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S ‘ Geoscience Consultants, Ltd. —
: 500 Copper Avenue NW, Suite 200
Albugquerque, New Mexico 87102
mdg‘j_, (505) 8420001 TELEX (505) 8420595
1109 Spring Street, Suite 706

Sllver Springs, Maryland 20910~
AN 1nﬁ7zme

April 30, 1987 \\L ﬁAY 6‘1987 \

Mr. Zeke Sherman
‘ Department of Environmental Affairs
Navajo Refining Company
P.0. Drawer 159
Artesia, New Mexico 88210

RE: WATER-LEVEL DATA FROM 4/24/87

Dear Zeke:

Enclosed is a copy of the field notes from John Appel’s water-level
survey last week. Please call if you have any questions.

Yours very truly,
GEOSCIENCE CONSULTANTS, LTD.

ames C. Hunter
Senior Hydrogeologist
Project Director, Navajo Ground Water Quality Assessment
JCH/1p/NVJO/SHERMOO1.LTR
Enclosures

cc: David Griffin, Navajo
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APPENDIX A

NMEID RECOMMENDED WORK ITEMS FOR
NAVAJO REFINERY CONTINUING RELEASE STUDY
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(1)

(2)

(3)

(4)

(5)

(6)

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, if 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, 1leachate 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 if 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 Tocation and
attitude of any faults [Available geologic maps]




(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

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 1likely to be affected

which are or may be a source of public or private water supply [Site
study and pump test]

Determination of areas of discharge and recharge for ground water in

the area Tikely to be affected by migration of constituents from the
site [Site study]

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

Establishment of a network of monitoring wells, including recommen-
dations as to the Tlocation, depth, and construction thereof,

designed to monitor ground water elevations and water quality [By
June 30, 1985]

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

A proposed schedule for the implementation of the items set forth
above

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

Proposed plan to define contaminant plume, if one exists

Proposed corrective action, if necessary
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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.




Rocky Mountain Analytical Laboratory

TABLE 1. APPENDIX VIl HAZARDOUS CONSTITUENT SUBSET

Metals

Antimony
Arsenic
Barium
Berylium
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

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

198s5.

FOR PETROLEUM REFINERY STUDIES*

Base/Neutral Organics (Cont.)

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
Diethy! 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




. ..
- . ) i

RMA Sample No.

61555-01
61555-02
61555-03

duly 9, 1986 _

i li‘

GCL Note:

RECEIVED JUL 1 1988

SAMPLE DESCRIPTION INFORMATION
: for

GeoSclence Consultants

Sample Description

Samgle Type.. Date Samgled

8606041350 Sludge 06/04/86
8606041625 Sludge 06/04/86
8606041715 Sludge 06/04/86

FOR APPENDIX B
R .
Sample 8606041350 taken from the east pond area

Sample 8606041625 “taken from the middle pond area
Sample 8606041715 taken from west pond area

Rocky Mountain Analytical Laboratc

Date Received

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

Pages 4 and 8 of laboratory report to be submitted in final draft
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Rocky Mountain Analytical 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,

0 Volatile Organics,

o Base/Neutral Organies, 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)l. 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 organies 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 containinz 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.

1"Recovery and Detection Limits of Organic Coimpounds in Petroleum Refinery Wastes",
January 25, 1985.
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Rocky Mountain Analytical Laboratory

. 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 weli 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 APl 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 thirough 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 organies 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 basie fractions. The basic fraction was then cleaned up using Method 3570 to
generate aliphatic and sromatie fractions. GC/MS analyses were then perforfned 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

Metals and Inorganic parameters
Metals and Inorganic parameters
Volatile Organics

Volatile Organics

Base/Neutral Organics
Base/Neutral Organics
Base/Neutral Organics

Acid Organics

Acid Organics

Acid Organics

Volatile Aromatics

\

Duplicate Sample
Spike Sample
Surrogate Spikes
Blank Analysis
Surrogate Spikes
Duplicate Analysis
Blank Analysis
Surrcgate Spikes
Duplicate Analysis
Blank Analysis
Duplicate Analyses

14

Frequency

9%

5%
Each sample
Daily
Each sample
10%
10%
Each sample
10%
10%
10%




l Rocky Mountain Analytical Laboratory

l V. BIBLIOGRAPHY

A. Documents Pertaining to Appendix VIII Constituents

1) January, 1984 letter form Myles Morse pertaining to delisting petitions as well as land
treatment demonstrations, including sampling procedures and data requirements.

2) March, 1984 letter to delisting petitioners from Barbara Bush revising target
parameters. :

3) April, 1984 memo from John Skinner to Permit Branch Chiefs concerning land
treatment containing target parameters and analytical methods.

4) May, 1984 memo from John Skinner clarifying previous memo.

5)  September, 1984 letter to Petitioners from Barbara Bush distributing Refinery
Handbook.

6) November, 1984 letter from Eileen Claussen to all delisting petitioners describing
new RCRA requirements.

7) May 3, 1985 RMAL Memo.
8) January 8, 1985 RMAL letter to Eileen Claussen, EPA-OSW.
B. Documents Pertaining to Analytical Methods

1) "Handbook for the Analysis of Petroleum Refinery Residuals and Waste", October,
. 1984 - prepared by Radian Corporation for EPA/OSW.

2) "Evaluation of the Applicability of the SW-846 Manual To Support All RCRA Subtitle
C Testing", December 20, 1984 - prepared by Rocky Mountain Analytical Laboratory
for APL.

3) "Comments on the 'Handbook for the Analysis of Petroleum Refinery Residuals and
Waste, October, 1984"™, December 12, 1984 - prepared by Rocky Mountain Analytical
Laboratory for API.

