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Department of Environmental Affairs 
Navajo Refining Company 
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APPENDIX A 

NMEID RECOMMENDED WORK ITEMS FOR 
NAVAJO REFINERY CONTINUING RELEASE STUDY 
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NMEID RECOMMENDED WORK ITEMS FOR 
NAVAJO REFINERY CONTINUING RELEASE STUDY 

[BRACKETED TEXT IS BASED UPON NOTES 
FROM NAVAJO/GCL/NMEID MEETING] 

The location, and amounts of all chemical and other wastes identi­
fied by EPA as hazardous constituents in 40 Code of Federal Regula­
tions part 261 which have been stored, treated or disposed of or 
which may be located on the site [Pond #1 and conveyance ditch] 

A description of the facility in which such waste/constituents were 
or are being stored, treated or disposed of, together with engineer­
ing plans, specifications and drawings, i f any, of the facility used 
for such storage, treatment or disposal. If such plans, specifica­
tions or drawings are unavailable, please submit any other informa­
tion available regarding the existence and characteristics of 
liners, leachate collection systems, or other waste containment 
systems [Short narrative with any plans and specifications] 

The manner in which such waste/constituents were stored, treated or 
disposed of, including whether all or a part of such waste/ consti­
tuents were or are containerized or non-containerized and the depth 
of burial of any waste [Short narrative] 

A determination of soils depth, type, characteristics and areal 
distribution [Use existing SCS data, class I survey i f available] 

Determination of horizontal and vertical permeabilities of soils at 
the site [Use existing SCS data] 

Definition of location, type, transmissivity, bedding, structure and 
other characteristics of bedrock and/or other confining strata 
[Based upon existing data] 

Determination of strike and dip of bedrock; and location and 
attitude of any faults [Available geologic maps] 



(8) Determination of direction and velocity of ground water flow in all 
water-bearing zones in an area likely to be affected by migration of 
constituents from the site, considering soils and bedrock charac­
teristics, and the location of aquifers most likely to be affected 
which are or may be a source of public or private water supply [Site 
study and pump test] 

(9) Determination of areas of discharge and recharge for ground water in 
the area likely to be affected by migration of constituents from the 
site [Site study] 

(10) Determination of interaction between ground water and Pecos River 
[Monitor water levels in wells and river] 

(11) Establishment of a network of monitoring wells, including recommen­
dations as to the location, depth, and construction thereof, 
designed to monitor ground water elevations and water quality [By 
June 30, 1985] 

(12) A sampling and analysis program for monitoring ground water, both 
on-site and off-site, which describes frequency of sampling and 
sampling and analytical procedures 

(13) A proposed schedule for the implementation of the items set forth 
above 

(14) The means and frequency of reporting to NMEID the implementation of 
the items set forth above, and the results of the sampling, analysis 
and monitoring program as the same may be approved 

(15) Proposed plan to define contaminant plume, i f one exists 

(16) Proposed corrective action, i f necessary 
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SAMPLE DESCRIPTION INFORMATION 



Rocky Mountain Analytical Laboratory 

I. INTRODUCTION 

On June 6, 1986, Rocky Mountain Analytical Laboratory received three sludge 

samples from Navajo Refinery. These samples were collected by GeoScience. The 

analyses performed on these samples were for the refinery Appendix VIII constituents 

(metals and organics), plus additional parameters. 

The analytical parameters selected were based on recent communication with EPA 

concerning RCRA monitoring requirements for petroleum companies. The parameters 

selected were based on a subset of Appendix VIII hazardous constituents commonly 

referred to as the "Skinner" list. Communications from EPA in late 1984 contained 

various versions of this list. During this time RMAL, under contract to the American 

Petroleum Institute, performed several studies evaluating analytical methods proposed 

for measuring the constituents in these various lists. Due in part to efforts by RMAL and 

others, the EPA in early 1985 revised this list. The documents which were used by RMAL 

in defining the analytical parameters are listed in a bibliography at the end of this 

report. This list, as revised, consisted of 12 metals and 46 organic compounds and is 

presented in Table 1. The organic compounds are further subdivided into volatile and 

semivolatile (extractable) compounds. 

All samples were shipped by air freight to RMAL's Denver, Colorado laboratory. 

Each sample was assigned a unique RMAL sample number as shown in the enclosed 

Sample Description Information sheet. These sample numbers were used throughout the 

project to track and control the analytical work and are used in this document for 

reporting the results from each analyses. 

1 



Rocky Mountain Analytical Laboratory 

TABLE 1. APPENDIX VIII HAZARDOUS CONSTITUENT SUBSET 
FOR PETROLEUM REFINERY STUDIES* 

Metals Base/Neutral Organics (Cont.) 

Antimony 
Arsenic 
Barium 
Beryllium 

Cadmium 
Chromium 
Cobalt 
Lead 

Mercury 

Nickel 
Selenium 
Silver 
Vanadium 

Volatile Organics 

Benzene 

Carbon Disulfide 
Chlorobenzene 
Chloroform 
1,2-Dibromoethane 
1,2-Dichloroethane 
1,4-Dioxane 
Methyl ethyl ketone 
Styrene 
Ethyl Benzene 
Toluene 
Xylenes 

Xylenes, m 
Xylenes, o & p 

Base/Neutral Organics 

Anthracene 

Benz(a)anthracene 
Benzo(b)fluoranthene 

Benzo(j)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Bis(2-ethylhexyl)phthalate 

Butyl benzyl phthalate 
Chrysene 
Dibenz(a,h)acridine 
Dibenz(a,h)anthracene 
Di-n-butyl phthalate 
Dichlorobenzenes 

o-Dichlorobenzene 
m-Dichlorobenzene 

p-Dichlorobenzene 
Diethyl phthalate 
7,12-Dimethylbenz(a)anthracene 
Dimethyl phthalate 
Di-n-octyl phthalate 
Fluoranthene 
Indene 
Methyl chrysene 
1-Methylnaphthalene 
Naphthalene 
Phenanthrene 
Pyrene 

Pyridine 
Quinoline 

Acid Organics 

Benzenethiol 
Cresols 

o-Cresol 
p&m-Cresol 

2,4-Dimethylphenol 
2,4-Dinitrophenol 
4-Nitrophenol 
Phenol 

•"Petitions to Delist Hazardous Wastes, A Guidance Manual," EPA/530-SW-85-003, April , 
1985. 

2 



* 0 0ft Rocky Mountain Analytical Laboratc 

SAMPLE DESCRIPTION INFORMATION 

for 

GeoScIence Consul tan ta 

RMA Sample No. Sample Description Sample Type 

61555-01 
61555-02 
61555-03 

8606041350 
8606041625 
8606041715 

Sludge 
Sludge 
Sludge 

Date Sampled 

06/04/86 
06/04/86 
06/04/86 

Date Received 

06/06/86 
06/06/86 
06/06/86 

July 9, 1986 

FOR APPENDIX B 

!' I ; ! R 

GCL Note: Sample 8606041350 taken from the east pond area 

Sample 8606041625 taken from the middle pond area 

Sample 8606041715 taken from west pond area 
Pages 4 and 8 of laboratory report to be submitted in final draft 



Rocky Mountain Analyt ical Laboratory 

II. RESULTS 

The analytical results are presented in the data tables in this section. The data are 

organized into the tables described below: 

o Metals, 

o Volatile Organics, 

o Base/Neutral Organics, and 

o Acid Organics. 

