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SECTION 1 

INTRODUCTION 

This workplan for monitoring, testing, analysis, and reporting of the 
subsurface hydrocarbons at the Bloomfield Refining Company, Inc. refinery 
in Bloomfield, New Mexico has been prepared to address the Administrative 
Order issued to Gary Energy Corporation and Bloomfield Refining Company, 
Inc., pursuant to Section 3013 of the Resource Conservations and Recovery 
Act (RCRA), 42 U.S.C. §6934 (Docket No. RCRA-3013-00-185). Background 
information on the refinery, including the environmental setting, a 
comprehensive summary of the geohydrology of the site, and a summary and 
evaluation of past investigative efforts at the site has been previously 
presented to the State of New Mexico Environmental Improvement Division and 
EPA in a January 1985 report entitled "A Review of Subsurface Petroleum 
Hydrocarbons at the Bloomfield Refinery." This report is presented with 
the workplan as Exhibit 1. 

The workplan consists of three sections, including this introduction. 
Following the introduction is a description of the proposed field investi
gation in Section 2, including groundwater and surface water sampling and 
analysis, determination of water level measurements, and an electrical 
resistivity survey, as well as quality assurance/quality control and health 
and safety considerations. The project schedule is presented as Section 3. 
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SECTION 2 

PROPOSED FIELD INVESTIGATION 

The proposed field investigation at the Bloomfield Refinery consists 

of the following elements: 1) an electrical resistivity survey of poten

tially contaminated areas of the refinery; 2) additional groundwater moni

toring and water level measurements; and 3) additional sampling and anal

ysis of surface waters. These elements, as well as health and safety 

considerations and procedures which well be followed to ensure data integ

rity, are described in more detail in the following paragraphs. 

ELECTRICAL RESISTIVITY SURVEY 

An electrical resistivity survey is proposed for those areas of the 
refinery which are potentially impacted by subsurface petroleum hydrocar
bons. The survey will be conducted with a Bison Model 2350B Electrical 
Resistivity Meter or equivalent instrument which is capable of obtaining 
measurements of the earth's resistivity at various depths. This survey is 
expected to be useful in several areas. First, considering the probable 
major differences in resistivity between the upper alluvial cobble layer 
and the massively-bedded Nacimiento Formation, the top of the Nacimiento 
Formation should be easily determined in most areas. This information will 
be used to determine the subsurface slope or dip of the Nacimiento Forma
tion and the probable directions of petroleum hydrocarbon movement along 
the contact between the two formations. In particular, the resistivity 
measurements are expected to be useful in determining whether an east-west 
trending depression exists along the Nacimiento subcrop beneath the refin
ery. Secondly, the survey should provide information useful in locating 
any additional groundwater monitoring wells which may be necessary to 
define the extent of subsurface hydrocarbons. 

Approximate locations of the survey lines proposed for the electrical 
resistivity survey are shown on Figure 2.1. The resistivity survey data 
will be correlated with existing known elevations of the Nacimiento Forma
tion near monitoring wells and boreholes prior to the examination of other 
areas, primarily between the Hammond Ditch and the San Juan River, in the 
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central portion of the refinery, and in the vicinity of MW-4. Electrode 

spacings will vary depending upon the desired Information in each area but 

generally will include the upper alluvial layer. Additional survey points 

or lines may be included to develop additional information depending on the 

data developed in the field. 

GROUNDWATER MONITORING WELLS 

Four additional monitoring wells are proposed to provide information 

on the extent of petroleum hydrocarbons in the subsurface at the refinery. 

These proposed wells will be completed in the general areas shown on 

Figure 2.2. 

Well Construction 

The monitoring wells will be drilled using air rotary methods if 

possible. Otherwise mud rotary drilling will be employed. The borehole 

into the Nacimiento Formation will be advanced into the top 15 to 20 feet 

of the Nacimiento Formation as identified through cuttings. The well will 

be cased with stainless steel screening in the saturated zone followed by 

six-inch schedule 40 PVC casing. Sand will then be placed in the well 

annulus, and the height of the sand will be checked by a tremie pipe. The 

sand will extend five feet above the top of the screen. A five-foot ben

tonite seal then will be placed above the screen, and its position will be 

verified with the tremie pipe. The annulus will then be grouted from the 

top of the bentonite seal to the surface. This will ensure that any water 

in the well is from the Nacimiento Formation and not the'overlying alluvial 

cobble layer. The well will be developed by using a bailer to surge the 

well and break up any well bore mud cake. The well will be considered 

fully developed when three consecutive conductivity readings are the same. 

The three remaining wells will be completed in the cobble layer and will be 

constructed and developed in a similar manner. 

Equipment Cleaning and Decontamination 

All drilling equipment and materials (i.e., drill bits, subs, drill 

collars, drill pipe, tremie pipe, portable mud pits, Kelly casing, screens, 

and caps) shall be cleaned and void of any external oils or grease prior to 

each use. All hoses, mud pits, drill string, mud pumps, water tanks, etc. 
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FIGURE 2.2 

LOCATIONS OF EXISTING AND PROPOSED MONITORING WELLS 



shall be flushed with water before well drilling. All decontamination 

water and development water will be collected and routed to the refinery 

wastewater treatment system. All drilling mud and cuttings will be dis

posed off-site at an approved landfill. 

Sampling Equipment and Procedures 

Groundwater samples will be collected from each of the six existing 

wells and the proposed wells on a quarterly basis, using a stainless steel 

bailer. To minimize the potential for cross-contamination, the wells will 

be sampled in the order of probable hydrocarbon concentrations, progressing 

from lowest to highest. The bailer will be cleaned between samples with 

methanol or acetone, followed by a detergent (Alconox) cleaning, followed 

by a deionized water final rinse. The samples will be collected after at 

least two casing volumes have been removed from each well, and pH, con

ductivity and temperature readings indicate true formation water is being 

sampled. 

Samples from both MW-4 and the proposed wells will be analyzed for the 

acid and base/neutral priority pollutants, cyanide, phenols, priority pol

lutant metals, and volatile organic priority pollutants, plus TOC, TDS, 

chloride, and sulfate. The five remaining wells will be sampled and ana

lyzed for a shorter list of indicator parametars, including the priority 

pollutant metals, cyanide, phenols, TOC, TDS, chloride, sulfate, benzene, 

toluene, xylene, and ethylbenzene. All volatile priority pollutant samples 

will be collected in 40 ml septum vials, and the other samples will be 

collected in 1/2 gallon clean amber glass containers. 

Water Level Measurements 

Water levels will be measured in each of the wells on a monthly basis. 

Due to the complicated hydrogeology resulting from the seasonal impact of 

the Hammond Ditch, it will be necessary to monitor water levels for at 

least one full cycle, i.e. one year, to obtain data on the movement of 

groundwater in the subsurface. All water level measurements will be re

corded in a field notebook with the date and time, name of person making 

the measurement, method of determination, and other observations. This 

information will be incorporated into a water table contour map and sub

mitted to EPA on a quarterly basis. 
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Determination of Aquifer Hydraulics 

A slug test will be performed on MW-1, MW-2, or MW-4 for the purpose 

of estimating the hydraulic characteristics of the upper cobble layer. 

This test is more likely to yield usable data than a pump test given the 

thin saturated zone in the upper alluvial layer. The test is performed by 

adding a known volume of liquid to the well and monitoring the change in 

water level over time. The change in water level can then be related to 

aquifer characteristics such as the hydraulic conductivity, transmissivity, 

and storage coefficient using standard mathematical relationships. These 

data will be used to evaluate possible contamination transport in the 

subsurface, and will be submitted to EPA for review upon completion of the 

test. 

Documentation 

A field logbook will be maintained to document all activities related 

to ground water monitoring and water level measurement. The following type 

of information will be recorded as appropriate for each sample collected or 

measurement made: 

1) date and time of logbook entries; 

2) date and time of samples collected or measurements made; 

3) description of all sampling or measurement activities in chrono

logical order; 

4) name of sampler and observers, if any; 

5) field conditions (weather, etc.); 

6) identification numbers and name of samples collected; 

7) any field measurements made, such as temperature, pH, conductivity, 

etc., referenced to a time and location; 

8) identification of any photographs taken; and 

9) reference to the sample log sheet 

^jylFAcffiATER ̂SAMPClNGX 

Surface water sampling of the Hammond Ditch and San Juan River is 

proposed to provide additional information on the potential off-site migra

tion of petroleum hydrocarbons. The sampling will be scheduled to coincide 

with "worst-case" receiving water conditions: i.e. low flow conditions in 
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the San Juan River and the beginning of irrigation season for the Hammond 

Ditch (normally mid-April). 

Sampling Equipment and Procedures 

The sampling of the San Juan River will be conducted during low flow 

conditions, at a flow of 300 cfs if possible, or during the last four 

months of 1985 if low-flow conditions do not occur prior to this time. The 

flow rate of the river will be determined and documented at the time of 

sampling by direct measurement or by subtracting the reading at the USGS 

Animas River Station (09364500) from the reading at Navajo Dam (09365000). 

Three composite samples, composed of depth-integrated portions collected at 

three locations across the San Juan River, will be analyzed for base/neu

tral and acid priority pollutants fractions, priority pollutant metals, 

cyanide, phenols, TOC, sulfate, and pH. Individual samples which will be 

composited will be collected approximately two-tenths, one-half, and eight-

tenths of the distance across the San Juan River in the vicinity of the 

Hwy 44 Bridge, at the surface and approximately two-tenths and eight-tenths 

of the total river depth. These samples will be collected in clean glass 

containers and composited by volume into a single 1/2 gallon clean amber 

container. A single sample will be collected in duplicate in 40 ml. septum 

vials at the water surface, two-tenths of the distance across the San Juan 

from the refinery. These samples will be analyzed for the volatile prior

ity pollutants and should indicate whether floating hydrocarbons are 

migrating downstream from the river terrace deposits. 

Sampling of the Hammond Ditch will be conducted at the start of the 

irrigation season (normally in mid-April), when the potential for flushing 

hydrocarbons downstream is greatest. Immediately prior to the summer 

irrigation season, when the berms are removed and water begins to flow in 

the ditch, the potential for downstream impacts is greatest. 

The Hammond Ditch samples will be collected at two locations: just 

downstream of the refinery property south of Sullivan Road, and just down

stream of the API wastewater ponds. Composite depth-integrated samples 

will be collected in clean glass containers from the bank nearest the 

process area at the surface and two-tenths and eight-tenths of total ditch 

depth, and will be composited by volume in a 1/2 gallon clean amber glass 

container. These samples will be analyzed for base/neutral and acid 
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priority pollutant fractions, priority pollutant metals, pH, cyanide, and 

phenols. Grab volatile priority pollutant samples will be collected from 

the surface at the same locations 1n 40 ml septum vials. These samples 

will be collected within 24 hours of the initial release of irrigation 

water to the Hammond Ditch. 

Documentation 

Notes will be recorded during all sampling activities in a field 

logbook so that a permanent record of activities can be maintained. The 

following information will be recorded for each surface water sample col

lected: 

1) date and time of logbook entries; 

. 2) description of all sampling activities in chronological order; 

3) name of sampler and observers, if any; 

4) field conditions (weather, etc.); 

5) date and time of samples collected; 

6) identification number and name of samples collected; 

7) any field measurements made, such as temperature, pH, flow, etc., 

referenced to a time and location; 

8) identification of any photographs made; and 

9) reference to the sample log sheet. 

DATA INTEGRITY 

The integrity of the data collected will be maintained through the 

maintenace of adequate chain-of-custody procedures as well as the labora

tory quality assurance/quality control program. 

Chain of Custody 

All samples will be appropriately preserved and delivered to the 

laboratory within EPA recommended holding times. The samples will normally 

be iced and placed in an insulated cooler for shipment. The Chain of 

Custody Record will serve to document that no unauthorized handling of the 

samples occurred enroute to the laboratory. It also contains a record of 

parameters requested for analysis. Relevant information about each sample 

container will be written on the form. Preservation methods will also be 
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indicated. The form will be signed and dated by the individual who actual

ly collected the sample. The names of any commercial delivery services 

used will also appear on the Chain of Custody Record. 

Quality Assurance/Quality Control 

All samples will be delivered to a qualified laboratory such as the 

Rocky Mountain Analytical Laboratory in Arvada, Colorado, Assaigai Analyti

cal Laboratories in Albuquerque, New Mexico, or other qualified laboratory 

for analysis. These laboratories have elaborate quality assurance/quality 

control procedures to ensure data integrity. 

Analytical Techniques 

All samples testing will be conducted in accordance with approved 

methods. The methods commonly utilized by the Rocky Mountain Analytical 

Laboratory are presented as an example in Exhibit 2. 

HEALTH AND SAFETY PLAN 

The purpose of this plan is to establish personnel protection stan

dards and mandatory safety practices and procedures, and provide for con

tingencies that may arise during monitoring well construction and sampling 

activities at the Bloomfield Refinery. All personnel who engage in inves

tigative activities at this site will be required to be familiar with the 

plan and comply with its requirements. 

Heat Stress Monitoring 

Strenuous work and high summer temperatures combined with the require

ments for personal protective equipment may create heat stress. It is 

likely that, given conditions existing at the site during the summer 

months, heat stress will be the major health hazard. For monitoring the 

body's recuperative abilities to excess heat, the following techniques will 

be used. Monitoring of personnel wearing impervious clothing should com

mence when the ambient temperature is 70 degrees F or above. Monitoring 

frequency should increase as the ambient temperature increases or as slow 

recovery rates are observed. When temperatures exceed 85 degrees F, work

ers would be monitored for heat stress after every work period. Monitoring 

should be performed by a person who is trained to recognize the symptoms of 

heat stress. 
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1) Heart rate (HR) should be measured by the radial pulse for 30 

seconds as early as possible in the resting period. The HR at the 

beginning of the rest period should not exceed 110 beats per 

minute. If the HR is higher, the next work period should be 

shortened by 10 minutes (or 33 percent), while the length of the 

rest period stays the same. If the pulse rate is 100 beats per 

minute or higher at the beginning of the next rest period, the 

following work cycle should be shortened by 33 percent. 

2) Good hygienic standards must be maintained by frequent change of 

clothing and daily showering. Clothing should be permitted to dry 

during rest periods. Persons who notice skin problems should 

immediately consult medical personnel. 

Contaminant Monitoring 

Contaminant monitoring during the drilling and monitoring well con

struction using direct-reading field instruments will be required for the 

following purposes: i 

(1) to detect gases and vapor created by monitoring well installation, 
and 

(2) to measure the total atmosphere vapor/gas concentration to select 

the appropriate level of personal protection. 

Monitoring of potential vapor/gas sources and breathing zone during 

monitoring well installation will employ a Bachrach TLV Meter organic vapor 

detector, model number 23-7350, or equivalent instrument for monitoring 

organic vapors. 

Air Monitoring Procedures 

Continuous contaminant monitoring using the direct-reading instrument 

described above will be performed during work operations. The purpose of 

this monitoring is to detect changes in site conditions which require 

evacuation of an area or adjustment of level of personal protection. 

Specifically, monitoring will be required during monitoring well installa

tion. The gas/vapor detection instruments will be used to measure the 

total gas/vapor concentration in the breathing zone of the work team. A 
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level of personnel protection will be chosen based on the measured total 
gas/vapor concentration. 

Level D protection has been specified for all site activiites. No 

respiratory protection is provided by Level D. Likewise, chemical cart

ridge respirators (Level C) afford adequate respiratory protection only 

when a number of conditions are met. Therefore, monitoring of the total 

gas/vapor concentration is required during operations in areas where the 

potential for air contamination exists. Level C and D protection equipment 

is listed in Table 2.1. Use of the Bachrach TLV meter for air monitoring 

only provides measurement of organic vapors and some other gases in the 

air. Respirable paticulates are not detected by these instruments. Under 

conditions where the work party is working under dusty conditions in poten

tially contaminated areas, respirators providing protection from dust will 

be required. 

The following guidelines will be used for selecting the level of 

protection based on total atmospheric vapor/gas concentrations in the work 

space: 

Background Concentration of Vapor/Gas to 20 ppm Above Background 

Level D personnel protection equipment will be required at concentra

tions of organic vapor of less than 20 ppm above background as measured by 

the Bachrach TLV,meter. 

20 ppm Above Background to 50 ppm Above Background 

Level C protection, "including half-face air purifying masks equipped 

with an organic vapor cartidge (or a combined organic vapor/particulate 

cartridge) will be worn. Eye protection (chemical splash goggles) must be 

worn with half-face respirators. Alternatively, a full-face cartridge 

respirator may be used. 

Greater than 50 ppm Above Background 

If the organic vapor concentration in the work space exceeds 50 ppm 

above background, drilling will cease until the nature of the organic vapor 

concentration can be determined and evaluated. 
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TABLE 2.1 

LEVEL C AND LEVEL D PROTECTION 

Level C Protection 

1 . Ful l - face piece, a i r p u r i f y i n g , canister-equipped respi ra tor or 
hal f - face respirators wi th chemical splash goggles 

2. Chemical-resistant c l o th i ng , long sleeves, one or two pieces 

3. Gloves 

4. Steel toe and shank boots 

5. Hard hat 

6. Options as required 

a. Inner chemical-resistant gloves 

b. Disposal outer boots 

c. Escape mask 

Level D Protection ' 

1. Coveralls 

2. Leather or chemical-resistant boots or shoes, steel toe and shank 

3. Hard hat 

4. Options as required 

a. Gloves 

b. Disposable outer boots 

c. Safety glasses or chemical splash goggles 

d. Escape mask or respirator 
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Area Monitoring 

The site inspection activates are not expected to have a significant 
effect on off-site air quality. Therefore, area monitorig of off-site air 
quality will not be required. 

Cleanup 

Cleanup of personnel and equipment is necessary to prevent potentially 
harmful materials from being transferred from work areas to other areas. 
Cleanup procedures must be appropriate for the types of compounds present, 
the personal protective equipment being used, and the operations taking 
place in the work area. A work zone will be set up to provide for person
nel and equipment cleanup. Heavy equipment will be cleaned in a specially 
designated area within the work zone. 

Emergency Procedures 

In general, while at the refinery, the procedures outlined in the 
Bloomfield Contingency Plan and Emergency Procedures will be in effect. 

i 

However, in the event that an emergency develops on site, the procedures 
delineated herein are to be followed immediately. Emergency conditions are 
considered to exist if: 

(1) any member of the field crew is involved in an accident or experi
ences any adverse effects or symptoms of exposure while on-site; 
or 

(2) a condition is discovered that suggests the existence of a situa
tion more hazardous than anticipated. 

Personal Injury 

In case of personal injury at the site, the following procedures 
should be followed: 

(a) An on-site employee trained in first aid should administer imme
diate treatment to an i l l or injured worker and decide if the 
worker can be moved. 

(b) The injured worker should be taken immediately to a medical facil
ity for follow-up care and observation. The staff at the medical 
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facility should be advised that the patient's clothing and skin 

might be contaminated with chemicals. 

(c) In the event that an accident occurs, the Facility Coordinator is 

to complete an Accident Report Form for submittal to the EPA 

project officer, and should assure that follow-up action is taken 

to correct the situation that caused the accident. 

Chemical Exposure 

If a member of the field crew is exposed to chemicals, the procedures 

outlined below should be followed: 

(a) Another team member (buddy) should remove the individual from the 

immediate area of contamination. 

(b) Precautions should be taken to avoid exposure of other individuals 

to the chemical. 

(c) If the chemical is on the individuals clothing, the clothing 

should be removed if it is safe to do so. 

(d) If the chemical has contacted the skin, the skin should be washed 

with copious amounts of water, preferably under a shower. 

(e) In case of eye contact, an emergency eye wash should be used. 

Eyes should be washed for at least 15 minutes. 

Fire or Explosion 

A hazard of fire or explosion exists when flammable materials are 

being used or handled, when there is the possibility that a combustible 

atmosphere may be generated by operations such as excavation in areas 

contaminted with combustible materials. Under these conditions, the fol

lowing precautions must be taken: 

(a) Continuous monitoring of work areas with a combustible gas detec

tor will be conducted if the potential for fire or explosion 

exists. 

(b) If monitoring indicates the existence of a combustible atmosphere 

(25 percent of the lower explosive limit), there area will be 

evacuated immediately and emergency personnel will be contacted. 
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Re-entry w i l l not take place u n t i l i t can be determined that i t 

can be done sa fe ly . 

During operations involv ing a high hazard of f i r e or explosion, f i r e 

f i gh t i ng and other emergency personnel w i l l be on hand while the operation 

is taking place. 