4) "Comments on the 'Hahdbook for the Analysis of Petroleum Refinery Residuals and
Waste, April 2, 1984", August 15, 1984 - prepared by Rocky Mountain Analytical
Laboratory for API.

5)  "Handbook for the Analysis of Petroleum Refinery Residuals and Waste", April 2,
1984 - prepared by S-Cubed for EPA/OSW.

6) EPA document "Guidance for the Analysis of Refinery Wastes", July 5, 1985.

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

8) SW-846 - "Test Methods for Evaluating Solid Waste, Physical Chemical Methods"
USEPA, 2nd Edition, 1982.

9) 40CFR136 - "Guidelines Establishing T'est Procedures for the Analysis of Pollutants
Under the Clean Water Act."
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< Consuiting Geotechnical, Materials and Environmental Engineers
Report Of Geologists, Scientists and Chemists
Chemical Analysis - R <
~ Raba-Kistner

To: Geoscience Consultants, Ltd. o, Box 630267, S Consultants. Inc.
500 Copper Avenue N.W., Suite 325 P.O. Box 7, San Antonio, TX 78269-0287

. 12821 W. Golden Lane, San Antonio, TX 78249

Albugquerque, New Mexico 87102 (51) 6999050

Attn: Mr. Trent A. Thomas Froject No:  686-036

Date Received: 6/06/86
Date Reported: 7/18/86
tubmitted By: Mr. Thomas, GCL

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

SUMMARY OF ANALYSIS

E 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 ma/kg ,_mTota14
Barium EPA 7080 52.0 mq/kq Total

| Beryllium EPA 7090 0.46  mg/kg Total

| Cadmium EPA 7130 0.46  mg/kq Total
Chromium EPA 7190 §36 mg/ kg Total

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.

Raba-Kistner Consultants, Inc.

1 of 4 pages b</76'»~‘ % /M

Francis Y. Huang, Ph.D., CPC <

Austin / El Paso / San Antonio
SN
{29,




Report of
Chemical Analysis

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

Attn: Mr. Trent A. Thomas

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 37.0_ mg/kg Total
Mercury EPA 7471 0.06_ mé/kq Total
Silver EPA 7760 0.70 mg/kg Total
Zinc EPA 7950 22.9 ma/kq Total

Special Comments;

2 of 4 pages

Raba-Klsm::Consullants, inc.

FranCtsY Huang Ph.OD, CPC

Austin / El Paso / San Antonio




Project No.  686-036
R-KCI Lab No. 6-10143-1

(PURGEABLES)

(EPA Method 624)

Compound

Chloromethane....ccoeeeveecsceccsscceccenans
Bromomethan@..oceccsocecccsoccososscosccnne
Vinyl Chloride..ccceccecccoscncacacsccccnnns
Chloroethan®...ceeccecccococeccssoscnsancss
Methylene Chloride...ccveeccccecececasccans
Trichlorofluoromethane€..cccccececcccscccsss
1,1-Dichloroethene...cccceeeccecacecccecese
1,1-Dichloroethane....ccceccccccocecsscsses
Trans-1,2-Dichloroethene...ccccvececccaceee
ChloroforM. ccecescccececscccecsssccsccccane
1,2-D1Ch10r0ethane. ueerueenrecerrnensense
1,1,1-Trichloroethane...cceveecececcecsansee
Carbon Tetrachloride..eeeeeeeeereceennnsses
Bromodichloromethane.......c.cceenns cecsens
1,2-Dichloropropant...cccecccccscsccscesccess
Trans-1,3-Dichloropropent..ccccccececscesees
Trichloroethen@...cceoceesccccscscceccconcas
Dibromochloromethane....ceceeccvccrccccocces
1,1,2-Trichloroethane.....cccceeeeeccccvecse
cis-1,3-Dichloropropene...cccccecsnsncicasce

BenzeMO..‘O‘.Q.......‘......."...‘.‘..‘.'

z—ch]ormthylviny] Etmr'.......‘....l...’.

Bmmfo"o.o..o...0....Qoooooonlotoooooilcao.

1,1,2,2-Tetrachloroethane...c.coceecevnacess
Tetrachloroethen®..cceeeecocecccoceoacaccese
B LT P
Chlorobenzene..cccecocececcccccccsccccacess
Ethylbenzene,cccsesceccacccccccacccscccsns

xy]enes- ....'OC.Q.QQ..Q ..... S0 5000000 Oe SO PP
N.D. = Not Detected

N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.O
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D.
N.D
N.D.
N.D
N.D.
11.8
N.D.
N.D.
N.D.
N.O
72.3
N.D.
N.D.
N.D.

Method

Concentration Detection Limits
ug/L

(ug/L)

5.0
5.0
10.0
5.0
2.8
5.0
2.8
4.7
1.6
1.6
2.8
3.8
2.8
2.2
6.0
5.0
1.9
3.1
5.0
5.0
4.4
5.0
4.7
6.9
4.1
6.0
6.0
7.2
5.0

Note: ATliphate hydrocarbons were found in the sample.

3 of 4 pages

Raba-Kistoer Consultares. Inc.

Raba-Kist Consultants, inc.

by L ¢ /4;£;‘*""$§§;

Francis Y. Hdng, Ph.D., CPC
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Project No.  686-036
R-KCI Lab No. 6-10143-1

ACID EXTRACTABLES
* "(EPA METHOD 625)

EPA ME

Compound

4-Chloro-3-Methylphenol...ccceeeevccccocnnce
2-Chlorophenol...cccecacecncncnccaccncenes
2,4-01chlorophenol..................,i.....
2,4-Dimethylphenol.ccececccecccccsceconces
2,4-DINTtrophenol. e eeeeeeeeneeneenecasnnes
2-Methy1-4,6-Dinitrophenol..c..cccevececceee
2-Nitrophen0l.ceceececsacacecscacscsanannne

4‘N1trophem]o....0.Do.ooooo.oc.o.co«.....l

Pentach]orophem].o.....00000..oon.'t-.o..o.

