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EXECUTIVE SUMMARY 

The f o l l o w i n g summarizes our conclusions frora t h i s i n v e s t i g a t i o n : 

1. The Ciniza Refinery property i s underlain by a sandstone aquifer 

which dips less than three degrees to the northwest and ranges i n depth 

from about 70 feet near the south l i m i t of the main r e f i n e r y complex to 

about 143 feet near the northwest property boundary. This i s the upper

most (or "near-surface") continuous aquifer at the s i t e and i t contains 

ground water under artesian confinement. Clay and weathered shale over

l i e the aquifer. The shale contains some discontinuous sandy i n t e r v a l s . 

2. Five of the seventeen observation wells d r i l l e d under t h i s 

project show some evidence of chromium or lead contamination. Four of 

these wells are completed i n the near-surface aquifer. Fluoride i s sev

eral times background i n most of the we l l s . I t i s possible that the 

contamination detected i n one or more^of these cases occurred during 

sample c o l l e c t i o n . 

3. The land treatment area i s underlain by about 100 feet of clay 

and shale above the near-surface aquifer. The piezometric surface of the 

confined aquifer l i e s approximately 71 feet above the top of t h i s u n i t . 

In our opinion, the aquifer i s s u f f i c i e n t l y protected from p o t e n t i a l con

tamination o r i g i n a t i n g i n the land treatment area to warrant seeking an 

exemption from the RCRA ground-water monitoring requirement. 

A. Recommendations are presented i n t h i s report f o r future ground 

water q u a l i t y monitoring i n the general plant area and f o r monitoring the 
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unsaturated zone at the land treatment s i t e . 
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GROUND WATER AND SOILS INVESTIGATION 

CINIZA REFINERY 

NEAR GALLUP, NEW MEXICO 

FOR SHELL OIL COMPANY 

1.0 INTRODUCTION 

This report presents the r e s u l t s of our investigations at the 

Ciniza Refinery of Shell O i l Company near Gallup, New Mexico, r e l a t i v e 

to ground-water conditions i n the general v i c i n i t y of the plant and 

s o i l conditions i n the area to be used f o r t r e a t i n g s o l i d waste. 

Field work was commenced on October 27, 1980 and completed on Janu

ary 6, 1981. 

2.0 PURPOSE AND SCOPE OF WORK 

The purpose of the work described herein was to provide data 

necessary f o r compliance w i t h the I n t e r i m Status permitting require

ments of the Resources Conservation and Recovery Act of 1976 (RCRA), 

and included the following objectives: 

1. To characterize the geohydrologic regime i n the plant area and 

i t s immediate v i c i n i t y . 

2. To evaluate the extent of ground-water contamination, i f any, 

at the s i t e and the degree to which i t may be a t t r i b u t a b l e to 

plant operation. 
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3. To assess the background physical and chemical c h a r a c t e r i s t i c s 

of the s o i l s and/or rock m a t e r i a l i n the area used f o r 

land treatment of s o l i d waste. 

4. To assist Shell O i l Company i n achieving compliance w i t h the 

RCRA Int e r i m Status Standards. 

The scope of work undertaken to f u l f i l l the above objectives com

prised e s s e n t i a l l y Phases I and I I of the four-phase program described 

i n our o r i g i n a l proposal dated October 2, 1980, and included: 

1. The d r i l l i n g of 17 observation wells. 

2. The c o l l e c t i o n of ground-water samples and measurement of the 

water t a b l e . 

3. The excavation of f i v e t e s t p i t s i n the land treatment area. 

A. The c o l l e c t i o n of bulk and i n - s i t u s o i l samples from the test 

p i t s . 

5. The laboratory analysis of ground-water and s o i l samples f o r 

selected physical and chemical parameters. 

6. Assistance to Shell O i l Company i n preparing a des c r i p t i o n of 

the land treatment area and a preliminary plan f o r monitoring 

and sampling t h i s area during waste disposal a c t i v i t i e s . 

7. Preparation of a report describing the r e s u l t s of these i n 

vestigations . 

3.0 SITE DESCRIPTION 

The Ciniza Refinery i s located i n Sections 28 and 33 of T.15N., 

R.15W, and i n Section A of T.IAN., R.15W., N.M.P.M. Drainage i s north 

and west toward the South Fork of the Puerco River, a westward-flowing 
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i n t e r m i t t e n t stream. 