For the metals tables, the result and detection limit is presented for each sample. 

The term ND is used to indicate the parameter was not detected at the detection limit 

shown. 

The term BDL (Below Detection Limit) is used in the organic results tables to 

indicate that the compound is not present at the detection limit shown. The detection 

limits for the Appendix VIII organic compounds were obtained from a study of the 

analytical methods performed by RMAL under contract to the American Petroleum 

Institute (API)1. Analytical standards are not available for three compounds. These 

compounds cannot be measured; they have been listed in the results tables and have been 

footnoted to show that standards were not available. 

As explained in more detail in the analytical methodology section, the samples 

analyzed for volatile organics were screened prior to analysis in order to optimize the 

detection limit for each sample and minimize instrumental problems associated with 

analyzing samples containing relatively high concentrations. This process resulted in 

high dilutions for several samples containing high concentrations of the target 

compounds. For these samples, the detection limits for compounds not detected are 

proportionately high. Also, the compounds which were reported close to (less than two 

times) the detection limits may be suspect. 

'̂Recovery and Detection Limits of Organic Compounds in Petroleum Refinery Wastes", 
January 25, 1985. 

4 
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Rocky Mountain Analytical Laboratory 

UI. ANALYTICAL METHODOLOGY 

The methods for the metals and organic compounds were derived from three 

sources of EPA methods, 1) the methods promulgated in 40 CFR 136 for priority 

pollutants, 2) the methods published in SW-846 and 3) methods developed by the EPA-

EMSL/LV for Superfund investigations, as well as several documents published by the 

EPA and RMAL in 1984 and 1985. These methocs all use the same generic technology as 

summarized below: 

o Metals, acid digestion followed by analysis by ICP supported by graphite 

furnace AA, 

o Volatile Organics, purge and trap GC/MS, and 

o Semivolatile (base/neutral and acid) organics, solvent extraction followed by 

capillary column GC/MS. 

The EPA (40 CFR 136, SW-846 and Superfund) methods were, to a large degree, 

developed and validated to determine the priority pollutants in a broad spectrum of 

environmental samples. Between October 1983 and July 1985 the EPA released three 

methods manuals and a "Guidance Manual" which were compendiums of modified SW-846 

methods specifically adapted for the analysis of Appendix VIII constituents in petroleum 

refining wastes (not water samples). The most useful of these documents was an 

October, 1984 draft methods manual which unfortunately was never formally distributed 

by EPA, apparently in order to avoid a conflict with a proposed rule in the October 1, 

1984 Federal Register. However, even this document (as discussed by an RMAL review 

for API in December, 1984) lacked many important details that are critical to the 

successful analysis of environmental samples impacted by petroleum refineries. 

Thus, although the methods used by RMAL were based on these various EPA 

documents, the actual details of each method were implemented by RMAL as explained 

in more detail below. The various documents which were used to establish RMAL's 

approach are listed in a bibliography. The discussion below references method numbers 

in SW-846. However, it should be noted that several different versions of these methods 

are cited in the various EPA documents. In addition to the documents listed in the 

bibliography, RMAL has continued a dialogue through phone conversations and meetings 

with EPA/OSW to ensure that this approach is in line with the Agency's expectations. 

Much of RMAL's approach is being incorporated in pending Agency promulgations. 
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Rocky Mountain Analytical Laboratory 

Total Metals 

Metals were determined using inductively coupled plasma-atomic emission 

spectroscopy (ICP) for barium, beryllium, cadmium, chromium, cobalt, lead, nickel, 

silver, vanadium and zinc (Method 6010). Graphite furnace atomic absorption (AA) 

spectroscopy was used for the determinations of antimony (Method 7041), arsenic 

(Method 7060), selenium (Method 7740) and thallium (Method 7841). Cold vapor atomic 

absorption spectroscopy was used to determine mercury (Method 7470). Prior to analysis, 

the samples were prepared using Method 3050. 

The ICP was preprogrammed to perform off peak background correction on both 

the high and low wavelength sides of the analytical peaks of interest as appropriate. One 

hundred interelemental corrections were also automatically applied to the analysis. A 

matrix spike is analyzed as a quality control check for the ICP analyses. Every sample 

analyzed by graphite furnace AA was spiked with the metal of interest and reanalyzed to 

check for possible interferences. 

Volatile Organics 

Volatile organic compounds were determined by purge and trap gas chromato-

graphy/mass spectrometry (GC/MS) using Method 8240 with the appropriate sample 

introduction procedure. The appropriate procedure was determined using a screening 

procedure consisting of a liquid-liquid extraction with hexadecane followed by direct 

injection of an aliquot of the extract into a gas chromatograph with flame ionization 

detection (GC/FID). All volatile samples were screened in this way before GC/MS 

analysis. The GC/FID screening results were evaluated to determine the amount of 

sample to use that provides the lowest detection limits possible without overloading the 

GC/MS system. Samples containing low levels of organics were analyzed using a 

modification developed by EPA Region X and EMSL/Cincinnati for soil and sediment 

samples containing low levels of volatile organics. The procedure is quite similar to 

Method 624 except that a water slurry of the solid material is purged. This procedure is 

used by the EPA in their contract lab program for Superfund analyses. Samples 

containing higher levels of organic species were analyzed using the sample introduction 

technique described in Method 8240. This procedure was used as written except that 

tetraglyme (tetraethylene glycol dimethyl ether) was used instead of polyethylene glycol 

as the extracting agent before the purge and trap procedure, as recommended in the 

July, 1985 Refinery Guidance Manual. 

11 



Rocky Mountain Analytical Laboratory 

Semivolatile Organics 

Semivolatile organics were determined by capillary column GC/MS using SW-846 

Method 8270. Soil samples were extracted using SW-846 Sonication Method 3550. After 

extraction, the samples were subjected to Method 3530 to separate the extract into 

acidic and basic fractions. The basic fraction was then cleaned up using Method 3570 to 

generate aliphatic and aromatic fractions. GC/MS analyses were then performed on the 

acidic and aromatic fractions. 

Identification and quantitation of the target compounds determined by GC/MS were 

performed according to the process described in Methods 8240 and 8270. In summary, 

this process has the following features: 

o Multipoint calibration for each compound to establish instrument response 

using multiple internal standards, 

o Identification of compounds using a computerized reverse search with 

selected key fragment ions, and 

o Quantitation using the previously determined response factors. 

12 



Rocky Mountain Analytical Laboratory 

QUALITY CONTROL 

For refinery waste sample analyses quality control analyses consist of the following 

activities: 

o multipoint standard calibration, 

o analysis of blanks, 

o analysis of spiked and duplicate samples, 

o analysis of a standard reference materials, 

o daily calibration, including mass spectrometer tuning checks (BFB and DFTPP), 

where appropriate, and 

o addition of surrogate spikes into each sample for GC/MS analyses. 

More specific information about these activities is presented in Table 2. The 

relevant quality control data generated on this project are presented in the enclosed QC 

tables. 