_Pheno]...00.'00000.0.0...o...o.o.oo.o....‘.

2,4.6‘T!‘1Ch]0\'ophen01.o..............-.....

N.D. = Not Detected

4 of 4 pages

Raba-Kistner Consuhares. Inc.

Method
Concentration Detection Limits
(ug/L) (ug/L)
N.D. 3.0
N.D. 3.3
N.D. 2.7
N.D. 2.7
N.D. 20.0
N.D. 10.0
N.D. 3.6
N.D. 2.4
N.D. 3.6
N.D. 1.5
N.D. 2.7
Raba-Kigtner Consultants, Inc.

U [fhung

Francis Y. fluang, Ph.0., CPC &
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\ APPENDIX C



APPENDIX C

MW SERIES WELL LITHOLOGIC LOGS
AND COMPLETION DIAGRAMS




Client _ NAVAJO REFINFRY

WELL IOGGING FORM
Page _

of 4

1/4

/4 1/4

County

/4 512 T175Roge State yey mexjcp

EDDY Contractor j ARRY'S DRIJIING

Spud Date

6-18-86 Completion Date 6-18-86

Iogs Run__ LITHOLOGY

Loggyed By SE|KE

Elevation

Spud In (Fm.)

air rotary and temp.

Steam cleaned rig and tools prior to drilling- drill w/
casing

TO

SAMPLE

DEPTH

1|

[
T

—
[8a]

bilty Clay

L1l

|

0-20"' v.fn.ar., brown silty clay
v. tight formation- drilled borehole

to 40'- lhr. to recover

N
LTt Ty

>

3

<

. (¥,]

N =

I s ST O T A O U0 Y U A A R

w

W

o

457




//////Zz~5tainless Steel Flush Joint
___#:////// Locking Cap
)

. .,//////' £ 6" Cement Filled Steel Surface
Casing
/,' Tl-2'x 2'x 4" Concrete Pad
2" 4" Forms ~ Left in Place
SR Aﬂézzzb VY4
/izzlement/Bentonlte Grout
/////// ’:Ez 2" Stainless Steel
A Flush Joint Pipe
- ;,//V/////” “— Bentonite Plug
////////rézz‘ Top of Screen
~
~10'-8" — STATIC WATER LEVEL
J— /////iZ?///" 2" Stainless Steel Screen
—L w/ 0.01" Slot
- "/ |
— P 20/40 Sand Pack
—| -~
20" -0" Total Depth of Well

WELL COMPLETION DIAGRAM
FOR MW-1




WELL LOGGING FORM

Page 1 of 1
Client _ NAVAJO REFINERY Well Number my_ 2
/4 1/4_ 1/4 1/4 ST R Statenpy MEXICO
County EDDY Contractor LARRY'S DRILLING
Spud Date  6-18-86 Canmpletion Date 6-18-86
Logs Rm | [THOLOGY Logged By SELKE
Elevation Spud In (Fm.)

Remarks Steam cleaned rig and tools prior to drilling-
drilled with air rotary and temp. casing

SAMPLE
FROM [ TO REMARKS
DEETH

e —
- ﬂfz; 3
it
5=
10—#;‘.
- j
Clay -
[ 15—.
==l
Silty Clay
20]
Clayey Sl
25—
Gravel :%
301
.
35
—1
7
_

(-18' very fine gqr., brown, clayey silt and

5iTty clay

§




—//////ZZStainless Steel Flush Joint

///// Locking Cap

| /26 Cement Filled Steel Surface
f Casing
2'x 2'x 4" Concrete Pad
s 2"x 4" Forms - Left in Place
SRS TR T
’/////zzzement/Bentonite Grout
”
,//”////////’FQZ-Z“ Stainless Steel
A /’iZZFIUSh Joint Pipe
./,/
7 //,r/’ Bentonite Plug
7' -0" STATIC WATER LEVEL
_,,/—~”‘““jzz//, Top of Screen
— V/////////jzi 2" Stainless Steel Screen
= w/ 0.01" Slot
= // z 20/40 Sand Pack
18'-0" ] Total Depth of Well

WELL COMPLETION )
‘ FOR MW-2

IAGRAM




WELL LOGGING FORM

- Page 1 of
Client __ nNayaJ0 REEINERY Well Number ., -
1/4 1/4 1/4 1y4 S 12 T17S R26E StateNEW MEXICO
County EDDY Contractor  LARRY'S DRILLING
Spud Date 6-17-86 Completion Date 6-17-86
Logs Run__ LITHOLOGY Logged By  SELKE
Elevation Spud In (Fm.)

R . I/R TH-60 Drill Ric¢ and all tools steam cleaned prior to
drilling-drill w/ air rotary -and temp. casing
2" stainless steel well casing-.010" slot 20/40 sand pack

SAMPLE
RN | FRM | TO DEPTH REMARKS

C-17' y fn.gr..clayey silt. brown

Y I Y T T I |

‘ I'ave’l :

ll 30 _

N

|| ]

35 ]

l 40;
s I 3




HE I SN I U AN BE S DN B B BN En B .

s e

£Z~Stain]ess Steel Flush Joint
Locking Cap

. -,r/////////,:EZ‘G" Cement Filled Steel Surface

Casing
////:;Z'X 2'x 4" Concrete Pad

IR N

\

2"x 4" Forms - Left in Place
A /4

7

Cement/Bentonite Grout

— 2" Stainless Steel
__Flush Joint Pipe

~Bentonite Plug

"“7.-6"

I

SR R

STATIC WATER LEVEL

— _~_— Top of Screen

///////’/’:;>2“ Stainless Steel Screen

w/ 0.01" Slot

ﬂ- 20/40 Sand Pack

Total Depth of Well

18'~0"

WELL COMPLETION DIAGRAM

FOR MW-3




VIELL IOGGING FORM

Page 1 of 1
Client  NAVAJO REFINERY Well Number My.- 4
1/4 1/4 1/4 1/4 S 12 T17S R26E Statenry MEXICO
Countty_EDDY Contractor_ LARRY'S DRILLING
Spud Date 6-17-86 Completion Date 6-17-86

Logs Run__ | [THOLOGY _ Logged By _ SE|KE

Elevation Spud In (Fm.)