Emergency Contacts 

Should any s i tuat ion or unplanned occurrence require outside ass i s t 

ance or support services, the appropriate contact from the fo l lowing l i s t 

should be made: 

EMERGENCY PHONE NUMBERS 

Bloomfield Fire Department 632-8011 
Bloomfield Police Department 632-8011 
San Juan County Sher i f f 334-6107 
State Police 325-7547 
Ambulance (dispatched through Farmington Fi re) 325-3501 
County Fire Department (dispatched through 

Farmington F i re ) ' 325-3501 
Poison Control 1-800-432-6866 
Bomb Personnel (State Police Of f ice) 325-7547 
ETHYL CORP (T.E.L. Emergencies) 504-344-7147 
CHEMTREC (Chemical Emergencies) 1-800-424-9300 
City of Farmington (E lec t r i c U t i l i t y ) 327-7701 
Kay-Ray 312-259-5600 
E.I .D. Radiation Protection Bureau 505-984-0020 
Mobile Inspection (Radiography Assistance 327-9473 
Contact of New Mexico (Call out Assistance) 327-4666 

EQUIPMENT RESOURCES 

Water Tankers & Vacuum Trucks 
Chief Transport 325-2396 
C & J Trucking 325-7770 
Dawn Trucking Co. 327-0416 
Delgarno 327-0461 

or 
327-6871 

Tr ip le F 334-6193 
Sunco Trucking 327-0416 

Earth Moving Equipment 
Adobe Construction (Ernie Motto) 334-6696 
Rosenbaum 325-6367 
Coffey Construction 632-3663 
Atchison Construction 327-6276 
Gas Co. of New Mexico 325-2889 
W & C Contractors 325-1991 
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Welding & Cutting 
Henry Vigil 
Willie Soloman 
Justis Supply 

632-3045 
632-3797 
325-3551 

Wrecker or Rig Up Trucks 
Sandia Detroit 
Drake Well Service 

325-5071 
327-7301 

or 

ODECO Inc. 
Dawn Trucking 

327-6847 
632-3392 
327-6316 

Aerial Ladder or Basket 
City of Farmington Utility 
Farmington Fire 

327-7701 
325-3501 

Foam Supplies 
Seagull Roosevelt Refinery 
Thunderbird Sales 
Boots & Coots Fire Protection 

801-722-5128 
505-881-6222 
713-999-0276 

Training 

On-site work personnel w i l l have formal or p r io r on-the-job t r a i n i n g 

for the tasks they are assigned to perform. Special t r a i n i ng w i l l be 

required for operations such as monitoring well i n s t a l l a t i o n . Personnel 

responsible for a i r monitoring and s i t e safety w i l l be qua l i f i ed for these 

respons ib i l i t i es . 

On-Site Orientat ion 

An on-si te or ientat ion session w i l l be required for a l l on-s i te per

sonnel and w i l l include the fo l lowing: 

(1) Health ef fects and hazards of the chemical i den t i f i ed or suspected 

to be on-s i te . 

(2) Personnel p ro tec t i on i n c l u d i n g the use, ca re , and f i t t i n g of 

personnel protect ive equipment, and the necessity for personnel 

pro tect ion, effect iveness, and l im i ta t ions of equipment. 

(3) Decontamination procedures. 

(4) Prohibi t ions in areas and zones inc lud ing: 

(a) s i te layout, 

(b) procedures for entry and exit of areas and zones, and 

(c) standard safe work practices. 

2-16 



(5) Emergency procedures. 

(6) Medical requirements. 



SECTION 3 

PROJECT SCHEDULE 

Due to the complex hydrogeology at the site as influenced by the 

Hammond Ditch, it is totally unrealistic to complete a thorough investi

gation of the subsurface petroleum hydrocarbons at the refinery in the 

four-month time frame referenced in the Administrative Order. Since the 

subsurface groundwater movement in the area south of the ditch appears to 

be dependent on the seasonal use of the ditch for irrigation, any findings 

in this area on the direction and rate of groundwater movement would be 

totally dependent on whether or not the ditch was being used to transport 

irrigation water. Furthermore, the "worst case" conditions of the receiv

ing waters (the Hammond Ditch and the San Juan River) would in all likeli

hood not occur during this time period. It seems most prudent to proceed 

with the investigation of the refinery in a manner which will reflect the 

greatest potential for off-site impacts and allow the seasonal changes in 

groundwater movement to'be quantified. Therefore, a more realistic time 

schedule of twelve months has been proposed to complete the elements of the 

workplan, with an additional month to complete a final, comprehensive 

project report. 

A schedule for individual project workplan tasks is presented on 

Figure 3.1. As shown, the proposed electrical resistivity survey would be 

conducted during the initial month of the project. Following the survey, 

the proposed groundwater monitoring well and any other necessary wells will 

be completed during the next month. Groundwater monitoring of all wells 

will commence after completion of the well(s), and will be conducted quar

terly. However, water level measurements will be made on a monthly basis. 

A surface water sampling schedule cannot be determined in terms of project 

months since it will depend on low flow conditions in the San Juan River 

and the startup of irrigation season for sampling in the Hammond Ditch. 

However, all sampling and measurements will be completed in a twelve month 

period. As shown on Figure 3.1, the final project report will be prepared 

during the thirteenth month. 
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Dear Mr. Taylor: 

Attached is the proposed detailed workplan for the monitoring, 
testing, analysis and reporting of any hazardous waste contami
nation associated with our Bloomfield refining fa c i l i t y located 
east of Sullivan Road, Bloomfield, New Mexico 87413. The plan 
was prepared for us by our consultant, Engineering-Science, Inc. 
I trust that this will meet with your approval. We, of course, 
will proceed to implement the program immediately upon receipt 
of notification of your agreement with the proposal. 

If you or any of your staff have any questions regarding this 
proposal, they should be addres-sed to Mr. Harry F. Mason, Turner, 
Mason and Company, 400 N. Olive - L.B. 264, Dallas, Texas 75201, 
or Mr. Joseph F. Guida, Gardere & Wynne, 1500 Diamond Shamrock 
Tower, Dallas, Texas 75201. Mr. Mason can be reached at (214) 
754-0898 and Mr. Guida at (214) 748-7211. 

attachment 

cc: Mr. Peter Pache, Manager 
Hazardous Waste Section 
Groundwater and Hazardous Waste Bureau 
Environmental Improvement Division 
New Mexico Health and Environmental Department 
P. 0. Box 968 
Santa Fe, NM 87504-0968 
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SECTION 1 

INTRODUCTION 

This workplan for monitoring, testing, analysis, and reporting of the 

subsurface hydrocarbons at the Bloomfield Refining Company, Inc. refinery 

in Bloomfield, New Mexico has been prepared to address the Administrative 

Order issued to Gary Energy Corporation and Bloomfield Refining Company, 

Inc., pursuant to Section 3013 of the Resource Conservations and Recovery 

Act (RCRA), 42 U.S.C. §6934 (Docket No. RCRA-3013-00-185). Background 

information on the refinery, including the environmental setting, a 

comprehensive summary of the geohydrology of the site, and a summary and 

evaluation of past investigative efforts at the site has been previously 

presented to the State of New Mexico Environmental Improvement Division and 

EPA in a January 1985 report entitled "A Review of Subsurface Petroleum 

Hydrocarbons at the Bloomfield Refinery." This report is presented with 

the workplan as Exhibit 1. 

The workplan consists of three sections, including this introduction. 

Following the introduction is a description of the proposed field investi

gation in Section 2, including groundwater and surface water sampling and 

analysis, determination of water level measurements, and an electrical 

resistivity survey, as well as quality assurance/quality control and health 

and safety considerations. The project schedule is presented as Section 3. 
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SECTION 2 

PROPOSED FIELD INVESTIGATION 

The proposed field investigation at the Bloomfield Refinery consists 

of the following elements: 1) an electrical resistivity survey of poten

t i a l l y contaminated areas of the refinery; 2) additional groundwater moni

toring and water level measurements; and 3) additional sampling and anal

ysis of surface waters. These elements, as well as health and safety 

considerations and procedures which well be followed to ensure data integ

r i t y , are described in more detail in the following paragraphs. 

ELECTRICAL RESISTIVITY SURVEY 

An e lec t r i ca l r e s i s t i v i t y survey is proposed for those areas of the 

ref inery which are potent ia l l y impacted by subsurface petroleum hydrocar

bons. The survey w i l l be conducted with a Bison Model 2350B Elec t r ica l 

Res is t i v i t y Meter or equivalent instrument which is capable of obtaining 

measurements of the earth 's r e s i s t i v i t y at various depths. This survey is 

expected to be useful in several areas. F i r s t , considering the probable 

major differences in r e s i s t i v i t y between the upper a l l uv ia l cobble layer 

and the massively-bedded Nacimiento Formation, the top of the Nacimiento 

Formation should be easi ly determined in most areas. This information w i l l 

be used to determine the sujbsurface slope or dip of the Nacimiento Forma

t i on and the probable di rect ions of petroleum hydrocarbon movement along 

the"contact between the two formations. In par t i cu la r , the r e s i s t i v i t y 

measurements are expected^^~be"*useful in determining whether an east-west 

trending depression exists along the Nacimiento subcrop beneath the r e f i n 

ery. Secondly, the survey should provide information useful in locat ing 

any addit ional groundwater monitoring wells which may be necessary to 

define the extent of subsurface hydrocarbons. 

GROUNDWATER MONITORING WELLS 

At present, a single groundwater monitoring well is proposed in the 

approximate location shown on Figure 2.1. This well will penetrate the 
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FIGURE 2.1 

LOCATIONS OF EXISTING AND PROPOSED MONITORING WELLS 
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Nacimiento Formation and will be used to determine whether the subsurface 

hydrocarbons have entered the formation. 

well Construction 

The monitoring well w i l l be drilled using air rotary methods i f 

possible. Otherwise mud rotary drilling will be employed. The borehole 

will be advanced into the top 15 to 20 feet of the Nacimiento Formation as 

identified through cuttings. The well will be cased with 10 feet of six-

inch PVC mill slotted Schedule 40 screen, followed by six-inch schedule 40 

PVC casing. Sand will then be placed in the well annulus, and the height 

of the sand will be checked by a tremie pipe. The sand will extend five 

feet above the top of the screen. A five-foot bentonite seal then will be 

placed above the screen, and its position will be verified with the tremie 

pipe. The annulus will then be grouted from the top of the bentonite seal 

to the surface. This will ensure that any water in the well is from the 

Nacimiento Formation and not the overlying alluvial cobble layer. The well 

will be developed by using a bailer to surge the well and break up any well 

bore mud cake. The well will be considered fully developed when three 

consecutive conductivity readings are the same. 

Equipment Cleaning and Decontamination 

All drilling equipment and materials (i.e., d r i l l bits, subs, d r i l l 

collars, d r i l l pipe, tremie pipe, portable mud pits, Kelly casing, screens, 

and caps) shall be cleaned and void of any external oils or grease prior to 

each use. All hoses, mud pits, d r i l l string, mud pumps, water tanks, etc. 

shall be flushed with water before well drilling. All decontamination 

water and development water will be collected and routed to the refinery 

wastewater treatment system. All drilling mud and cuttings will be dis

posed with the refinery API separator solids. 

Sampling Equipment and Procedures 

Groundwater samples will be collected from each of the six existing 

wells and the new proposed well on a quarterly basis, using a stainless 

steel bailer. To minimize the potential for cross-contamination, the wells 

will be sampled in the order of probable hydrocarbon concentrations, pro

gressing from lowest to highest. The bailer will be cleaned between sam

ples with methanol or acetone, followed by a detergent (Alconox) cleaning, 



followed by a deionized water f i na l r i nse . The sample w i l l be col lected 

a f te r at least two casing volumes have been removed from each w e l l , and pH, 

conduct iv i ty and temperature readings indicate true formation water is 

being sampled. 

Samples from both MW-4 and the proposed well w i l l be analyzed for the 

acid and base/neutral p r i o r i t y po l lu tan ts , cyanide, phenols, p r i o r i t y po|\- \^p„. 

lu tant metals, and v o l a t i l e organic p r i o r i t y po l lu tan ts , plus TOC, T D s \ \ ^ x C \ \ ? 

ch lor ide, and su l f a te . The f i ve remaining wells w i l l be sampled and ana-\\ 17^" 
\\ 

lyzed for a shorter l i s t of indicator parametars, including the priority \\ 

pollutant metals, cyanide, phenols, TOC, TDS, chloride, sulfate, benzene, 

and toluene. All volatile priority pollutant samples will be collected in 

40 ml septum vials, and the other samples will be collected in 1/2 gallon 

clean amber glass containers. 
Water Level Measurements 

Water levels will be measured in each of the wells on a monthly basis. 

Due to the complicated hydrogeology resulting from the seasonal impact of 

the Hammond Ditch, i t will be necessary to monitor water levels for at 

least one full cycle, i.e. one year, to obtain data on the movement of 

groundwater in the subsurface. All water level measurements will be re

corded in a field notebook with the date and time, name of person making 

the measurement, method of determination, and other observations. 

Documentati on 

A field logbook will be maintained to document all activities related 

to ground water monitoring and water level measurement. The following type 

of information will be recorded as appropriate for each sample collected or 

measurement made: 

1) date and time of logbook entries; 

2) date and time of samples collected or measurements made; 

3) description of all sampling or measurement activities in chrono

logical order; 

4) name of sampler and observers, i f any; 

5) field conditions (weather, etc.); 

6) identification numbers and name of samples collected; 
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7) any field measurements made, such as temperature, pH, conductivity, 

etc., referenced to a time and location; 

8) identification of any photographs taken; and 

9) reference to the sample log sheet 

SURFACE WATER SAMPLING 

Surface water sampling of the Hammond Ditch and San Juan River is 

proposed to provide additional information on the potential off-site migra

tion of petroleum hydrocarbons. The sampling will be scheduled to coincide 

with "worst-case" receiving water conditions: i.e. low flow conditions in 

the San Juan River and the beginning of irrigation season for the Hammond 

Ditch (normally mid-April). 

Sampling Equipment and Procedures 

The sampling of the San Juan River will be conducted during low flow 

conditions, at a flow of 300 cfs (as measured upstream at Navajo Dam) i f 

possible, or during the last four months of 1985 i f low flow conditions do 

not occur prior to this time. A single composite sample, composed of v 

depth-integrated samples collected at three locations across the San Juan "7. 
*,R.t"",« i p> 

River, w i l l be analyzed for base/neutral and acid p r i o r i t y pol lutants ^ \ V ' > A T 
\ °",'y\ • 

fractions, priority pollutant metals, cyanide, and phenols. Individual tJP1-1' 
samples which will be composited will be collected approximately two-

tenths, one-half, and eight-tenths of the distance across the San Juan 

River in the vicinity of the Hwy 44 Bridge, at approximately two-tenths and •^o*'vA 

eight-tenths of the total river depth. These samples will be collected in g,'̂  

clean glass containers and composited by volume into a single 1/2 gallon 

clean amber container. A single sample will be collected in duplicate in 

40 ml. septum vials at two-tenths of total depth, two-tenths of the dis

tance across the San Juan from the refinery. These samples will be ana

lyzed for the volatile priority pollutants. 

Sampling of the Hammond Ditch will be conducted at the start of the 

irrigation season (normally in mid-April), when the potential for flushing 

hydrocarbons downstream is greatest. Immediately prior to the summer 

irrigation season, when the berms are removed and water begins to flow in 

the ditch, the potential for downstream impacts is greatest. 
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The Hammond Ditch samples will be collected at two locations: just 

downstream of the refinery property south of Sullivan Road, and just down

stream of the API wastewater ponds. Composite depth-integrated samples 

will be collected in clean glass containers from the bank nearest the ^^~^J. 
process area at two-tenths and eight-tenths of total ditch depth, and wil 1 <•^.s* 
be composited in a 1/2 gallon clean amber glass container. These samples «.^N;V 

will be analyzed for base/neutral and acid priority pollutant fractions, 

priority pollutant metals, cyanide, and phenols. Grab volatile priority 

pollutant samples will be collected at the same locations in 40 ml septum 

vials. 

Documentati on 

Notes will be recorded during all sampling activities in a field 

logbook so that a permanent record of activities can be maintained. The 

following information will be recorded for each surface water sample col

lected: 

date and time of logbook entries; 

description of all sampling activities in chronological order; 

name of sampler and observers, i f any; 

field conditions (weather, etc.); 

date and time of samples collected; 

identification number and name of samples collected; 

any field measurements made, such as temperature, pH, flow, etc., 

referenced to a time and location; 

identification of any photographs made; and 

reference to the sample log sheet. 

DATA INTEGRITY 

The integrity of the data collected will be maintained through the 

maintenace of adequate chain-of-custody procedures as well as the labora

tory quality assurance/quality control program. 

Chain of Custody 

All samples will be appropriately preserved and delivered to the 

laboratory within EPA recommended holding times. The samples will normally 

be iced and placed in an insulated cooler for shipment. The Chain of 
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Custody Record will serve to document that no unauthorized handling of the 

samples occurred enroute to the laboratory. It also contains a record of 

parameters requested for analysis. Relevant information about each sample 

container will be written on the form. Preservation methods will also be 

indicated. The form will be signed and dated by the individual who actual

ly collected the sample. The names of any commercial delivery services 

used will also appear on the Chain of Custody Record. 

Quality Assurance/Quality Control 

All samples will be delivered to a qualified laboratory such as the 

Rocky Mountain Analytical Laboratory in Arvada, Colorado, Assaigai Analyti

cal Laboratories in Albuquerque, New Mexico, or other qualified laboratory 

for analysis. These laboratories have elaborate quality assurance/quality 

control procedures to ensure data integrity. 

Analytical Techniques 

All samples testing will be conducted in accordance with approved 

methods. The methods commonly utilized by the Rocky Mountain Analytical 

Laboratory are presented as an example in Exhibit 2. 

HEALTH AND SAFETY PLAN 

The purpose of this plan is to establish personnel protection stan

dards and mandatory safety practices and procedures, and provide for con

tingencies that may arise during monitoring well construction and sampling 

activities at the Bloomfield Refinery. All personnel who engage in inves

tigative activities at this site will be required to be familiar with the 

plan and comply with its requirements. 

Heat Stress Monitoring 

Strenuous work and high summer temperatures combined with the require

ments for personal protective equipment may create heat stress. It is 

likely that, given conditions existing at the site during the summer 

months, heat stress will be the major health hazard. For monitoring the 

body's recuperative abilities to excess heat, the following techniques will 

be used. Monitoring of personnel wearing impervious clothing should com

mence when the ambient temperature is 70 degrees F or above. Monitoring 

frequency should increase as the ambient temperature increases or as slow 
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recovery rates are observed. When temperatures exceed 85 degrees F, work

ers would be monitored for heat stress after every work period. Monitoring 

should be performed by a person who is trained to recognize the symptoms of 

heat stress. 

1) Heart rate (HR) should be measured by the radial pulse for 30 

seconds as early as possible in the resting period. The HR at the 

beginning of the rest period should not exceed 110 beats per 

minute. I f the HR is higher, the next work period should be 

shortened by 10 minutes (or 33 percent), while the length of the 

rest period stays the same. If the pulse rate is 100 beats per 

minute at the beginning of the next rest period, the following 

work cycle should be shortened by 33 percent. 

2) Good hygienic standards must be maintained by frequent change of 

clothing and daily showering. Clothing should be permitted to dry 

during rest periods. Persons who notice skin problems should 

immediately consult medical personnel. 

Contaminant Monitoring 

Contaminant monitoring during the drilling and monitoring well con

struction using direct-reading field instruments will be required for the 

following puposes: 

(1) to detect gases and vapor created by monitoring well installation, 

and 

(2) to measure the total atmosphere vapor/gas concentration to select 

the appropriate level of personal protection. 

Monitoring of potential vapor/gas sources and breathing zone during 

monitoring well installation will employ a Bachrach TLV Meter organic vapor 

detector, model number 23-7350, or equivalent instrument for monitoring 

organic vapors. 

Air Monitoring Procedures 

Continuous contaminant monitoring using the direct-reading instrument 

described above will be performed during work operations. The purpose of 

this monitoring is to detect changes in site conditions which require 

evacuation of an area or adjustment of level of personal protection. 
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Specifically, monitoring will be required during monitoring well installa

tion. The gas/vapor detection instruments will be used to measure the 

total gas/vapor concentration in the breathing zone of the work team. A 

level of personnel protection will be chosen based on the measured total 

gas/vapor concentration. 

Level D protection has been specified for all site activiites. No 

respiratory protection is provided by Level D. Likewise, chemical cart

ridge respirators (Level C) afford adequate respiratory protection only 

when a number of conditions are met. Therefore, monitoring of the total 

gas/vapor concentration is required during operations in areas where the 

potential for air contamination exists. Level C and D protection equipment 

is listed in Table 2.1. Use of the Bachrach TLV meter for air monitoring 

only provides measurement of organic vapors and some other gases in the 

air. Respirable paticulates are not detected by these instruments. Under 

conditions where the work party is working under dusty conditions in poten

t i a l l y contaminated areas, respirators providing protection from dust will 

be required. 