13 



Rocky Mountain Analytical Laboratory 

TABLE 2. SUMMARY OF QC ACTIVITIES 
PERFORMED FOR REFINERY SAMPLES 

for 

GeoScience Consultants 

Parameter Group QC Activity Frequency 

Metals and Inorganic parameters Duplicate Sample 5% 

Metals and Inorganic parameters Spike Sample 5% 

Volatile Organics Surrogate Spikes Each sample 

Volatile Organics Blank Analysis Daily 

Base/Neutral Organics Surrogate Spikes Each sample 

Base/Neutral Organics Duplicate Analysis 10% 

Base/Neutral Organics Blank Analysis 10% 

Acid Organics Surrogate Spikes Each sample 

Acid Organics Duplicate Analysis 10% 

Acid Organics Blank Analysis 10% 

Volatile Aromatics Duplicate Analyses 10% 

14 



Rocky Mountain Analytical Laboratory 
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Consulting Geotechnical. Materials and Environmental Engineers 
Geologists. Scientists and Chemists 

Rata Kist ner 
Consultants. Inc. 

P.O. Box 690287, San Antonio, TX 78269-0287 
12821 W. Golden Lane, San Antonio, TX 78249 

(512) 699-9090 

Project No: 686-036 
Date Received: 6/06/86 
Oate Reported: 7/18/86 
Submitted By: Mr. Thomas, GCL 

Sample Description/Code: 8606041715, Bottom Sludge, Pond No. 1 , Navajo Refinery, 
R-KCI '6-10143-1 

SUMMARY OF ANALYSIS 

Determination Analytical Method Results Miscellaneous 

Volatile Organics EPA 6241 See Attached Aqueous Phase 

Acid Extractables EPA 6251 See Attached Aqueous Phase 

Solids Content EPA 160.32 86.8 % wt 

Arsenic EPA 70603 11.2 mq/kq . . .Total 

Barium EPA 7080 52.0 mg/kg Total 

Beryllium EPA 7090 0.46 mg/kg Total 

Cadmium EPA 7130 0.46 mg/kg Total 

Chromium EPA 7190 636 mg/kg Total 

Report of 
Chemical Analysis 

To: Geoscience Consultants, Ltd. 
500 Copper Avenue N.W., Suite 325 
Albuquerque, New Mexico 87102 

Attn: Mr. Trent A. Thomas 

Special Comments: 
1. Federal Register, Vol. 49, October, 1984. 
2. EPA 600/4-79-020, March, 1983. 
3. EPA SW-846, April, 1984. 
4. The metal contents are on dry weight basis of the sludge sample. 

1 of 4 pages by "7r\^n+^. ^f. /~^S^*-^*<T^-
( V / Francis Y. Huang, Ph.D., CPC 

Raba-Klstner Consultants, Inc. 

Austin / El Paso / San Antonio 



Consulting Geotechnical, Materials and Environmental Engineers 
Geologists, Scientists and Chemists 

Raba Kistner 
Consultants. Inc. 

P.O. Box 690287. San Antonio, TX 78269-0287 
12821 W. Golden Lane, San Antonio, TX 78249 

(512) 699-9090 

Project No: 686-036 

Date Received: 6/06/86 

Date Reported: 7/18/86 

Submitted By: Mr. Thomas, GCL 

Sample Description/Code: 8606041715, Bottom Sludge, Pond No. 1 , Navajo Refinery, 
R-KCI 6-10143-1 

SUMMARY OF ANALYSIS 

Determination Analytical Method Results Miscellaneous 

Lead EPA 7420 37.n mo/kg Total 

Mercury EPA 7471 0.06 mq/ka Total 

Silver EPA 7760 0.70 mg/kg Total 

Zinc EPA 7950 22.9 mq/kq Total 

Report of 
Chemical Analysis 

To: Geoscience Consultants, Ltd. 
500 Copper Avenue N.W., Suite 325 
Albuquerque, New Mexico 87102 

Attn: Mr. Trent A. Thomas 

Special Comments: 

2 of 4 pages 

Raba-Klstn§j%Consultants, Inc. 

b y -

nsunams, inc. 

Francis Y. Huang. Ph.D., CPC 

Austin / El Paso / San Antonio 
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Project No. 686-036 
R-KCI Lab No. 6-10143-1 

Cowpound 

(PURGEABLES) 
(EPA Method 624) 

Chloromethane 

Broaomethane 
Vinyl Chloride 
Chloroethane 

Methylene Chloride 
Trlchlorofluoromethane 
1,1-01chloroethene 
1.1- D1chloroethane 
Trans-1,2-D1chloroethene 
Chloroforn..... 
1.2- D1chloroethane 
1.1.1- Tr1chloroethane 
Carbon Tetrachloride 
Brooodlchloroae thane 
1,2 -01 chl oropropane 
Trans-1t3-D1chloropropene 
Trichloroethene 
Olbromochloromethane 
1.1.2- Tr 1 chloroethane 
c1s-l,3-01chloropropene ., 
Benzene 
2-Chloroethylv1nyl Ether 
Bromofora 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

Toluene 

Chlorobenzene 

Ethylbenzene 

Xylenes 
N.D. = Not Detected 

Note: ATiphate hydrocarbons were found in the sample. 

Raba-Klstj 

3 of 4 pages 

Concentration 
(uq/U 

Method 
Detection Limits 

fuq/L) 

N.D. 5.0 

N.D. 5.0 

N.O. 10.0 

N.D. 5.0 

N.D. 2.8 

N.D. 5.0 

N.D 2.8 

N.D. 4.7 

N.D. 1.6 

N.D. 1.6 

N.D. 2.8 

N.D. 3.8 

N.D. 2.8 

N.O. 2.2 

N.D. 6.0 

N.D. 5.0 

N.D 1.9 

N.O. 3.1 

N.D 5.0 

N.D. 5.0 

11.8 4.4 

N.D. 5.0 

N.D. 4.7 

N.D. 6.9 

N.D 4.1 

72.4 6.0 

N.D. 6.0 

N.D. 7.2 

N.D. 5.0 

Rate-Klitoer Consultants Inc 

Consultants, Inc 

by 
Francis Y Ph.D.. CPC 
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Project. Ho. 686-036 
R-KCI Lab Ho. 6-10143-1 

ACID EXTRACTABLES 
(EPA HETH00~o?5T 

Compound 
Concentration 

Method 
Detection Limits 

(uq/L) 

3.0 

j 
3.3 

2.7 

2.7 

20.0 

10.0 

3.6 

2.4 

3.6 

1.5 

2.7 

N.D. - Not Detected 

Raba-Khtfnsr Consultants, Inc. 