Remarks Steam cleaned rig and tools prior to setting up drill
with air rotary and temp. casing

M| To s&ugzmz REMARKS

—e——

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




!

P

//////;EZStainless Steel Flush Joint

,’////// Locking Cap
i H,/////’/////i;;26" Cement Filled Steel Surface

Casing
- 2'x 2'x 4" Concrete Pad

/7S

8'-0"

A}

,// Za"x 4" Forms - Left in Place
Ny S 7~/

C—Cement/Bentonite Grout

/////////i;2~2“ Stainless Steel
Flush Joint Pipe

N
AN

"
T CAEiBentonite Plug

e
|

Top of Screen
STA

180_0“

N

TIC WATER LEVEL

////////TZEZ’Z" Stainless Steel Screen

w/ 0.01" Slot

V////////:;;?;0/40 Sand Pack

Total Depth of Well

WELL COMPLETION DIAGRAM

FOR MW-4




WELL LOGGING FORM

Page 1 of 1
Client _ NAVAJO REFINERY Well Number My.- c
1/4 1/4 1/4 1/4 S T R Statepry MEXICO
courtty EDDY Contractor. | ARRY'S DRILLING
Spud Date  6-19-86 Completion Date  6-19-86

Iogs Rm__| {THOLOGY Logged By SELKE
Elevation Spud In (Fm.)

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

SAMPLE
FRRM | TO DEPTH REMARKS

W

£

£

0-19' v.fn.gr., brown silty clay, very
strong petroliferous odor

soils are discolored black beginning

at anprox.. 13!
a1l —-apps v

NN EASNEN RSN




|

”‘ ‘Z “Stainless Steel Flush Joint
Locking Cap

___F////
//////,/’“226" Cement Filled Steel Surface

__Casing

)
7 €'x 2'x 4" Concrete Pad

NIRRT Y

9'-6"

=

Y

|~ [~ A

]

- 7
,/V///////’—:EiZ“ Stainless Steel

D
|2

]§G’Z"x 4" Forms - Left in Place
IRTA ]
"

Cflement/Bentonite Grout

Flush Jaint Pipe

e,

Bentonite Plug

Top of Screen

19!_0"

AR

WELL COMPLETION DIAGRAM
FOR MW-t

//

STATIC WATER LEVEL

’f~22'2“ Stainless Steel Screen
w/ 0.01" Slot

/*////J/ 22~20/40 Sand Pack

Total Depth of Well




WELL LOGGING FORM

Fage 1 of 1
Client  NAVAJQ REFINERY Well Number My- g
14 1/4  1/4  1/4 ST R Stateppy MEXICO
County EDDY Contractor [ ARRY'S DRILLING
Spud Date  6-19-86 Campletion Date  6-19-86

Logs Run__| THOLOGY Logged By SELKE
Elevation Spud In (Fm.)

Remarks Steam cleaned rig and tools prior to drilling-
drilled with air rotary

SAMPLE
FRM | TO REMARKS
LEPTH

3

- w
RSN NEEER NN

ol

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

atjppmx 14' the rJay is. colored

black, green, gray and is extremely
petroliferous




1

IR

h— {

5'-Q"

A

Stainless Steel Flush Joint
Locking Cap

S o

,////// " 6" Cement Filled Steel Surface

e - Casing
-7 £-2'x 2'x 4" Concrete Pad
S X 4" Forms - Left in Place

CQ?Cement/Bentonite Grout

////////’/””221‘2“ Stainless Steel

|_—" ") Flush Joint Pipe

<

—Bentonite Plug

"///////,*;ziﬂ'Top of Screen

15'-0"

STATIC WATER LEVEL

///////”izz 2" Stainless Steel Screen

/

w/ 0.01" Slot

//,7
’,///// 41;20/40 Sand Pack

i

Total Depth of Well

WELL COMPLETION DIAGRAM

FOR MW-6




[en]
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|
1il
H

VELL IOGGING FORM

s
(o]

ey 12-20"' v. fn. gr., brown clayey silt
petroliferous odor

: Page 1 of !
Client _ NAVAJO REFINERY Well Number M- 7
4 1/A /4 /4 S T R Stateppy MEXICO
County_EDDY Contractor [ ARRY'S DRILLING
Spud Date  6-19-86 Carmpletion Date  6-19-86
ILogs Run__| [THOLOGY Iogged By SELKE
Elevation Spad In (Fm.)
I Remarks Steam cleaned rig and tools prior to drilling-drilled
% g with air rotary- no temp casing necessary
SAMPLE
DEPTH RIN | FROM | TO DEPTH REMARKS
~ ] 0-12' v.stiff, brown clay
g
W -
Sand ===
5 ===
———
———=] at 7' clay is slightly moist and plastic
==
B
_J

3

E-Y w
HASEEEEEEEERSNEN!