The western two-thirds of the property i s nearly f l a t with a 

s l i g h t northwestward topographic gradient. The eastern one-third i s 

dominated by a bedrock b l u f f which i s 60 to 100 feet higher than the 

adjacent f l a t l a n d . The base of the b l u f f i s at approximate elevation 

6,900 feet (ASL). The general features of the s i t e and the p r i n c i p a l 

plant f a c i l i t i e s are shown on Plate 1. 

Geologically, the s i t e occupies the northeast flan k of the Zuni 

U p l i f t region of the Colorado Plateau. The f l a t l a n d s have been mapped 

as Quaternary alluvium and the bedrock b l u f f has been i d e n t i f i e d as the 

Sonsela Sandstone of the Chinle Formation (Shomaker). The regional 

geology i s depicted on Plate 2. 

4.0 METHODS OF INVESTIGATION 

4.1 FIELD INVESTIGATIONS 

4.1.1 Land Treatment Area 

Shell O i l Company treats c e r t a i n plant wastes such as the API 

separator emulsion and leaded tank sludge by mixing with natural s o i l s . 

Laboratory analyses of selected constituents i n these wastes are pro

vided i n Appendix B-3. 

An area on the plant property comprising approximately 7.9 acres 

and divided i n t o three equal plots has been delineated f o r the i n i t i a l 

phase of t h i s land treatment operation and i s shown on Plate 1. 
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Dames & Moore 



Five t e s t p i t s were dug by backhoe at representative locations 

i n the land treatment area. The purpose of the p i t s was to obtain 

samples of the uppermost several feet of natural s o i l s i n order to 

analyze t h e i r chemical and physical c h a r a c t e r i s t i c s . The p i t s were 

designated as LF-1 through LF-A, and OW-4. I n four of the p i t s , bulk 

samples were cut from a clean p i t w a l l at depth i n t e r v a l s of 0 to 1 f o o t , 

1 to 2 f e e t , and 2 to 3 f e e t . I n OW-A, samples were collected also from 

depths of 3 to 4 f e e t , A to 5 feet and 5 to 6 fe e t . The samples were 

placed i n plastic-coated c l o t h bags and shipped to Santa Fe f o r 

analysis. 

In a d d i t i o n to bulk samples, i n - s i t u samples were obtained at four 

of the p i t locations using the Dames & Moore sampler. Relatively un

disturbed drive samples six inches i n length were collected from a 

depth of 6 to 12 inches i n p i t s LF-1, LF-2 and LF-A, and from 18 to 2A inches 

of depth i n p i t OW-A. The samples were sealed at the s i t e and shipped to 

the laboratory. 

I n f i l t r a t i o n capacity measurements i n the s u r f i c i a l s o i l s were ob

tained near three of the p i t locations (LF-2, LF-A, OW-A) by means of 

double r i n g i n f i l t r o m e t e r t e s t s . I n these t e s t s , two concentric metal 

cylinders, 12 inches and 9% inches i n diameter respectively, were driven 

approximately four inches below the ground surface. A buffer pond of water 

was established i n the section between the cylinders and maintained 

during the t e s t . Water was then added to the inner cylinder and the rate 

of water l e v e l decline recorded over time. I n order to maintain an 

approximately constant head during the t e s t , the o r i g i n a l water l e v e l 

was p e r i o d i c a l l y restored by adding measured quantities of water. 

Measurements were continued u n t i l the rate of i n f i l t r a t i o n s t a b i l i z e d . 
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A.1.2 Ground-Water Investigation 

Seventeen observation wells were d r i l l e d by percussion methods to 

investigate the near-surface geology and ground-water hydrology at the 

s i t e . Permits to d r i l l these wells were issued by the New Mexico 

State Engineer. O r i g i n a l plans envisioned as many as 20 to 25 wells 

")being d r i l l e d . However, fewer wells were found to be necessary to ade

quatel y describe the hydrogeologic conditions. The wells ranged i n 

depth from 45 to 163 feet and were d r i l l e d e i t h e r at 8 or 10 inches i n 

diameter. A t o t a l of 1,505 feet of d r i l l i n g was completed. Four-

inch diameter PVC casing was i n s t a l l e d i n each w e l l and included a 

perforated section at the desired depth i n t e r v a l . Approximately two 

feet of PVC casing were allowed to extend above ground l e v e l and the 

bottom end of the casing was plugged. The annular space between the 

PVC casing and the w a l l of the boring was packed w i t h gravel opposite' 

the perforations and for a distance of several feet above the top of 

the perforations to allow f o r settlement. A Quick-Gel bentonite seal 

was emplaced above the gravel pack f o r an i n t e r v a l that varied from 

5 to 15 fee t among the several w e l l s . The bentonite was followed 

either by sand concrete or by cement grout which extended to the 

ground surface. Grout emplacement was achieved by using a tremie pipe. 