J Francis YTHuang. Ph.O., CPC & 

B*ba-Kl**ncf Consuhants Inc — ' 
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APPENDIX C 

MW SERIES WELL LITHOLOGIC LOGS 
AND COMPLETION DIAGRAMS 



Sand 

i l t 

lay 

15H 

i l ty Clay; 

20 

layey Si I T 

•25-

ravel 

3CH 

35-

40-

45-

WELL DXGING PQFM 
Page i of j_ 

Well Number 44W-1-Cl ien t NAVA.If) RFFTNFRY 

V < V 4 1/4 1/4 S_ 1^_T_ I Z S_R 2 6 £_State N E W M E X I C Q 

Qxmty EDDY Cjctntrac^tor LARRY'S DRT11TNR 

Spud Date 6-18-86 Cfcnpletion Date 6-18-86 

lagged )3y_5£LKE_ logs Run LITHOLOGY 

Elevation 
Pgjjj^jgg Steam cleaned r i g and tools p r io r to d r i l l i n g - d r i l l w/ 

Spud In (Rn.) 

air rotary and temp, casing 

RUN FRCM TO SAMPLE 
DEPTH REMARKS 

0-20' v.fn.ar., brown silty clay 
v. tight formation- drilled borehole 
to 40'- lhr. to recover 



~10'-8' 

V 
20'-0' 

-Stainless Steel Flush Joint 
Locking Cap 

^-6" Cement Filled Steel Surface 
Casing 

"Z-2'x 2'x 4" Concrete Pad 
"i^2"x 4" Forms - Left in Place 

7 

Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

Bentonite Plug 

Top of Screen 

STATIC HATER LEVEL 
2" Stainless Steel Screen 
w/ 0.01" Slot 

20/40 Sand Pack 

Total Depth of Well 

WELL COMPLETION DIAGRAM 
FOR MW-1 



LJEPIH 

Sand 

v- » -

S i l t 

10-

Clay 

15-

S i l t y Clay. 

20-

IClayey S i l t 

IGravel 

25-

30-

35-

40-

45-

WELX IiOGGING FC£M 

Cl ien t NAVAJO REFINERY 

Page 1 

Well Kunfcer >MW- ? 

of 1 

V 4 1/4 1/4 I / * S T R StateNEM MEXICO 

Cicunty EDDY Contac to r LARRY'S DRILLING 

Ocnpletion Date Spud Date 6-18-86 

Logs Run |ITH0L0GY 

Elevation 

6-18-86 

logged By SELKE 

Spud In (Fin.) 

Renicuics Steam cleaned r i g and tools pr io r to d r i l l i n g -
d r i l l e d with a i r rotary and temp, casing 

RUN FRCM TO 
SAMPLE 
UEPIH REMARKS 

0-18' very fine gr., brown, clayey silt and 
n'lty clay 



7'-0"-

18'-0' 

Stainless Steel Flush Joint 
Locking Cap 

6" Cement Filled Steel Surface 
Casing 
-2'x 2'x 4" Concrete Pad 

/ "|ffi-2"x 4" Forms - Left in Place 

V 

Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

-Bentonite Plug 

STATIC WATER LEVEL 
Top of Screen 

2" Stainless Steel Screen 
w/ 0.01" Slot 

2 20/40 Sand Pack 

Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-2 



DEPTH 

ind 

5 -

1 0 -

Jay 

15-

I ty C lay 

2 0 -

Clayey S i l t -

2 5 -

-avel 

3 0 -

3 5 -

40-

WELL IJOGGING FORM 
Page Y of 

Client MAVAiIQ REFINERY Well Number MW-3 
1/4 l / 4 * V4 

Ociunty_ EDDY 

_V' 4 S 12 T17SR26E State NEW MEXICO 

Cxritractor LARRY'S DRILLING 

Ccrrpleticri Date 6-17-86 

Logged By_ SELKE 

Spud Date 6-17-86 

toy* Run LITHOLOGY 
Elevation 
j^^^^ I/R TH-60 Drill Ric and all tools steam cleaned prior to 

dril l i n g - d r i l l w/ air rotary and temp, casing 
2" stainless steel well casing-.010" slot 20/40 sand pack 

Spud In (Fla.). 

RUN FROM TO SAMPLE 
DEPTH REMARKS 

0-17' v fn-gr. .r.layev s i l t , brown 



7'-6' 

18'-0" 
V 

Stainless Steel Flush Joint 
Locking Cap 

6" Cement Filled Steel Surface 
Casing 

^2'x 2'x 4" Concrete Pad 
^"x 4" Forms - Left in Place 

- Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

•Bentonite Plug 

STATIC WATER LEVEL 
Top of Screen 

2" Stainless Steel Screen 
w/ 0.01" Slot 

- 20/40 Sand Pack 

Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-3 



LJEPIH 

ISand 

5 -

i i l t 

10-

.lay 

15-

Ulty Clay 

20 

Hayey S i l t l 

iravel 

25-

30-

35-

40-

45-

VfELL IOQGING FORM 

Cl ien t NAVAJO REFINERY 

Page J. of 1 

Well Number MW- 4 

1/4 1/4 1/4 1/4 S 12 T17S R26E Stata NEW MEXICO 

Oaunty EDDY Cx>ntractor LARRY'S DRILLING 

Spud Date 6-17-86 CXTijpleticxi Date 6-17-86 

logs Run LITHOLOGY 

Elevation 

Logged By SELKE 

Spud In (Fin.). 
Rangj-jQj Steam cleaned r i g and tools pr io r to set t ing up d r i l l 

with a i r rotary and temp, casing 

RUN FROM TO SAMPLE 
DEPIH KEH&KKS 

0-18' v.fn.gr..brown, clayey silt 



8'-0" 

Stainless Steel Flush Joint 
Locking Cap 

6" Cement Filled Steel Surface 
Casing 
2'x 2'x 4" Concrete Pad 
2"x 4" Forms - Left in Place 

Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

Bentonite Plug 

Top of Screen 
STATIC WATER LEVEL 

2" Stainless Steel Screen 
w/ 0.01" Slot 

V 
18'-0" 

Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-4 



CEPTH 

Sand 

ism 
10-

fclay 

15-

lllty Clay-~4k 

20-

IClayey S i l t 

25-

fravel 

30-

35-

40-

45-

WELL IOGGING FORM 
Page 1 of 1 

Client _ 

V4_ 

NAVAJO REFINERY 

1/4 l / 4 1/4 S_ 

Well Nuniber MW- 5 

_T, R StateNEW MEXICO 
CXxiTity EDDY e x t r a c t o r LARRY'S DRILLING 

Spud Date 6-19-86 

logs Run | ITHOLOGY 

Elevation 

Ctonpletion Date 

logged By SELKE 

6-19-86 

Spud In (Fin.) 

P-ssnarks steam cleaned r i g and tools p r io r to d r i l l i n g - d r i l l e d 
with a i r rotary- no temporary casing 

RUN FROM TO SAMPLE 
LJEPIH REMARKS 

0-19' v.fn.gr., brown silty clay, very 
strong petroliferous odor. 
soils are discolored black beginning 
at approx. 13' 



Stainless Steel Flush Joint 
Locking Cap 

-6" Cement Filled Steel Surface 
Casing 
2'x 2'x 4" Concrete Pad 

y i f f i ^ x 4" Forms - Left in Place 

-Cement/Bentonite Grout 

9'-6" 

V 
19'-0' 

2" Stainless Steel 
Flush Joint Pipe 

- Bentonite Plug 

Top of Screen 

STATIC WATER LEVEL 

"2-2" Stainless Steel Screen 
w/ 0.01" Slot 

20/40 Sand Pack 

Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-E 



DEPTH 

•Sand 

Silt 

5~ ; 

10 H: 

Hay 

15-

iilty Clayl 

20-

Hayey Si l C 

travel 

25-

30-

35-

40-

45-

WELL DDQGIHG FORM 
Page 1 of 1 

Client NAVAJO REFINERY 

1/4 1/4 1/4 1/4 S_ 

Well Number MW_ & 

J R state N EH MEXICO 
County EDDY 

Spud Date 6-19-86 

Logs Run LITHOLOGY 
Elevation 

Contractor LARRY'S DRILLING 

cvaapletion Date 6-iq-flf; 

Logged By SELKE 

Spud In (Fm.) 