Fe
T 11




/iZiStainless Steel Flush Joint
Locking Cap

~ —2'x 2'x 4" Concrete Pad

\%?$é7€§z /N

5'-Q"

\

P 2"x 4" Forms - Left in Place
TR T

/;E?Cement/Bentonite Grout

— /

2" Stainless Steel
’/////,;Ei\~ Flush Joint Pipe

Bentonite Plug

—
Top of Screen

15'-0"

A

STATIC WATER LEVEL

P/”///”:;Z_ 2" Stainless Steel Screen
w/ 0.01" Slot

///////////:;?20/40 Sand Pack

Total Depth of Well

WELL COMPLETION D
FOR MW-7

IAGRAM




Page 1 of 1
Client  NAVAJO REFINERY Well Number My- g
’
14 1/4__ 14 1/4 ST R Statenry MEXICO
> oy : County EpDY Contractor,  LARRY'S DRILLING
) Spud Date  6-20-86 Campletion Date  6-20-86

l /////////////////// :fl’z';azmm_mﬂnmm____ S;Die:n B)((m.S;ELKE

} Remarks Steam cleaned rig and tools prior to drilling -
drilled with air rotary

| SAMPLE
FROM [ TO REMARKS
——LDEETH

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

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

?fif% 13-20' 1t. brown clayey sand (abund. clay)
SRR v. minor gravel at top w/ moderate

to abundant gravel at bottom

w

—

b e

—

b o -

—

| 'Clay

. - A .'
- Bsitey crayf4
et

20 o20% P,

B w w
BREASEEERSEENASENNS

45




Stainless Steel Flush Joint
Locking Cap

~///////’:226“ Cement Filled Steel Surface

\

/ .
: Casing
- 2'x 2'x 4" Concrete Pad
e 2"x 4" Forms - Left in Place

ITRTAS 7]

2

ement/Bentonite Grout

- 2" Stainless Steel
Flush Joint Pipe
’//’ .
-~ Bentonite Plug

2 Top of Screen

NIRRT
8I_OII
18'-0"

<

STATIC WATER LEVEL

//////’JTZL’“Z“ Stainless Steel Screen

w/ 0.01" Slot

/“”//”/fZE?ZO/do Sand Pack

Total Depth of Well

WELL COMPLETION DIAGRAM




WELL IOGGING FORM

Page 1 of 1
Client _ NAVAJO REFINERY Well Number pmy. 9
/4 1/4  1/4 14 ST R Statenpy MEXICO
County EDDY Contractor. [ ARRY'S DRILLING
Spud Date 6-20-86 _ Campletion Date 6-20-86
Logs Rm__ | [THOLOGY .. Logged By _SELKE
Elevation _ Spud In (Fm.)

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

SAMPLE
FRM | TO REMARKS
LEPTH

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

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

clav
4

| 15-20' 1t. brown, clayey sand w/ moderate

amounts of fine grain gravel

o f 25—
avel _
-
_
30
35
-ﬁ
—
—
40 -
|
4'7




///W//TEEStain]ess Steel Flush Joint
Locking Cap

7
1 L 6" Cement Filled Steel Surface
Casing
" Z-2'x 2'x 4" Concrete Pad
7 %"x 4" Forms - Left in Place
NIRRT Y Y/ SR Y/4
’////igz Cement/Bentonite Grout
L= < 2" Stainless Steel
' Flush Joint Pipe
-
% /)4v’/// ﬂzz/Bentonite Plug
___<-"’//’// 2Top of Screen
8'-6" - STATIC WATER LEVEL
"
:;;////r////‘ ’12272“ Stainless Steel Screen
p— w/ 0.01" Slot
o ‘,/ 2 20740 sand Pack
18" -0" Total Depth of Well

WELL COMPETION D
FOR MW-9

IAGRAM




WELL LOGGING FORM

Page 1 of 1
Client _ NAVAJO REFINERY Well Number pumptest Well
/4 1/4__ 174 1/4 ST R Stateyfy MEXICO
County_EDDY Contractar LARRY'S DRILLING
Spud Date  §-20-86 Completion Date  g_90.g84
Logs Run | ITHOLOGY Logged By SELKE
Elevation Spud In (Fm.)

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

SAMPLE REMARKS
FRM) 0 | TePM

0-13' brown, fn. gr.clayey silt and silty
clay

13-32"' blackish, v.fn.gr. silt and sand

(73]

£

—N—Ea—.

NSNS

.

-
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APPENDIX D
DATA SHEET FOR RECORDING PUMP TEST DATA




M.e,'/e“"
| /‘/61 /-

DATA SHEET FOR it U‘ D TNG

4

/—2/.-20
1,46/

10, 5

PUFMP? TEST DITA

59 ﬂm(

County e _ Olctvstion well no._ &
location: N avain _ Pusied well mo. . L .
L A Y S T O N Y L
¢ ﬁ‘f At D:::u‘ (u:ad- ?;i (--:!i 0
JPate | Mour | Gmig) § mie) | o/t feater | justed) | A Bs ] Justed) | Gged | Tearks -
,%Z Jdegdol L | |676{ | .. |2 | stadic
bsse| O _ B S
oyz| & .78 | 6 19.44] 249|249 _ R
0843177 /A3y |24r R 65|76 _ 19e¢ | .
O %00 Zc-[ /38 17 19.45 X 6% |- 0¥ -
o341 38 158/ |9.2¢|2: 78 -09 | | e
bz |89 |r23 6 s.40)|2.84 o6 | B D
oo {744 | X./6]70 |9.4742.92|-0g 7.0 AJ.J,@__L.&
/158 1202 231158 g a5 1.2 |+/ 43 2.0 f«wé%/f? éwoéudte
/258 | 2p 2N 72|60 |g g2/ 1. 92 - 0-63 )
(357 | AR 1\54 £9 1g.89] 193 |-o/ o ;
5¢ | 440 ,Zné‘v’/\"?\g.ﬁ 199 |-oe |
V75 jg,/ A7¢ |10 ‘2.;:0 2of |Los
2100 | 744 (Z-871/90]2.08|2.72 |-.08
j/g to2 1924 9,/5] 219
0330134 271221
064 I 1324 9.2312.206
27 bt T 051511479 9.23] 224
= (62T men g | 1629 226 | A4 9
i s 9.4¢ PW“/]
Q= A P s EQL,M,)
/1 32 7. &5
1152 7.;‘1
nsé 7.35
7204 7,30 i
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DATA SHEET FOR RUECORDING puAar

