/1981 OW-l 12/15/2011 4.00 6,866.32 

10/13/201 1 4.00 6,866.32 

10/26/2011 4.00 6,866.32 

6/20/2011 4.00 6,866.32 

2/28/2011 4.00 6,866.32 

---

Ground 
Well Casing Elevation 

Rim Inside Steel 
Elevations Sleeve 

(ft) (ft) 

6,876.68 6,872.30 

6,876.94 6,876.26 

6,876.78 6,872.28 

6,874.69 6,870.45 

6,874.50 6,870.06 

6,875.30 6,872.02 

6,878.39 6,875.08 

6,878.59 6,875.41 

6,877.95 6,875.27 

6,923 .51 6,921.80 

6,940.69 6,939.04 

6,878.12 6,876.79 

6,880.30 6,878.41 

6,881 .63 6,879.34 

6,882.83 6,881.77 

6,883.97 6,879.07 

6,879.52 6,875.72 

6,866.62 6,866.44 

6,866.62 6,866.44 

6,866.62 6,866.44 

6,866.62 6,866.44 

6,866.62 6,866.44 

\VELL DATA 2011 ANNUALLQUARTERLY SAMPLING 
2011 DTB/DTW MEASUREMENTS 

D=A-C =0.8 B+D 

Stick-up 
Well Casing 

Total Well 
A B c Ground Corrected 

length 
Bottom 

Depth 
Depth to SPH Depth to water Water 

(ft) 
Elevations (ft) 

SPH Thickness Water Elevation Table 
(ft) (ft) (ft) (ft) (ft) Elevation 

4.38 6,839.06 37.62 N/A N/A 0.00 DRY N/A 

0.68 6,809.49 67.45 N/A N/A 0.00 DRY N/A 

4.50 6,740.39 136.39 N/A N/A 6.11 6,867.84 N/A 

4.24 6,807.12 67.57 N/A N/A 32.16 6,839.72 N/A 

4.44 6,782.24 92.26 NIA N/A 27.56 6,844.10 N/A 

3.28 6,722.46 152.84 N/A N/A 20.18 6,852.72 N/A 

3.31 6,826.04 52.35 N/A N/A 0.00 DRY N/A 

3. 18 6,809.19 69.40 N/A N/A 32.10 6,844.06 N/A 

2.68 6,723 .40 154.55 N/A N/A 7.62 6,868.10 N/A 

1.71 6,857.72 65.79 N/A N/A 20.83 6,901.22 NIA 

1.65 6,811.84 128.85 NIA N/A 48.00 6,891 .57 N/A 

1.33 6,747.29 130.83 N/A N/A 6.79 6,869.84 N/A 

1.89 6,742.82 137.48 N/A N/A 8.80 6,869.59 N/A 

2.29 6,759.91 121.72 N/A N/A 7.72 6,872.17 N/A 

1.06 6,752.00 130.83 N/A N/A 14.52 6,865 .68 N/A 

4.90 6,83 1.1 7 52.80 N/A N/A 25.58 6,856.05 N/A 

3.80 6,809.84 69.68 N/A N/A 29.33 6,848.30 N/A 

0.18 6,772.07 94.55 N/A N/A 3.48 6,862.84 N/A 

0. 18 6,772.07 94.55 N/A N/A 0.00 6,866.32 NIA 

0.18 6,772.07 94.55 N/A N/A 0.1 7 6,866.15 N/A 

0.18 6,772.07 94.55 N/A N/A 1.90 6,864.42 N/A 

0.18 6,772.07 94.55 N/A N/A 1.84 6,864.48 N/A 

Screened Purge 
Interval Stratigraphic unit 2012 Re-Evaluated Volume= 

Depth Top to in which screen Stratigraphic unit in 3 Well Vol 
Bottom (ft) exists which screen exists 1 (gal) 

30-35 Chinle/ Alluvium Upper Sand N/A 

54.6-64.6 Chinle/ Alluvium Chinle/Alluvium Interfact N/A 

125 -135 Sonsela Sandstone Sonsela 63.66 

55 - 65 Chinle/ Alluvium Upper Sand 17.32 

80-90 Sonsela Sandstone Chinle/Alluvium Interfact 31.64 

139.5- 149.5 Sonsela Sandstone Sonsela 64.87 

39.5 - 49.5 Chin le/Alluvium Upper Sand N/A 

63-73 Chinle/Alluvium Chinle/Alluvium Interfact 18.24 

144.5 - 154.5 Sonsela Sandstone Sonsela 71.8 

43-65 Chinle/ Alluvium Sonsela 99.81 

117.8- 137.8 Sonsela Sandstone Sonsela 179.49 

117.72- 127.72 Chinle/ Alluvium Sonsela 379.56 

112 - 122 Chinle/All uvium Sonsela 393.76 

101 - 121 Sonsela Sandstone Sonsela 348.84 

115 - 125 Sonsela Sandstone Sonsela 258.2 1 

34.31 - 54.31 Chinle/ All uvi urn 
Chinle/Alluvium and 

13 .31 
Upper Sand 

51.7-71.7 Chinle Alluvium Chinle/Alluvium Interfact 19.73 

89.3-99.3 Sonsela Sandstone Sonsela 178 

89.3 - 99.3 Sonsela Sandstone Sonsela 209.52 

89.3 - 99.3 Sonsela Sandstone Sonsela 209.52 

89.3 - 99.3 Sonsela Sandstone Sonsela 204.55 

89.3 - 99.3 Sonsela Sandstone Sonsela 204.68 
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Appendix C-1 
201 1 Annual/Quarterly Sampling DTB/DTW Measurements 

A 

Casing Ground 
Date of Well ID Inspection or 

Diameter Level 
Installation Number Sample Date 

(Inch) Elevations 
(ft) 

11125/1980 OW-10 12/15/2011 4.00 6,873.67 

10/13/2011 4.00 6,873.67 

10/26/2011 4.00 6,873.67 

6/20/2011 4.00 6,873.67 

2/28/2011 4.00 6,873.67 

12110/1980 OW-13 12/ 13/20 11 4.00 6,918.95 

10/25/2011 4.00 6,918.95 

6/20/2011 4.00 6,918.95 

2/24/2011 4.00 6,918.95 

12/17/1980 OW-14 12/13/2011 4.00 6,924.55 

10/24/2011 4.00 6,924.55 

6/20/2011 4.00 6,924.55 

2/24/2011 4.00 6,924.55 

8/23/1996 OW-29 12/13/2011 4.00 6,913.89 

10/24/20 11 4.00 6,913 .89 

6/20/20 11 4.00 6,913.89 

2/24/20 11 4.00 6,913.89 

8/2811996 OW-30 12/15/2011 4.00 6,921.81 

10/24/2011 4.00 6,92 1.81 

6/20/2011 4.00 6,921.81 

2/24/2011 4.00 6,921.81 

10/5/2009 OW-503 12/15/2011 2.00 6,912.63 
-~ 

Ground 
Well Casing Elevation 

Rim Inside Steel 
Elevations Sleeve 

(ft) (ft) 