The following guidelines will be used for selecting the level of 

protection based on total atmospheric vapor/gas concentrations in the work 

space: 

Background Concentration of Vapor/Gas to 20 ppm Above Background 

Level D personnel protection equipment will be required at concentra

tions of organic vapor of less than 20 ppm above background as measured by 

the Bachrach TLV meter. 

20 ppm Above Background to 50 ppm Above Background 

Level C protections, including half-face air purifying masks equipped 

with an organic vapor cartidge (or a combined organic vapor/particulate 

cartridge) will be worn. Eye protection (chemical splash goggles) must be 

worn with half-face respirators. Alternatively, a full-face cartridge 

respirator may be used. 
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TABLE 2.1 

LEVEL D AND LEVEL C PROTECTION 

Level D Protection 

1. Coveralls 

2. Leather or chemical-resistant boots or shoes, steel toe and shank 

3. Hard hat 

4. Options as required 

a. Gloves 

b. Disposable outer boots 

c. Safety glasses or chemical splash goggles 

d . Escape mask or respirator 

Level C Protection 

1 . Ful l - face piece, a i r pu r i f y i ng , canister-equipped respirator or 
hal f - face respirators with chemical splash goggles 

2. Chemical-resistant c lo th ing , long sleeves, one or two pieces 

3. Gloves 

4. Steel toe and shank boots 

5. Hard hat 

6. Options as required 

a. Inner chemical-resistant gloves 

b. Disposal outer boots 

c. Escape mask 
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Greater than 50 ppm Above Background 

I f the organic vapor concentration in the work space exceeds 50 ppm 

above background, drilling will cease until the nature of the organic vapor 

concentration can be determined and evaluated. 

Area Monitoring 

The site inspection activiites are not expected to have a significant 

effect on off-site air quality. Therefore, area monitorig of off-site air 

quality will not be required. 

Cleanup 

Cleanup of personnel and equipment is necessary to prevent potentially 

harmful materials from being transferred from work areas to other areas. 

Cleanup procedures must be appropriate for the types of compounds present, 

the personal protective equipment being used, and the operations taking 

place in the work area. A work zone will be set up to provide for person

nel and equipment cleanup. Heavy equipment will be cleaned in a specially 

designated area within the work zone. 

Emergency Procedures 

In general, while at the refinery, the procedures outlined in the 

Bloomfield Contingency Plan and Emergency Procedures will be in effect. 

However, in the event that an emergency develops on site, the procedures 

delineated herein are to be followed immediately. Emergency conditions are 

considered to exist i f : 

(1) any member of the field crew is involved in an accident or experi

ences any adverse effects or symptoms of exposure while on-site; 

or 

(2) a condition is discovered that suggests the existence of a situa

tion more hazardous than anticipated. 

Personal Injury 

In case of personal injury at the site, the following procedures 

should be followed: 
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(a) An on-site employee trained in f i r s t aid should administer imme

diate treatment to an i l l or injured worker and decide i f the 

worker can be moved. 

(b) The injured worker should be taken immediately to a medical facil 

i t y for follow-up care and observation. The staff at the medical 

fac i l i t y should be advised that the patient's clothing and skin 

might be contaminated with chemicals. 

(c) In the event that an accident occurs, the Facility Coordinator is 

to complete an Accident Report Form for submittal to the EPA 

project officer, and should assure that follow-up action is taken 

to correct the situation that caused the accident. 

Chemical Exposure 

I f a member of the field crew is exposed to chemicals, the procedures 

outlined below should be followed: 

(a) Another team member (buddy) should remove the individual from the 

immediate area of contamination. 

(b) Precautions should be taken to avoid exposure of other individuals 

to the chemical. 

(c) I f the chemical is on the individuals clothing, the clothing 

should be removed i f i t is safe to do so. 

(d) I f the chemical has contacted the skin, the skin should be washed 

with copious amounts of water, preferably under a shower. 

(e) In case of eye contact, an emergency eye wash should be used. 

Eyes should be washed for at least 15 minutes. 

Fire or Explosion 

A hazard of fire or explosion exists when flammable materials are 

being used or handled, when there is the possibility that a combustible 

atmosphere may be generated by operations such as excavation in areas 

contaminted with combustible materials. Under these conditions, the f o l -
/f 

lowing precautions must be taken: v 1 U \ 
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(a) Continuous monitoring of work areas with a combustible gas detec

tor w i l l be conducted i f the potential for f i r e or explosion 

exists. 

(b) I f monitoring indicates the existence of a combustible atmosphere 

(25 percent of the lower explosive limi t ) , there area will be 

evacuated immediately and emergency personnel will be contacted. 

Re-entry will not take place until i t can be determined that i t 

can be done safely. 

During operations involving a high hazard of fire or explosion, fire 

fighting and other emergency personnel will be on hand while the operation 

is taking place. 

Emergency Contacts 

Should any situation or unplanned occurrence require outside assist

ance or support services, the appropriate contact from the following l i s t 

should be made: 

EMERGENCY PHONE NUMBERS 

Bloomfield Fire Department 632-8011 
Bloomfield Police Department 632-8011 
San Juan County Sher i f f 334-6107 
State Police 325-7547 
Ambulance (dispatched through Farmington Fire) 325-3501 
County Fire Department (dispatched through 

Farmington Fire) 325-3501 
Poison Control 1-800-432-6866 
Bomb Personnel (State Police Off ice) 325-7547 
ETHYL CORP (T.E.L. Emergencies) 504-344-7147 
CHEMTREC (Chemical Emergencies) 1-800-424-9300 
City of Farmington (Elect r ic U t i l i t y ) 327-7701 
Kay-Ray 312-259-5600 
E.I .D. Radiation Protection Bureau 505-984-0020 
Mobile Inspection (Radiography Assistance 327-9473 
Contact of New Mexico (Call out Assistance) 327-4666 

EQUIPMENT RESOURCES 

Water Tankers & Vacuum Trucks 
Chief Transport 325-2396 
C & J Trucking 325-7770 
Dawn Trucking Co. 327-0416 
Delgarno 327-0461 

or 
327-6871 
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Tr ip le F 334-6193 
Sunco Trucking 327-0416 

Earth Moving Equipment 
Adobe Construction (Ernie Motto) 334-6696 
Rosenbaum 325-6367 
Coffey Construction 632-3663 
Atchison Construction 327-6276 
Gas Co. of New Mexico 325-2889 
W & C Contractors 325-1991 

Welding & Cutting 
Henry V ig i l 632-3045 
Wi l l i e Soloman 632-3797 
Just is Supply 325-3551 

Wrecker or Rig Up Trucks 
Sandia Detroi t 325-5071 
Drake Well Service 327-7301 

or 
327-6847 

0DEC0 Inc. 632-3392 
Dawn Trucking 327-6316 

Aerial Ladder or Basket 
City of Farmington U t i l i t y 327-7701 
Farmington Fire 325-3501 

Foam Supplies 
Seagull Roosevelt Refinery 801-722-5128 
Thunderbird Sales 505-881-6222 
Boots & Coots Fire Protection 713-999-0276 

Training 

On-site work personnel w i l l have formal or pr ior on-the-job t ra in ing 

for the tasks they are assigned to perform. Special t ra in ing w i l l be 

required for operations such as monitoring well i n s t a l l a t i o n . Personnel 

responsible for a i r monitoring and s i t e safety w i l l be qua l i f ied for these 

responsibil i t i e s . 

On-Site Orientation 

An on-si te or ientat ion session w i l l be required for a l l on-si te per

sonnel and w i l l include the fo l lowing: 

(1) Health ef fects and hazards of the chemical i den t i f i ed or suspected 

to be on -s i t e . 
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(2) Personnel protection including the use, care, and f i t t i n g of 

personnel protective equipment, and the necessity for personnel 

protection, effectiveness, and limitations of equipment. 

(3) Decontamination procedures. 

(4) Prohibitions in areas and zones including: 

(a) site layout, 

(b) procedures for entry and exit of areas and zones, and 

(c) standard safe work practices. 

(5) Emergency procedures. 

(6) Medical requirements. 
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SECTION 3 

PROJECT SCHEDULE 

Due to the complex hydrogeology at the site as influenced by the 

Hammond Ditch, i t is totally unrealistic to complete a thorough investi

gation of the subsurface petroleum hydrocarbons at the refinery in the four 

month time frame referenced in the Administrative Order. Since the subsur

face groundwater movement in the area south of the ditch appears to be 

dependent on the seasonal use of the ditch for irrigation, any findings in 

this area on the direction and rate of groundwater movement would be 

totally dependent on whether or not the ditch was being used to transport 

irrigation water. Furthermore, the "worst case" conditions of the 

receiving waters (the Hammond Ditch and the San Juan River) would in all 

likelihood not occur during this time period. I t seems most prudent to 

proceed with the investigation of the refinery in a manner which will 

reflect the greatest potential for off-site impacts and allow the seasonal 

changes in groundwater movement to be quantified. Therefore, a more 

realistic time schedule of twelve months has been proposed to complete the 

elements of the workplan, with an additional month to complete a final, 

comprehensive project report. 

A schedule for individual project workplan tasks is presented on 

Figure 3.1. As shown, the proposed electrical resistivity survey would be 

conducted during the i n i t i a l month of the project. Following the survey, 

the proposed groundwater monitoring well and any other necessary wells will 

be completed during the next month. Groundwater monitoring of all wells 

wi l l commence after completion of the well(s), and will be conducted 

quarterly. However, water level measurements will be made on a monthly 

basis. A surface water sampling schedule cannot be determined in terms of 

project months since i t will depend on low flow conditions in the San Juan 

River and the startup of irrigation season for sampling in the Hammond 

Ditch. However, all sampling and measurements will be completed in a 

twelve month period. As shown on Figure 3.1, the final project report will 

be prepared during the thirteenth month. 
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CHAPTER 1 

INTRODUCTION 

SITE LOCATION 

The Bloomfield refinery, currently owned and operated by Bloomfield 

Refining Company, is located in the northwest corner of the State of New 

Mexico, as shown in Figure 1.1. The refinery is situated on a bluff 

adjacent to the San Juan River, south and slightly east of the town of 

Bloomfield. Although the refinery owns land on both sides of the San Juan 

River, all process units and storage areas are located south of the river. 

Approximate refinery property boundaries are shown on the plot plan pre

sented as Figure 1.2. The plot plan also indicates the locations of the 

process and tank storage areas, surface waters, and elements of the waste

water treatment system. 

REFINERY HISTORY 

The Bloomfield Refinery was reportedly constructed in the late 1950's. 

The refinery operated approximately five years before being sold to Subur

ban Propane Corporation in the early 1960's. Plateau, Inc., a subsidiary 

of Suburban Propane, operated the refinery prior to its sale to the current 

owner in the fall of 1984. The refinery processes a combination of low 

sulfur crudes and petroleum which are transported to the refinery by pipe

line and truck. Major refinery products include gasoline and diesel fuel, 

although fuel gas, heavy burner fuel, propane, butane, and other petroleum 

products are produced in smaller quantities. 

Information pertinent to the existing subsurface situation at the 

refinery has been developed by several sources. Much of the information 

was developed by American Ground Water Consultants, Inc. (AGWC) for 

Plateau, Inc. and was submitted to the then New Mexico Oil Conservation 

Commission (NMOCC) as part of its proposed discharge and monitoring plan 

for refinery effluent (Ref. 1-3). The original discharge plan was sub

mitted to the NMOCC in October 1977 and was approved in June 1978. AGWC 

subsequently conducted monitoring activities on the solar evaporation ponds 

for the purpose of determining leakage rates from the ponds, and prepared 

milestone reports on these activities in January 1979 and January 1981 
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FIGURE I.I 

LOCATION OF THE BLOOMFIELD REFINERY 



FIGURE 1.2 
GENERALIZED REFINERY PLOT PLAN AND 

1 MAJOR SURFACE FEATURES 



(Ref. 2, 3). These reports were submitted to the New Mexico Environmental 

Improvement Division (NMEID). Since the original discharge plan was sched

uled to expire in the summer of 1982, an updated discharge plan was pre

pared and submitted to the New Mexico Oil Conservation Division (NMOCD) in 

March 1982 (Ref. 1). This plan ultimately was approved on June 7, 1984. 

During the interim, Plateau installed six groundwater monitoring wells to 

provide additional information on groundwater quality. 

Soil and water samples from the Hammond Ditch, San Juan River, ground

water seeps, wastewater treatment system, and other refinery areas have 

been collected by Plateau as well as the state and EPA. Sampling efforts 

were conducted by the NMOCD on five separate occasions during 1981 and 

1982. Plateau analyzed concurrent samples and collected additional infor

mation during the same time period. EPA's Region VI Field Investigation 

Team (FIT) conducted extensive site investigations during 1983 and 1984 

(Ref. 4, 5). 

OBJECTIVES AND SCOPE 

The primary objective of this study was to compile and evaluate exist

ing information pertaining to subsurface petroleum hydrocarbons at the 

Bloomfield Refinery and identify any additional data requirements to more 

fully characterize the nature and extent of subsurface petroleum constitu

ents at the refinery and, i f necessary, develop a remedial action plan. 

The scope of activities included the collection and evaluation of available 

data from the refinery and its consultants. Meetings were held with the 

NMEID and EPA in December 1984 to discuss the situation at the refinery and 

solicit input from these agencies. Existing data has been summarized in 

this report, and more detailed information can be obtained from the origi

nal sources listed in the bibliography to the report. 
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CHAPTER 2 

ENVIRONMENTAL SETTING 

SITE TOPOGRAPHY 

Ground surface elevations at the site range from approximately 

5,420 feet above mean sea level (msl) for the alluvial deposits along the 

San Juan River to over 5,570 feet msl along the southern property boundary. 

The most striking surface feature at the site is the bluff along the south 

side of the San Juan River. This bluff, shown on Figure 2.1, rises close 

to 100 feet above the river floodplain deposits. From the top of the 

bluff, the land surface slopes gradually upward to the south. Surface 

drainage has created several major and numerous minor intermittent stream 

channels or arroyos which drain in the direction of the river. The major 

intermittent stream channels are also indicated on Figure 2.1. 

GEOLOGY AND SOILS 

The Bloomfield Refinery is located on Quaternary Jackson Lake Terrace 

deposits approxiamtely 100 feet above the elevation of the present day San 

Juan River. At the time of formation, during the last glacial period, the 

San Juan River carried large quantities of glaciofluvial outwash which were 

deposited at a thickness of 10 to 15 feet over much of the refinery proper

ty. Later, wind-blown sands and silts were deposited over the coarser 

gravels and cobbles to form loess deposits. These deposits are found at 

the surface on much of the refinery property and are interbedded to some 

extent with the coarser deposits. The coarser gravels and cobbles under

lying the quaternary silts and sands outcrop along the 70- to 100-foot 

bluff just south of the San Juan River. 

Underlying the quaternary sand, s i l t , and cobble deposits is the 

Tertiary age Nacimiento Formation, a massively bedded gray to green to 

bluish clay or shale. The Nacimiento outcrops on the bluff south of the 

San Juan River where its exposure is at least 70 feet. The San Juan River 

channel is incised into the Nacimiento, which is approxiately 500 feet 

thick at the site as indicated by the log of the AM0C0-DAVIS gas unit F-l 

near the southern property boundary. The location of this well is shown on 
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Figure 2.1. The fi r s t major aquifer is the Ojo Alamo, consisting of sand

stone of Tertiary Age, directly underlying the Nacimiento Formation. The 

Ojo Alamo is, in turn, underlain by the Kirtland Shale and Fruitland Forma

tion. 

Along the bluff, and in the intermittent stream channels which carry 

water from the terrace to the San Juan River, the contact between the 

coarse cobble layer and the underlying Nacimiento Formation can be deter

mined visually. As a result of the many investigations which have been 

performed at the site, the elevation of the contact has been determined at 

over 50 locations along the bluff and intermittent stream channels and in 

observation and monitoring wells throughout the site. These elevations are 

shown on Figure 2.1. Although the top of the Nacimiento Formation general

ly increases in elevation to the south at an angle of approximately one 

degree, the contact is not flat but undulating. The lowest subcrop eleva

tions occur to the northwest of the refinery and generally north of the 

solar evaporation ponds, in the general locations indicated by the arrows 

on Figure 2.1. Major seeps have been observed along the northwest bluff in 

the area coinciding with the low subcrop elevations. Likewise, arroyos 

north of the solar evaporation ponds which coincide with the low subcrop 

elevations normally contain water. Previous ^studies have postulated a 

major east-west depression in the subcrop connecting these low areas. 

However, there is no information on the subcrop elevation in the area just 

east.jDf_ the API separator and API wastewater ponds, and the subcrop depres

sions may or may not be connected. 

GE0HYDR0L0GY 

Seeps along the bluff emerge in several areas, particularly those 

areas where the elevation of the subcrop between the Nacimiento Formation 

and the overlying cobble layer is lowest, northwest of the refinery and 

generally north of the solar evaporation ponds. Additional seeps have been 

observed in intermittent stream channels at higher elevations, but also at 

the subcrop. It appears that water entering the cobble layer from the 

Hammond Ditch, solar evaporation ponds, or other sources migrates through 

the upper permeable sands, s i l t s , and cobbles until i t encounters the 

relatively impermeable Namimiento Formation. The water then follows the 

2-3 



subcrop depressions to the northwest and north of the refinery, emerging on 

the bluff as seeps. Some of the subsurface water is intercepted at higher 

subcrop elevations by the intermittent stream channels and also emerges as 

seeps. These seeps have been occurring for a long period of time, as 

evidenced by the presence of cattails, marsh grass, trees, and other vege

tation in the vicinity of the active seeps. 

I t is probably significant that the seeps occur only at the contact 

between the Nacimiento Formation and the cobble layer. Although approxi

mately 70 to 100 feet of the Nacimiento Formation are exposed on the bluff, 

seeps have been observed only at the contact between the two formations. 

Minor sandstone or s i l t lenses in the Nacimiento Formation and observed in 

the bluff during the FIT investigations did not produce seeps, suggesting 

that these potentially more permeable lenses are not connected to the 

permeable cobble, sand, and s i l t deposits overlying the Nacimiento. 

The occurrence and movement of groundwater in the area of the refinery 

is complicated by the presence of the Hammond Ditch, the solar evaporation 

ponds, and the raw water ponds. The Hammond Ditch contributes to bank 

storage in the cobble layer overlying the Nacimiento Formation during the 

irrigation season when the ditch is f u l l . During the winter months, water 

enters the ditch from the cobble layer where i t was stored the previous 

irrigation season. Additional subsurface water emerges as seeps during all 

seasons in the intermittent stream channels and along the bluff at the 

Namimiento subcrop. Although i t seems clear that water from the ditch 

alternately contributes to and draws from bank storage, depending on the 

season, the zone of influence of the ditch is not clear, and is further 

complicated by probable leakage from the solar evaporation ponds and the 

raw....water ponds. Water level measurements made at the refinery indicate 

that maximum groundwater elevations are only slightly higher than ""the"water 

surface elevations in the" Hammond Ditch when flowing f u l l . The groundwater 

disappears entirely when " the"'m'ax'TmW'groundwater elevation encounters the 

Nacimiento subcrop near the southern property boundary. These observations 

suggest that the groundwater present in the upper sands, s i l t s , and cobbles 

is attributable to the Hammond Ditch and the refinery ponds, and that there 

is l i t t l e or no natural recharge within the quaternary sand, s i l t , and 

cobble deposits or the Nacimiento Formation in this area. 
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SURFACE WATERS 

Two major surface water bodies may impact or may be impacted by sub

surface contamination at the Bloomfield Refinery: the San Juan River and 

the Hammond Irrigation Ditch. Each of these water bodies will be discussed 

in more detail in the following paragraphs. 

San Juan River 

The San Juan River has its origins in the San Juan Mountains in ex

treme southwestern Colorado. The perennial stream is used as a domestic, 

agricultural, and industrial water supply in the area. Bloomfield Refining 

utilizes the river water as a raw water supply for refining operations. 

The river is used as an emergency municipal water supply by the City of 

Farmington, approximately 15 miles downstream from the refinery. 

Flow in the San Juan River is regulated upstream of the refinery by 

the Navajo Dam, on which construction was completed in 1963. Between 1963 

and 1982, the average regulated flow has been approximately 1,100 cfs. 

As shown in Figure 2.1, the channel of the San Juan River is filled 

with alluvial deposits. The channel i t s e l f is incised into the top 

100 feet of the Nacimiento Formation, which is visible on the exposure of 

the high bluff on which the refinery is located just south of the San Juan 

River. 