TEST DATA

Obscrvation sell no._% B

location: - Pw:l;c" well no. — e l_._ o
Averace Q [ARL] fz___ ___f( rZ:___ .
A.L Depth s ,!.A_,'us—v.—-- U T T e
[ 4 (3 to (uuad- ment ('-d- Q
Dute | doue f Loin) ] (mind ] ¢/¢0 ] watee | justed) | &s ) Justed) | (gen) fiarks

2

LRXa5
/1210

b —— -

7.A75

/L8

.6

[AL 0

725

/2.35

/5

7-22

/250

/5

7.2/

/305

£5

7:.19

N 7 5 L. X3

7:/74

1520

7./3

L

7-1]

/19

0720

7.49




DATA SHEET FOR RECQRDING PUHP rEST DATA

County T — Ohscevation well no. | " ' .
location: !\)qogﬂ.ﬂ Pusgacd well ne. . K . R

Average Q. . Gl ':_45-.};_{_./___“- "2‘: 240,25 6{1(! = X--33

Dcpd\—’ S o .-,:-:-5.!;-5_;-- r-_ ——s-‘. T T
e/ to (uwad- ment (ad- Q
JDate | Moue | Gaia) § (mied } e/} satec | justed) | 8 Justed) | (gen) Moarks

gl degsd | |per | | |08 | skhe

043¢ © ACh i 0 D R =T
i

02371 075
0§37 / 7.0

2840 | 4 2.074] e
g3 /3 2 025 — —_ _
QF0r] RS 75| | _ N R

093137 J-o78
o9 155 :08Q 005
oz |96 207 .05 addid 55 bone
159 | 2o Z.so 1025
(259 | 243 Z.to | 015
L3gE | 322 7.0/ | 034
(8547 41 -1/ | 034
17501569 7.125| .05

Aloof 744 7.3 . 035

7/ig 1340ul924 241 1075

0335 /734 2L75| /0O

0640|1324 720 15

0915 {1479 7.20) 1145

LD | 162y 7.2( 1 /35

04z 72 Cec

N532 7. 21

1157 7.2




\\.‘U Oq >

A

.
7

(1.7

50t

0
i

o

v

4 DATA SHEET FOR RECORDING pUSE TEST DATA

County _ Obscivoation el no. | ,
focation: Pusjed well no. -
Averace Q_ gien otz A tz:__~_ e
- T - Depth s YT B oo
t e to (unad- ment, {ad- Q
Date | Mour | Gmia) | (wiad | e/u0 ) watee | justed) | As ) Justed) | () | Resarks
Y/ W I R R 27 e L L o
R!1 7-2/1 e e
/'{" 7'-2{ —_ —— e ot e
224, 7. A/ 1 e
1436 ZA) e
12.£] 7.2 R
/1346 7-24 _ e
/356 7.2 _ B D

1531

7.23

1920

2.24

7/?

107 L0

7.31




DATA SHEET FOR RECORKDING PUEP TEST DATA

County o _ Obscivation well no. | Z_ s

location: Pusiyd well no.

— —— —_

Averace Q_ g o« :_‘e{é_._&_’_fl. 2 - /-3~gL/_(‘{ Lq \"‘:r Ao 73

- Dv.pd\_—-s—- = ..;54..‘-5_{..- ACHEE Gt G bR

[3 P [ Cd/;f to {unad- ment (od- Q
[8

JDate | Mour § (min) | («in) | t/ CAs L gested) | Gge) Mooarks

o o | learl __|As | Atade

ater | usted)

0836|__0 2248 } A _.éfetzé_.--_“_
o841{ .9 ‘ g1} o
25A1 /9 1! V4275 07 —i07

0204 |2 b ) 16,30 | 09 | ~-o02 R
otr4| 38 6.32] of] |-.0Z B
aqg, | 55 6. 33 12 | =0t | N e

o3 /142 ezpd 17 | =105

120e | 2o doo3p | 115 | +-02
L300 |64 .324 17 1—.02
= | 14eo | 32y le3g| 17 | &
552 ) Y2 ¢.32] /8 | —-ot

I 172 5| 559 | /| 20 | —-OT
—~ ¥

2loo | 744 . bds | 285 | —-0F
7//2 oo | G944 450 20 | -.04
0332|1134 553,32 |-.03
0640} /314 6331 A4 |--° z
0951479 8871 3¢ |-.02
M40 /614 6.38) 37
12 6.-5¢, /PQL
1154 gG.57
1158 G5




| - 5%0

LY 1'

0 ?'/( 49
Lot

}c// DATA SHEET FOR RECQRDING PUAP TEST DINPA

ék/

County B — — Oh-civation well no. | Z o

tocation: Pusjard well na. _

Averace Q_ gen r: _fe, r2:___

- T Tepth s Trijese- [ s T T T T
¢ Y to (unad- menat, (ad- Q
Pate 1 Moue | Gaind { (mind | o/uf }wner | justed) | As | gusted) § () | Rearks
Aoz | L eS| i e
Z2A 6.52 S A
1217 641 . SN S
122z 6.4/ e
1237 6590 — e
(252 G 49 e
/397 &.49 _ - )
/397 | 647 — | S

1532 644

/B2 6. Y25

Z//J R7L Y8




-

County

DICIA SHEET FOR RECORDING

focation:

PSP TEST O DIVEA

Oisvivation well no.___3-. ;

Pusycd well no.