Most of the wells which penetrated the sandstone artesian aquifer were 

inspected by a representative of the State Engineer's o f f i c e during the 

grout emplacment. 

A p r o t e c t i v e st e e l casing 8-5/8 inches i n diameter f i t t e d with a 

locking cap was installed^over the above-ground extension of the PVC 

casing i n each w e l l and was cemented i n place. 
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The completed w e l l was flushed clean of d r i l l i n g mud and cuttings 

to permit the i n f l o w of fresh ground water. Measurements of water l e v e l , 

water temperature and e l e c t r i c a l conductivity were obtained at the time 

of well completion. The water l e v e l i n each w e l l also was recorded at 

frequent i n t e r v a l s during the remainder of the f i e l d program. Records 

of a l l wells were submitted to the State Engineer on the prescribed forms. 

Collection of ground-water samples f o r analysis was normally de

layed u n t i l the water table had s t a b i l i z e d . A Kemmerer-type PVC water 

sampler was u t i l i z e d which could be opened at any desired depth below 

the water t a b l e . Samples were collected near the water table and trans

ferred to e i t h e r polyethylene or t i n t e d glass b o t t l e s . Containers of the 

l a t t e r type were used f o r samples to be analyzed f o r hydrocarbons. 

Various methods were u t i l i z e d to preserve or buffer the water 

samples against changes i n composition during the period between collec

t i o n and laboratory analysis. 

Samples r e q u i r i n g determinations of TDS, pH, Cl, SÔ  and F were 

packed i n ice f o r shipment. S u l f u r i c acid was added to samples collected 

fo r n i t r a t e analysis. Samples to be tested f o r Se, Fe, Cr, As, Ca, Na 

and Mn were buffered w i t h concentrated n i t r i c acid to a pH less than 

2.0. Analysis f o r CN required t h a t a pH of at least 12 be maintained i n 

the sample, which was achieved by adding NaOH i n controlled amounts. 

A.2 LABORATORY INVESTIGATIONS 

4.2.1 Land Treatment Area 

Samples from the top foot of s o i l at the f i v e sampling locations i n 

the land treatment area were i n d i v i d u a l l y analyzed f o r pH, TOC, EP 
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t o x i c i t y ( i n o r g a n i c ) , and t o t a l metals i n the EP t o x i c i t y series. EP 

t o x i c i t y t e s t s f o r p o t e n t i a l l y hazardous inorganic constituents were 

run i n accordance wi t h RCRA spe c i f i c a t i o n s f o r As, Ba, Cd, Cr, Cr +^, Pb, 

Hg, Se and Ag. 

S o i l from a depth of 12 to 24 inches and from 24 to 36 inches at 

each of the f i v e sampling locations was tested f o r the same parameters 

as the top 12 inches, w i t h the exception of pH. 

At the center p i t l o c a t i o n , the samples collected from 3 to 4 feet, 

4 to 5 fe e t and 5 to 6 feet of depth were analyzed f o r t o t a l chromium. 

A p o r t i o n of the sample from the top foot of s o i l at locations 

LF-1 and LF-2 was combined i n t o a composite bulk sample and analyzed 

for grain size d i s t r i b u t i o n (sieve a n a l y s i s ) , N, P, cation exchange 

capacity and sodium adsorption r a t i o . A composite also was prepared 

from the top foot of s o i l at locations LF-3, LF-4 and OW-4 and s i m i l a r l y 

tested. 

F i n a l l y , the i n - s i t u s o i l samples obtained from 6 to 12 inches of 

depth i n LF-1, LF-2 and LF-4, and f r o s 18 to 24 inches i n depth i n OW-4 

were tested i n the laboratory f o r hydraulic conductivity (permeability) 

and moisture content. 