Hammond Ditch 

The Hammond Irrigation Ditch provides water for agriculture and live- fc^kaz/Af 
stock in the vicinity of the Bloomfield Refinery, and is not intended to be ^'<^>hljlx 
used as a source of potable water. As shown on Figure 2.1, the ditch is ^ n t ^ P 
located on the high bluff overlooking the San Juan River, between the San 'ty:>ty. 
Juan and the refinery process, tank storage, and wastewater treatment / • 

areas. In passing from east to west through the refinery property, the 

ditch passes through an inverted siphon beneath Sullivan Road on the east 

side of the property, through a culvert beneath an El Paso Natural Gas 

pipeline right-of-way near the refinery API wastewater ponds, and through 

another culvert beneath Sullivan Road where the ditch leaves the refinery 

property. 
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The Hammond Ditch was constructed between 1960 and 1964 in Quaternary 

Jackson Lake Terrace deposits. The ditch carries water during the irriga

tion season - approximately mid-April through mid-October. Due to the 

presence of the uppej^^mejb^le^cobble layer, the dvtdi_jc_ts___as_ a line 

source ofj^haxge__to_the cobble deposits. During the nonirrigation sea

son, water previously held as bank storage re-enters the Hammond Ditch. 

Additional water in the upper cobble deposits emerges on the bluff and in 

intermittent stream channels as seeps at the contact between the cobble 

layer and the less permeable Nacimiento Formation. These intermittent 

stream channels and seeps support lush vegetation, including marsh grass, 

cattails, and trees as evidence of the increased water supply. 

SITE DRAINAGE 

Surface drainage at the site follows four major drainage patterns, one 

for each of the following areas: (1) the area north of the Hammond Ditch; 

(2) process, tank farm, and other confined areas; (3) the area east of the 

spray irrigation area; and (4) other areas south of the Hammond Ditch. 

North of the Hammond Ditch, surface runoff occurs directly to the San Juan 

River or to the intermittent stream channels that lead to the river. Some 

runoff may also enter the two holding ponds in the major arroyo located 

across the Hammond Ditch from the API wastewater ponds. These holding 

ponds were constructed to capture any process area spills, runoff, or 

overflow from the API wastewater ponds which exit the process area via the 

El Paso Natural Gas pipeline right-of-way. These,_ponds are not a part of 

the wastewater treatment J^stem and were intended to preyent _spi11s and 

other potential surface contaminajj^nj'rom entering the San Juan River. _At $Quug^ ^ 
present, these ponds contaijT_wjtex--wh^ primarily &y)h. tyt-
. — - " " "~~ ' ''vJt/'L K-

from seepage from the Ha mm oil d Ditch. The lower pond derives water from the p 
contact between the cobble p upper pondsQcNS well as from the seeps at the 

layer and the Nacimiento Formation. 

Drainage in the process area, tank farm, and wastewater treatment 

areas (including the spray irrigation area) is contained. Process area 

runoff is routed through sumps to the API separator for hydrocarbon re-

covery. Other accumulated water is contained within bermed areas and is 

subject to percolation or evaporation. 
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The area east of the spray irrigation area drains to a large arroyo on 

the eastern portion of the refinery property. This arroyo drains to the 

north, and ultimately contributes runoff to the San Juan River. 

Other areas south of the Hammond Ditch drain to the ditches along 

Sullivan Road. The runoff then moves east along the road, and may enter 

the Hammond Ditch where i t passes beneath the road. 

REFINERY WASTEWATER TREATMENT 

Refinery process wastewater is treated for primary oil removal in an 

API separator located east of the major refinery process units. The API 

separator is constructed of steel-reinforced concrete and follows standard 

API design. Process area runoff and tank farm water draw sumps are divert

ed to the API separator for hydrocarbon recovery. Petroleum hydrocarbon 

spills are handled in the same manner. 

Following the API separator, wastewater flows to a series of three 

API wastewater ponds located north of the API separator and south of the 

Hammond Ditch. In 1983, these ponds were lined with a 100-mil high-density 

polyethylene liner by Permanent Lining Systems of Odessa, Texas. A french 

drain collection system consisting of four-inch PVC perforated pipe also 

was installed at this time to collect any leakage through the pond liner in 

a common observation well or sump. After the initial installation, water 

was detected in the observation well. Fluorescein dye added to the ponds 

confirmed that leakage was occurring from the ponds. Thejp̂ nds were emp

tied and the l iner seams__repai red, and the ponds were put back in .service. 

Leakage from the ponds to the collection system has occurred since that 

time. As 1 eajcajejjn^pond i s••detfictfed..„the„pjMJ.s.-d,c.ainedv repai red, and 

pjjtj3aick_in service. 

Wasjewate£ from the API wastewater ponds is pjjm£ed_tq_ a 

solar evaporation ponds east of the process area and northeasjt of_ the tank 

farm. The two evaporation ponds cover an area of approximately five acres 

and are operated in series, with wastewater passing through the south pond 

(No. 2) to the north pond (No. 1). Originally, the ponds were constructed 

by forming earthen embankments from silts and sands obtained from the pond 



bottom. The pond bottoms have been treated with about two pounds per 

square foot of Wyoming bentonite to reduce leakage. 

Increases in the quantity of raw wastewater during the late 1970's 

necessitated additional handling facilities. Consequently, in 1981, 

Plateau began spray irrigating approximately 10 acres east of the product 

and crude truck racks south of Sullivan Road and southeast of the solar 

evaporation ponds. The spray irrigation area is utilized primarily during 

the months between March and October when evapotranspiration is highest. 

The irrigation area is surrounded by a perimeter berm to prevent surface 

runoff of treated refinery effluent. 

LAND-USE AND POPULATION CHARACTERISTICS 

Land use in the vicinity of the refinery is primarily agricultural. 

Water in the Hammond Ditch is used downstream of thj_xefioery_fojr livestock 

watering and for irrigation of crops such as vegetable gardens, orchards, 

alfalfa, arid" "corn,"and is not intended to be a potable water supply. The 

refinery is remote from any major population centers. The nearest town, 

Bloomfield, is located approximately one mile northwest of the refinery and 

has a population of approximately 5,000. State Highway 44 is moderately 

traveled and is located approximately one-half mile west of the refinery. 
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CHAPTER 3 

PREVIOUS SITE INVESTIGATIONS 

PLATEAU INVESTIGATIONS 

During the past seven to eight years, Plateau conducted several evalu

ations of wastewater and groundwater quality, pond leakage, and subsurface 

geology in conjunction with the preparation of a discharge plan for refin

ery effluent. Early efforts were directed to the determination of leakage 

rates from the solar evaporation ponds through geophysical methods. More 

recent efforts have focused on the quality of soils and ground and surface 

waters at and in the vicinity of the refinery. 

Neutron Logging 

In April 1977, nine neutron-probe access holes were drilled around the 

north, east, and west embankments of solar evaporaton pond 1 to aid in 

detecting changes in soil moisture content due to leakage from the ponds 

when they were f i l l e d . The six-inch diameter holes were completed to a 

depth of 50 feet using mud-rotary methods. Locations of the access holes 

are shown in Figure 3.1. At the completion of drilling, the holes were 

water flushed and blown with air. Neutron-probe access tubes consisting of 

two-inch schedule 40 PVC pipe were installed in each of the holes, which 

were backfilled with a mixture of dry bentonite and soil to retard leakage 

through the annulus. The lithologic logs for the neutron-probe access 

holes are included as Appendix A. As shown by the logs, samples for some 

of the intervals were lost and were not recorded. The remaining intervals 

indicate that each of the holes is completed into the upper portion of the 

Nacimiento Formation. 

Neutron logging is conducted by lowering the neutron probe into the 

access holes and determining the soi1-moisture profile. Neutron logging is 

normally conducted in a dry hole so that accumulated water in the hole does 

not affect the probe readings. Since i n i t i a l l y no water was anticipated in 

the boreholes, the hoiesjrvere^ constructed without a bottom cap. However, 

water was unexpectedly detected in the access holes after they were com

pleted. This water is attributable to leakage of water through the annular 

space or water contained in the Nacimiento Formation itself. Most of the 
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FIGURE 3 . I 

LOCATIONS OF NEUTRON-PROBE A C C E S S HOLES 
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access holes exhibited a slow response to groundwater levels and required 

several months to reach equilibrium. Consequently, the early efforts at 

neutron logging indicated variable moisture contents due to changing water 

levels, as well as higher readings due to the presence of water in the 

holes. Data collected since the equilibration of water levels in the holes 

indicate few changes in the soil moisture content between subsequent read

ings. 

Access holes NP-1, 2, 3, 4, and 5 indicate a two to five volume per

cent increase in moisture content in the top two to three feet of the 

evaporation pond embankment after the pond was f i l l e d . A similar increase 

in soil moisture content was observed in access holes NP-6, 7, 8, and 9 at 

greater depths in the embankment. These small changes in moisture content 

are believed attributable to capillary action in the unsaturated zone in 

the pond embankment. Increases of approximately five to 10 volume percent 

were observed in most access holes at a depth of 10 to 25 feet, correspond

ing to the Jackson Lake Terrace s i l t deposits in which the ponds were 

constructed. Increases in moisture content were observed in the cobble 

layer underlying the s i l t deposits and, for several access holes, in the 

upper portion of the Nacimiento Formation. Those data indicate a slow rate 

of seepage from the bottom of the solar evaporation ponds, primarily to the 

underlying cobble layer. 

Zeta-SP 

Zeta-SP surveys of solar evaporation pond 1 were conducted on three 

occasions. This technique involved dragging electrodes over the pond 

bottom to determine electropotentials. Areas with significantly lower 

electropotentials relative to background levels generally are indicative of 

pond leakage. The i n i t i a l survey, conducted on July 15, 1977, gave no 

evidence of significant areas of leakage. Subsequent surveys, conducted on 

July 12 and September 20, 1978, indicated some low electropotentials in the 

northwest corner of the pond; however, the data were highly variable and 

may be misleading due to the presence of aquatic plants in the pond which 

prevented adequate contact between the pond bottom and the electrodes. 

Consequently, no further surveys were conducted after this date. 
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Thermonics 

The nine neutron-probe access holes located in the solar evaporation 

pond embankments also were used to develop thermal profiles of the embank

ment and subsurface material. These thermal profiles were used to calcu

late seepage rates based on the premise that variations in temperatures at 

depth are the result of the variability in the rate of fluid flow through 

the pond embankment. Areas of greatest permeability will approach the 

temperature of the pond more closely, whereas areas of reduced permeability 

will reflect changes in pond water temperature more slowly due to the 

reduced diffusion of heat through the embankment soils. 

Temperature profiles made during the period from 1977 to 1979 were 

used to estimate the thermal diffusivity of the embankment soil. By assum

ing a typical value of soil conductivity, the groundwater velocity and, 

ultimately, the rate of seepage was determined to be approximately 13 gal

lons per minute. Various profiles indicated the major area of leakage was 

either in the west or east end of evaporation pond 1. 

AQUATRACE 

Radioactive tracer tests were conducted on solar evaporation ponds 1 

and 2 between 1978 and 1981. A tracer designated TRAC 5 was injected into 

pond 1 near neutron probe access hole NP-8. The tracer TRAC 3 also was 

injected into the south solar evaporation pond (pond 2). Initial analyses 

for the tracer found a low concentration of TRAC 5 in pond 1 but no tracer 

in the San Juan River downstream of the refinery or in the Hammond Ditch 

either upstream or downstream of the refinery. Subsequent sampling in 

September and October 1978 indicated TRAC 5 in low concentrations in the 

Hammond Ditch and the San Juan River downstream of the refinery due to 

leakage from the north pond. Subsequent sampling in December 1978, July 

and December 1980, and January 1981, did not find the tracer in downstream 

San Juan River water samples. The data indicate possible leakage from Pond 

1 to the Hammond Ditch as well as a small surface depression located east 

of the solar evaporation ponds. The amount of leakage from pond 1 to these 

areas was not quantified. 
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An attempt to estimate leakage from pond 2 was made using a separate 

tracer, designated as TRAC 3. Sampling based on this tracer was incon

clusive, due to the fact that tracer was detected in higher concentrations 

upstream than downstream in both the Hammond Ditch and the San Juan River. 

Water Levels 

After the completion of the nine neutron-probe access holes and prior 

to the f i l l i n g of the solar evaporation ponds, water was detected in each 

of the holes, and was believed to be the result of fluids introduced during 

drilling. The holes were blown dry, and immediately began to accumulate 

water again. Recovery was relatively rapid in holes NP-3, 5, 7, 8, and 9 

and noticeably slower in NP-1, 2, and 4. The fact that the holes contained 

water prior to the f i l l i n g of the pond is significant, and indicates the 

presence of water in the cobble layer and/or the upper Nacimiento Forma

tion. The slow recovery of several of the observation wells is consistent 

with the movement of water from the cobble layer through the annular space 

containing a mixture of bentonite and sand or through the Nacimiento Forma

tion, both of which are of very low permeability. 

Water levels in the nine holes are tabulated in Table 3.1 and are 

illustrated in Figure 3.2. These data do not include periods when the 

holes were air blown to remove water prior to the introduction of tempera

ture probes to provide the thermal data previously discussed. As shown, 

several wells such as NP-2 and NP-4 required up to one year to reach equi

librium with the water level in the vicinity of the solar evaporation 

ponds. Due to the slow well recovery, short-term changes in groundwater 

levels are impossible to assess, and the water level measurements are 

useful only for determining long-term trends. 

During the irrigation season, water levels in the Hammond Ditch in the 

vicinity of the solar evaporation ponds are typically 5,498 to 5,500 feet 

msl. This ditch contributes to the water stored in the cobble layer, as 

evidenced by the presence of water in the observation wells prior to the 

f i l l i n g of the evaporation ponds. The water levels in the wells since 

pond 1 was fil l e d indicates that the pond also contributes to the water in 

the cobble layer. Since pond 2 was constructed in the same manner, i t too 
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TABLE 3.1 

GROUNDWATER ELEVATION MEASUREMENTS IN NEUTRON-PROBE ACCESS HOLES 

Date NP-1 NP-2 NP-3 NP-4 NP-5 NP-6 NP-7 NP-8 NP-9 

21-22 May 1977 5473. 66 5473.97 5497.18 5481. 78 5498.68 5492. 71 5496.51 5498.18 5499. 49 

18-19 September 1977 5481. 94 5478.27 5499.83 5490. 68 5496.18 5498. 60 5490.44 5495.17 5495 42 

10-11 January 1978 5485. 09 5480.59 5497.51 5493. 82 5497.77 5497. 60 5494.97 5497.00 5497. 93 

14 February 1978 5486. 78 5486.60 5499.61 5495. 41 5500.04 5502. &<- 5495.23 5498.27 5505. 04 

27 March 1978 5485. 54 5486.50 5498.42 5495. 01 5498.83 5501. 03 5494.83 5497.61 5503.30 

26 April 1978 5484. 82 5484.57 5498.44 5494.68 5498.78 5500. 8* 5494.86 5497.75 5501. 90 

2 June 1978 5484. 32 5484.57 5498.73 5494. 87 5499.08 5494. 89 5494.92 5497.94 5501. 10 

29 June 1978 5483. 69 5484.17 5498.70 5494. 77 5498.87 5498. 31 5494.50 5497.85 5500. 17 

12 July 1978 5483. 39 5484.82 5499.20 5494.96 5499.54 5497. 94 5494.42 5498.32 5500. 28 

20 September 1978 5483.47 5486.50 5499.61 5496. 67 5499.20 5497. 42 5495.14 5498.55 5500. 29 

25 October 1978 5480. 28 5486.64 5499.14 5495. 58 5499.57 5496.72 5495.57 5498.37 5499.09 

11 November 1978 5479. 18 5487.69 5499.66 5496. 30 5500.01 5497. 35 5496.80 5498.90 5499. 92 

13-14 December 1978 5479. 66 5469.13 5499.71 5496. 27 5500.01 5497. 18 5496.55 5498.90 5499. 92 

23 January 1979 5479. 00 5488.34 5499.85 5495. 58 5499.38 5498. 34 5495.07 5498.00 5498. 79 

13 February 1979 5477. 79 5488.03 5499.49 5495.64 5499.93 5495. 81 5495.70 5498.51 5499. 01 

8-9 March 1979 5478. 17 5488.27 5499.83 5495. 98 5500.21 5496. 24 5495.84 5498.75 5499. 37 

6 June 1979 5476. 42 5490.49 5500.71 5496.03 5500.43 5496. 6S 5496.45 5498.91 5502. 21 

18-19 September 1979 5476. 06 5491.22 5500.17 5496. 19 5500.39 5496. 70 5496.14 5498.81 5501. 71 

12 December 1979 5476. 21 5491.01 5498.51 5495. 64 5498.61 5492. 47 5496.65 5497.50 5498. 68 

9 July 1980 5475. 57 5492.94 5500.37 5496. 27 5500.41 5496. 40 5495.66 5498.89 5498. 68 

2 October 1980 5475. 22 5493.47 5499.10 5495. 73 5498.85 5496. 16 5495.87 5498.06 5503. 90 

11 December 1980 5475. 03 5493.43 5497.71 5495. 45 5497.89 5496. Oi 5496.08 5497.06 5502. 40 

5 June 1981 5475. 21 5491.47 5497.86 5496. 03 5498.78 5496. 10 5495.50 5498.65 5500. 60 

17 September 1981 5475. 02 5491.57 5494.28 5495. 67 5498.21 5496. 07 5495.77 5497.44 5499. 93 

8 December 1981 5475. 22 5490.06 5497.14 5495. 28 5497.19 5495. 90 5495.83 5496.60 5499. 30 

15 February 1984 5482.78 5489.67 5498.04 —: 5497.94 5497. 23 5496.53 5497.38 5498. 18 

24 February 1984 5483. 33 5490.34 5498.66 5496. 36 5498.45 5497. 65 5496.91 5497.80 5498. 57 

Benchmark 5521. 82 5520.67 5521.13 5521. 17 5521.13 5520. 94 5520.97 5521.29 5520. 90 
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probably contributes to groundwater in the area. Maximum recharge from 

pond 1 appears to occur in the western end of the pond near observation 

well NP-9. The water level fluctuations in the wells do not appear to be 

related to the fluctuations of the water levels in the Hammond Ditch due to 

the irrigation season. Although i t appears clear that both the evaporation 

ponds and the Hammond ditch contribute to shallow alluvial groundwater in 

the vicinity of the ponds, the magnitude and direction of groundwater 

movement is not well-defined. 

Surface Water and Soil Samples 

While the refinery was operated by Plateau, water and soil samples 

were collected on several occasions to provide additional information on 

wastewater quality and subsurface petroleum hydrocarbons relative to the 

refinery discharge plan which had been submitted previously to the NMOCD. 

Table 3.2 lists the analytical results of samples of the then unlined API 

wastewater ponds collected in September 1981. These data are typical of 

refinery process wastewaters (Ref. 6). A sample of the API wastewater pond 

effluent collected in December 1981, shown in Table 3.3, appears to be of 

somewhat better quality. This water is and was being pumped to the solar 

evaporation ponds, and was analyzed at the time the spray irrigation area 

had just begun operation. 

Plateau collected one soil and six water samples simultaneous with an 

NMOCD investigation of the refinery site on July 12 and 14, 1982. These 

data are tabulated in Table 3.4. Concentrations of petroleum constituents, 

including benzene, toluene, xylene, and ethylbenzene, in the mg/l range 

were found in water in the alluvial river deposits at the bottom of the 

bluff adjacent to the San Juan River. Concentrations of aromatic and 

aliphatic petroleum compounds in the ppm range were detected in soil from 

the banks of the Hammond Ditch near the API wastewater ponds. Concentra

tions of several petroleum constituents in the lower ppm range were found 

in the API separator effluent and in the Hammond Ditch downstream of the 

refinery. A low concentration of the petroleum constituent toluene 

(0.2 mg/l) also was found in a seep on the bluff northwest of the refinery. 
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TABLE 3.2 

ANALYTICAL RESULTS OF SEPTEMBER 1981 PLATEAU WATER SAMPLING 

Parameter 
North API 

Wastewater Pond 
South API 

Wastewater Pond 

BOD, mg/l 87.3 136 

COD, mg/l 525 657 

NH3, mg/l 317 316 

Sulfide, mg/l 619 802 

Phenol , mg/l 145 102 

pH, units 7.14 8.33 
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TABLE 3.3 

ANAYLTICAL RESULT'S OF DECEMBER 1981 PLATEAU SAMPLING 
OF API WASTEWATER POND EFFLUENT 

API Wastewater 
Pond Effluent 

Parameter Concentration 

As, mg/l <0.1 
Ba, mg/l <0.1 
Cd, mg/l 0.01 
Cr, mg/l <0.05 
SCN, mg/l 7.5 
F, mg/l 0.46 
Pb, mg/l 0.15 
Hg, mg/l <0.002 
NO., mg/l 144 
Se; mg/l 0.16 
Ag, mg/l <0.05 
Cl , mg/l 132.5 
Cu, mg/l 0.05 
Fe, mg/l 0.9 
Mn, mg/l 0.1 
SO., mg/l 975 
Phenols, mg/l 12 
TDS, mg/l 1870 
Zn, mg/l 0.35 
pH, units .9.0 
Al, mg/l 0.6 
B, mg/l 9.2 
Co, mg/l 0.11 
Mo, mg/l 0.28 
Ni, mg/l 0.23 
Ca, mg/l 107 
Mg, mg/l 13.8 
Na, mg/l 508 
K, mg/l 16.6 
Acid Extractables: 
Dimethyl phenol, mg/l 0.45 
Chioromethylphenol, mg/l 1.70 

Base/Neutral Extractables: 
Naphthalene, mg/l 1.05 
Acenaphthalene, mg/l 0.04 

Benzene, mg/l 1.7 
Toluene, mg/l 1.9 
Ethylbenzene, mg/l 0.068 
Anthracene, mg/l <0.1 
Phenol, mg/l 6.1 
2,4-dichlorophenol, mg/l <0.1 
2.4.5- t r ich lorophenol , mg/l <0.1 
2.4.6- t r i ch loropheno l , mg/l <0.1 
1,1,1-tr ichloroethane, mg/l <0.2 
Chloroform, mg/l 9.2 
PCB's, mg/l <0.1 
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GROUNDWATER MONITORING WELLS 

In February 1984, Earl and Sons, Inc. of Cedar Crest, New Mexico, 

installed six monitoring wells at the Bloomfield Refinery at the locations 

shown on Figure 3.3. The holes were drilled using an Ingersoll Rand TH-60 

rig using air rotary methods and a down-the-hole air hammer. Drilling was 

terminated in each hole when drilling cuttings indicated the top of the 

Nacimiento Formation had been penetrated. Some water also was required 

during drill i n g , and was obtained from the San Juan River. Methanol or 

acetone was used to rinse the bits between holes. The holes were drilled 

in the expected order of increasing organic concentrations to minimize 

cross-contamination between the wells. The lower 20 feet of each well were 

screened. Lithologic logs for each of the six wells are presented in 

Appendix B. 