Pjgnjarks Steam cleaned r i g and tools p r io r to d r i l l i n g -
d r i l l e d wi th a i r rotary 

RUN FROM TO 
SAMPLE 
DEPTH REMARKS 

0-15' brown, v.fn.gr., silty clay and 
clayey silt. 

at. approx—14' the clay is colored-
black, green, gray and is extremely 
petroliferous 



5'-0' 

15'-0' 
V 

Stainless Steel Flush Joint 
Locking Cap 

"6" Cement Filled Steel Surface 
Casing 

<£-2'x 2'x 4" Concrete Pad 
" [ ^ " x 4" Forms - Left in Place 

Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

"Bentonite Plug 

Top of Screen 
STATIC WATER LEVEL 

2" Stainless Steel Screen 
w/ 0.01" Slot 

20/40 Sand Pack 

Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-6 



DEPTH 

Sand 

snt 

Clay 

5 -

10-

15-

(Si l ty Clay" 

20-

||Clayey S i i r 

25-o.-o 

Jravel 

30-

35-

40-

45-

VELiL LOGGING FORM 

Cl ien t NAVAJO REFINERY 

1/4 1/4 1/4 1/4 S_ 

Page 1 
Well Number M _ 7 

of 1 

R StateNEW MEXICO 

Ocunty EDDY 

Spud Date 6-19-86 

Logs Run 1ITH0L0GY 

Elevation 

OxTtractor LARRY'S DRILLING 

CtercpleticJn Date 6-19-86 

Logged By SELKE 

Spud In (Fin.). 
Pjensarks Steam cleaned rig and tools prior to drilling-drilled 
with air rotary- no temp casing necessary 

RUN FRCM TO 
SAMPLE 
DEPTH REMARKS 

0-12' v. s t i f f , brown clay 

at 7' clay is slightly moist and plastic 

12-20' v. fn. gr., brown clayey s i l t 
petroliferous odor 



5'-0 

Stainless Steel Flush Joint 
Locking Cap 

6" Cement Filled Steel Surface 
Casing 
"2'x 2'x 4" Concrete Pad 

/ LXT2''X 4" Forms ~ Left 1n Place 

Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

Bentonite Plug 

Top of Screen 
STATIC WATER LEVEL 

2" Stainless Steel Screen 
w/ 0.01" Slot 

20/40 Sand Pack 

15'-0" Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-7 



DEPTH 

Sand 

S i l t 

Clay 

5 -

1 0 -

15-

jSilty Clay-

ra 20-

fcClayey Silt-

25 

Jravel 

30-

35-

40-

45-

WELL LOGGING FORM 
Page 1 of 1 

Client NAVAJO REFINERY Well Nijniber MW- ft 

„V4 V4 1/4 V4 S_ T R __StateNEW MEXICO 

County EDDY 
Spud Date 6-20-86 

Logs Pun LITHQLQGY 

Elevation 

Ciontoactor LARRY'S DRILLING 

Ocnipleticn Date 6-20-86 

logged By SELKE 

Spud In (Fin.) 
Remarks Steam cleaned rig and tools prior to drilling 

drilled with air rotary 

RUN FROM TO SAMPLE 
DEP1H REMARKS RUN FROM 

0-8' Brown, silty sandy clay 
moist at approx. 8' 

8-13' white to gray, sandy clay with moderate 
amounts of qraveUDea size) 

13-20' I t . brown clayey sand (abund. clay) 
v. minor qravel at top w/ moderate 
to abundant gravel at bottom 



<2c 

8'-0"-

V 
18'-0' 

Stainless Steel Flush Joint 
Locking Cap 

6" Cement Filled Steel Surface 
Casing 
2'x 2'x 4" Concrete Pad 
S"x 4" Forms - Left in Place 

Cement/Bentonite Grout 

2" Stainless Steel 
Flush Joint Pipe 

Bentonite Plug 

Top of Screen 
STATIC WATER LEVEL 

"2" Stainless Steel Screen 
w/ 0.01" Slot 

20/40 Sand Pack 

Total Depth of Well 

WELL COMPLETION DIAGRAM 

FOR MW-8 



DEPTH 

5 -

Clay 

10-iHHS 

i 15-

l i l ty Clay-

20-

'layey S i l t -

25-

favel 

30-

35-

40-

45-

* - . - r v 

•f-:i'v' 

WELL DDGGING FORM 

Client _ 

V*_ 
NAVAJO REFINERY 

1/4 V* V 4 s_ 
Well Nuinber 

R 

Page j _ of 1 

State NEW MEXICO 

County EDDY Contractor LARRY'S DRILLING 

Spud Date 6-20-86 

Logs Run | ITHOI.OGY 

Elevation 

Remarks 

Ctenpletion Date 6-20-86 

Logged By_ 

Spud In (Fa.). 

Steam cleaned rig and tools prior to drilling-
drilled with air rotary- no temporary casing 

RUN FROM TO SAMPLE 
UEP1H REMARKS 

0-approx. 5' brown, silty , sandy clay 

approx. 5'-approx. 15' white to gray, sandy 
cla-y 

15-20' I t . brown, clayey sand w/ moderate 
amounts nf fine grain gravel 



8'-6' 

V 
18'-0' 

Stainless Steel Flush Joint 
Locking Cap 

6" Cement Filled Steel Surface 
Casing 

^2~2'x 2'x 4" Concrete Pad 
~7f2"x 4" Forms - Left in Place 

Cement/Bentonite Grout 

^ 2" Stainless Steel 
Flush Joint Pipe 

Bentonite Plug 

Top of Screen 

STATIC WATER LEVEL 

2" Stainless Steel Screen 
w/ 0.01" Slot 

20/40 Sand Pack 

Total Depth of Well 

WELL C0MPETI0N DIAGRAM 

FOR MW-9 



DEPTH 

and 

S i l t 

10 

lay 

15-

i l ty Clay-

20-

layey St I t 

25-
'o • • » •» 
ravel 

30-

! 

35-

40-

45-

VJEUJ LOGGING FORM 
Page 1 of 1 

Client NAVAJO REFINERY _Well Number Pumptest Well 

V4 V4 VA 1/4 S T _ R State N E w MEXICO 

Oxinty EDDY Ocrrtractor LARRY'S DRILLING 

Spud Date 6-?n-»fi Ocopletion Date fi-?n-»fi 

Logs Run | TTHOI.OGY 

Elevation 

Logged By SELKE 

Spud In (Fa.). 