4.2.2 Ground-Water Inv e s t i g a t i o n 

A s u i t e of parameters was chosen f o r the chemical analysis of 

ground water which was judged to be adequate to determine i t s overall 

q u a l i t y w i t h i n the confines of the Shell property. I n selecting these 

parameters, consideration was given to constituents which have been 

present i n r e l a t i v e l y high concentrations i n the e f f l u e n t s discharged 

- 7 -
Dames & Moore 



to the evaporation ponds as indicated from previous analyses of the 

pond e f f l u e n t . 

The parameters tested were as follows: 

CN Fe Na 

F Cr Mn 

N03 As Pb 

Se Ca 

Water samples frora wells constructed i n the immediate area of the 

re f i n e r y and product storage tanks were analyzed a d d i t i o n a l l y f o r im

miscible hydrocarbons such as grease and o i l which possibly could have 

reached the water table from surface s p i l l s of diesel o i l , f u e l o i l or 

gasoline. 

5.0 RESULTS 

5.1 LAND TREATMENT AREA 

5.1.1 S o i l Characteristics - Physical 

The land treatment area i s underlain by s i l t y clay which extends 

below the f i v e - f o o t depth of excavation i n four of the f i v e test p i t s 

and to a depth of about 25 feet i n the center test p i t (OW-4). The 

upper three to four feet of clay contains closely spaced herbaceous 

roots and dessication cracks. Logs of the test p i t s are presented i n 

Appendix A - l . Gradation curves representing composites of the upper 

one foot of s o i l are slfown on Plates 3-A and 3-B. 

Below 25 feet of depth, the clay grades to va r i a b l y decomposed 

sandy shale which extends nearly to 100 fee t . From 90 to 100 feet the 
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shale becomes calcareous and at 100 f e e t , a fine-grained sandstone i s 

encountered. 

The water table i n OW-A s t a b i l i z e d at about 29 feet below ground. 

In parts of the land treatment area devoid of dessication cracks, the 

i n f i l t r a t i o n capacity of the s u r f i c i a l s o i l s i s estimated to be on the 

-A 

order of 1 to 3 inches per hour or 5 to 20x10 centimeters per second 

(cm/sec). These estimates are based on i n f i l t r o m e t e r tests conducted at 

three locations (LF-2, LF-A and OW-A). The t e s t r e s u l t s are shown on 

Plates A-A through A-C and i n Table 1-A. 

Based on laboratory permeability t e s t s , the v e r t i c a l hydraulic con

d u c t i v i t y i n the upper two feet of s o i l i s on the order of 2.2x10 cm/sec 

and the moisture content averages 9.8 percent (Table 1-A). 

5.1.2 S o i l Characteristics - Chemical 

The r e s u l t s of chemical analysis of the s o i l s i n the land t r e a t 

ment area are given i n Tables 1-A ancL^l-B. These analyses represent 

background conditions. Copies of the laboratory reports are presented 

i n Appendix B - l . 

The pH of the top foot of s o i l ranged from 8.A to 8.9 at the f i v e 

sampled l o c a t i o n s . Total organic carbon i n t h i s depth i n t e r v a l ranged 

from A,700 to A,800 micrograms per gram (ug/gm). Two s o i l composites 

from the top foot possessed an average cation exchange capacity of A3.3 

m i l l i - e q u i v a l e n t s per hundred grams (meq/lOOgm) and a sodium adsorption 

r a t i o ranging from 9.5 to 18.A. Nitrogen content varied from A20 to 

5A0 ug/gm and phosphorus^content was 180 ug/gm i n the top foot of s o i l . 

In the second and t h i r d foot of s o i l , the t o t a l organic carbon 

content was A,700 ug/gm i n a l l but one sample (LF-3 from 2 to 3 f e e t ) . 
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TABLE 1-B 

SUMMARY OF SOILS ANALYSES 

LAND TREATMENT AREA 

( l n m i l l i g r a m s / l i t e r except as noted) 

SAMPLE 
LOCATION p H ^ TOC^ As Ba Cd Cr 

„ +6 
Cr Pb Hg Se Ag 

LF-1 

0-12" 8.6 4800 
EP T o x i c i t y < 0 . 0 1 - U O 0.002 « 0 . 0 0 1 ' 0 . 0 1 - 0 .001 <0.0004 0.01 ' 0 . 0 1 