_ Averace Q_ s oo A8 A1 2= 232344 ﬂaﬁvi: 2,37
Depth |5 | TRGese [T T T N T
¢ v to (unad- ment. { «d- Q
Date f Mour | Goin) | nin) | e/ | vater | justed) | 8 ] gusted) f lgen) § 0 Rearks
—_ ediol . é@f es| S | As | |stebie
0857 )| Al [1:43127 48 |.05 | 295 ] e
o203 | A7 15416 1642|206 | :°f SN DO -
o935 139 1765112 g 50 .27} .o/ e
9321856 11.791/7 k50| 07 | & e
1103X ) /47 | X789 |4.82] -9§F | r92 . o )
1200 | oY |X 32157 14,4624 92 | € | |
132011245 V243161 4528 055 | ~005
Yo (| 325 |252160 |4,529 <955 | &
looo Yy | 265119 je.g8] 1075 | ©
(250l Seo | 225 e, 524 0t | @
g0 | 744 | R-88] /84 s 440 <1 | OZ
7 |atoo 92y 6561 13 | .02
033 /134 ¢62 | 7 | 04
06 YL3ZY 6.6} +/8 | -9/
0518 11479 6621 19 | .ot
/(40 Vs 4RY 8.628) /73
149 61425 Lo, [P WENTS
1155 (el
/{59 6:640 |
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DATA SHEET FOR RECOKDING PUME TEST DATA

Counvy Oliscrvation sell no. ,3“

location: Py well no.

Averace Q_

Dcpt)i.T s Au!j.-‘lsl~ PO
t ! to (unad- ment, (ud- 0
Dute | Moue | (omin) { (emin) | o/t! }water § justed) | As ) Justed) | (g Poznrks

1208

/1473 (.54

s (Aag

/423 ¢.58

/238 6. A5 o ”:—*—-__
1255 (.57

1 309 ¢57 | I

43/ 3 b. 57 - o ‘

1A433 647

(220 ¢.56
;I] (1_pzo bobY.

----‘---_




Calculation of Transmissivity and Specific Yield

"2
T-= 2.30Q Tog (;—)
1
2(3.1416) (3, - )
Where:
T = transmissivity
Q = discharge
r = distance from pumped well to observation well
s’ =S - (S2/2m)
Where:
S = drawdown
m = effective aquifer thickness

Using Data from time = 1624 minutes:

rp = 23.2 ft

rp = 48.2 ft

s] = 0.37 ft

sp = 0.195 ft

Si = 0.369 ft

s, = 0.195 ft

Q = 0.0145 ft3/second

T= 2.3 (0.0145) Tog(35:5)
2(3.1416) (.396 - .195)

T = 0.0097 ftZ/second

0.0097 ft2/second x 6.46 x 109 gallons/d/ft?
ftz/ sec

6243 gaHons/day/foot2




Specific yield is determined as follows:

from rez S = e-0.5772

4Tt

= 0.562

then S = (4)(.562) _Tt

n
7

r

e /r (% ‘{lc, }/(
N ‘ -7 !
Where: L¢9€ji"7‘{llj— ot
_ _ StTor="
spec4¥}ﬁgg;e1d -
transmissivity

time
e = effective radius of the cone of depression

= +— U

(LR S| G

A1l of these terms are known except for rgy. This is determined from the
accompanying graph of s versus r. Note that rg is read from the graph
where the Tine connecting S and Sy intersects the s = 0 line. This
gives an rg value of:

re = 105 feet.

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

s . (4)(.562)(0.0097)(97,440)
(105)2

w
i}

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 80002 (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.

Sincerely, / ﬁ/ pproved\by:
e

Brian J. Rahn rry/L. Parr
Project Coordinator Technical Director
Inorganic Chemistry

BJR/JLP/bj
Enclosures

RMAL #61882

B




_

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-87 Water 08/06/86 08/12/86
61882-02 MW-9v Water 08/06/86 08/12/86
61882-03 MW-2" Water 08/06/86 08/12/86
61882-04 MW-6 Y 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 v Water 08/07/86 08/12/86
61882-08 MW-77 Water 08/07/86 08/12/86
61882-09 MW-5" Water 08/07/86 08/12/86
61882-10 MW-1v 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
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l TON BALANCE RESULTS
for sample #41832-01

CATION ANALYSIS
ELEMENT ma/L

———_—— > v o o~ = —— - = —— T " " " e A S - " e m_ > Y A e o At e S ke - - e Ak e S S e " T e o e "

Ca 635.000 31.4845
Fe+2 1,700 0.0153
Fe+3 ND 0.0000
Mg 451.000 37.1173

K 2.400 0.0644
Ma 437.000 27,7095
MH4 ND 0.0000

ANION ANALYSIS
ELEMENT ma/L

€l 204.000 25.4928
F 2.000 0.0512
S04 3430.000 71.3440

ATK 230.400 7.6800
NO2+NO3 1.700 0.1214

— e e s S o e e s = At W s St T e Y o ot oy S e A= = A A S Sy o e e P T AP e e S G e o T S e e - e S i - A - -

- - — - — - A Y- s o o e s G s = T S et . A ey S S A T o e o e . o T S - - e i ? . - 4 i S i S