The water levels in the wells were determined on February 9, 1984, 

after the last well was completed, and again on February 14 and 15 and 

February 24. There were no significant differences between the sets of 

water level measurements. The water level measurements are presented in 

Table 3.5. Water levels in the five holes containing water varied by less 

than four feet. The water levels levels in these wells are consistent with 

those in the Hammond Ditch during the irrigation season, and the neutron-

probe access holes. Well 6, which was dry, encountered the Nacimiento 

Formation above the water elevations in the other wells. The relationship 

between water levels and the subsurface geologic units is clearly i l l u s 

trated by Cross-section A-A', taken through MW-1, 3, and 6, in a general 

north to south trend, as shown on Figure 3.4. . 

In MW-1, the top of the Nacimiento Formation is at approximately 

5,493.6 feet msl. Water in the cobble layer contributed by the Hammond 

Ditch and evaporation ponds and overlying the Nacimiento was at 5,498.8 

feet msl on February 24, 1984. At MW-3, the top of the Nacimiento is 

slightly higher, and the water elevation also has increased slightly in the 

cobble layer to about 5501.6 feet msl. South of MW-3, the elevation of the 

Nacimiento increases more rapidly than the water surface elevation, such 

that the cobble layer, which is s t i l l present at a reduced thickness in 

MW-6, is completely dry. The slope of the Nacimiento Formation is approxi

mately one percent upward to the south on a regional basis. 
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FIGURE 3.3 

LOCATIONS OF GROUNDWATER MONITORING WELLS AND 
GEOLOGIC CROSS-SECTION A-A' 



TABLE 3.5 

GROUNDWATER ELEVATION MEASUREMENTS 
IN MONITORING WELLS, 1984 

Monitori ng 
Well Benchmark 

Water 
Elevation 

2/9 

Water 
Elevation 
2/14-2/15 

Water 
Elevation 
2/24 

MW-1 5515.64 5499.08 5498.63 5498.78 

MW-2 5519.38 5500.27 5499.48 5500.37 

MW-3 5535.74 5501.68 5501.48 5501.63 

MW-4 5524.30 5499.36 5499.33 5499.46 

MW-5 5545.01 5502.34 5501.28 5502.17 

MW-6 5555.13 Dry Dry Dry 
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Background water samples were collected from wells MW-1 through MW-4 

on February 15, 1984, and submitted to two laboratories for analysis. As 

shown in Table 3.6, significant differences between the laboratories were 

observed for several parameters, including aluminum, cadmium, cobalt, 

copper, iron, lead, nickel, selenium, nitrate, and others. Concentrations 

of petroleum constituents in the low mg/l range were detected in MW-4, the 

well located closest to the process area. MW-1, located between the 

Hammond Ditch and the solar evaporation pond, did not show extensive petro

leum hydrocarbon or heavy metal contamination. MW-3 also appeared rela

tively clean, and one laboratory detected benzene, toluene, and phenol 

concentrations of less than 100 ug/l in MW-2. 

As part of the refinery discharge plan plan approved in June 1984, the 

refinery has initiated a program to analyze groundwater from MW-1 and MW-4 

on a quarterly basis. At the time of this report, only the f i r s t set of 

data, collected in September 1984, are available. These data are tabulated 

in Table 3.7. As shown, MW-4 has increased concentrations of petroleum-

derived compounds, including phenols, benzene, and toluene. Although all 

petroleum compounds analyzed were less than method detection limits for 

MW-1, parameters such as lead and phenols had increased from previous 

samples. Significant differences in TDS, sulfates, chlorides, and nitrate 

between the two wells indicate different probable sources of groundwater 

constituents. 

The differences between the February 15 and September analytical work 

are difficult to evaluate, particularly considering the differences ob

served between the two laboratories previously discussed. The fact that 

the Hammond Ditch was flowing in September but not in February probably has 

affected the water sampled in MW-1 since i t is apparent the ditch contrib

utes water to the cobble layer in this area. At present, i t is unknown 

whether water in the ditch significantly impacts groundwater in the vicin

ity of MW-4. Given the complex hydrogeology of the site, i t is likely that 

at least a full year of analytical data and water level measurements cover

ing periods when the Hammond Ditch is and is not flowing, will be necessary 

to evaluate the water quality data adequately. 
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TABLE 3.6 

ANALYTICAL RESULTS OF FEBRUARY 15, 1984, MONITORING WELL SAMPLING 

Well No. 1 Well No. 2 Well No. 3 Well No. 4 

Hauser CEP Hauser CEP Hauser CEP Hauser CEP 

Aluminum, mg/l 43 .8 <0. 1 37.7 <0. 1 48. 8 <0.1 10. 2 <0 .1 

Arsenic, mg/l 0 .0027 <0. 01 0.0102 0. 01 0. 0035 <0.01 0. 0038 <0 .01 

Barium, mg/l <1 .0 0. 1 <1.0 <0. 1 <1. 0 1.3 <1. 0 0 .2 

Boron, mg/l <10 .0 0. 2 <10.0 0. 3 <10. 0 0.6 <10. 0 0 .5 

Cadmium, mg/l 0 .1 0. 006 0.11 0. 004 0. 1 0.002 0. 2 0 .010 

Chromium, mg/l <0 .1 <0. 001 <0.1 <0. 001 <0. 1 <0.001 <0. 1 <0 .001 

Cobalt, mg/l 1 .0 0. 09 1.1 <0. 01 0. 93 <0.01 0. 95 <0 .01 

Copper, mg/l 0 .13 0. 009 0.11 0. 001 <0. 1 0.007 <0. 1 0 .004 

Iron, mg/l 12 .7 0. 04 15.7 0. 03 43. 1 0.02 8. 3 <0 .01 

Lead, mg/l 2 .8 0. 006 3.1 0. 005 2. 7 0.004 2. 8 0 .006 

Manganese, mg/l 1 .1 1. 21 11.3 18. 1 1. 8 4.43 3. 5 2 .07 

Mercury, mg/l 0 .001 <0. 0004 0.0013 <0. 0004 <0. 0024 <0.0004 <0. 001 <0 .0004 

Molybdenum, mg/l <0 .5 0. 24 <0.5 0. 013 <0. 5 0.014 <0. 05 0 .005 

Nickel, mg/l 0 .84 0. 05 0.87 0. 02 0. 76 <0.01 0. 75 0 .02 

Selenium, mg/l 0 .0096 0. 11 0.0057 0. 10 0. 0053 0.07 0. 0036 0 .10 

Silver, mg/l <0 .1 <0. 01 <0.1 <0. 01 <0. 1 <0.01 <0. 1 <0 .01 

Zinc, mg/l 1 .1 0. 45 0.5 0. 32 0. 8 0.67 0. 9 2 .8 

pH (units) 7 .22 7. 27 7.25 7. 33 7. 14 7.00 6. 92 6 .98 

TDS, mg/l 3038 3050 4825 4360 4098 5220 1600 1780 

Chloride, mg/l 1040 1000 1120 1100 1012 1200 417. 5 470 

Cyanide, mg/l <1 .0 0. 19 <1.0 0. 21 <1. 0 0.24 <1. 0 0 .17 

Fluoride, mg/l 0 .62 0. 54 1.12 0. 58 0. 81 0.24 0. 32 0 .33 

Nitrate, mg/l 1 .2 0. 05 1.0 0. 02 46. 5 <0.01 1. 3 0 .02 

Sulfate, mg/l 240 520 1025 1700 975 2000 <10. 0 <1 .0 

Phenols, mg/l <0 .015 0. 13 0.05 0. 04 • <0. 05 0.09 0. 19 0 .'05 

Benzene, mg/l ND <0. 001 ND 0. 032 ND <0.001 9. 24 3 .'96 

Toluene, mg/l ND <0. 001 ND 0. 074 ND <0.001 2. 43 5 .08 

Hauser refers to Hauser Labs of Boulder, Colorado. 

CEP refers to Controls for Environmental Pollution in Santa Fe, New Mexico. 
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TABLE 3.7 

FIRST QUARTER MONITORING WELL ANALYTICAL RESULTS (SEPTEMBER 1984) 

Monitoring Monitoring 
Parameter Well No. 1 Well No. 4 

As, mg/l <0.002 <0.002 
Ba, mg/l 1.0 4.0 
Cd, mg/l 0.014 <0.002 
Cr, mg/l <0.005 0.10 
Pb, mg/l 0.125 0.088 
Hg, mg/l <0.002 <0.002 
Se, mg/l 0.35 0.40 
Ag, mg/l <0.003 <0.003 
Cu, mg/l 0.10 0.03 
Fe, mg/l 57.0 43.7 
Mn, mg/l 1.70 7.8 
Zn, mg/l 0.30 0.18 
U, mg/l <0.1 <0.1 
C l , mg/l 1059.0 410.0 
so 4, mg/l 825.0 10.0 

PCB, mg/l <0.01 <0.01 
Phenols, mg/l 0.024 0.552 
CN, mg/l <0.01 <0.01 
N03 as N, mg/l 7.2 0.02 
A l , mg/l 2.0 <0.05 
B, mg/l <0.004 <0.004 
Co, mg/l 0.08 <0.003 
Mo, mg/l <0.005 <0.005 
N i , mg/l 0.3 0.2 
F, mg/l 0.284 0.597 
TDS, mg/l 3582.0 1860.0 
Benzene, mg/l <0.01 0.419 
Toluene, mg/l <0.01 0.296 
Carbon te t rach lo r i de , mg/l <0.01 <0.01 
1,2 Dichloroethane, mg/l <0.02 <0.02 
1,1 Dichloroethylene, mg/l <0.005 <0.005 
1,1,2,2 Tetrachloroethylene, mg/l <0.02 <0.02 
1,1,2 Tr ichloroethylene, mg/l <0.01 <0.01 
pH, units 7.2 7.1 
Ra 226 & 228, pCi/1 <5 <5 
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SITE SAMPLING BY NMOCD 

The NMOCD conducted water and soil sampling investigations at the 

Bloomfield Refinery on five occasions during 1981 and 1982. The data 

obtained from four of these investigations are tabulated in Tables 3.8 

through 3.12. A single sample collected at an unknown location on Decem

ber 29, 1981, which had a COD concentration of 172 mg/l is not included. 

The f i r s t sampling investigation conducted by the NMOCD occurred on 

September 3, 1981, when seven water samples were collected. These samples 

were analyzed for inorganic parameters, primarily metals, as shown in 

Table 3.8. Considering the high sulfate and chloride concentrations in the 

API wastewater pond, solar evaporation pond 1, and seeps, the fact that 

there is no difference in these parameters in the Hammond Ditch as i t 

passes through the refinery suggests very l i t t l e or no impact on the ditch 

water. 

On July 6, 1982, the NMOCD collected 19 water samples at various 

points around the refinery, including an API wastewater pond, solar evapor

ation pond 1, the Hammond Ditch, the San Juan River, and numerous seeps. 

These samples were analyzed for TOC and seven inorganic parameters, as 

shown in Table 3.9. The API wastewater pond, solar evaporation pond 1, and 

many of the seeps were found to contain concentrations of lead, chloride, 

and or TDS exceeding state and federal drinking water criteria. Ground

water from the alluvial river deposits adjacent to the San Juan River and 

near a major seep had the highest TOC, boron, and lead concentrations. 

Water collected from the Hammond Ditch just downstream of the refinery 

contained low chloride and TDS concentrations relative to the other sam

ples, and gave no evidence of being impacted by groundwater constituents at 

the refinery. 

The NMOCD followed up this sampling with an investigation of water and 

soils at the refinery on July 12 and 14, 1982. These samples were analyzed 

for specific organics typically associated with petroleum products. These 

data are tabulated in Tables 3.10 and 3.11. Sample locations are presented 

in Figure 3.5. 
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TABLE 3.8 

ANALYTICAL RESULTS OF 9/3/81 NMOCD WATER SAMPLING 

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 1 
Seep on Bluff 

Upstream Seep in 250+ yards 
Sump from Southeast Hammond Arroyo 150+ North of Downstream 
North API Corner of Ditch at yards NE of Seep NW of North API Hammond 
Wastewater Evaporati on West end of Evaporation Evaporati on Wastewater Ditch at 

Parameter Pond Pond No. 1 Si phon Pond No. 1 Pond No. 1 Pond Sullivan Road 

Cl 1102.2 997.8 3 6 235.8 603.9 696.8 4.6 

F 0.45 0.56 0.16 1.12 1.16 0.77 0.15 

so4 
355.2 563.3 46 .3 314.3 1118.0 1896.0 46.5 

Fe 0.4 <0.1 - - <0.1 - <0.1 

Mn <0.1 <0.1 - - <0.1 - <0.1 

Ni 0.04 <0.01 - - <0.01 - <0.01 

Mo <0.01 <0.01 - - <0.01 - <0.01 

Co <0.005 <0.005 - - <0.005 - <0.005 

As 0.046 <0.005 - - 0.005 - <0.005 

Ba 0.4 <0.1 - - 0.4 - <0.1 

Cd <0.001 <0.001 - - <0.001 - <0.001 

Cr 0.009 <0.005 - - <0.005 - <0.005 

Pb <0.005 <0.005 - - <0.005 - <0.005 

Hg <0.005 <0.005 - - <0.005 - <0.0005 

Se <0.005 <0.005 - - <0.005 - <0.005 

Ag <0.001 <0.001 - - <0.001 - <0.001 

Zn <0.1 <0.1 - - <0.1 - <0.1 

Cu 0.061 <0.05 -

- • 
<0.05 - <0.05 

Al <0.1 <0.1 - 0.24 - 0.1 

B 1.2 - - - 0.28 0.04 

All values in mg/l. 
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TABLE 3.9 

ANALYTICAL RESULTS OF 7/6/82 NMOCD WATER SAMPLING 

Sample Location 
TOC 
(mg/l) 

Boron 
(mg/l) 

Cobalt 
(mg/l) 

Chromium 
(mg/l) 

Lead 
(mg/l) 

Chloride 
(mg/l) 

Fluoride 
(mg/l) 

TDS 
(mg/l) 

S-l Downstream Hammond Ditch 35 feet 
South of Sullivan Road 3.75 <0.01 <0.01 <0.01 <0.01 10 0.0027 220 

S-2 Seep from Bluff NW 3.75 0.32 <0.01 <0.01 <0.01 20 0.0060 640 

S-3 Seep from Bluff NW 5.63 0.29 <0.01 <0.01 0.01 130 0.0069 1679 

S-4 Seep from Bluff NW 3.75 0.36 <0.01 <0.01 0.01 150 0.0092 1124 

S-5 Groundwater from River Terrace 
near Seep 26.25 0.74 <0.01 <0.01 0.40 330 0.0124 3127 

S-6 Seep Below Holding Pond 3.75 0.54 <0.01 <0.01 0.10 760 0.0092 4667 

S-7 Seep at Holding Pond just North 
of Hammond Ditch <1.88 0.19 <0.01 <0.01 0.02 440 0.0162 2059 

S-8 API Wastewater Pond Sump 1.88 <0.01 <0.01 <0.01 0.07 960 0.0019 2927 

S-9 NW Corner of Evaporation Pond No. 1 5.63 0.07 <0.01 <0.01 0.09 1130 0.0281 3831 

S-10 Seep North of Hammond Ditch and 
NE of Evaporation Pond No. 1 5.63 <0.01 <0.01 <0.01 0.04 420 0.0116 1782 

S-ll Seep E of Evaporation Pond No. 1 5.63 0.16 <0.01 <0.01 0.09 920 0.0174 4289 

S-12 Seep from Culvert at Sullivan Road 
and E of Evaporation Pond No. 1 7.50 0.46 0.01 <0.01 0.16 280 0.0083 7875 

S-14 Spray Irrigation System 3.75 <0.01 <0.01 <0.01 0.07 1180 0.0299 3822 

S-15 Seep at San Juan River from Arroyo 
E of Refinery 3.75 <0.01 0.01 <0.01 0.14 380 0.0101 7209 

S-16 San Juan River Upstream 3.75 <0.01 <0.01 <0.01 <0.01 10 0.0040 208 

S-17 Groundwater near Highway 44 and 
Sullivan Road 11.25 <0.01 ' <0.01 <0.01 0.03 200 0.0240 2098 

S-18 Seep from Bluff NW 11.25 <0.01 <0.01 <0.01 0.05 220 0.0057 1713 

S-19 Seep from Bluff NW 1.88 <0.01 <0.01 <0.01 0.04 60 0.0140 587 

S-20 Seep from Bluff NW 18.75 <0.01 <0.01 <0.01 0.09 820 0.0108 3528 
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TABLE 3.10 

ANALYTICAL RESULTS OF 7/12/82 ANO 7/14/82 NMOCD WATER SAMPLING 

Sample A Sample 8 Sample C Sample D Sample E Sample F 
Test Trench Test Trench Hammond Ditch 
100 yards NW 150 feet SE 150 yards S 
of Hammond of Hanmond of Hammond Groundwater 
Ditch and Ditch and Ditch and from River 
Sullivan Road Sullivan .Road Sullivan Road Terrace Seep from 

Parameter Intersection Intersecti on Intersecti on API Separator Deposits Bluff NW 

Cd, mg/l 0.002 0.001 <0.001 0.001 0.04 NA 

Cr, mg/l 0.013 <0.008 <0.005 0.041 0.62 NA 

Pb, mg/l 0.13 0.10 <0.005 0.12 18.17 NA 

Hg, mg/1 0.0014 <0.0005 <0.0005 <0.0005 <0.0005 NA 

Co, mg/l 0.05 0.05 <0.05 0.069 • 0.57 NA 

Ni , mg/1 0.13 <0.05 <0.05 0.08 0.80 MA 

Oil and Grease, mg/l NA NA 1.2 15.7 296.2 NA 

Cn, mg/l NA NA ND 0.19-0.39 0.0036 NA 

Phenols, mg/l NA NA 0.0295 21.34 1.01 NA 

Cl, mg/l 365.5 385.3 5.0 1499.5 554.5 NA 

F, mg/l 0.49 0.38 0.22 0.38 0.43 NA 

S04, mg/l 146.6 12.2 51.0 239.7 1420 NA 

B, mg/l 0.53 0.49 0.03 0.37 0.38 NA 

TDS, mg/l 1963 1733 4180 2170 4830 NA 

TOC, mg/l NA 323 3.6 323 860 NA 

Benzene, ug/1 <1 <1 <1 21.13 mg/1 15.66 mg/1 <1 

Toluene, ug/l <1 <1 <1 21.08 mg/1 44.6 mg/1 1.43 mg/l 

Ethylbenzene, ug/l <1 NA NA <1. mg/l 4.03 mg/l <1 

M-Xylene, ug/1 <1 <1 <1 1.27 mg/l 16.3 mg/l <1 

Aliphatic Hydrocarbon 
ND Screen ND ND ND Present Present ND 

ND: None Detected 
NA: Not Analyzed 
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TABLE 3.11 

7/12/82 AND 7/14/82 NMOCD SOIL SAMPLING 

Sample A Sample B Sample E Sample G 
Test Trench Test Trench 
100 Yards NW 150 Feet SE 
of Hammond of Hammond Soil Sample Soil Sample in 
Ditch and Ditch and From River Hammond Ditch 
Sullivan Road Sullivan Road Terrace Near API Waste