6,874.91 6,872.59 

6,874.91 6,872.59 

6,874.91 6,872.59 

6,874.9 1 6,872.59 

6,874.91 6,872.59 

6,920.07 6,915.33 

6,920.07 6,915.33 

6,920.07 6,915.33 

6,920.07 6,915.33 

6,926.65 6,924.40 

6,926.65 6,924.40 

6,926.65 6,924.40 

6,926.65 6,924.40 

6,917.00 6,912.09 

6,917.00 6,912.09 

6,917.00 6,912.09 

6,917.00 6,912.09 

6,924.69 6,919.84 

6,924.69 6,919.84 

6,924.69 6,919.84 

6,924.69 6,919.84 

6,914.21 6,911.46 
--------- L_ _ __ _____ _ __ 

\VELL DATA 2011 ANNUAL/QUARTERLY SAMPLING 
2011 DTB/DTW MEASUREMENTS 

D=A-C =0.8 B+D 

Stick-up 
Well Casing 

Total Well 
A B c Ground Corrected 

length 
Bottom 

Depth 
Depth to SPH Depth to water Water 

Elevations SPH Thickness Water 
(ft) (ft) Elevation Table 

(ft) (ft) (ft) (ft) (ft) Elevation 

2.32 6,814.58 60.33 N/A N/A 0.78 6,872.89 N/A 

2.32 6,814.58 60.33 N/A N/A 0. 19 6,873.48 N/A 

2.32 6,814.58 60.33 N/A N/A 0.42 6,873.25 N/A 

2.32 6,814.58 60.33 N/A N/A 1.40 6,872.27 N/A 

2.32 6,814.58 60.33 N/A N/A 0.35 6,873.32 N/A 

4.74 6,820.92 99.15 N/A N/A 23.00 6,895.95 N/A 

4.74 6,820.92 99.15 N/A N/A 23.14 6,895.81 N/A 

4.74 6,820.92 99.15 N/A N/A 23 .19 6,895.76 N/A 

4.74 6,820.92 99.15 N/A N/A 23.32 6,895.63 N/A 

2.25 6,880.13 46.52 N/A N/A 25.19 6,899.36 N/A 

2.25 6,880.13 46.52 N/A N/A 25.38 6,899.17 N/A 

2.25 6,880.13 46.52 N/A N/A 25.45 6,899.10 N/A 

2.25 6,880.13 46.52 N/A N/A 25 .69 6,898.86 N/A 

4.9 1 6,865.92 51.08 N/A N/A 20.00 6,893.89 N/A 

4.91 6,865.92 51.08 N/A N/A 20.06 6,893 .83 N/A 

4.91 6,865.92 51.08 N/A N/A 20.44 6,893.45 N/A 

4.91 6,865.92 51.08 N/A N/A 20.49 6,893.40 N/A 

4.85 6,874.79 49.90 N/A N/A 24.64 6,897.17 N/A 

4.85 6,874.79 49.90 N/A N/A 24.70 6,897.11 N/A 

4.85 6,874.79 49.90 N/A N/A 24.80 6,897.01 N/A 

4.85 6,874.79 49.90 N/A N/A 24.91 6,896.90 N/A 

2.75 6,850.21 64.00 N/A N/A 17.30 6,895.33 N/A 
--

Screened Purge 
Interval Stratigraphic unit 2012 Re-Evaluated Volume= 

Depth Top to in which screen Stratigraphic unit in 3 Well Vol 
Bottom (ft) exists which screen exists 1 (gal) 

40 - 60 Chinle/ Alluvium Sons lea 116 

40 - 60 Chinle/All uvium Sonsela 133.51 

40-60 Chinle/ Alluvium Sonsela 133 

40-60 Chinle/Alluvium Sonsela 147.85 

40-60 Chinle/ Alluvium Sonsela 150. 18 

78.2 - 98.2 Sonsela Sandstone Sonsela 150 

78.2-98.2 Sonsela Sandstone Sonsela 168.74 

78.2-98.2 Sonsela Sandstone Sonsela 170.52 

78.2-98.2 Sonsela Sandstone Sonsela 170.23 

35-45 Chinle/ Alluvium Chinle/ Alluvium Interfact 42 : 

35-45 Chinle/ Alluvium Chinle/Alluvium 1nterfact 46.93 
i 

35 - 45 Chinle/Alluvium Chinle/Alluvium Interfact 43.4 

35-45 Chinle/Alluvium Chinle/Alluvium 1nterfact 42.87 

37.5 - 47.5 Chinle/Alluvium Chinle/Alluvium lnterfact 61 

37.5 - 47.5 Chinle/ Alluvium Chinle/ Alluvium Interfact 68.4 

37.5-47.5 Chinle/All uvium Chinle/Alluvium lnterfact 63.4 

37.5-47.5 Chinle/Alluvium Chinle/ Alluvium Interfact 69.95 

37.9 - 47.9 Chinle/Alluvium Chinle/Alluvium lnterfact 50 

37.9 - 47.9 Chinle/ Alluvium Chinle/ Alluvium Interfact 55.94 

37.9 - 47.9 Chinle/Alluvium Chinle/Alluvium Interfact 52.39 

37.9 - 47.9 Chinle/ Alluvium Chinle/ All uvi urn Interfact 52.15 

48-63 Chinle/ Alluvium Chinle/Alluvium Interfact 23 
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Appendix C-1 
2011 Annual/Quarterly Sampling DTB/DTW Measurements 

--

A 

Casing Ground 
Date of Well ID Inspection or 

Diameter Level 
Installation Number Sample Date 

(Inch) Elevations 
(ft) 