Remarks Steam cleaned rig and tools prior to drilling- drilled w/ 
air rotary- 4" PVC well casing-.010" slot 12/20 sand pack 

RUN FROM TO SAMPLE 
DEPTH REMARKS 

0-13' brown, fn. gr.clayey s i l t and silty 
clay 

13-32' blackish, v.fn.gr. s i l t and sand 





APPENDIX D 

DATA SHEET FOR RECORDING PUMP TEST DATA 
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Calculation of Transmissivity and Specific Yield 

T = 2.30Q log A 
r l 

2(3.1416) (Sj - Ŝ ) 

Where: 

T 
Q 
r 

S' 

Where: 

S = drawdown 
m = effective aquifer thickness 

Using Data from time = 1624 minutes: 

r\ = 23.2 f t 
r 2 = 48.2 f t 
S! = 0.37 f t 
s 2 = 0.195 f t 
sj = 0.369 f t 
s 2 = 0.195 f t 
Q = 0.0145 ft3/second 

T = 2.3 (0.0145) log(H^) 
2(3.1416) (.396 - .195) 

T = 0.0097 ft2/second 

0.0097 ft2/second x 6.46 x 10s qallons/d/ft2 

f t 2 / sec 

= 6243 gallons/day/foot2 

= transmissivity 
= discharge 

= distance from pumped well to observation well 

= S - (S2/2m) 



Specific yield is determined as follows: 

from r 2 S = e - ° -
5 7 7 2 = 0.562 e 

4Tt 

then S = (4)(.562) J t 
„ 2 

Where: 4-4 Vt" 
S = specvffc: yield • 
T = transmissivity 
t = time 
r e = effective radius of the cone of depression 

Art 1 

All of these terms are kjiown except for r e. This is determined from the 
accompanying graph of s versus r. , Note that r e is read from the graph 
where the line connecting s, and s„ intersects the s =0 line. This 
gives an r e value of: 

r e = 105 feet. 

Converting 1624 minutes to seconds: 
1624 x 60 = 97,440 seconds 

s = f4)f.5621(0.0097)(97,440) 
(105)2 

S = 0.1927 

or, S = 0.2 
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APPENDIX E 

CHEMICAL ANALYSES OF GROUND WATER SAMPLES 



Rocky Mountain Analytical Laboratory 
4955 Yarrow Street. Arvada. CO 60002 (303) 421-6611 

A DIVISION OF 

ENSECO 
INCORPORATED 

September 19, 1986 

Trent Thomas 
Geoscience Consultants, Ltd. 
500 Copper N.W., Suite 325 
Albuquerque, NM 87102 

Dear Trent: 

Enclosed are the results for the analysis of the 13 groundwater 
samples (Navajo Refinery) received August 12, 1986. An ion balance was 
performed on relevant samples and all had a percent difference of less than 
five percent. The ion balance results are also enclosed. 

We experienced some difficulty with organic acid surrogate spike 
recoveries. Samples MW-9, MW-2, MW-3, MW-1 and Well Pit #2 all had 
more than one acid surrogate spike recovery below our QC limits. 
Repreparation and analysis was performed on these five samples and all 
still had low acid surrogate spike recoveries except for Well Pit #2, which 
had acceptable recoveries. Limited sample was available for the 
repreparation of Well Pit #2 (260 mLs vs. 1000 mLs). This suggests that 
there was a matrix effect on the recovery of the acid surrogate compounds 
when the sample was at full strength (1000 mLs). 

Please do not hesitate to call if you have any questions. 

Brian J . Rahn 
Project Coordinator 
Inorganic Chemistry 

BJR/JLP/bj 
Enclosures 

RMAL #61882 



Rocky Mountain Analytical Laboratory 

SAMPLE DESCRIPTION INFORMATION 

for 

Geoscience Consultants, Ltd. 

RMA Sample No. Sample Description Sample Type Date Sampled Date Received 

61882-01 MW-S*' Water 08/06/86 08/12/86 
61882-02 MW-9' Water 08/06/86 08/12/86 
61882-03 MW-2' Water 08/06/86 08/12/86 
61882-04 MW-6V Water 08/07/86 08/12/86 
61882-05 MW-3 ' Water 08/07/86 08/12/86 
61882-06 Equip Blank ' Water 08/07/86 08/12/86 
61882-07 Field Blank/ Water 08/07/86 08/12/86 
61882-08 MW-7' Water 08/07/86 08/12/86 
61882-09 MW-5' Water 08/07/86 08/12/86 
61882-10 MW-1" Water 08/07/86 08/12/86 
61882-11 MW-4' Water 08/07/86 08/12/86 
61882-12 #13' Water 08/07/86 08/12/86 
61882-13 Well Pt #2v- Water 08/07/86 08/12/86 

September 19, 1986 

2 
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I ON BALANCE RESULTS 
fo r sample «61tl82-01 

ELEMENT 
CATION ANALYSIS 

mq/L meq/L 

Ca 
Fe + 2 
Fe + 3 
Mg 
K 
Ma 
NH4 

635.000 
1 .700 

ND 
451 .000 
2.600 

637.000 
ND 

31.6865 
0.0153 
0.0000 
37.1173 
0.0666 
27.7095 
0.0000 

TOTAL 1727.300 96.5952 

ELEMENT 
ANION ANALYSIS 

mq/L meq/L 

Cl 
F 
SOI 
ATK 
N02+N03 

904.000 
2.000 

3430.000 
230.400 

1 .700 

25.4928 
0.0512 

71 .3440 
7.6800 
0.1214 

TOTAL 4568.100 104.6894 

SUMMARY 

V. DIFFERENCE =-4.021 
CATIONS + ANIONS (mg/L) =6295.400 
TDS =!<.7420.000 
HARDNESS =3436.600 
CALCULATED THEORETICAL CONDUCTIVITY =YA 3244.0527 
MEASURED CONDUCTIVITY = 1.0000 
THEORETICAL/MEASURED CONDUCTIVITY RATIO =7.13244 .053 
MEASURED CONDUCTIVITY/TDS RATIO = 0.000 

ND - Not Detected 



ION BALANCE RESULTS 
for sample »61882-04 

ELEMENT 
CATION ANALYSIS 

mq/L meq/L 

Ca 
Fe + 2 
Fe + 3 
Mg 
K 
Na 
NH4 

986.000 
19.000 

ND 
248.000 
9.000 

1990.000 
ND 

49.2014 
0.1710 
0.0000 
20.4104 
0.2304 
86.5650 
0 .0000 

TOTAL 3252.000 156.5782 

ELEMENT 
ANION ANALYSIS 

mo/L meq/L 

Cl 
F 
S04 
Alk 
N02+N03 

3080.000 
5.500 

3000.000 
289.800 
2.100 

86.8560 
0.1408 
62.4000 
9.6600 
0.1499 

TOTAL 6377.400 159.2067 

SUMMARY 

7. DIFFERENCE =-0.832 
CATIONS + ANIONS <mg/L) =9629.400 
TDS =".10100.000 
HARDNESS =3481.800 
CALCULATED THEORETICAL CONDUCTIVITY =",.20425.8847 
MEASURED CONDUCTIVITY = 1.0000 
THEORETICAL/MEASURED CONDUCTIVITY RATIO =7.20425.885 
MEASURED CONDUCTIVITY/TDS RATIO = 0.000 