(RCRA l i m i t s ) ( 5 ) (100) ( 1 ) (5 ) (5 ) (5 ) ( 0 . 2 ) (1 ) (5 ) 
T o t a l Meta l s 3J 20 980 0 .2 34 - 1 26 • 0.04 « 1 7.8 

12-24" - 4700 
EP T o x i c i t y ^ 0 . 0 1 < 1 0 0 .001 < 0 . 0 0 1 ' 0 . 0 1 0.003 <0.0004 ' 0 . 0 1 ' 0 . 0 1 
T o t a l Meta l s 50 970 0 .2 34 1 27 -cO.04 - 1 < 1 . 0 

24-36" - 4700 
EP T o x i c i t y ' 0 . 0 1 ' 1 0 0.001 ' 0 . 0 0 1 - = 0 . 0 1 0.002 <0 .0004 ' 0 . 0 1 < 0 . 0 1 
T o t a l Me ta l s 50 860 0 .2 34 - 1 24 0.05 • e 1 2.2 

LF-2 
0-12" 8.4 4800 

EP T o x i c i t y ^ 0 . 0 1 < 1 0 0.001 - 0 . 0 0 1 * 0 . 0 1 0 .001 « 0 . 0 0 0 4 ' 0 . 0 1 ' 0 . 0 1 
T o t a l Meta l s 40 970 0 .2 29 -=1 28 « 0 . 0 4 ' 1 2 .0 

12-24" - 4700 
EP T o x i c i t y <0.01 < 10 0.002 ' 0 . 0 0 1 - 0 . 0 1 ' 0 . 0 0 1 ' 0 . 0 0 0 4 ^ 0 . 0 1 ' 0 . 0 1 
T o t a l Meta l s 50 L100 0.3 39 1 26 0 . 1 « 1 1.4 

24-36" - 4700 
EP T o x i c i t y < 0 . 0 1 -= 10 •c 0 .001 ' 0 . 0 0 1 ^ 0 . 0 1 0.002 ' 0 . 0 0 0 4 < 0 . 0 1 -co . 01 
T o t a l Meta l s 50 940 0 . 1 36 «=1 23 - 0 . 0 4 -c 1 • c l . 0 

LF-3 
0-12" 8 . 9 4700 

EP T o x i c i t y •cO.01 ' 1 0 0.002 ' 0 . 0 0 1 ' 0 . 0 1 ' 0 . 0 0 1 - 0 . 0 0 0 4 «^0 .01 ' 0 . 0 1 
T o t a l Meta l s 40 1,000 0 .4 34 1 26 < 0 . 0 4 ' 1 « 1 . 0 

12-24" - 4700 
EP T o x i c i t y ' 0 . 0 1 ' 1 0 0.002 - 0 . 0 0 1 - 0 . 0 1 ' 0 .001 ' 0.0004 < 0 . 0 1 - 0 . 0 1 
T o t a l Meta l s 50 970 0 .2 ' 1 24 0.9 « 1 -a.o 

24-36" - 4800 
EP T o x i c i t y ^ 0 . 0 1 ' 10 0.002 ' 0 . 0 0 1 -=0.01 0 .001 < 0.0004 -=0 .01 ^ 0 . 0 1 
T o t a l Meta l s 40 870 0 .2 40 - c l 26 0.04 «= 1 < 1 . 0 

LF-4 
0-12" 8.7 4800 

EP T o x i c i t y -cO.01 ' 10 0 .001 - 0 . 0 0 1 - 0 . 0 1 •eO.001 - 0 . 0 0 0 4 "CO.01 -=0.01 
T o t a l Me ta l s 50 880 0 .2 36 - c l 29 • ' 0 . 0 4 •= 1 2.7 

12-24" - 4700 
EP T o x i c i t y •cO.01 <: 10 ' 0 . 0 0 1 - 0 . 0 0 1 * 0 . 0 1 •eO.001 - 0 . 0 0 0 4 ' 0 . 0 1 ' 0 . 0 1 
T o t a l Me ta l s 50 JJJOO 0 . 1 33 - 1 23 0.09 -e 1 < 1 . 0 

24-36" - 4700 
EP T o x i c i t y ' 0 . 0 1 -C10 0.002 - 0 . 0 0 1 ' 0 . 0 1 0.002 -c 0.0004 ' 0 . 0 1 < 0 . 0 1 
T o t a l Meta l s 50 880 0 .2 23 2 28 0.05 -c 1 - c l . O 