10/25/20 11 2.00 6,912.63 

6/20/2011 2.00 6,912.63 

3/1/2011 2.00 6,912.63 

10/5/2009 OW-523 12/13/2011 2.00 6,906.53 

10/25/2011 2.00 6,906.53 

6/20/2011 2.00 6,906.53 

3/1/2011 2.00 6,906.53 

7/8/2004 GWM-1 12/14/2011 2.00 6,910.22 

9/26/2011 2.00 6,910.22 

6115/2011 2.00 6,910.22 

2/16/2011 2.00 6,910.22 

9/25/2005 GWM-2 12/14/2011 2.00 6,910.32 

9/26/2011 2.00 6,910.32 

6115/20 11 2.00 6,910.32 

2/16/20 11 2.00 6,910.32 

9/25/2005 GWM-3 12/ 14/20 11 2.00 6,907.35 

9/26/2011 2.00 6,907.35 

6115/2011 2.00 6,907.35 

2/16/20 11 2.00 6,907.35 

3/14/2008 NAPIS-1 12/14/201 1 2.00 6,913.62 

9/27/2011 2.00 6,913.62 

6/15/2011 2.00 6,913.62 

Ground 
Well Casing Elevation 

Rim Inside Steel 
Elevations Sleeve 

(ft) (ft) 

6,914.21 6,911.46 

6,914.2 1 6,911.46 

6,9 14.2 1 6,911.46 

6,907.68 6,905.31 

6,907.68 6,905.31 

6,907.68 6,905.3 I 

6,907.68 6,905.31 

6,912.61 6,908.36 

6,912.61 6,908.36 

6,912.61 6,908.36 

6,912.61 6,908.36 

6,913.09 6,908.05 

6,913.09 6,908.05 

6,913.09 6,908.05 

6,913.09 6,908.05 

6,910.25 6,905 .48 

6,910.25 6,905.48 

6,910.25 6,905.48 

6,910.25 6,905.48 

6,913 .86 6,913.56 

6,913 .86 6,913.56 

6,913.86 6,9 13.56 

ELL DATA 20ll ANNUAL/QUARTERLY SAMaiNG 
2011 DTBffiTW MEASUREMENTS 

D=A-C =0.8 B+ D 

Stick-up 
Well Casing 

Total Well 
A B c Ground Corrected 

length 
Bottom 

Depth 
Depth to SPH Depth to water Water 

(ft) 
Elevations 

(ft) 
SPH Thickness Water Elevation Table 

(ft) (ft) (ft) (ft) (ft) Elevation 

2.75 6,850.2 1 64.00 N/A N/A 17.51 6,895.12 N/A 

2.75 6,850.21 64.00 N/A N/A 17.61 6,895.02 N/A 

2.75 6,850.21 64.00 N/A N/A 17.61 6,895.02 N/A 

2.37 6,829.94 77.74 N/A N/A 15 .90 6,890.63 N/A 

2.37 6,829.94 77.74 N/A N/A 16.14 6,890.39 N/A 

2.37 6,829.94 77.74 N/A N/A 16.09 6,890.44 N/A 

2.37 6,829.94 77.74 N/A N/A 16.18 6,890.35 N/A 

4.25 6,886.41 26.20 N/A N/A 16.08 6,894 .14 N/A 

4.25 6,886.41 26.20 N/A N/A 16.42 6,893.80 N/A 

4.25 6,886.41 26.20 N/A N/A 15 .82 6,894.40 N/A 

4.25 6,886.41 26.20 N/A N/A 15.99 6,894.23 N/A 

5.04 6,894.28 18.81 N/A N/A 15.40 6,894.92 N/A 

5.04 6,894.28 18.81 N/A N/A 15.89 6,894.43 N/A 

5.04 6,894.28 18.81 N/A N/A 15.02 6,895.30 N/A 

5.04 6,894.28 18.81 N/A N/A 15.08 6,895.24 N/A 

4.77 6,892.45 17.80 N/A N/A 14.35 6,893.00 N/A 

4.77 6,892.45 17.80 N/A N/A 15.64 6,891.71 N/A 

4.77 6,892.45 17.80 N/A N/A 14.20 6,893.15 N/A 

4.77 6,892.45 17.80 N/A N/A 12.84 6,894.51 N/A 

0.30 6,900.33 13.53 N/A N/A 7.45 6,906.17 N/A 

0.30 6,900.33 13.53 N/A N/A 7.30 6,906.32 N/A 

0.30 6,900.33 13.53 N/A N/A 7.96 6,905 .66 N/A 

- - --

Screened Purge 
Interval Stratigraphic unit 2012 Re-Evaluated Volume= 

Depth Top to in which screen Stratigraphic unit in 3 Well Vol 
Bottom (ft) exists which screen exists 1 (gal) 

48 - 63 Chinle/ Alluvium Chinle/Alluvium Interfac{ 22.73 

48 - 63 Chinle/Alluvium Chinle/ Alluvium Interfac{ 22.2 

48-63 Chinle/ Alluvium Chinle/Alluvium Interfac{ 22.2 

64-79 Chinle/ Alluvium Chinle/ Alluvium Interface 30 

64 -79 Chinle/ Alluvium Chinle/Alluvium Interface 30.12 

64 - 79 Chinle/Alluvium Chinle/ Alluvium Interfact 30.76 

64- 79 Chinle/ Alluvium Chinle/ Alluvium Interfac1 30.72 

17.5- 23 .5 Chinle/ Alluvium Chinle/ Alluvium Interfact 4.9 

17.5 - 23.5 Chinle/ Alluvium Chinle/All uvium Interfact 4.78 

17.5- 23.5 Chinle/ Alluvium Chinle/Alluvium lnterfact 3.84 

17.5 - 23.5 Chinle/ Alluvium Chinle/Alluvium lnterfact 3.16 

3.2- 16.2 Chinle/ Alluvium Chinle/Alluvium Interfact 1.6 

3.2- 16.2 Chinle/ Alluvium Chinle/ Alluvium Interfact 1.51 

3.2- I6.2 Chinle/ Alluvium Chinle/ Alluvium Interfact 1.93 

3.2 - 16.2 Chinle/Alluvium Chinle/ Alluvium Interfact 0.7 

3 - 15 Chinle/Alluvium Chinle/ Alluvium Interfact 1.7 

3- 15 Chinle/ Alluvium Chinle/Alluvium lnterfact 3.94 

3 - 15 Chinle/ Alluvium Chinle/All uvium Interfac1 1.82 

3- 15 Chinle/ Alluvium Chinle/Alluvium Interfac1 0.46 

3.7- 13.7 Chinle/Alluvium Chinle/All uvium Interfac1 3 

3.7- 13.7 Chinle/Alluvium Chinle/ Alluvium Interfac1 3.05 

3.7 - 13.7 Chinle/ Alluvium Chinle/ Alluvium Interfac{ 2.95 
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Appendix C-1 
2011 Annual/Quarterly Sampling DTB/DTW Measurements 

A 

Casing Ground 
Date of Well ID Inspection or 

Diameter Level 
Installation Number Sample Date 

(Inch) Elevations 
(ft) 