Parameter Intersecti on Intersection Deposits water Ponds 

Benzene <1 ppb <1 ppb <1 ppb 0.009 ppm 

To!uene <1 ppb <1 ppb 0.115 ppm 0.158 ppm 

Ethylbenzene NA <1 ppb 0.044 ppm 0.056 ppm 

M-Xylene <1 ppb <1 ppb 0.124 ppm 0.229 ppm 
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TABLE 3.12 

7/28/82 NMOCD WATER SAMPLING 

Sample La Sample Ca Sample Da Sample Ia Sample Ja Sample Ka Sample La Sample Ca 
Water from 

Hammond Test Trench 
Hammond Ditch 50 yards South 

A l l u v i a l Di tch API Separator Upstream Seep from of two Ponds 
Parameter Well Water Downstream Ef f luen t at Siphon B lu f f NW East of Refinery 

S0 4 , mg/1 417.2 56.7 454.2 57.3 151.8 NA 

C l , mg/l 38.2 6.5 1504 3.9 203.5 78.2 

B, mg/l 0.29 0.07 0.35 0.03 0.84 0.66 

TDS, mg/l 906 186 2676 184 1549 NA 

TOC, mg/l 1.5 5.4 418 4.6 98 9.6 

Mn, mg/l 0.36 0.05 0.11 0.05 0.92 0.13 

Co, mg/l 0.05 0.05 0.05 0.05 0.05 0.069 

Pb, mg/l <0.005 <0.005 0.20 <0.005 ' 0.26 0.38 

U, mg/l NA NA 0.005 NA NA NA 

Phenols, mg/l NA 0.013 37.05 0.191 NA NA 

Cn, mg/l ND 0.002 NA NA 0.001 NA 

Benzene, ug/ l <1 <1 17.1 <1 <1 <1 

Toluene, ug/ l <1 <1 16.5 <1 <1 <1 

M-Xylene, ug/ l <1 <1 3.0 <1 <1 NA 

Ethyl benzene, ug/ l NA <1 3.6 <1 <1 NA 

A l i pha t i c Hydro

carbons , ND ND Present ND ND ND 

NA: Not Analyzed 
ND: Not Detected 
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FIGURE 3.5 

LOCATIONS OF NMOCD AND PLATEAU 7/12 AND 7/14 1982 
WATER AND SOIL SAMPLING 
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Water samples from the test trenches northwest and southeast of the 

downstream Hammond Ditch intersection with Sullivan Road had lead concen

trations of two to three times state and federal drinking water criteria, 

and the southeast sample had a TOC concentration of 323 mg/l. However, 

concentrations of petroleum constituents including benzene, toluene, ethyl

benzene, xylene, and aliphatic hydrocarbons typically present in refinery 

product were all less than detectable limits. Soil samples collected at 

the same locations also were free from significant concentrations of these 

organics. The sample of Hammond Ditch water contained low concentrations 

of oil and grease (1.2 mg/l) and phenols (29.5 ug/l), but otherwise differs 

from the concurrent sample collected by Plateau in that benzene, toluene, 

xylene, and aliphatic petroleum hydrocarbons were all less than detectable 

1imits. 

The water sample collected from the API separator contained concentra

tions of TOC and the petroleum constituents benzene and toluene in the mg/l 

range, as well as other compounds typical of refinery wastewaters. The 

concurrent sample collected by Plateau had lower petroleum hydrocarbon 

concentrations, although the same compounds were s t i l l present. 

Groundwater from the alluvial river deposits was found to contain a 

variety of organic and inorganic compounds. A soil sample at this location 

also contained a similar variety of compounds. A high lead concentration 

(18.17 mg/l) was detected in this sample. Specific petroleum hydrocarbons, 

including benzene, toluene, ethylbenzene, and xylene, were present in 

concentrations in the mg/l range, although generally lower than the con

centrations detected in Plateau's sample of the same date. It should be 

noted that the concentrations of many parameters exceed those present in 

the sample collected from the API separator, suggesting a probable source 

other than refinery effluent. 

A soil sample collected from the south bank of the Hammond Ditch near 

the El Paso Natural Gas pipeline right-of-way was found to contain the 

petroleum constituents benzene, toluene, ethylbenzene, and xylene at con

centrations of less than 0.25 ppm. The stained soils in this area are 

reportedly the result of diesel fuel spilled in the process area in past 

years due to improper tank-filling procedures. Downstream of this area of 

the ditch, two four-foot diameter berms were constructed to contain the 
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seepage, and the collected water and petroleum hydrocarbon mixture was 

pumped to the API wastewater ponds for subsequent treatment. This seepage 

may be the source of the petroleum hydrocarbons detected further downstream 

in the ditch water. 

The NMOCD completed their site investigations during 1982 with a visit 

to the refinery on July 28 for the collection of additional water samples. 

These analyses are tabulated in Table 3.12. As shown in the table upstream 

and downstream samples of the Hammond Ditch water were almost identical, 

and show no evidence of refinery impacts. The API separator sample was 

similar to samples previously collected from the same source. Samples of a 

seep on the northwest bluff and water from a test trench near the solar 

evaporation ponds had elevated lead concentrations of five to eight times 

state and federal drinking water standards, although l i t t l e evidence of 

petroleum compounds was present. The NMOCD also sampled an alluvial water 

well at an unknown location which showed no evidence of increased metals or 

organic concentrations. 
/' 

FIT 1983 INVESTIGATION 

On May 16, 1983, the EPA conducted a FIT investigation of the Bloom

field Refinery. Water samples were collected in the Hammond Ditch up

stream, downstream, and near the process area; in the San Juan River up

stream and downstream; in a retention pond seep north of the API wastewater 

ponds; and from two seeps on the bluff, one east and one west of the re

finery. Soil samples were collected in the landfarm area, the Hammond 

Ditch near the process area, and in the vicinity of the three seeps from 

which water samples were collected. These data are attached to this report 

as Appendix C. 

Upstream and downstream samples of San Juan River water show few 

differences and do not indicate measurable contamination of the water 

downstream of the refinery. Of the metals analyzed, iron was somewhat 

higher downstream of the refinery than upstream, but was s t i l l well within 

state and federal water quality standards for drinking water supplies. 

Priority pollutant analyses found a single alkane in the upstream sample at 

0.0075 ppm which was not detected in the river water downstream of the 

refinery. 
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Water samples from the Hammond Ditch upstream and downstream of the 

refinery and adjacent to the process area show no significant differences 

for the metals analyzed (aluminum, iron, manganese, and zinc). The same 

alkane identified in the upstream San Juan River sample was found in simi

lar concentrations in the Hammond Ditch upstream and downstream of the 

refinery. An unknown volatile organic compound was also found in the 

upstream sample at a concentration of 0.12 ppm. The water sample collected 

from the ditch near the process area contained a low concentration (0.011 

ppm) of molecular sulfur. No other priority pollutants were identified in 

the water samples from the Hammond Ditch water which are commonly associ

ated with refinery operations or product. The soil sample collected of the 

Hammond Ditch bank near the process area contained metals concentrations 

typical for U.S. soils. Two alkanes were found in this soil sample at a 

total concentration of less than 1 ppm. 

The three water samples from the seeps contained numerous volatile 

organic and acid and base/neutral compounds common in raw crude and refined 

product, including alkanes, phenolic compounds, benzene isomers, polynu-

clear aromatics, and a variety of unidentified compounds. The retention 

pond seep contained fewer petroleum-derived compounds at generally lower 

concentrations than the seeps sampled on the west and east bluffs. Soil 

samples collected in the vicinity of the seeps indicated concentrations of 

polynuclear aromatic compounds in the ppb to low ppm range around the west 

seep, whereas the soil sample collected in the vicinity of the east seep 

was characterized by similar concentrations of alkanes and related petro

leum compounds. Only a single alkane at a concentration of 0.32 ppm was 

identified in soil from the retention pond seep. 

FIT 1984 INVESTIGATION 

An extensive sampling program was conducted by the EPA Region VI FIT 

during the week of March 19-24, 1984. Samples were collected from the 

refinery API separator, solar evaporation ponds, spray irrigation area, 

groundwater monitoring wells, and other surface features in probable runoff 

pathways. Seepage samples and soil samples from the river alluvium also 

were collected, as well as upstream and downstream samples in the San Juan 

River and the Hammond Ditch. A map showing the locations of all samples is 
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presented in Figure 3.6. The analytical data is attached to this report as 

Appendix D, along with a data summary originally presented in the FIT 

report. 

Water and soil samples were collected at four locations in the Hammond 

Ditch: (1) upstream of the refinery, (2) near the API wastewater ponds, 

(3) below the raw water ponds, and (4) downstream of the refinery. Water 

samples upstream and downstream of the refinery contained no measurable 

concentrations of organic or inorganic parameters. A small concentration 

of the petroleum constituent xylene (7.3 ppb) was detected in the ditch 

water near the raw water ponds. Petroleum hydrocarbons including several 

benzene compounds and numerous unknowns were detected in the water'adjacent 

to the API wastewater ponds. In the soil samples, unknown organic com

pounds were detected in all samples except that collected near the raw 

water ponds, at concentrations greater than 45 ppm. In the soil near the 

API wastewater ponds, in the area where a stain of diesel fuel had been 

reported previously, four polynuclear aromatic compounds (PNA's) at a total 

concentration of over 18 ppm were detected. Alkanes were detected in all 

samples, including those collected upstream of the refinery, and a large 

number of unknown organic compounds were found in the soil samples both 

upstream and downstream of the refinery. Given the large concentrations of 

alkanes and unknown organic compounds detected in upstream soil samples, i t 

is impossible to determine conclusively the source of similar compounds and 

concentrations in downstream samples. It should be noted that off-site 

migration of organic compounds was not demonstrated in water samples col

lected in the ditch. 

Soil samples collected throughout the refinery indicate a variety of 

organic compounds are present in widely varying concentrations. Small 

concentrations of toluene, heptanol, and other petroleum-derived organics 

of less than 2 ppm were detected in soils in the spray irrigation area. 

Soils in a portion of the refinery property located just north of the spray 

irrigation area contained higher concentrations of the petroleum constitu

ents PNA's, alkanes, and other unknown organics in the 10-50 ppm range. 

Evaporation pond soils were found to contain petroleum-derived phenolic 

compounds, PNA's, aromatic and other solvents, alkanes, and other com

pounds, mostly in concentrations of less than 1 ppm, although one of the 
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FIGURE 3.6 

LOCATIONS OF 1984 FIT SAMPLES 
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samples taken from the southern end of pond 2 had organic concentrations up 

to 10 ppm, as well as elevated chromium, copper, and zinc levels. 

Soils and water samples in seepage areas and intermittent stream 

channels, north and northwest of the refinery, all contained evidence of 

organic compounds commonly associated with refinery operations and refined 

product. The highest concentrations of these petroleum constituents were 

found in soils from a major seep on the bluff northwest of the refinery and 

in the alluvial river deposits immediately below. PNA's, alkanes, benzene, 

and other petroleum constituents were detected at concentrations exceeding 

100 ppm. The seeps containing the highest organic concentrations are 

likely the result of past spills of oil or product at the refinery, since 

organic concentrations are well in excess of the concentrations of the same 

compounds present in the API wastewater ponds or in the API separator 

effluent, solar evaporation ponds, or spray irrigation area. 

The FIT collected water and soil samples from the San Juan River both 

upstream and downstream of the refinery. No evidence of downstream impacts 

was found, despite the high organic concentrations present in the adjacent 

river terrace deposits. The compounds 1,1,2-trichloroethane and 1,1,2,2-

tetrachloroethane were found in both upstream and downstream soils in 

similar concentrations. The source of these compounds is unknown, although 

laboratory contamination is a strong possibility. 

Three groundwater monitoring wells, MW-1, MW-4, MW-5, were sampled 

during the 1984 FIT v i s i t . Petroleum hydrocarbons including ethylbenzene, 

xylene, and alkanes were detected in MW-5 at concentrations of less than 50 

ug/l, and no organic compounds were detected in well MW-1, although a low 

phenol concentration had been detected in one previous analysis. Organic 

concentrations approaching 30 mg/l for individual petroleum constituents 

were found in MW-4, which is consistent with previous analyses, although 

concentrations of specific parameters differ from previous samples. Water 

from each of the wells contained elevated aluminum and iron concentrations. 

Manganese also was detected in MW-4 at a slightly elevated concentration 

(7.62 mg/l). 
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CHAPTER 4 

SITE ASSESSMENT 

CHARACTERIZATION AND POTENTIAL SOURCES 
OF GROUNDWATER CONSTITUENTS 

Organic constituents commonly associated with refinery operations and 

refined product are widespread in groundwater in the upper sands, s i l t s , 

and cobbles of the Jackson Lake Terrace and other Quaternary deposits above 

the Nacimiento Formation at the Bloomfield refinery, and have been observed 

in seeps in the intermittent stream channels to the north of the Hammond 

Ditch. The areas with petroleum hydrocarbon concentrations in the ppm 

range are the major seeps emerging from the bluff northwest of the refin

ery, the alluvial river deposits to which these seeps drain, and the vicin

ity of MW-4. Other seeps and arroyos north and northeast of the refinery 

show evidence of petroleum hydrocarbons at lower concentrations. 

The areas with the highest petroleum hydrocarbon concentrations are 

believed to be primarily the result of hydrocarbon spills and leaks in and 

around the process area. The concentrations of aromatic solvents, polynu-

clear aromatics, alkanes, substituted benzenes, and other petroleum-derived 

hydrocarbons in the major northwest bluff seep and the alluvial river 

deposits are significantly higher than the concentrations observed in the 

API separator effluent, API wastewater ponds, solar evaporation ponds, and 

spray irrigation area and implicate a separate source. Concentrations of 

specific petroleum hydrocarbons in the API separator effluent and API 

wastewater ponds are typical of refinery operations as reported by EPA 

(Ref. 6). Furthermore, the presence of short-chain and low molecular 

weight hydrocarbons in the seepage from the northwest bluff is character

istic of refined product and also strongly suggests i t may be the result of 

leaks and/or spillage. The 1984 FIT report also indicated that the river 

terrace deposits where the large petroleum hydrocarbon concentrations were 

found was the site of a 2,500-barrel oil spill in 1963. 

The area in the vicinity of MW-4 also contains subsurface petroleum 

hydrocarbons. This area reportedly was near areas used at one time for 

truck washing and truck loading which may have contributed to the petroleum 

hydrocarbons present. The water sample collected at this location 
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contained some similar compounds to the northwest bluff seep, although 

numerous different petroleum constituents were present in the samples. 

Samples collected from the arroyo north of the solar evaporation pond 

generally contain fewer organic compounds at lower concentrations than 

those near the process area or along the northwest bluff. The petroleum 

compounds detected are similar to those found in the evaporation ponds and 

spray irrigation area, which suggests these areas as possible sources. 

The extent of the petroleum hydrocarbons in the shallow subsurface is 

well defined in certain areas, and, although the horizontal extent is not 

known with certainty, the general area of petroleum hydrocarbons can be 

defined. I t is likely that to the south, the petroleum hydrocarbons extend 

no further than the point where the water level intersects the Nacimiento 

Formation, and may not extend even this far, as the subsurface soil and 

water samples collected in this area by the NMOCD and Plateau did not 

indicate petroleum hydrocarbon presence. Soil and water samples collected 

west of the Hammond Ditch and north of Sullivan Road also did not indicate 

the presence of petroleum hydrocarbons and, furthermore, movement of im

pacted groundwater in this area is unlikely due to the location of the 

ditch, which would provide a barrier much of the year due to the hydraulic 

gradient when the ditch is f u l l . In addition, groundwater movement appears 

to follow the Nacimiento subcrop which slopes down toward the north on a 

regional basis. 

Taken together, the data on groundwater quality suggest multiple 

sources of groundwater petroleum hydrocarbons ranging from spills or leaks 

of crude oil or product to the seepage of partially treated wastewater. It 

is doubtful that all individual sources of spills could be identified, 

considering the hydrocarbons obviously have moved throughout the shallow 

subsurface and are influenced by the recharge of water form and surcharge 

to the Hammond Ditch. Therefore, i t seems most prudent to consider the 

entire process area extending to MW-4 in the south as a single source of 

petroleum hydrocarbons. 

POTENTIAL SURFACE WATER IMPACTS 

Subsurface petroleum hydrocarbons at the Bloomfield Refinery poten

t i a l l y could impact two major surface water bodies: the San Juan River and 
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the Hammond Ditch. Potential impacts on the Hammond Ditch can be further 

divided into irrigation season and non-irrigation season impacts. 

San Juan River 

None of the surface water or soil samples collected by Plateau, the 

NMOCD, or EPA upstream or downstream of the refinery indicate the river has 

been affected adversely by the subsurface petroleum hydrocarbons at the 

refinery. Although i t is apparent that concentrations of petroleum hydro

carbons are present in the alluvial river deposits adjacent to the San Juan 

River, these compounds have not been detected downstream in measurable 

concentrations. Given the small flow rate of the seeps relative to the 

flow rate of the San Juan River, the dilution rate is sufficiently high 

such that even i f hydrocarbons are entering the river they are diluted to 

such an extent that they do not have a measurable impact on water quality. 

Field estimates of the total rate of seepage from all seeps have been as 

high as 10-20 gpm. At the average river flow rate of 1,090 cfs since the 

Navajo dam was completed in 1963 (determined at USGS gauging station 

09355500, 7.2 miles downstream from the dam and approximately 19 miles 

upstream from the site), the dilution rate would be 24,460 to 1 i f as much 

as 20 gpm were entering the river. Therefore, i t is hardly surprising that 

petroleum hydrocarbon impacts downstream from the refinery in the San Juan 

River have never been demonstrated. 

Due to the high flow rate of the San Juan River, flow rates have not 

been measured in conjunction with sampling activities. If the discharge of 

petroleum hydrocarbons through seeps eventually leading to the river were 

constant, the potential for adverse impacts increases as the flow in the 

river decreases. This is true for several reasons. Obviously, a reduction 

in the San Juan River flow reduces the dilution rate for any petroleum 

hydrocarbons which may be entering the river. Secondly, a lowering of the 

river level may allow petroleum hydrocarbons present in the alluvial de

posits to enter the river during low-flow conditions. Although the river 

flow rates during site sampling invstigations are not known, river flow 

rates are available at several USGS gauging stations on the San Juan River. 

One of these, USGS gauging station 0935710, was used briefly as a water 

quality station as well as a gauging station between 1978 and 1981. The 

station is located several miles downstream of the refinery but upstream of 
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the City of Farmington. The locations of the gauging stations are shown on 

Figure 1.1. During this period, concentrations of a large number of inor

ganic and some organic analyses were determined on a monthly basis. An

alyses of selected parameters which might be impacted by the introduction 

of refinery hydrocarbons to the river are summarized in Table 4.1. The 

data indicate there is no correlation between concentrations of these water 

quality parameters (including organic carbon and lead) and river flow rates 

which can be attributed to the subsurface petroleum hydrocarbons at the 

refinery. There is no indication that concentrations increase during 

low-flow conditions due to increased migration of petroleum hydrocarbons 

into the river. Furthermore, there is no indication that water quality 

parameters increase due to a flushing out of petroleum hydrocarbon sub

stances from the alluvial deposits during periods of high flow. 

Based on the available information, impacts on the San Juan River due 

to subsurface petroleum hydrocarbons at the refinery are not measurable, 

including during low-flow and high-flow periods. 

Hammond Ditch 

Potential impacts on the Hammond Ditch due to subsurface petroleum 

hydrocarbons at the refinery are difficult to assess, i f only because of 

the seasonal use of the ditch to carry irrigation water. During the i r r i 

gation season, the ditch contributes water to the upper alluvial deposits 

as bank storage and the hydraulic gradient tends to move groundwater in 

directions away from the ditch, and in some instances toward the numerous 

seeps along the Nacimiento subcrop. Only one of many water samples col

lected from the ditch downstream during the irrigation season showed any 

evidence of petroleum hydrocarbons, and a sample collected concurrently by 

NMOCD was free of hydrocarbons. Petroleum hydrocarbons have been detected 

in the ditch below the API wastewater ponds and raw water ponds at low 

concentrations when the ditch is flowing - these are most likely the result 

of the surface soil stains in the ditch near the API wastewater ponds, 

since the hydrocarbons are absent in water downstream from the refinery but 

increase in an upstream direction to a maximum for the sample collected 

near the API wastewater ponds. 