OW-4 
0-12" 8.5 4800 

EP T o x i c i t y ' 0 . 0 1 < 1 0 0 .001 - 0 . 0 0 1 « = 0 . 0 1 0.003 ' 0 . 0 0 0 4 ' 0 . 0 1 -cO.Ol 
T o t a l Meta l s 40 930 0 .2 30 •c l 29 <:0.04 T l < 1 . 0 

12-24" - 4700 
EP T o x i c i t y < 0 . 0 1 ' 0 . 0 0 1 . - 0 . 0 0 1 - 0 . 0 1 0.003 *0 .0004 « 0 . 0 1 ^ 0 . 0 1 
T o t a l Meta l s 50 970 < 0 . 1 34 « 1 23 0.05 c l 3.2 

24-36" - 4700 
EP T o x i c i t y « 0 . 0 1 < 10 •c 0 .001 - 0 . 0 0 1 -=0.01 •cO.001 0.0004 < 0 . 0 1 ' 0 . 0 1 
T o t a l Meta l s 50 890 0.3 29 < 1 25 < 0 . 0 4 -=1 - c l . O 

36-48" 20*-) 

48-60" "- - — 20*-l 

60-72" 304-J 

—•Standard units —^Total metals i n a l l cases are reported in 
2 ]_ , micrograms/grara 
—'Total organic C.TNMI in micrograms/gram c ° 

micrograms/gram 



In the f o u r t h , f i f t h and s i x t h foot of s o i l at the center p i t l o 

cation, t o t a l chromium was 20 to 30 ug/gm. 

5.2 GROUND-WATER INVESTIGATION 

5.2.1 Site Geology 

The property i s underlain by the Chinle Formation. According to 

the d r i l l e r s ' logs f o r Water Supply Wells 1 and 2, the Chinle i s about 

730 feet t h i c k at the s i t e . Samples from the observation wells show 

that the upper 10 to 50 feet has weathered extensively and consists of 

reddish-brown s i l t y clay or s i l t y f i n e sand. The s i l t y clay occurs i n 

the v i c i n i t y of the evaporation ponds, and the s i l t y f i n e sand occurs 

i n the main plant area and near OW-11. 

The s i l t y f i n e sand i n the main plant area i s believed to be the 

weathered equivalent of the Sonsela Sandstone which has been mapped by 

others as the geologic u n i t comprising the b l u f f area. The Sonsela 

Sandstone here i s an erosional remnant and does not extend below the 

ground surface beyond the b l u f f . 

Unweathered bedrock consists of interbedded shale and sandstone. 

The uppermost bedrock u n i t i s reddish-brown s i l t y shale with some fine 

sand, which grades gray or brown w i t h depth. I t ranges up to about 

110 feet t h i c k . A discontinuous two-foot sandstone lense was found i n 

t h i s u n i t i n some borings. Underlying the shale i s a gray to brown 

f i n e - to coarse-grained sandstone, which henceforth w i l l be referred to 

as the "near-surface aquifer". I t can be eas i l y traced i n the obser

vation wells and ranges from 12 to 30 feet t h i c k . Below the near-

surface aquifer i s gray or reddish-brown s i l t y shale with some f i n e 
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sand. None of the observation wells completely penetrated t h i s u n i t . 

The s t r i k e of the bedrock ranges from North 33° East to North 48° 

East and the bedrock dips between 1.4 and 2.7 degrees toward the north

west i n the d i r e c t i o n of the San Juan s t r u c t u r a l basin. Logs of the 

observation wells are provided i n Appendix A-2. Cross sections through 

the plant area are shown on Plates 5-A and 5-B. 

5.2.2 Site Ground-Water Hydrology 

5.2.2.1 Physical Characteristics 

For purposes of t h i s report, only the hydrogeologic conditions to 

a depth of about 150 feet need to be considered. The n e a r - s u r f a c e j ^ f y . f i 

aquifer, which was described i n the previous section, occurs w i t h i n 150 

feet of the ground surface i n the plant v i c i n i t y and would be the f i r s t 

aquifer to receive any contamination emanating from plant a c t i v i t i e s or 

other surface sources. 