3/2/2011 2.00 6,913.62 

3/14/2008 NAPIS-2 12/14/2011 2.00 6,913.40 

9/27/2011 2.00 6,913.40 

6115/2011 2.00 6,913.40 

3/2/2011 2.00 6,913.40 

3/14/2008 NAPIS-3 12/14/2011 2.00 6,913.38 

9/27/2011 2.00 6,913.38 

6/15/2011 2.00 6,913.38 

3/2/2011 2.00 6,913.38 

6/1112007 KA-3 12/14/2011 2.00 6,913 .29 

9/27/2011 2.00 6,913.29 

6/15/2011 2.00 6,913.29 

3/2/2011 2.00 6,913.29 

3/28/1995 RW-1 11/28/2011 4.00 6,942.86 

10/3/2011 4.00 6,942.86 

6/27/2011 4.00 6,942.86 

3/9/2011 4.00 6,942.86 

3/29/1995 RW-2 11/28/2011 4.00 6,926.40 

10/3/2011 4.00 6,926.40 . 
6/27/2011 4.00 6,926.40 

3/9/2011 4.00 6,926.40 

8/27/1 997 RW-5 11/28/2011 4.00 6,941 .53 
-

Ground 
Well Casing Elevation 

Rim Inside Steel 
Elevations Sleeve 

(ft) (ft) 

6,913 .86 6,913 .56 

6,912.65 6,912.54 

6,912.65 6,912.54 

6,912.65 6,912.54 

6,912.65 6,912.54 

6,912.76 6,912.53 

6,912.76 6,912.53 

6,912.76 6,912.53 

6,912.76 6,912.53 

6,912.52 6,912.20 

6,912.52 6,912.20 

6,912.52 6,912.20 

6,912.52 6,912.20 

6,946.06 6,941.25 

6,946.06 6,941.25 

6,946.06 6,941.25 

6,946.06 6,941.25 

6,928.53 6,925.02 

6,928.53 6,925 .02 

6,928.53 6,925.02 

6,928.53 6,925.02 

6,943.57 6,940.82 

WELL DAIA_2011 ANNUAL/QUARTERLY SAMPLING 
2011 DTB/DTW MEASUREMENTS 

D-A-C -0.8B+D 

Stick-up 
Well Casing 

Total Well 
A B c Ground Corrected 

length 
Bottom 

Depth 
Depth to SPH Depth to water Water 

(ft) 
Elevations 

(ft) 
SPH Thickness Water Elevation Table 

(ft) (ft) (ft) (ft) (ft) Elevation 

0.30 6,900.33 13.53 N/A N/A 7.47 6,906.15 N/A 

0.11 6,899.04 13.61 N/A N/A 8.20 6,905.20 N/A 

0.11 6,899.04 13.61 N/A N/A 8.18 6,905.22 N/A 

0.11 6,899.04 13.61 N/A N/A 8.67 6,904.73 N/A 

0.11 6,899.04 13 .61 N/A N/A 9.14 6,904.26 N/A 

0.23 6,882.34 30.42 N/A N/A 8.30 6,905.08 N/A 

0.23 6,882.34 30.42 N/A N/A 7.74 6,905 .64 N/A 

0.23 6,882.34 30.42 N/A N/A 7.89 6,905.49 N/A 

0.23 6,882.34 3Q.42 N/A N/A 8.11 6,905 .27 N/A 

0.32 6,889.32 23.20 N/A N/A 8.08 6,905 .21 N/A 

0.32 6,889.32 23.20 N/A N/A 8.11 6,905.18 N/A 

0.32 6,889.32 23.20 N/A N/A 8.44 6,904.85 N/A 

0.32 6,889.32 23.20 N/A N/A 8.51 6,904.78 N/A 

4.81 6,903 .02 43.04 30.77 0.08 30.85 6,912.01 6912.074 

4.81 6,903.02 43.04 30.81 0.09 30.90 6,911.96 6912.032 

4.81 6,903.02 43 .04 30.52 0.11 30.63 6,912.23 6912.318 

4.81 6,903 .02 43 .04 30.04 0.11 30.15 6,912.71 6912.798 

3.51 6,888.73 39.80 0.00 0.00 31 .65 6,894.75 6894.75 

3.51 6,888.73 39.80 0.00 0.00 25.36 6,901.04 6901.04 

3.51 6,888.73 39.80 0.00 0.00 26.71 6,899.69 6899.69 

3.51 6,888.73 39.80 0.00 0.00 25.68 6,900.72 6900.72 

2.75 6,903.98 39.59 0.00 29.85 29.85 6,911.68 6935.56 
-- --- -

Screened Purge 
Interval Stratigraphic unit 2012 Re-Evaluated Volume= 

Depth Top to in which screen Stratigraphic unit in 3 Well Vol 
Bottom (ft) exists which screen exists 1 (gal) 

3.7- 13.7 Chinle/ Alluvium Chinle/ Alluvium Interfact 3.19 

4.2- 14.2 Chinle/ Alluvium Chinle/Alluvium Interfact 2.6 

4.2- 14.2 Chinle/Alluvium Chinle/Alluvium Interfact 2.66 

4.2- 14.2 Chinle/Alluvium Chinle/ Alluvium Interfact 2.85 

4.2- 14.2 Chinle/Alluvium Chinle/ Alluvium Interfact 2.62 

25.4- 30-4 Chinle/Alluvium Chinle/ Alluvium Interfact 11 

25.4- 30-4 Chinle/ Alluvium Chinle/ Alluvium Interfact 11 .09 

25.4- 30-4 Chinle/ Alluvium Chinle/Alluvium Interfact 11.15 

25.4- 30-4 Chinle/ Alluvium Chinle/ Alluvium Interfact 11 .05 

15- 25 Chinle/ Alluvium Chinle/Alluvium Interfact 7.25 

15- 25 Chinle/ Alluvium Chinle/ Alluvium Interfact 7.38 

15- 25 Chinle/ Alluvium Chinle/Alluvium Interfact 8.1 

15- 25 Chinle/ Alluvium Chinle/ Alluvium Interfact 8.06 

25-40 Chinle/ Alluvium Chinle/Alluvium Interfact NA 

25-40 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 

25-40 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 

25-40 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 

26.1-36.1 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 

26.1-36.1 Chinle/ Alluvium Chinle/Alluvium Interfact NA 

26.1-36.1 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 

26.1-36.1 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 

29.5-39.5 Chinle/ Alluvium Chinle/ Alluvium Interfact NA 
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Appendix C-1 
2011 Annual/Quarterly Sampling DTB/DTW Measurements 

Date of WeiiiD 
Installation Number 

8/27/1997 RW-6 

NOTES: 
DTB - Depth to Bottom 
DTW - Depth to Water 

Inspection or 
Sample Date 

10/3/2011 

6/27/2011 

3/9/2011 

11128/2011 

10/4/2011 

6/27/2011 

3/9/2011 

SPH = Separate Phase Hydrocarbons 

A 

Casing Ground 

Diameter Level 

(Inch) Elevations 
(ft) 

4.00 6,941.53 

4.00 6,941 .53 

4.00 6,941.53 

4.00 6,941.96 

4.00 6,941.96 

4.00 6,941.96 

4.00 6,941.96 

Corrected water table elevations are only provided if SPH was detected. 
Total well depth re-measured on 9-19-11. 