ND - Not Detected 



ION BALANCE RESULTS 
•for sample tt61882-05 

ELEMENT 
CATION ANALYSIS 

mg/L meq/L 

Ca 
Fe + 2 
Fe + 3 
Mg 
K 
Na 
NH4 

703.000 
7.500 

ND 
294.000 
7.200 

1220.000 
ND 

35.0797 
0.0675 
0.0000 
24.3608 
0.1843 
53.0700 
0.0000 

TOTAL 2233.700 112.7623 

ELEMENT 
ANION ANALYSIS 

mg/L meq/L 

Cl 
F 
S04 
Alk 
NO2+N03 

1210.000 
2.900 

2760.000 
768.000 

ND 

34.1220 
0.0742 
57.4080 
25.6000 
0.0000 

TOTAL 4740.900 117.2042 

SUMMARY 

"/. DIFFERENCE =-1 .932 
CATIONS + ANIONS <mg/L) =6974.600 
TDS =7,8080.000 
HARDNESS =2971.100 
CALCULATED THEORETICAL CONDUCTIVITY =7.14385.3307 
MEASURED CONDUCTIVITY = 1.0000 
THEORETICAL/MEASURED CONDUCTIVITY RATIO =714385.331 
MEASURED CONDUCTIVITY/TDS RATIO = 0.000 

ND - Not Detected 



I ON BALANCE RESULTS 
•for sample t.61882-10 

ELEMENT 
CATION ANALYSIS 

mg/L meq/L 

Ca 
Fe + 2 
Fe + 3 
Mg 
K 
Na 
NH4 

900.000 
1 .300 
ND 

601 .000 
9.100 

2020.000 
ND 

44.9100 
0.0117 
0.0000 
49.4623 
0.2330 
87.8700 
0.0000 

TOTAL 3531.400 182.4870 

ELEMENT 
ANION ANALYSIS 

mg/L meq/L 

Cl 
F 
S04 
Alk 
N02+ NQ3 

4250.000 
1 .000 

3080.000 
234.600 

ND 

119.8500 
0.0256 
64.0640 
7.8200 
0.0000 

TOTAL 7565.600 191.7596 

SUMMARY 

DIFFERENCE =-2.478 
CATIONS 
TDS =7 

+ ANIONS <mg/L) =7.11097.000 
.14900.000 

HARDNESS =4714.100 
CALCULATED THEORETICAL CONDUCTIVITY =724321.3227 
MEASURED CONDUCTIVITY = 1.0000 
THEORETICAL/MEASURED CONDUCTIVITY RATIO =724321.323 
MEASURED CONDUCTIVITY/TDS RATIO = 0.000 

ND - Not Detected 



ION BALANCE RESULTS 
for sample H61882-12 

ELEMENT 
CATION ANALYSIS 

mg/L meq/L 

Ca 
Fe + 2 
Fe + 3 
Mg 
K 
Na 
NH4 

143.000 
2.700 
ND 

27.000 
9.300 

150.000 
ND 

7.1357 
0.0243 
0.0000 
2.2221 
0.23S1 
6.5250 
0.0000 

TOTAL 332.000 16.1452 

ELEMENT 
ANION ANALYSIS 

mq/L meq/L 

Cl 
F 
S04 
Alk 
N02+N03 

202.000 
2.100 

257.000 
110.400 

ND 

5.6964 
0.0538 
5.3456 
3.6800 
0.0000 

TOTAL 571.500 14.7758 

SUMMARY 

7 DIFFERENCE = 4.429 
CATIONS + ANIONS (mq/L) = 903.500 
TDS =71200.000 
HARDNESS = 468.200 
CALCULATED THEORETICAL CONDUCTIVITY =1918.0087 
MEASURED CONDUCTIVITY = 1.0000 
THEORETICAL/MEASURED CONDUCTIVITY RATIO =71918.009 
MEASURED CONDUCTIVITY/TDS RATIO = 0.001 

ND - Not Detected 
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EXPLANATION 
SEDIMENTARY ROCKS 

Oo Ot Q« Ol Od °". Ol Op Oc 

Surficial Deposits 
Qs. diluvium o* stream and valley bottoms: Qs, caliche toil; Qe, blow sand and 

dunes; Ql, landslitfes; Orf. disturbed gravel, etc. affected by collapse; Off. travertine 

spring deposits; Qt, terrace gravel; Op, pediment gravel; Qc. caliche 

OTg 

Gatuna Formation 
Red. tan, and buff sand, gravel, and mudstone 

TKe 

Cub Mountain Formation 
Purplish mudstone and buff, conglomeratic sandstone 

Mesaverde Group 
Olive-drab to black shale, grayish sandstone, and coal 

Mancos Shale 
Black shale, local sandstone, and limestone 

Dakota Sandstone 
Gray to white sandstone, local shale, and conglomerate 

< 
2 

or 
UJ 
i -< 
O 

> 
or 
< 
i -
or 
U J 

co 
r3 
o 
u j 
CJ < 
U J 

or 
o 

Chinle Formation 
Reddish^jrown mudstone 

Santa Rosa Formation 
Brown, buff, and red sandstone: local congtomerate 

o 
CO 

< 

Dewey Lake Formation 
Tan-brown, clean sandstone 

Pr Pr 

Rustler Formation 
Dolomite, gypsum, and reddish sandstone: f*ru, upper member; Fri, lower member 

Salado Formation 
Gypsum, dolomite, mudstone. and orange-red. collapsed, recrystalliied. residual breccia 

Pc Pc 
Pet 

Castile Formation 
Gypsum, anhydrite and limestone: / t t / , upper member; Pel. low*' member 

: Poi 

Tansill Formation 
ntertonguing northward wto gypsum 

I Yates Formation 
Pay, limestone, sandstone, and dolomite southward 

Paye, gypsum, dolomite, and siltstone northward 

Pbc 

Bell Canyon 
. Formation 

Sasm-lacies limestone and 

sandstone 

Seven Rivers Formation 
Pas. limestone and dolomite southward 

Pate, gypsum mudstone and then dolomite northward 

urg Formations 
•mation; dolomite and sanOstnne south-

gypsum^nd mudstone northward 

Formation; sandstone and dolomite 

red i»n^tnf^. *n*4 Iry.l d"io~-:— 

Pag 
Paqg 

Pag 
Paqg 

Queen and Graybi 
Pao. Queen F&-

ward; 

Pag. Gmybui 

southward; gypsum, 

northward 

PaQg, Queen nd Grayburg Formations undivided i, 

north and loca ly elsewhere 

Goat Seep 
Formation 

Mass.ve dolomite 

P l f 

P t b 

P . r 

San Andres Formation 
Psf. Fourmile Draw Member; Psb. Bonney Canyon Member; Psr. Rio Bonito 
Member; Psg. Glorieta Sandstone 

Yeso Formation 
fan, yellow and rusty sandstone, red mudstone. dolomite, and gypsum 

Precambrian rocks, undivided 
Granite, syenite, and gneiss 

IGNEOUS ROCKS 

Sierra Blanca Volcanic Group 
Andesitic to rhyolitic breccia, tuff, end flows 

Dikes, sills, stocks, and laccoliths 
not identified; Tis. syenite of latite; Tig, granite or apt ite: 

i. mon/ontte; Tid. dmrite or diabase 
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E X P L A N A T I O N 

Cot 

3 e 

Alluvium 

Silt, sand, gravel ond c l a y . St ippled area indicates granular or gravel ly depos i t s . 