Ground water occurs under both artesian and water table conditions 

i n the plant v i c i n i t y . Artesian conditions e x i s t i n the near-surface 

aquifer northwest of the plant where ground water rises more than 100 

feet (OW-2) above the aquifer. The amount of r i s e decreases toward 

the southeast (up dip) and at 0W-11, the water table was about 10 feet 

above the top of the aquifer on January 5, 1981. The area of direc t 

recharge f o r the near-surface aquifer i s estimated to be more than one-

ha l f mile south of the plant area. 

I n the shale which-ovarlies the near-surface aquifer, water table 

conditions e x i s t , as at OW-3, 0W-7 and 0W-24. Recharge to the weathered 

shale i s maintained p r i n c i p a l l y by surface i n f i l t r a t i o n and perhaps to 

Dames & Moore 
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some degree by upward leakage from the near-surface aquifer. 

Plate 6 shows the s i t e ground-water elevations measured on 

January 5, 1981. These data are also summarized i n Table 2. The 

ground-water table i s influenced by l o c a l topography and the bedrock 

a t t i t u d e . I t i s highest immediately beneath the p l a n t , which i s l o 

cated on a topographic high. From the plant, the ground-water table 

slopes toward the northwest at one to two degrees (about 0.02 f e e t / f o o t ) , 

which i s approximately the same as the dip of the bedrock. The slope 

decreases beneath the evaporation ponds to less than one degree (less 

than 0.02 f e e t / f o o t ) toward the northwest. Based on the average grad

ient of the water table and estimates of shale permeability calculated 

from l i m i t e d water l e v e l recovery data, the rate of ground-water move

ment i s on the order of 0.4 feet/year, to the northwest. 

5.2.2.2 Chemical Characteristics 

The ground wat 

for selected n a t u r a l 

contaminants from t h 

these analyses are g 

Well OW-11, t b 

approximate backgrou. 

f l u o r i d e appear to e; 

above background ran; 

QCAJ - 2. <( /y^oJ J ^ e ^ ^ 

C&a^c. f-6 dir. ~>p~4Ji£a, 
/ 

ilyzed chemically 

is f o r p o t e n t i a l 

The r e s u l t s of 

eved to represent 

ted levels of 

ty . Chromium i s 

he drinking water 

standard. Lead is close to the drinking water standard in 0W-12, OW-13, 

OW-20 and OW-24. In OW-17*. lead is ten times the standard. f^M^f &1jFV&*-ff 

OW-17 and OW-20 appear to be contaminated wells. Some trace of 

contamination also may be present i n 0W-12, 0W-13 and OW-24. These 
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wells should be re-sampled a f t e r f l u s h i n g to ascertain whether the 

results indicate ground-water contamination, sample contamination, or 

possible errors i n analysis. 

Most of the wells discussed above tap the near-surface aquifer 

i n the v i c i n i t y of the plant area. The wells i n the pond area and down 

gradient from i t e x h i b i t no clear evidence of contamination i n the near 

surface aquifer. However, these wells should be analyzed f o r lead. 

Wells OW-3, 0W-7 and OW-24 penetrate only the shale above the 

near-surface aquifer. With the possible exception of lead i n OW-24, 

these wells show no ind i c a t i o n of being contaminated. 

In the wells closest to the r e f i n e r y product treatment and stor

age f a c i l i t i e s , no evidence of appreciable hydrocarbons was found at 

the water tabl e . However, gases of as yet undetermined composition 

were present i n OW-14 and OW-20. The nature and source of these gases 

should be determined. Other wells completed i n t h i s area also should 

be checked f o r such gases. 

In about 1970, Shell O i l Comparjy i n s ^ t a j ^ 

wells at the Ciniza property. Most of these wells were spaced at 

inte r v a l s of a few tens of feet along the toes of the dikes bounding 

the evaporation ponds on the west and south. Depths below ground 

ranged generally from 5 to 10 fe e t . The we l l casings extended above 

ground i n most cases from 1.5 to 4 fe e t . When water levels i n these 

wells were measured on September 30, 1980, 24 were found to be dry. I n 

the other w e l l s , the depth of the water ranged from about 1 to 9 feet 

below ground. Because geologic logs were not available, and because 

the method of w e l l completion and present condition were unknown, water 

samples from these wells were not collected f o r analysis. Samples 

analyzed from three of these wells i n December, 1976, indicated that 

Dames & Moore 
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the water i n some of the w e l l s was contaminated. Based on the more 

recent d r i l l i n g completed as p a r t of the program described h e r e i n , i t 

i s f a i r l y c e r t a i n t h a t a l l of the o r i g i n a l 58 monitor w e l l s penetrated 

only c l a y o r weathered s h a l e , and n o t an a q u i f e r . I t i s probable t h a t 

the contaminated water i n these w e l l s o r i g i n a t e d from seepage enTer'ing" 

"fKe w e l l from t h e ground s u r f a c e , and i n some cases, from the ponds. 