Ground 
Well Casing Elevation 

Rim Inside Steel 
Elevations Sleeve 

(ft) (ft) 

6,943.57 6,940.82 

6,943.57 6,940.82 

6,943.57 6,940.82 

6,944.01 6,941.49 

6,944.01 6,941.49 

6,944.01 6,941.49 

6,944.01 6,941.49 

WELL_DATA 2D_1_1_ANNUAL/Q_UARTERLY SAMPLING 
2011 DTB/DTW MEASUREMENTS 

D=A-C -0.8B+D 

Stick-up 
Well Casing 

Total Well 
A B c Ground Corrected 

length 
Bottom 

Depth 
Depth to SPH Depth to water Water 

(ft) 
Elevations 

(ft) 
SPH Thickness Water Elevation Table 

(ft) (ft) (ft) (ft) (ft) Elevation 

2.75 6,903.98 39.59 0.00 0.00 29.89 6,91 1.64 691 1.64 

2.75 6,903.98 39.59 0.00 30.11 30.11 6,911.42 693 5.508 

2.75 6,903.98 39.59 0.00 0.00 30.05 6,91 1.48 6911.48 

2.52 6,903 .1 1 40.90 29.90 0.03 29.93 6,912.03 6912.054 

2.52 6,903. 11 40.90 29.91 0.03 29.94 6,912.02 6912.044 

2.52 6,903.11 40.90 30. 11 0.04 30.15 6,911.81 6911.842 

2.52 6,903 .11 40.90 30.24 0.02 30.26 6,911.70 6911.716 
- ---

Screened 
Interval Stratigraphic unit 

Depth Top to in which screen 
Bottom (ft) exists 

29.5 - 39.5 Chinle/ Alluvium 

29.5 - 39.5 Chinle/ Alluvium 

29.5 - 39.5 Chinle/ Alluvium 

28.5 - 38.5 Chinle/Alluvium 

28.5 - 38.5 Chinle/ Alluvium 

28.5 - 38.5 Chinle/ Alluvium 

28.5-38.5 Chinle/ Alluvium 

1 Stratigraphic interpretation conducted by Peregrine GeoConnect to re-evaluate the named zones they produce water from. Tables were updated to reflect correct units. (See attached report from Peregrine GeoConnect in Appendix F.) 

Purge 

2012 Re-Evaluated Volume= 

Stratigraphic unit in 3 Well Vol 

which screen exists1 (gal) 

Chinle/ Alluvium Interfact NA 

Chinle/Alluvium Interfact NA 

Chinle/ Alluvium Interfact NA 

Chinle/ Alluvium Interfact NA 

Chinle/ Alluvium 1nterfact NA 

Chinle/ Alluvium Interfact NA 

Chin le/ Alluvium Interfact NA 
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Appendix C-2 
2011 Corrected Well Elevation Summary Table- Revision 2 

Date of WeiiiD 
Installation Number 

2011 CORRECTED WELL ELEVATION SUMMARY TABLE 
Revision 2- March 26,2012 

Screened 
Interval Depth 
Top to Bottom• 

(ft) 

Previus Stratigraphic 
unit in which screen 

exists 

2012 Re-Evaluated 
Stratigraphic unit in 
which screen exists' 
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Appendix C-2 
2011 Corrected Well Elevation Summary Table- Revision 2 

Date of 
Installation 

NOTES: 

W eiiiD 
Number 

* Ground elevation is to the lowest concrete pad elevation surrounding the well 
**Top segment of pvc casing not connected to coupling. Coupling is where elevation is referenced. 

2011 CORRECTED WELL ELEVATION SUMMARY TABLE 
Revision 2- March 26, 2012 

1 Surveyed by DePauli Engineering & Surveying, LLC on June 7, 2011 at request ofNMED due to discrepancies on well casing and ground level elevations. 
2 Field verified using a tape measure by Gallup Refinery field technician. 
3 2011 Survey Well Casing Bottom Elevation is determined by subtracting the 2011 Survey Well Casing Rim Elevation from the 2011 Survey Total Well Depth Measurement. 
4 Total well depth was determined using a bottom sensing meter, Testwell Water level meter with bottom sensing indicator. 
5 Previous measurements and elevations are from the Well Data Summary Table from the 2009 Annual Ground Water Monitoring Report 
6 Screened interval for each well was verfied to the well boring logs. Settlement may have occurred since installation of well which is why total well depth is higher or equal to the screened interval levels. 
7 Stratigraphic interpretation conducted by Peregrine Geoconnect to re-evaluate the named zones they produce water from. Tables were updated to reflect correct units. (See attached report from Peregrine Geoconnect in Appendix F) 

Screened 
Interval Depth 
Top to Bottom• 

(ft) 

Previus Stratigraphic 
unit in which screen 

exists 

2012 Re-Evaluated 
Stratigraphic unit in 
which screen exists' 
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Appendix D 
Table I: Gallup Refinery - Revised Ground Water Monitoring Schedule 

Sampling Location Sampling 
CollectGW 

Water Quality 
Elevation , Analytical Suite 

ID Frequency 
DTW,DTP 

Parameters 

Pilot Effluent Quarterly (Q) YOC/ DRO extended/GRO/BOB/COD/WQCC Metals 

NAPIS Effluent Q 
Gen Chem/YOC/SYOC(phenoi)/DRO extended//GRO/WQCC 

Metals 

AL2 to EP-1 Q 
Major cations/major anions/YOC/SVOC (phenoi)/DRO 

extended/GRO/WOCC Metals 

Influent to AL-l Q YOC/BOD/CO D/chlorides/DRO extended/G RO/pH/phenol 

Influent to AL-2 Q VOC/BOD/COD/chlorides/DRO extended/GRO/pH/phenol 

Influent to Evaporation 
Q 

Major cations/ major anions/pH/BOD/COD/chlorides!YOC/SYOC 

Pond I (phenoi)/DRO extended/GRO/WQCC metals 

NAPI 2ndary 
Q BTEX/DRO extended/GRO/WQCC Metals or check for fluids 

Containment 
RW-1 Q X Measure DTW,DTP 

RW-2 Q X Measure DTW,DTP 

RW-5 Q X Measure DTW,DTP 

RW-6 Q X Measure DTW,DTP 

OW-l (c) Q X Visual check for artesian flow conditions. 