% DIFFERENCE =-4.021

CATIONS + aAMIONS (mg/L) =42935.400

TDS =%7420.000

HARDNESS =3436.600

CALCULATED THEORETICAL CONDUCTIVITY =413244.0327
MEASURED CONDUCTIVITY = 1.0000 :
THEORETICAL/MEASURED CONDUCTIVITY RATIO =%13244.033
MEASURED CONDUCTIVITY/TDS RATIO = 0,000

ND - Not Detected



10M BALANCE RESULTS
for sample #61882-04

CATION ANALYSIS

ELEMENT ma-L meq./L

Ca 984.000 49.2014
Fe+2 19.000 0.1710
Fe+3 ND 0.0000
Maq 248,000 20.4104
K 2.000 0.2304
N 1990.000 86.5450
NH4 ND 0.0000
TOTAL 3252,000 154.5782

ANTON ANALYSIS

ELEMENT ma/L meq./L

C1 3080.000 84.8540
F 5.500 0.1408
504 3000.000 42.4000
Alk 289.800 ?.4600
NO2+NO3 2.100 0.1499
TOTAL 6377.400 159.2067

SUMMARY ’

S ey T A e R T P Y " - T " — T — T P A o $a8 . e P B S S o B o B o o S S — " - — i o = > "o+ S o e - o> =t

7 DIFFERENCE =-0,832

CATIONS + ANIONS (mg/L) =9%629.400

T0S =10100.000

HARDNESS =3481.800

CALCULATED THEORETICAL CONDUCTIVITY =/20425.8847
MEASURED CONDUCTIVITY = 1.0000
THEORETICAL/MEASURED CONDUCTIVITY RATIO =X20425.885
MEASURED CONDUCTIVITY/TDS RATIO = 0.000

ND - Not Detected




T -
10N BALANCE RESULTS
for sample #41882-035
CATION ANALYSIS
ELEMENT mg/L meq./L
Ca 703.000 35.0797
Fe+2 7.900 0.0475
Fe+3 ND 0.0000
Mg 294.000 24,3408
K 7.200 0.1843
Na 1220.000 53.0700
NHA4 ND 0.0000
TOTAL 2233.700 112.7623
ANION ANALYSIS
ELEMENT mg/L meq./L
Cl 1210.000 34,1220
F 2.900 0.0742
S04 2740.000 57.4080
AlK 748.000 25.6000
NO2+NQ3 ND 0.0000
TOTAL 4740.%00 117.2042
SUMMARY

“ DIFFERENCE =-1,932

CATIONS + ANIONS (mg/L) =4974.400

TDS =48080.000

HARDNESS =2971.100

CALCULATED THEORETICAL CONDUCTIVITY =X14385,3307
MEASURED CONDUCTIVITY = 1.0000
THEORETICAL/MEASURED CONDUCTIVITY RATIO =314385.331
MEASURED CONDUCTIVITY/TDS RATIO = 0.000

ND - Not Detected




ELEMENT

ION BALANCE RESULTS
for sample #41882-10

CATION ANALYSIS

mg/L

o e W - o > T S e o e B e . G e " Al e S S T - S G T T - - " - -

Ca
Fe+2
Fe+3

mo
—

?00.000
1.300

ND
601.000
9.100
2020.000
ND

ANION ANALYSIS

mg/L

4250.000
1.000
3080.000
234.600
ND

44.9100
0.0117
0.0000

49,4423
0.2330

87.8700
0.0000

o e o e 4 T e . = A A A A - A S e 4t S et S e - U G T v - AR - . = = = = ——

119.8500
0.0256
44.0440
7.8200
0.0000

e e o i ]t s e e s e A T o - Al T ot e e e . i Y s P e = - A P a8 o e A " e g T e S Ly " e S ot e T e . e S S i S e S "

—— - o o o ot o S0 P S P o A G A T S e = A — o8 = S Y e ek it P At T Ak Sy e ot o e S (e VP e e A et e (o - o —— g — ———

[ - — R e " - . e Y T T s . T T = T S T S S G i o e S B o - S - > S W o S > S Y -

“% DIFFERENCE =-2.478

+ ANIONS (mg/L) =i11097.000
TDS =%14900.000

HARDNESS =4714.100

CALCULATED THEORETICAL CONDUCTIVITY =X24321.3227
MEASURED CONDUCTIVITY =
THEORET ICAL/MEASURED CONDUCTIVITY RATIO =%24321.323

CATION

1.0000

MEASURED CONDUCTIVITY/TDS RATIO =  0.000

ND - Not Detected




10N BALANCE RESULTS
for sample #41882-12

' CATION ANALYSIS
ELEMENT ma/L : meq./L

Ca 143.000 7.1357
Fe+2 2.700 0.0243
Fe+3 ND 0.0000
Mg 27.000 2.2221
K ?.300 0.2381
Na 150.000 6.5230
NH4 ND 0.0000
TOTAL 332.000 14,1452

ANTON ANALYSIS

ELEMENT mg./L meq./L

C1 202.000 . 5.4944
F 2.100 0.0538
504 257.000 5.3454
AlK 110.400 3.4800
NO2+ND3 ND 0.0000
TOTAL 571.500 14.7758

SUMMARY

e T8 = Gt o (- —— - ——— - ——— " S o o T — - 0 40 o Al e G St G T - D S T " ——— e - _ -y = —

/% DIFFERENCE = 4,429

CATIONS + ANIONS (mg/L) = 903.500

TDS =41200.000

HARDNESS = 448.200

CALCULATED THEORETICAL CONDUCTIVITY =1918.0087
MEASURED CONDUCTIVITY =  1.0000
THEORETICAL/MEASURED CONDUCTIVITY RATIO =X1918.009
MEASURED CONDUCTIVITY/TDS RATIO = 0.001

ND - Not Detected
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