Eolian deposits J 
wind-blown sand ) 

Oc 

Caliche deposits j 

Medium to hard, nodular, ca l i che; lo ja l ly having a wel l -cemented caprock 

Gab 

Qcg 

Ogt 

z < 
I < 

Alluvium and boison depos i ts j 

Sand, silt and clay depos i ted in lowlands; rarely having local incrustations of sal t 
nodular caliche ' ' 

Caliche and gravel J 

Cal iche-capped limestone grovel , sand, silt and clay underlain locally by deposits or 
l ime-cemented conglomerate I 

Gatuna Formation { 

Well indurated sand, grovel, silt and clay derived f rom the Ogal lala format ion 

Rustler Formation 1 

Anhydrite, gypsum, inferbedded red onb green sandy c lay, and some beds of dolomite 

I 

SaJado Formation 

Residual mater ia l der ived from the solution of halite, anhydrite, poiyhalite and other 
potassium salts and red sandy shale I 

Tansill Formation 

Light olive-gray to very pale orange, 1 ne-gra ined, laminatea aolornite, and rare, thin'oeds 
of very pale orange, fine-grained quart:, sandstone or siltstone 

Yates Formation 1 

Very paie oronge lo yellowish-gray, f i neg ra ined , laminated dolomite, alternating with gray.sh-
orange to pa'e yeNowisn-orange, cciccr 

Psr 

ous quartz si l tstone or very f ine-grained sandstore 

Pq 

-Pot 

Sever Rivers Formation 

Grqy to white rwcmi t ic l imestone, wh . t j and red gypsum, orange-red siltstone and s n 0 i e 

Queen Formation .| 

Sed ro wtiite gypsum, mrerbeqqed sandstone, siltstone one so lomi t * . Surface exposures 
are primarily evcporite. , 
Artes.e group jnaiv ided .1 

Primer,!, rea to white gypsum with sonje interbeds of do lomi te , sandstone cno s , i t s tane. 

This essentially represents a icterqi f a p i e s change where the Seven Rivers, ^ueen, fates 

and Tonsil formations become indistinguishable as separole units. 

Deveiooea pit cr quarry 

_ J Ftoscec! pit or quarry 

# Selected exploration sites 

sk* Mt-.\nn STVT* UU.HV* v>- UKRXHTMENT 

« ' t r n 3LK 

R.26 E 
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POTENTIOMETRIC SURFACE 
SHALLOW PERCHED AQUIFER 

NAVAJO REFINING COMPANY ARTESIA , NEW MEXICO 
CLIENT: NAVAJO REFINING COMPANY 

DATE: November 9, 1984 
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P 8 7 - 10 
27 'S , 2 0 4 7 ' W 
Elev. - 3308 .73 

MW- 6 ^ 
I 7 ' S, 670 ' W 
Elev. = 3311 68 

MW-3C C O M W - 3 
2' N, 9'W 0 ' S, 0' E 

Elev. = 3 3 0 9 . 6 0 Elev - 3308 .31 

O No Number 
7' N, 1472' E 

O M W - 7 
l l ' N, 2215' E 
Elev. = 3305 .78 

O MW- 5 
191' S, 1243' E 
Elev - 3 3 0 6 91 

O M W - 4 
3 6 1 ' S , 27' E 
Elev - 3310. 6 4 

P 8 5 - 2 
° 8 5 3 ' S, 1672' E 

Elev. = 3 3 0 5 . 0 8 

P 8 7 - 1 1 
I 0 2 6 ' S , 2 0 2 7 ' W 
Elev. - 3 3 0 7 . 25 

P 8 7 - I 
9 9 3 ' S , 7 ' E 
Elev = 3 3 0 8 . 3 8 

P 8 7 - 2 
977 ' S, 991 ' E 
Elev. - 3 3 0 8 . 2 3 

P 8 7 - I 5 
980 ' S, 1823' E 
Elev. - 3 3 0 6 . 2 2 

P 8 7 - 12 
2 0 0 1 ' S, 2023 ' W 
Elev - 3 3 0 6 . 0 5 

P 8 7 - 3 
1993' S, 1020' W 
Elev. - 3 3 0 9 . 0 8 

P87 - 4 
1999' S, 18' E 
Elev = 3 3 0 6 . 9 1 

P 8 7 - 19 
1963'S, 1019' E 
Elev. = 3 3 0 6 . 5 7 

P 8 7 - 16 
2028 ' S, 2022' E 
Elev. = 3 3 0 4 . 5 0 

P 87 - 5 
3 0 2 4 ' S , 9 8 0 ' W 
Elev. = 3 3 0 5 . 6 8 

P 8 7 - 6 
2 9 9 9 ' S , 3 9 ' E 
Elev. - 3 3 0 5 . 0 8 

P 8 7 - 7 
2 9 7 0 ' S , 9 8 9 ' E 
Elev. = 3 3 0 3 . 1 3 ' 

P 8 7 - 1 8 
2 9 2 4 ' S, 2 0 2 1 ' E 
Not Yet Dr i l l ed 
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P87- I3 
163' N, 3024' E 
Elev. = 3 3 0 6 . 7 2 

SCALE = I" = 400' 

P 8 7 - 14 
841 ' S, 3046' E 
Elev. - 3 3 0 6 . 5 5 

O MONITOR WELL 

• POINT INSTALLED IN THIS STUDY ( 1 9 8 7 ) 

O POINT INSTALLED IN EARLIER STUDY (1985) 

A POINT INSTALLED BY UNKNOWN AGENCY 

NOTE : Coordinate origin is well MW-3 
All elevations are to the top of 
well pipe. 

P 87 - 17 
1874' S, 2984' E 
Elev. - 3306 .52 

UJ 

CVJ 
LT 

I hereby certify that this plat was made from notes 
taken in the field in a bona fide survey made under my 
supervision, and that the same is true and correct to 
the best of my-vknowledge and belief, 

John W. West, N.M/P.E. & L.S. No. 676 
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P87-8 
4 0 5 0 ' S , 954 ' W 
Elev. = 3 3 0 4 . 2 5 

P87 - 9 
3 9 9 7 ' S , 3 6 ' E 
Elev. - 3 3 0 2 . 8 6 

P 8 7 - 9 E 
3 9 8 3 ' S , 1036' E 
Elev. = 3 3 0 3 . 2 0 

H P - 3 
4143'S, 1308' W 
Elev. = 3 3 0 2 .15 

12 7 
13 18 

HP - 2 
4 4 5 6 ' S , 8 8 5 ' E 
Elev. = 3 3 0 3 . 5 9 

PLATE 

JUM - 2 

13 

H P - I 
4774 ' S, 31 14' E 
E lev. - 3 3 0 5 . 14 

LOCATION OF MONITOR WELLS SITUATE WITHIN 
SECTIONS 12 & 13, T 17 S, R 26 E , AND IN 
SECTIONS 7 8 18, T 17 S , R 27 E, ALL N.M.RM:, 
EDDY COUNTY, NEW MEXICO. 
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