OW- 10 Q X 
pH , E.C., D.O. , 
ORP Terrm TDS 

Water level measurement of the Sonsela Aquifer water table. Major 

cations/anions YOC DRO extended WOCC Metals. 

OW-13 
pH , E.C., D.O., voc 

Q X ORP, Temp, TDS 

OW- 14 
pH , E.C. , D.O., voc 

Q X ORP, Temp, TDS 

OW-29 
pH , E.C. , D.O., 

VOC 
Q X ORP, Temp, TDS 

OW-30 
pH , E.C., D.O., voc 

Q X ORP, Temp, TDS 
Check for Water - if water is detected report to OCD & NMED 

GWM-2 Q X within 24 hours . Sample for BTEX+MTBE/GRO/DRO 

lextended/maior cations/anions. 
Check for Water - if water is detected report to OCD & NMED 

GWM-3 Q X within 24 hours. Sample for BTEX+MTBE/GRO/DRO 
I extended/rna ·or cations/anions 

GWM-1 
pH , E.C. , D.O., Major cations/major anions!YOC/DRO extended/GRO/WQCC 

Q X ORP, Temp, TDS Metals 

NAPIS-I(a) 
pH , E.C., D.O., Major cations/major anions/ BTEX + 

Q X ORP, Temp, TDS MTB E/SVOCs/DRO/GRO/WOCC Metals 

NAPIS-2 (a) 
pH , E.C., D.O., Major cations/major anions/ BTEX + 

Q X ORP, Temp, TDS MTBE/SYOCs/DRO/GRO/WQCC Metals 

NAPIS-3(a) 
pH , E.C., D.O., Major cations/major anions/ BTEX + 

Q X ORP, Temp, TDS MTBE/SVOCs/DRO/GRO/WQCC Metals 

KA- 3 (a) 
pH , E.C., D.O., Major cations/major anions/ BTEX + 

Q X ORP, Temp, TDS MTBE/SYOCs/DRO/GRO/WOCC Metals 

Boiler Water & 
Semi Annual pH , E.C., D.O., 

Cooling Tower Blow Major Cations/Anions 

down inlet to EP-2 
(SA) ORP, Temp, TDS 

SA 
pH , E.C., D.O., General Chemistry!YOC/SVOC/WQCC 20.6.2.3 1 03 

Evaporation Pond I (b) ORP Temn, TDS constituents/BOD/COD/E-Coli Bacteria!RCRA 8 Metals 

SA 
pH , E.C., D.O., 

Same as Evaporation Pond I 
Evaj)oration Pond 2 (b) ORP Temp, TDS 

SA 
pH , E.C., D.O. , 

San1e as Evaporation Pond I 
Evaporation Pond 3 (b) ORP Temo. TDS 
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Appendix D 
Tab le I : Gallup Refinery- Revised Ground Water Monitoring Schedule - Continued 

Sampling Location Sampling 
Collect GW 

Water Quality 
Elevation, Analytical Suite 

ID Freq uency 
DTW, DTP 

Parameters 

SA 
pH , E.C. , D.O. , 

Same as Evaporation Pond I 
Evaporation Pond 4 (b) ORP Temp, TDS 

SA 
pH , E.C., D.O. , 

Same as Evaporation Pond I 
Evaporation Pond 5 (b) ORP Temp, TDS 

SA 
pH , E.C., D.O., 

Same as Evaporation Pond I 
Evaporation Pond 6 (b) ORP TemQ, TDS 

SA 
pH , E.C. , D.O., 

Same as Evaporation Pond I 
Evaporation Pond 7 (b) ORP Temo. TDS 

SA 
pH , E.C., D.O., 

Same as Evaporation Pond I 
Evaporation Pond 8 (b) ORP Temp_ TDS 
Evaporation Pond 9A 

SA 
pH , E.C., D.O., 

Same as Evaporation Pond I 
(b) ORP Temu, TDS 
Evaporation Pond II 

SA 
pH , E.C., D.O., 

Same as Evaporation Pond I 
b) ORP Temo. TDS 

Evaporation Pond 12A 
SA 

pH , E.C., D.O., 
Same as Evaporation Pond I 

(b) ORP Temp_ TDS 
Evaporation Pond 128 

SA 
pH , E.C., D.O., 

Same as Evaporation Pond I 
b) ORP, Temp, TDS 

Any temporary Pond 
SA 

pH , t .C ., LJ.U., 
Same as Evaporation Pond I containing fluid ORP, Temp, TDS 

BW-I A Annual (A) X 
pH , E.C., D.O., 

Major cations/anions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-2A A X 
pH , E.C., D.O., 

Major cations/anions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-3A A X 
pH , E.C ., D.O., 

Major cations/anions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-2A A X 
pH , E.C., D.O., 

Major cations/an ions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-2B A X 
pH , E.C., D.O., 

Major cations/anions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-2C A X 
pH , E.C., D.O., 

Major cations/anions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-3A A X 
pH , E.C., D.O., 

Major cations/an ions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-3B A X 
pH , E.C., D.O., 

Major cations/anions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

BW-3C A X 
pH , E.C. , D.O., 

Major cations/an ions, VOC/SVOC/WQCC Metals 
ORP, Temp, TDS 

Pond 2 Inlet A VOC/DRO extended/G RO/BOD/COD/TDS 

MW-1 A X 
pH , E.C. , D.O., 

Major cations/anions, VOC/DRO extended/GRO/WQCC Metals 
ORP Temp, TDS 

MW-2 A X 
pH , E.C., D.O., 

Major cations/an ions, VOC/DRO extended/G RO/WQCC Metals 
ORP Temo. TDS 

MW-4 A X 
pH , E.C. , D.O., 

Major cations/anions, VOC/DRO extended/G RO/WQCC Metals 
ORP Temo. TDS 

MW-5 A X 
pH , E.C. , D.O., 

Major cations/anions, VOC/DRO extended/G RO/WQCC Metals 
ORP Temo. TDS 

OW-II A X 
pH , E.C. , D.O., 

Major cations/an ions, VOC/SVOC/WQCC Metals 
ORP Temo. TDS 

OW- 12 A X 
pH , E.C. , D.O. , voc 
ORP TemP. TDS 

OW-50 (c) A X 
pH , E.C ., D.O., VOC/SVOC/WQCC Metals(Total and Dissolved), GRO/DRO/Gen 