When the ditch is not carrying irrigation water, the hydraulic gra

dient is reversed and water will tend to come out of bank storage and 
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TABLE 4.1 

ANALYSES OF SELECTEO PARAMETERS AT USGS WATER QUALITY STATION 0935710 DURING THE TIME PERIOD 197" -1981 

Date 

Instan
taneous 
Fl ow 
Rate 

(cfs) 
Sulfate 
(mg/l) 

Chloride 
(mg/l) 

Nitrate + 
Nitrite-
(mg/1) 

Ammonia-N Organic-N 
(mg/l) (mg/l) 

Boron 
(ug/l) 

Di ssolved 
Organic 
Carbon 
(mg/l) 

Total 
Chromium 
(ug/l) 

Total 
Lead 
(ug/l) 

Total 
Zinc 
(ug/l) 

December 9, 1977 579 100 3.9 0.31 0.27 0.09 40 3.4 0 4 20 

January 24, 1978 606 120 4.0 0.13 0.00 0.14 30 3.0 - - -
February 22, 1978 519 120 4.0 0.23 0.13 1.3 40 4.2 - - -
March 2S, 1978 653 120 4.5 0.06 0.01 0.51 30 3.1 - - -
April 27, 1978 480 120 4.3 0.05 0.03 0.33 40 3.7 - - -
June 27, 1978 339 120 5.4 0.14 0.03 0.52 40 4.6 - - -
July IS, 1978 380 150 4.8 0.09 0.00 0.39 50 8.0 0 10 40 

August 21, 1978 496 140 4.5 0.08 0.02 0.33 50 7.7 - - -
September 15, 1978 490 140 5.0 0.08 0.04 0.42 40 4.9 - - -
October 18, 1978 524 170 5.2 0.15 0.01 0.37 50 5.8 0 2 20 

November 2S, 1978 560 170 5.0 0.14 0.02 0.56 60 3.8 - - -
December 18, 1978 701 140 5.4 0.20 0.01 0.31 60 3.8 - - -
January 23, 1979 627 150 4.8 0.18 0.03 0.20 40 5.6 - - -
February 21, 1979 934 170 4.7 0.25 0.04 4.2 60 6.4 - - -
March 25, 1979 2520 130 4.4 0.23 0.04 9.2 50 3.3 - - -
April 2-, 1979 5030 52 3.4 0.08 0.01 0.33 30 3.6 10 38 80 

May 23, 1979 5530 64 3.2 0.06 0.05 0.46 40 4.9 - - -
June 18, 1979 4990 61 2.8 0.06 0.03 0.10 120 8.4 - - -
July 24, 1979 4850 50 2.2 0.15 0.02 0.41 3 1.9 0 8 30 

August 22, 1979 793 94 2.5 0.08 0.27 0.93 30 5.8 - - -
September 17, 1979 510 130 2.5 0.06 0.01 0.39 30 7.2 - - -
October 2-, 1979 579 150 3.6 0.06 0.08 0.45 50 9.5 0 6 20 

November 20, 1979 294 250 5.1 0.18 0.04 - 50 5.9 - - -
December 17, 1979 1630 80 5.6 0.11 0.03 0.57 140 4.1 - - -
January 22. 1980 1720 79 6.4 0.46 0.02 0.40 30 4.5 - - -
February 18, 1980 1820 - 2.5 0.19 0.12 1.9 30 4.8 - - -
March 18, 1980 2640 55 2.5 0.09 0.00 0.33 30 3.3 - - -
April 6, 1980 724 120 3.6 0.12 0.08 0.52 30 5.9 - - -
May 21, 1980 977 91 2.9 0.01 0.02 0.40 60 6.7 - - -
June 15, 1980 1390 69 2.7 0.02 0.00 0.76 30 7.6 

July 24, 1980 855 79 2.5 0.08 0.01 0.85 40 4.3 10 16 40 

August 25, 1980 1020 100 3.1 0.00 0.00 0.64 20 4.0 - - -
September 24, 1980 1010 81 2.7 0.00 0.00 0.35 40 4.2 - - -
October 30, 1980 1210 80 2.5 - - - 50 - - - -
November 24, 1980 1560 76 2.9 0.13 0.03 0.83 40 4.7 0 10 70 

December 15, 1980 1520 65 2.3 - - - 10 - - - -
January 19, 9181 1830 62 2.3 - - - 10 - - - -
February 23, 1981 969 86 2.7 0.01 0.06 0.75 0 4.8 - - -
March 22, 1931 843 88 2.6 - - - 20 - - - -
April 20, 1981 430 150 4.1 - - - 30 - - - -
May 26, 1931 413 130 11 0.09 0.08 0.63 20 7.2 10 3 60 

June 23, 1981 373 130 3.3 - - - 20 - - - -
July 20, 1981 588 92 2.7 - - - 20 - - - -
August 24, 1981 759 82 2.4 0.03 0.06 0.39 20 2.7 - - -
September 8, 1931 1030 320 5.5 - - - 50 - - - -
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recharge the ditch. The presence of water in the ditch during all seasons 

supports this conclusion. The return water carries with i t petroleum 

hydrocarbons from the shallow subsurface, which are evident in the ditch 

during the winter months. At present, Bloomfield Refining has constructed 

several earthen berms in the ditch to capture the water and low concentra

tions of petroleum hydrocarbons which are then pumped back to the refinery 

for treatment. The berms prevent the petroleum hydrocarbons from migrating 

off-site in the ditch during the non-irrigation season. 

At the start of the irrigation season, the possibility exists that 

petroleum hydrocarbons in the ditch upstream of the berm will be trans

ported downstream with the f i r s t flush of irrigation water. Some of the 

petroleum hydrocarbons would undoubtedly adhere to downstream ditch soils 

and may have contributed to the alkanes detected in off-site soil samples. 

Impacts on downstream water users should be negligible during the 

irrigation season due to the hydraulic gradient which forces ditch water 

into bank storage, and the dilution factor due to the water flow in the 

ditch. Using current recovery procedures, petroleum hydrocarbon substances 

recharging the ditch during the non-irrigation season will remain on-site 

and receive treatment in the refinery wastewater treatment system. 

POTENTIAL GROUNDWATER IMPACTS 

Shallow Alluvial Groundwater 

That shallow groundwater beneath the refinery contains hydrocarbons 

typical of refinery operations is wel1-documented, particularly in the 

vicinity of and downgradient of the process area. The available data 

indicate that petroleum hydrocarbons migrate downward through the permeable 

sand, s i l t , and cobble deposits until encountering the relatively imperme

able Nacimiento Formation. Subsurface migration occurs along depressions 

in the formation, which slopes downward regionally in a northerly direc

tion. The petroleum hydrocarbons emerge in seeps where the contact between 

the upper permeable layers and the Nacimiento Formation is exposed along 

the bluff adjacent to the San Juan River. After migrating down the bluff, 

the petroleum hydrocarbons accumulate in the San Juan River terrace de

posits and the shallow groundwater of these deposits. 
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The depressions in the Nacimiento subcrop are well-documented by the 

presence of seeps and surveyed elevations at the contact, but are less 

well-defined in other areas of the refinery property. At least three 

separate depressions are noticeable along the bluff: two north and north

east of the solar evaporation ponds and one northwest of the refinery which 

contains a seep with the highest petroleum hydrocarbon concentrations 

analyzed. A connection between the subcrop depressions resulting in a 

major east-west depression through the refinery property has been inferred 

in previous reports and is a possibility based on the information available 

(Ref. 3). However, i t is also possible that two of the depressions are 

separated by a ridge of the Nacimiento subcrop. If the ridge exists, 

subsurface petroleum hydrocarbons east of the ridge may be a result of past 

spills in the area, leakage from the solar evaporation ponds and/or the 

spray irrigation area. At present, the existence of this ridge and the 

extent of the Nacimiento subcrop depressions are not known. 

Groundwater in the Nacimiento and Deeper Formations 

The Ojo Alamo is the shallowest dependable potable groundwater supply 

in the vicinity of the refinery. This sandstone formation is approximately 

500 feet below the ground surface at the refinery, underlying the thick and 

relatively impermeable Nacimiento Formation. Indirect evidence of the 

Nacimiento's low permeability exists in several facts: (1) groundwater 

emerges at seeps along the bluff only at the contact between the Nacimiento 

Formation and the more permeable cobble layer above i t , never from the clay 

or shale itself or the thin sandstone or s i l t lenses which can be seen 

along the bluff in several locations; and (2) the neutron-probe access 

holes, which are completed into the top of the Nacimiento, have a very slow 

response to any changes in groundwater levels, indicating very slow ground

water movement at best. Based on the low formation permeability and the 

thickness of the formation at this location (over 400 feet), i t is extreme

ly unlikely that the upper subsurface hydrocarbons could migrate downward 

to such an extent that the Ojo Alamo sandstone would become contaminated. 

There is presently no direct evidence to either document or disprove 

the presence of petroleum hydrocarbons within the Nacimiento Formation 

itsel f . Indirect evidence based on the location of groundwater seeps 

suggests that the potentially more permeable silts and sandstone lenses do 
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^ not contain significant water or petroleum hydrocarbons. In any case, 

B there are no domestic or irrigation wells in the area which utilize this 

• formation as a water supply. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

Based on a review of analytical data collected by the refinery, the 

NMOCD, and EPA, hydrological data collected by the USGS, and hydrogeologi-

cal data prepared for the refinery, the following conclusions can be drawn 

concerning the presence of subsurface petroleum hydrocarbons at the refin

ery: 

(1) Petroleum hydrocarbons and other compounds commonly associ

ated with refinery operations are widespread in groundwater 

in the upper sand, s i l t , and cobble deposits underlying the 

refinery. The extent of the petroleum hydrocarbons appears 

limited on the western refinery boundary by the Hammond 

Ditch and on the south by the lack of natural shallow 

groundwater south of a point where the groundwater levels 

encounter the relatively impermeable Nacimiento Formation. 

Subsurface petroleum hydrocarbons appear to be the result of 

many sources, primarily the result of many individual leaks 

and spills known to have occurred at the refinery. 

(2) All available evidence supports the contention that petro

leum hydrocarbons are confined to the upper layer of sands, 

s i l t s , and cobbles overlying the Nacimiento Formation. 

However, there is no hard data on possible hydrocarbons in 

the Nacimiento Formation itself. 

(3) There is l i t t l e likelihood that the firs t major potable 

water aquifer, the Ojo Alamo, will be impacted measurably by 

the subsurface hydrocarbons at the refinery. 

(4) There is no indication from the data examined that the San 

Juan River downstream of the refinery has been impacted 

measurably by the petroleum hydrocarbons, either under 

low-flow or high-flow conditions. 

(5) Few measurable impacts have been observed in the Hammond 

Ditch downstream of the refinery during the irrigation 
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season. Water and small amounts of petroleum hydrocarbons 

are pumped back to the refinery for treatment during tne 

non-irrigation season. Even with collection, some petroleum 

hydrocarbons may be flushed downstream at the start of the 

irrigation season. 

(6) The subcrop of the Nacimiento Formation shows three major 

depressions at the outcrop along the bluff adjacent to the 

San Juan River. Whether or not there is a major east-west 

depression through the refinery at the subcrop is presently 

unknown. 

The following actions are recommended to obtain additional information 

prior to the development of a remedial action plan for the refinery: 

(1) The refinery should continue to monitor groundwater quality 

in the six monitoring wells on a quarterly basis to develop 

baseline water quality in the areas where the wells are 

located. At least one year of data is necessary to evaluate 

properly the seasonal impact of the Hammond Ditch on ground

water quality. Water levels in the wells should be deter

mined monthly for the same purpose. 

(2) An additional well should be constructed in the vicinity of 

MW-4 to determine whether there are petroleum hydrocarbons 

in the Nacimiento Formation. The upper cobble layer should 

be cased off, and the well screened in the Nacimiento, 

preferably in an interval in the upper 10 to 20 feet which 

contains sand or s i l t lenses. This well should be monitored 

at the same frequency as the other wells. 

(3) An earth resistivity survey should be conducted to determine 

the Nacimiento subcrop elevations throughout the refinery, 

particularly in the area of the possible east-west depres

sion. The survey also may be useful in determining the 

extent of seepage from the solar evaporation ponds and 

probable mixing with the Hammond Ditch water, since the TDS 

concentrations are different for both sources. 
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(4) The San Juan River should be sampled downstream of the 

refinery (possibly at the Highway 44 bridge) during a low-

flow period, preferably less than 300 cfs, to satisfy state 

and federal agency concerns about downstream water impacts. 

The sample should be analyzed for the f u l l l i s t of 129 

priority pollutants. 

(5) Samples of the Hammond Ditch water are recommended at the 

start of the irrigation season to determine whether petro

leum hydrocarbons are being transported downstream and, i f 

there is surface water transport, at which concentrations. 
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INTERVAL 
( f t ) . 

1ITHOLOGY 

Neutron Access Hole 1 
0-5 

Samples missing 5-TO 
Samples missing 10-15 
Samples missing 15-20 
Samples missing 20-25 
Cobble and large pebbles 25-30 
Pebbles and cobble 3 0_35 
Brownish s i l t and pebbles 3 5 . 4 0 

Brownish green s i l t y clay 4 0_45 
Bluish gray s i l t y clay 4 5 _ 5 0 

Grayish s i l t y clay 

Neutron Access Hole 2 
0-5 

Samples missing 5-10 
Samples missing 10-15 
Samples missing 15-20 
Samples missing 20-25 
Brownish s i l t and pebbles 25-30 
Greenish clay 30-35 
Greenish gray s i l t y clay 35.40 
Grayish s i l t y clay 40_45 
Grayish s i l t y caly 45-50 
Grayish s i l t y clay 

Nmttmn Access Hole 3 
0-5 

Samples missing 5-10 
Samples missing 10-15 
Samples missing , 15-20 
Brown s i l t , and pebbles and cobble 2 Q _ 2 5 

Pebbles and cobble 25-30 
Green shale 30-35 
Greenish gray clay 35-40 
Greenish gray s i l ty clay 1 40.45 
Bluish gray s i l t y clay 4 5_50 
Bluish gray sandy clay 



LITHOLOGY 
INTERVAL 

( f t ) 

Neutron Access Hole 5 

Samples missing 0-5 
.Samples missing 5-10 
Samples missing 10-15 
Samples missing 15-20 
Gravel and pebbles 20-25 
Pebbles • 25-30 
Greenish gray s i l t y clay 30-35 
Grayish s i l t y clay • 35-40 
Grayish s i l t y clay 40-45 
Grayish s i l t y clay 45-50 

Neutron Access Hole 6 

Gray sand 0-5 
Gray sand 5-10 
Gray sand 10-15 
Gray sand 15-20 
Pebbles and cobble 20-25 
Pebbles 25-30 
Buff s i l t 30-35 
Buff s i l t y clay 35-40 
Buff sand 40-45 
Buff sand 45-50 

Neutron Access Hole 7 

Samples missing 0-5 
Brownish sand 5-10 
S i l t and pebbles 10-15 
Pebbles 15-20 
Pebbles and cobble 20-25 
Pebbles and cobble 25-30 
Pebbles and cobble 30-35 
Grayish clayey sand • 35-40 
Grayish clayey sand ' 40-45 
Grayish clayey sand 45-50 



LITHOLOGY 

Neutron Access Hole 9 

Samples missing 
Samples missing 
Samples missing 
Samples missing 
Samples missing 
Samples missing 
Samples missing 
Buff s i l t 
Gray sand 
Gray sand 

INTERVAL 
( f t ) 

0-5 
5-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 



APPENDIX B 

GROUNDWATER MONITORING WELL LOGS 



»=Ll NU*=SR: 1 
ji T E : 0 February 19S4 
LOCATION: 29.11.27.24221 

I?J FE = T 

0-5 
Light brouin clayey sand/ course/ coorly sorted/ 
quartzose ana s l i a h t l y calcareous 

5 _ 1 0 Yellowish gray sandy pebbles and cobbles, poorly 
sorted/ roundeo to subrounded 

1G--|? Yellowish gray pebbly sand/ very coarse, 
poorly sorted, f e l a s p a t h i c and noncalcarecus 

1 W 2 Sark gray pebbly and sandy coboles, some 
qu.rtz peoples, most are volcanic, subrounced 
cobcles and pebbles, some clay, a l i t t l e 
aster at about 15 feet 

2 2 - i 3 
Gray-green clayey sand becoming l i g h t yellow 
clayey sanastone and sandy claystone 



WELL NURSES: 2 
D i T E: 7 February 1954 
LOCATION: 29.11.27.24121 

DE"TH DESCRIPTION 
IN PE ET 

C-5 L i g h t y e l l o u , brouin s i l t y sandy c l a y / very 
c a l c a r e o u s 

5-10 L i g h t y e l l o j j brown clayey sand/ subrounded 
t o subangular/ moderately to po o r l y s o r t e d / 
very calcareous 

1G-15 L i g h t broujn pebbly sand/ clayey/ very calcareo 
cobbles at 15 f e e t 

1S-2C Gray sancy peboles/ poorly s o r t e d coarse 
quartzese sand/ pebbles are dar'< gray 
and v o l c a n i c 

20-25 Dark gray coD'oles/ some quartz Debbles/ mcs*ly 
v o l c a n i c / some sand 

25-26 Yellow gray clayey sandstone and sanay c l a y s t o 



W5LL N'JMEER: 3 
DATE: S February 1964 
LOCATION: 29.11.27.24442 

CEPTH DESCRIPTION 
IN FEET 

C-5 Yellow brown sandy s i l t and c l a y / very calcareous 
quartzose 

5-19 y e l l o i u brown sand/ calcareous/ s i l t y and cl a y e y / 
quartzose 

1C-15 Yellow brown sand/ s i l t y ana clayey/ 
f i n e - g r a i n e d / 
very c a l c a r e o u s / au3rtzose 

15-27 L i g h t brouin c l a y / sandy/ very calcareous/ 
becoming-pebbly w i t h deoth 

27-35 Gray y e l l o w brown coDfcly sand/ coarse/ Doorly 
s o r t e d / s i l t y and clayey/ v o l c a n i c pebbles 
STiall amount of water at about "5 f e e t 

Gray copoles/ pebbly ana sanay/ coarse sancj/ 
y e l l o u i gray clayey sandstone at about 4 £ f e e t 



WELL NUMBER: 4 
DATE: 9 February 1954 
LOCATION: 2'.11.27.23344 

DEPTH DESCRIPTION 
IN FEET 

C-5 Yellow gray-brown sandy s i l t and clay/ calcareous 

5-10 Yellow brown s i l t y sandy clay and clayey s i l t / 
very s l i g h t l y calcareous 

-1 5 Reddish y e l l O ' i l - brown clayey sandy s i l t / s i l t y 
c l a y / f i n e - g r a i ned quartzose sand/ ronca Icareous 

1 5 -1 9 L i g h t brown coa rse sand w i t h c l a y and pe bbles/ 
c a l c a r e o u s 

19 -2! Gray ce bbly san d/ very coarse/ poorly so r t e d / 
some clay a nd s i l t / sucrounded t o subang u 1 a r / 
q u a rtzose/ pebb l e s rounded/ s l i g h t l y c a l C5r e cu s 

25 -3C Gray cobble s an d Debbles/ subrounded to rounce d / 

v o l c a n i c / a t ab out 2 5 f e e t / hydrocarbon smell 
and c o l o r 

?C-32 Gray cobbly sand/ with hydrocarbon smell and 
color/ coarse grained/ sand i s quartzose 
and Yeldsoathic/ subrounded and subangulsr cuartz 
grains are clear 

32 Yellow gray clayey sandstone 



WELL NUMBER: 5 
DATE: 6 February 193 4 
LOCATION: 29.11.26.31112 

D E °T H DESCRIPTION 
IN FEET 

£-5 Pale y e l l o i u brouin c l a y / s i l t y / some sand/ 
calca r e o u s 

5-1C =>ale y e l l o w brouin c l a y e y sand and q u a r t z o s e 
s i l t / p o o r l y s o r t e d / calcareous 

10-15 Yelloui broiun sand/ subrounded quartzose sana 
s l i g h t l y c a lcareous 

15-20 Yellow crown sand/ clayey/ moderately coarss 
g r a i n e d / very s l i g h t l y calcareous 

20-25 Yellow brown sana/ clayey/ s i l t y / f i n e to mecium 
g r a i n e d / moderately s o r t e d / noncalcareous 

55-35 Yellow brown sand/ s i l t y 3nd s l i g h t l y c l ayey/ 
f ine-to-meaiu-n g r a i n e d / w e l l s o r t e d / subangul?r, 
noncalcsraous/ becoming more clayey w i t h desth 

35-37 Yellow brown oebbly and coooly sand/ clayey/ 
calcareous 

37-47 Dark gray sandy and clayey cobbles and pebbles/ 
water at 42 f e e t 

47-50 Dark gray cobbles w i t h greenish c l a y 

5C-54 Green-gray cebbly c l a y 



WELL NUMBER: 6 
CATS: 7 February 19?4 
LOCATION: 29.11.27.42144 cr 42233 

?EDTH DESCRIPTION 
IN FEET 

c -1 5 Pale y e l l o i u 
subangular/ 
c a l c a r e o u s / 

brown sand/ clayey and s i l t y / 
p o o r l y s o r t e d , quartzose/ very 
becoming more clayey w i t h depth 

1 5 -2 C Pale y e l l o w 
i s coarse/ 
quartzose s 

brown s i l t / sandy and c l r y e y / s i l t 
sand i s very f i n e / moderate s o r t i n g 
nd calcareous 

-2 5 
c a l e y e l l o w 
w e l l s o r t e d 

sana/ s l i g h t l y clayey/ subrounded/ 
/ quartzose/ noncalcareous 

25 -3 5 °ale y e l l o w 
q u a r t z o s e / 

sand/ coarse t o medium grained/ 
noncalcareous 

3 5 -O 
p ale y e l l o w 
quartzose/ 

sand/ clayey/ f i n e grained/ s i l t y / 
s l i g h t l y calcareous 

41 -49 Gray-black cobbles and cebbles/ v o l c a n i c 

Gray-green clayey sandstone and sandy claystone 
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1983 FIT SAMPLES 
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APPENDIX D 

1984 FIT SAMPLES 



Plateau Inc . Re f ine ry 
B l o o m f i e l d , Mi 

Summary of Sample Data 

These samples (S ta t ions 01-29) were taken by F I T . 