ORP TemP. TDS Chern 

OW-52 (c) A X 
pH , E.C. , D.O. , VOC/SVOC/WQCC Metals(Total and Dissolved), GRO/DRO/Gen 

ORP Temo. TDS Chem 

OW-l (c) A X 
pH , E.C. , D.O., 

VOC/DRO extended/Major cations/anions/WQCC Metals 
ORP Temp_ TDS 

SMW-2 A X 
pH , E.C. , D.O., 

Major cations/anions!VOC/DRO extended/G RO/WQCC Metals 
ORP Temp_ TDS 

SMW-4 A X 
pH , E.C. , D.O., 

Major cations/anions!VOC/DRO extended/G RO/WQCC Metals 
ORP Temp, TDS 
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Append ix D 
Table I: Gallup Refin ery - Revised Ground Water Monitoring Schedule - Continued 

Sampling Location Sampling 
CollectGW 

Water Quality 
Elevation, Analytica l Suite 

ID Frequency 
DTW DTP 

Parameters 

Annual 
pH , E.C., D.O. , 

PW-3 beginning in X VOC/S VOC/WQCC Metals/Cyanide/Nitrates 

2009 
ORP, Temp, TDS 

PW-2 
Every 3 years. 

X 
pH , E.C. , D.O., 

VOC/SVOC/WQCC Metals/Cyanide/Nitrates 
Starting in 2008 ORP, Temp, TDS 

PW-4 
Every 3 years. 

X 
pH , E.C., D.O., 

VOC/SVOC/WQCC Metals/Cyanide/Nitrates 
Starting in 2007 ORP, Temp, TDS 

Effluent from OLD 
Monthly flow Collect monthly flow rate readings rrom the O ld API to the New 
rate measure- API Separator. If Effluent is re-routed to any other location than the 

API (storm Water ments to new New API Separator, NMED/OCD must be contacted to determine 
Separator Effluent) API separator whether additional sampling and analysis is required. 

The Analyte list for EPA Method 8260 must include MTBE 

(a.) NAPIS I, NAPIS 2, NAPIS 3: Detection of product during quarterly monitoring must comply with Section ll .F.2 (twenty-four hour 

reporting) ofNMED Post-Closure Care Permit 

(b.) Sample using the State of New Mexico approved analytical methods as required by 20.6.4.14 NMAC, as amended through February 16, 2006 

(use methods 9221-E and 922 1-F, until EPA approves 40 CFR 136 methods. (Coli lert, Colilert- 18, m-Coliblue24, membrane fil ter method)). 

Parameters are subject to change. 

(c.) Proposed changes as requested by Gallup Refinery. 

WQCC metals include the RCRA 8 metals, must be analyzed as totals and dissolved 

Evaporation Pond samples must be collected at the inlet where waste water flows into the evaporation ponds. 

NOTES: 

Pi lot Effluent - Effl uent from the Pilot Gas Station to the Aeration Lagoon 

Pond 2 Inlet- Sample collected at the inlet to Evaporation Pond 2 from Evaporation Pond I 

NAPIS Effluent- Effluent leaving the New API Separator 

AL-2 to EP- 1 - Sample collection at the inlet from Aeration Lagoon 2 to Evaporation Pond I (Influent location into EP-1) 

NAPIS I = (KA_I R); NAPIS-2 = (KA-2R), NAPIS-3 = KA-3R) - monitor wells positioned around NAPIS to detect leakage 

DO- Dissolved Oxygen; ORP- Oxygen Reduction Potential ; Temp- Temperature; E. C. - Electrical or Specific Conductivity 

TDS- Total Dissolved Solids; VOCs- Volati le Organic Compounds-EPA Method 8260, must include MTBE 

SVOCs- Semi-Volatile Organic Compounds- EPA Method 8270, must include phenol 

DRO - Diesel Range Organics- EPA Method 8015B (or as modified); GRO - Gasoline Range Organics- EPA Method 80 15B (or as modified) 

BTEX- Benzene, Toluene, Ethylbenzene, Xylene, plus Methyl Tertiary-Butyl Ether (MTBE)- EPA Method 8021 +MTB E 

DTW- Depth to Water; DTP- Depth to Product; EP- Evaporation Pond; BW -Boundary Wells 

GWM wells- located around the aeration lagoons to detect leakage 

MW- Monitor Well ; OW- Observation Well ; RW- Recovery Well ; PW- Raw Water Production Well 
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Appendix F 

Peregrine GeoConnect 

Ms. Cheryl Johnson 
Environmental Specialist 
Western Refining- Gallup Refinery 
Route 3 Box 7 
Gallup, New Mexico 87301 

P.O. BOX 422 • LAS CRUCES, NM 88004 

PH: 575-523-7674 

FAX: 575 - 523-7248 • e-mail: kingsley,vh@aol.<:om 

March 21 , 20 12 

Re: Stratigraphic Interpretation, Western Refining, Inc., Ciniza Refinery 
File No. 12-001 

Cheryl, 

Peregrine GeoConnect, Inc. has performed an evaluation of the wells you requested. The wells 

were studied to determine the named zones they produce water from. The wells all produce water from 

various relatively shallow aquifers that represent different depositional sequences that are below the 

property. 

As you are aware there are three basic zones that are monitored on the site. The uppermost zone 

has been locally named the Alluvial Sands Zone. This zone represents relatively young soils that are 

derived from the older formations to the south and east. These soils are primarily of fluvial (stream or 

river) deposition. The material was eroded from the Chinle Group formations forming the highlands to 

the south and east of the site and canied into the low valley where they were deposited as a result of 

intermittent fluviation. Earlier work at the site defined the sandy materials as a single large sand body and 

was locally named the Ciniza Sand. No formal naming process was given to the sands, however, reports 

from the 1980's and early 1990's refer these sands as the Ciniza Sand. Later, improved sampling 

technology allowed for more detailed stratigraphic evaluation of the materials and it was determined that 

rather than a large sand body the sands represented multiple channel deposits from intermittent stream 

development; likely generated as a result of storm water and seasonalmnoff from the highlands to the 

south. The source of the material has been speculated to be from the Sonsela Sandstone in the Four Mile 

Canyon and/or Six Mile Canyon areas, although there has been no reason to study the area in detail as the 

information does not significantly impact the understanding of the conditions at the site. What 

-- GEOTECHNICAL INVESTIGATION • SUBSURFACE MODELING • INTERDISCIPLINARY EDUCATION 
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Appendix F 

Western Relining Com1>any- Gnlh11> l~e line ry Well Screen Intervals 
File 12-001 

March 21, 201 2 

differentiates these sands from others in the area is that they are sinuous, lenticular, and occasionally 

isolated bodies located within clays deposited in the valley area as a result of erosion of the sandstones, 

siltstones, and claystones of the Chinle Group. The sands are often butTto orange or very light red. The 

Alluvial Sands exhibit morphology and stratigraphy of recent erosional valley fill and should not be 

classified as part of the Chinle Group. Also the sands show no cementation that would be typical of the 

sands within the Chinle Group. One other distinguishing attribute the Alluvial Sands have is that they do 

not tend to follow the regional dip of the Chinle Group bedrock. The Chinle Group bedding at the site 

tends to dip downward northwesterly across the site at an angle of approximately ten ( l 0) degrees. The 

Alluvial Sands tend to fan out across the valley in a relatively horizontal zone typically encountered at a 

depth of about thirty (30) feet and terminating on the order of forty five ( 45) to fifty (50) feet below the 

ground surface. These characteristics were used to identify the zones screened in the Alluvial Sand. 

The second zone monitored at the site is locally called the Chinle Interface Zone. This second 

zone is the interface between the upper erosional soil fill material carried into the valley as a result of 

alluviation ti·om the highlands to the south and the contact of the relatively unweathered Chinle Group 

sandstones, siltstones, and mudstones. The zone is distinguished by the presence of a gravelly or 

relatively clean sandy zone that lies directly on top of the relatively unweathered erosional surface of the 

Petrified Forest Formation within the Chinle Group. The sands and gravels form a very distinguishable 

marker bed on the relatively undisturbed shaley materials of the Petrified Forest Formation. The marker 

sands and gravels form the aquifer which lies on top of the relatively impervious shales and inunediately 

below relatively impervious clays of the valley fill. As a result, the water confined in the sands and 

gravels is somewhat artesian in most wells screened in this zone. Typically the zone ranges in thickness 

from approximately eight (8) inches to about two (2) feet. It is not unusual to see the zone thin and 

become somewhat finer to the north. This zone follows the regional dip of the Chinle Group across the 

site (ten (10) degrees) and because ofthe amount of data available the depth of the top of the zone can be 

estimated using data from other site wells and borings from earlier investigations. Although easily 

identified, because of the similar densities of the alluvial clay soils above and the upper shaley materials 

of the Petrified Forest formation below, as well as the limited thickness of the zone, continuous sampling 

techniques are normally required to identify the exact zone contacts. Earlier work lumped this zone with 

the Upper Sands and although there is some evidence there could be communication between the zones, it 

is currently believed they are geomorphically distinct. 

2 
Peregrine GeoConnect, Inc. 
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Wc.stern Relining COillJ>any - Gallu1> Refinery Well Screen lntt•rvals 
File 12-001 

March 21,201 2 

The third water producing zone that is monitored on the site is the Sonsela Sandstone. The 

Sonsela is a named member of the Petrified Forest Formation within the Chinle Group of Triassic Age. 

The Sonsela tends to also follow the local dip of approximately ten ( 1 0) degrees to the north-northwest. 

The member can be seen on the surface in the extreme southeast area of the property and south of 

Interstate 40 in both Four Mile and Six Mile Canyons. The sandstone at the site is white to very light 

brown or grey, may be massive to very thin bedded with low angle cross bedding. The sandstone is 

generally medium to coarse grained and comprised of quartz, feldspar and, in the lower portion, abundant 

mica. At this site the zone is ten ( 1 0) to twenty (20) feet in thickness and has a relatively thin shale bed 

separating the upper and lower portions of the unit. The sandstone unit is located within the Petrified 

Forest Formation of the Chinle Group and separates the Petrified Forest formation into the upper and 

lower members. When dry, the sandstone glistens in sunlight and is easily distinguished from finer and 

much thinner sandstone beds higher in the Upper Petrified Forest section. Because of the confining 

materials at the site above and below the sandstone, the water in the aquifer is artesian. Water in this 

aquifer is typically more artesian than the water in the Interface Zone and can aid in defining the 

production unit. The Sonsela Sandstone member is densely cemented and easily identified within the 

Petrified Forest Formation. 

Using the information provided above, historic knowledge of the area, correlations from 220 

borings and wells drilled at the site, as well as reports from earlier studies of the geologic conditions 

regionally and at the site, the following list of wells and the stratigraphic units they are monitoring 

(screened across) for water has been generated. 

Well Identification Stratiga·apbic Unit Screen Is Placed In 

BW-lA Upper Sand 

BW-IB Chinle-Alluvium Interface 

BW-1C Sonsela 

BW-2A Upper Sand 

BW-2B Chinle-Alluvium Interface 

BW-2C Sonsela 

BW-3A Upper Sand 

BW-3B Chinle-Alluvium Interface 

BW-3C Sonsela 
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Appendix F 

Western Relining Company - Gallup Refinery Well Screen Intervals 
l'ilc 12-00 1 

Well Identification 

OW-l 
OW-10 
OW-11 
OW-12 
OW-13 
OW-14 
OW-29 
OW-30 
OW-50 
OW-52 

MW-1 
MW-2 
MW-4 
MW-5 

RW-1 
RW-2 
RW-5 
RW-6 

SMW-2 
SMW-4 

GWM-1 
GWM-2 
GWM-3 

NAPIS-1 
NAPIS-2 
NAPIS-3 

KA-3 

March 21 , 201 2 

Stratigraphic Unit Screen Is Placed In 

Sonsela 
Sonsela 
Sonsela 
Sonsela 
Sonsela 

Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 

Sonsela 
Sonsela 
Sonsela 
Sonsela 

Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 

Chinle-Alluvium Interface and Uppc•· Sand 

Chinle-Alluvium Interface 

Chinle-Alluvium Interface 
Chinle-Alluvium Interface 

Chinle-Alluvium Interface 

Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 
Chinle-Alluvium Interface 

If you have specific questions concerning any of the wells or how they were interpreted please 

contact our office. We will discuss the matter to your satisfaction. 

Sincerely, 
Peregrine GeoConnect, Inc. 

William H. Kingsley, PE 
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0 
Newcomb 

Laguna Pueblo 

Figure 1: Regional map showing the location of the Gallup Refinery (red star along 
Interstate-40, 20 miles east of the City of Gallup). 
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Figure 2: Topographic Map of the Gallup Refinery Site- USGS Topographical Map 
-Gallup Quadrangle (Revised 1980) 
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Figure 3: Location of Wells 
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Figure 4: Generalized relationship of soils in the Gallup Refinery area: from 
NRCS!USDA Soil Survey of McKinley County. 
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Figure 5: Map of groundwater flow - Sonsela 
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Figure Sb: Map of groundwater flow- Chinle 
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