HOTE: As an example to c l a r i f y t h i s summary, unknowns (19-55,640 ppb) 
i nd i ca t e s t ha t 19 unknowns were detected at a t o t a l concent ra t ion o f 55,640 ppb. 

S t a t i o n 0 1 : Hammond D i t c h , upstream 

Water 
Organics: none 
Ino rgan i c s : none 

S o i l 

Organics : d i - n - o c t y l phthalate (2300 ppb ) , alkanes (2-1020 ppb ) , 
unknowns (19-55,640 ppb) 

Ino rgan i c s : none 

S t a t i o n 02: Hammond D i t c h , below API separator pond. 

Water 

Organics: Subs t i tu ted benzenes (3-245 ppb) , unknowns (20-1487 ppb) 
Ino rgan ic s : none 

S o i l 
Organics: Polynuclear aromatic hydrocarbons (4-18,810 ppb) , 

unknowns (21-268,300 ppb) 
Ino rgan ic s : none 

S t a t i o n 03: Hammond D i t c h , below freshwater pond. 

Water 

Organics: xylene (7 .3 ppb) 
Ino rgan i c s : none 

S o i l 
Organics: alkanes (3-1245 ppb) 
Ino rgan i c s : none 

S t a t i o n 04: "iHanmond D i t c h , downstream 

Water 
Organics: none 
Inorganics: none 

S o i l 
Organics : alkanes (11-45,000 ppb ) , unknowns (11-49,900 ppb) 
Ino rgan ic s : none 
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Stat ion 05: Spray i r r i g a t i o n area 

S o i l 

Organics: Di-n-octyl phthalate (440 ppb), toluene (1100 ppb), 
heptanol (690 ppb), unknowns (3-1140 ppb) 

Inorganics: noiie 

EPTox: none 

Stat ion 06: Spray i r r i g a t i o n area 

S o i l 

Organics: Toluene (1700 ppb), unknowns (2-1770 ppb) 
Inorg an ic s : none 

EPTox none 

Stat ion 07: Landfarm, west end 

S o i l 
Organics: unknowns (9-6220 ppb) 
Inorganics: none 

EPTox none 

Station 08: Landfarm, east end 

S o i l 
Organics: Polynuclear aromatic hydrocarbons (6-4370 ppb), alkanes 

(20-467,043 ppb), unknowns (9-131,049 ppb), o-decyl 
hydroxyl amine (22,000 ppb) 

Inorganics: Chromium (69.5 ppm), zinc (73 ppm). 

EPTox none 

Stat ion 09: Tamerisk Area 

Water 
Organics: none 
Inorganics: none 

S o i l 
Organics unknowns (4-12,620 ppb) 
Inorganics none 
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Stat ion 10: Arroyo #1, below evaporation ponds 

Water 
Organics: none 

Inorganics: iron (46.5 ppm), maganese (17.1 ppm) 

S o i l 
Organics: toluene (920 ppb), alkanes (2-29,700 ppb), unknowns 

(7-31,500 ppb) 
Inorganics: manganese (922 ppm) 

Stat ion 11: Transportation terminal sump 

Water 
Organic s: 

Inorganics: 

S o i l 
Organic8: 

Inorganic s: 

Aromatic solvents (4-169 ppb), other aromatics (5-3150 
ppb), alkanes (25-37,130 ppb), 1,2-dichloro propane (8 
ppb) 
none 

Polynuclear aromatic hydrocarbons (3-146,000 ppb), 
aromatic solvents (2-25,300 ppb), v iny l acetate (2400 
ppb), methyl cyclohexane (14,000 ppb), substituted 
benzenes (3-131,000 ppb), unknowns (15-8,210,000 ppb) 
Cadmium (2.2 ppm) 

High Concentration O i l : 

Organics: Polynuclear-aromatic hydrocarbons (5-810,000 ppb), 
alkanes (18-75,830,000 ppb) 

Inorganics: chromium (40 ppm), cadmium (1.3 ppm) 

Stat ion 12A: South evaporation pond 

S o i l 
Organics: 

Inorganics: 

Phenols (4-12,850 ppb), polynuclear aromatics (5-3410 
ppb)., aromatic solvents (4-13,380 ppb), other solvents 
(4-2 , 340 ppb), alkanes (8-11,415 ppb), unknowns 
(22-69,396 ppb), an i l ine (present) 
chromium (347 ppm), copper (50 ppm), zinc (146 ppm) 

EPTox: Reactive, s u l f i d e (285 ppm) 
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S t a t i o n 12B South evaporat ion pond 

Water 
Organics : Phenols (4-20,840 p p b ) , toluene (450 p p b ) , 2-methyl 

propane (12 ppb) 
Ino rgan ic s : none 

S o i l 
Organics : Phenols (4-4120 p p b ) , polynuclear aromatics ( 2 - p r e s e n t ) , 

aromatic so lvents (3-210 ppb) , other solvents (3-741 
ppb) , alkanes (5-121 p p b ) , unknowns (11-8195 p p b ) , 
a n i l i n e (p resen t ) 

I n o r g a n i c s : none 

EPTox none 

S t a t i o n 13A North evaporat ion pond 

Water 
Organics : none 
Ino rgan i c s : none 

S o i l 
Organics : 4-methyl phenol (1300 ppb ) , 2-methyl naphthalene 

( p r e s e n t ) , alkanes (7-223 ppb) , unknowns (12-7510 ppb) 
Ino rgan i c s : none 

EPTox Reac t ive , s u l f i d e (362 ppm) 

S t a t i o n 13B North evaporat ion pond 

S o i l 

Organics: 4-methyl phenol (660 ppb ) , 2-methyl naphthalene 
( p r e s e n t ) , acetone (126 ppb) , xylenes (46 ppb) , 
hexadecanoic acid (770 ppb ) , alkanes (8-310 ppb) , 
unknowns (14-5147 ppb) 

Ino rgan i c s : none 

EPTox none 

S t a t i o n 14 Pond, n o r t h o f Landfarm 1 

Water 

Organics : Pentachlorophenol (56 ppb ) , f luoranthene (32 p p b ) , 
phenanthrene/anthracene (38 ppb), unknowns (7-180 ppb) 

Ino rgan i c s : none 

S o i l 
Organics: unknown (1-870 ppb avg) 
I n o r g a n i c s : Manganese (580 ppm), i r o n (poor d u p l i c a t e 

agreement-29,550 & 3,690 ppm) 

EPTox Reactive, s u l f i d e (238 ppm) 
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Station 15 Landfarm, iludge on south side 

High Concentration 
Organics: Chrysene, 2-methyl naphthalene, N-nitroso diphenyl 

amine, xylenes and diethyl phthalate al l present, 
..acetone (32,000 ppb), alkanes (26-4,381,200 ppb), 

unknowns (4-389,000 ppb) 
Inorganics: Aluminum (30,000 ppm), chromium (1760 ppm), barium (600 

ppm), copper (200 ppm), iron (16,800 ppm), tine (12,000 
ppm), arsenic (12 ppm), cadmium (1.1 ppm), lead (42 
ppm) . 

Station 16 Landfarm, sludge on east side 

High Concentration 
Organics: Xylenes (260,000 ppb), vinyl acetate (54,000 ppb), 

polynuclear aromatics (3-present), acetone, toluene and 
ethyl benzene present, alkanes (29-15,486,000 ppb), 
unknown (1-154,000 ppb), substituted benzene (1-510,000 
ppb) 

Inorganics: Aluminum (14,800 ppm), chromium (1,880 ppm), barium 
(400 ppm), copper (200 ppm), iron (13,200 ppm), zinc 
(1,480 ppm), arsenic (12 ppm), cadmium (1.3 ppm), lead 
(44 ppm-triplicate analysis) 

Station 17 Seepage area, below runoff pond 

Water 
Organics: none 

Inorganics: Aluminum (32.4 ppm), manganese (51 ppm) 

Soil 
Organics: Alkanes (2-14,700 ppb), unknowns (9-10,900 ppb) 
Inorganics: Cobalt (12.5 ppm), manganese (4,580 ppm) 

Station 18 Seepage area, leachate spring on face of bluff. 

Water 
Organics: Aromatic solvents (4-1,961,000 ppb), polynuclear 

aromatics (3-11,200 ppb), alkanes (14-960,800 ppb), 
unknowns (8-451,600 ppb), substituted benzenes 
(11-2,612,000), substituted naphthalene (present) 

Inorganics: Manganese (7.19 ppm) 

Soil 
Organics: Polynuclear aromatics (4-87,000 ppb), aromatic solvents 

(4-579 ppb), alkanes (19-756,714 ppb), unknowns 
(9-339,070 ppb), substituted benzenes (7-343,469 ppb), 
substituted naphthalene (210,000 ppb) 

Inorganics: Manganese (347 ppm) 

High Concentration 

Organics: Polynuclear aromatics (5-2,710,000 ppb), aromatic 
solvents (4-29,300,000 ppb), other solvents 
(3-1,310,000 ppb), N-nitro8odiphenylamine (76 ppb), 
alkanes (14-18,241,000 ppb), unknowns (3-2,179,000 ppb), 
substituted benzenes (10-19,352,000 ppb) 

Inorganics: Chromium (80 ppm) 
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Station 19 River terrace, stain on western edge 

Soi l 
Organics: Polynuclear aromatics (3-480,000 ppb) , alkanes 

(7-1,370,00 ppb), unknowns (5-1,060,000 ppb), 
substituted benzenes (7-997,000 ppb), substituted 
naphthalenes (3-550,000 ppb) 

Inorganics: none 

Station 20 Arroyo #2, west side of river terrace 

High Concentration 
Organics: Acetone, naphthalene, toluene, 2-hexanone and 

di-n-butyl phthalate a l l present 
Inorganics: Aluminum (37,200 ppm), chromium (160 ppm), barium (400 

ppm), iron (15,000 ppm), lead (29 ppm) 

Station 21 San Juan River, upstream 

Water 
Org-anics: Unknowns (6-522 ppb) 
Inorganics: none 

Soil 
Organics: 1,1,2-tricholorethane (430 ppb), 

1,1,2,2-tetrachloroethane (820 ppb), unknown (7700 ppb) 
Inorganics: none 

Station 22 San Juan River, downstream 

Water 
Organics: unknown (26 ppb) 
Inorganics: none 

Soil 
Organics: 1,1,2-trichloroethane (610 ppb), 

1,1,2,2-tetrachloroethane (950 ppb), di-n-octyl 
phthalate (680 ppb), unknowns (3-2460 ppb) 

Inorganics: none 

..,'*•••<! 
Station 23 South API separator pond s- > ' Water '' Organics: Phenols (4-9620 ppb), polynuclear aromatics (5-860 ppb), aromatic solvents (4-12,800 ppb), aniline (220 ppb), -. substituted benzenes (5-8730 ppb), unknowns (4-1890 ppb), others (4-1460 ppb) Inorganics: none 
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High Concentration 
Organics: Polynuclear aromatics (4) , aromatic solvents (4-384 , 000 

ppb), other solvents (2-160,000 ppb), alkanes 
(25-4,347,000 ppb), substituted benzenes (2-358,000 
ppb), unknown (92,000 ppb) 

Inorganics: Chromium (240 ppm), zinc (160 ppm), lead (91 ppm) 

EPTox Reactive, sulfide (410 ppm) 

Station 24 Northeast API separator pond 

Water 
Organics: Phenols (4-13,700 ppb), aromatic solvents (4-5430 ppb), 

other solvents (3-4840 ppb), 1,1-dichloroethane (7.3 
ppb), substituted benzenes (2-3390 ppb), alkanes (7-2207 
ppb), other (82 ppb), 3-ethyl phenols (200 ppb). 

Inorganics: none 

High Concentration 
Organics: xylenes, toluene, acetone, 2-hexanone a l l present, 
Inorganics: aluminum (27,600 ppm), chromium (160 ppm), barium (400 

ppm), zinc (80 ppm), lead (17 ppm) 

EPTox Reactive, sulfide (158 ppm) 

Station 25 Northwest API separator pond 

Water 
Organics: Phenols (4-20, 120 ppb) , aromatic solvents (4-15,520 

ppb), aniline (440 ppb), 2-methyl napthalene present, 
other solvents (3-2948 ppb), alkanes (9-4333 ppb), 
substituted benzene (1-3299 ppb), unknown (1-5100 ppb). 

Inorganics: none 

Station 26 Small pond north of API separator and Hammond Ditch 

Water 
Organics: Alkanes and unknowns (2-85 ppb) 
Inorganics: none 

Soi l 
Organics: Polynuclear aromatics (12 below detection l imits) , 

phenanthrene (950 ppb), unknowns (23-42,140 ppb) 
Inorganics: Copper (107 ppm), manganese (322 ppm), zinc (228 ppm), 

lead (28 ppm) 
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Station 27 Plateau Well #4 

Water 
Organics: 

Inorganics 

Aromatic solvents (3-19,000 ppb), 2-methyl naphthalene 
(70 ppb), naphthalene (200 ppb), substituted benzenes 
(7-99,850 ppb), alkanes (23-233,938 ppb), unknowns 
(12-26,935 ppb), organic acids (2-320 ppb) 
Aluminum (31.8 ppm), iron (57.7 ppm), manganese (7.62 
ppm) 

Station 28 Plateau Well #5 

Water 
Organics: 

Inorganics: 

Ethyl benzene (31 ppb), xylene (6 ppb), alkanes 
(4-37ppb) 
Aluminum (76 ppm), iron (70.6 ppm) 

Station 29 Plateau Well #1 

Water 
Organics: 
Inorganic s: 

none 
aluminum (11.6 ppm), iron (20.9 ppm) 

Polynuclear aromatic hydrocarbons include naphthalene, fluorene, phenanthrene, 
anthracene, 2-methyl naphthalene, fluoranthene, benzo(a) anthracene, pyrene, 
benzo (b) f l uoranthene , benzo ( k) f l uoranthene , acenaphthene, chrysene, benzo 
(ghi) perylene, dibenzofuran and ideno (1,2,3-cd) pyrene. 

Aromatic solvents include benzene, toluene, ethyl benzene and xylenes. 

Phenols include phenol, 4-methyl phenol, 2-methyl phenol, and 2,4-dimethyl 
phenol. 

Other solvents include acetone, carbon disulfide, vinyl acetate, 2-hexanone and 
2-butanone. 

Metals are listed i f sample concentration appears to be elevated in comparison 
to other sampl-es in the same matrix ( so i l , water). 



Plateau Inc. Refinery 
Bloomfield, NM 

Summary of Sample Data 

These samples (Stations 001-008) were taken by U.S. EPA, Region VI. EPTox 
includes testing for ignit ibi l ty , corrosivity and reactivity. 

Stations 001 API Separator effluent 

Water 
Organics: Polynuclear aromatics (6-1968 ppb), aromatic solvents 

(4-11,700 ppb), phenols (3-1350 ppb), total phenols 
(10,800 ppb), aniline (380 ppb), diethyl phthalate (74 
ppb), substituted benzenes (2-1330 ppb), substituted 
naphthalenes (2-1942 ppb), creosols (2-1280 ppb) 

Inorganics: none 

EPTox None 

Station 002 API Separator influent 

Water 
Organics: Aromatic solvents (4-9180 ppb), polynuclear aromatics 

(7-1670 ppb), phenols (3-870 ppb), total phenols (2930 
ppb), aniline (80 ppb), diethylphthalate (210 ppb), 
substituted benzenes (2-2070 ppb), substituted 
naphthalenes (2-1440 ppb), creosols (2-560 ppb) 

Inorganics: None 

Oil 
Organics: Aromatic solvents (4-82, 700,000 ppb) , polynuclear 

aromatics (3-6,800,000 ppb), chlorobenzene (2,800,000 
ppb), 1,1,1-trichloroethane (1,700,000 ppb), methylene 
chloride (6,700,000 ppb), total phenols (23,300 ppb), 
diethyl phthalate (2,000,000 ppb), alkanes 
(5-117,000,000 ppb), substituted benzenes (5-29,800,000 
ppb), substituted naphthalenes (10-38,779,000 ppb, 12 
below detection limit) 

Inorganics: None 

EPTox Ignitable (f lash point 24*C) . 

Station 003: API Separator sludge, east end 

Oil/Sludge 
Organics: Aromatic solvents (4-4,730,000 ppb), polynuclear 

aromatics (3-140,000 ppb), total phenols (82,800 ppb), 
diethyl phthalate (150,000 ppb), alkanes (15-17,000,000 
ppb), substituted benzenes (3-790,000 ppb, 2 below 
detection l i m i t ) , substituted napthalenes (2-450,000 
ppb, 17 below detection limit) 

Inorganics: Chromium (883 ppm), copper (875 ppm), nickel (83 ppm), 
zinc (1370 ppm), arsenic (36.8 ppm), lead (372 ppm) 

EPTox: Reactive, sulfide (4300 ppm). 
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Station 004 API Separator sludge, west end. 

Oil/Sludge 
Organics: Aromatic solvents (4-6,890,000 ppb), poly nuclear 

aromatics (5-140,000 ppb, 4 of 5 below detection l imit ) , 
diethyl phthalate (150,000 ppb) , 1,1,1-trichloroethane 
(8,400 ppb), alkanes (15-23,210,000 ppb), substituted 
benzenes (4-775,000 ppb, 1 below detection l imit ) , 
substituted naphthalenes (6-975,000 ppb, 14 below 
detection limit) 

Inorganics: Chromium (502 ppm), copper (967 ppm), nickel (83.4 ppm), 
zinc (946 ppm), arsenic (34.5 ppm), cadmium (4.1 ppm), 
lead (425 ppm) 

EPTox Reactive, sulfide (3000 ppb) 

cW n j f - raMJ^f//s ° / / Station 005 Spent Caustic - n t f ~ C ^ ^ f >f / 

EPTOX caustic (pH 12.8) / ^ i f i 7^,/' Syt 
reactive, sulfide (16,800 ppm) j / yM.jXA '//^ 

Station 006 Drum in north bone yard. 

Oil 
Organics: Aromatic solvents (4-12,880 ppb), cholorbenzene (340 

ppb), 1,1,1-trichloroethane (1,800 ppb), bis(2-ethyl 
hexyl) phthalate (1,600,000 ppb) , diethyl phthalate 
(140, 000 ppb), total phenols (12,500 ppb), others 
(3-1,980,000 ppb) 

Inorganics: None 

EPTox None 

Station 007 Drum in north bone yard 

Oil 
Organics: Aromatic solvents (4-17, 370 ppb) , chl orobenzene (720 

ppb), 1,1,1-trichloroethane (2600 ppb), methylene 
chloride (4300 ppb), diethyl phthalate (270,000 ppb), 
phenanthrene present, total phenols (4,140 ppb) 

Inorganics: None 

EPTox . None 
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Station 008 Drum in north boneyard. 

Oil/Sludge 
Organics: Aromatic solvents (4-31,450 ppb), chlorobenzene (3100 

ppb), methylene chloride (900 ppb), naphthalene, diethyl 
phthalate and phenanthrene present, total phenols (5,600 
ppb), alkane8 (7-119,500 ppb), substituted naphthalenes 
(2-570,000 ppb, 17 below detection limit) 

Inorganics: chromium (57.1 ppm), zinc (270 ppm), arsenic (2.5 ppm) 

EPTox None 

Transportation Yard drum (assumed Station 009) 

Oi l 
Organics: Aromatic solvents (4-144,130,000 ppb), cholorbenzene 

(620,000 ppb), alkanes (2-48,700 ppb), substituted 
benzene (1-90,000,000 ppb). 

Inorganics: Not analyzed 

EPTox None 
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ĉ 

$ ^ U 

< ^ eg 

<c St 

•v 

to 

^ k 
j c r < 

V ) X C i ^ 

IS 

S 

ai 
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