6.0 CONCLUSIONS 

6.1 GENERAL 

The p r i m a r y o b j e c t i v e o f t h i s i n v e s t i g a t i o n has been t o comply 

w i t h p r o v i s i o n s of the Resources Conservation and Recovery Act of 1976 

(RCRA), whose aim i s t o p r o t e c t the n a t i o n ' s water resources from con

t a m i n a t i o n . Generators o f hazardous waste m a t e r i a l s must s a t i s f y 

r e g u l a t i o n s which r e q u i r e a thorough knowledge as t o the chemical nature 

of the waste p r o d u c t s , an understanding of the geohydrologic system which 

would be s u s c e p t i b l e t o co n t a m i n a t i o n from these products, and an 

e f f e c t i v e means of m o n i t o r i n g hazardous waste f a c i l i t i e s t o de t e c t 

p o s s i b l e changes i n the u n s a t u r a t e d zone or i n ground water r e s u l t i n g 

from such o p e r a t i o n s . 

6.2 GEOHYDROLOGIC REGIME 

Based on the r e s u l t s o f the present i n v e s t i g a t i o n , the p h y s i c a l 

aspects o f the geohydrologic regime a t the C i n i z a R e f i n e r y are now f a i r l y 

w e l l understood. 

Some co n t a m i n a t i o n appears t o e x i s t i n f i v e o f the o b s e r v a t i o n 

w e l l s , and i n two o f these w e l l s , one c o n s t i t u e n t exceeds the Primary 

- 18 -
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Drinking Water Standard. Four of the f i v e contaminated wel l s , including 

the two wells which exceed the standard, are located near the main plant 

and tank storage area and penetrate the near-surface aquifer. 

Unless the wells were inadequately flushed f o l l o w i n g t h e i r comple

t i o n , or the samples were inadvertently contaminated, i t must be assumed 

that seepage from the plant has reached the near-surface aquifer. The 

mechanism responsible f o r t h i s condition i f i t a c t u a l l y e x i s t s i s not 

clear, considering the amount of hydrostatic head i n the aquifer and the 

presence of overlying layers of low permeability clay and shale. 

In the following section, recommendations are offered to confirm 

whether contamination i s actually present i n the aquifer or only ap

parent due to other causes. 

The system of observation wells i n s t a l l e d during t h i s program can 

be u t i l i z e d f o r future monitoring or ground-water conditions at the 

plant, although t h e i r main purpose was to gather baseline geohydrologic 

information. Evaluation of these data has indicated c e r t a i n other 

locations i n the general plant area which would be useful as monitoring 

sites but which are not essential f o r RCRA compliance. 

6.3 LAND TREATMENT 

In addition to o v e r a l l ground-water characterization and monitoring 

at the Ciniza plant, the land treatment program undertaken by Shell O i l 

Company comes under the purview of the RCRA regulations. Paragraph 

265.278 of Subpart M of the Interim Status Standards (Appendix C) sets 

f o r t h the requirements fox Interim Status compliance i n a land treatment 
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area. Pursuant to t h i s regulation, our studies evaluated the baseline 

or background physical and chemical c h a r a c t e r i s t i c s of the s o i l and 

rock meterials i n the unsaturated zone as w e l l as the ground-water depth 

and q u a l i t y . Also, a generalized plan was prepared f o r monitoring the 

unsaturated zone. This plan has been refined based on data obtained 

during the i n v e s t i g a t i v e program. In the land treatment area, 29 feet 

of low permeability clay and decomposed shale comprise the unsaturated 

zone above the water table. The water table i t s e l f i s the piezometric 

surface of the near-surface (uppermost) aquifer, which l i e s below 100 

feet of depth i n t h i s area. 

No evidence of contamination i n EP metals was detected i n the 

s u r f i c i a l s o i l s or the ground water beneath the land treatment s i t e . 

OW-4 was not analyzed f o r lead, however, and there i s an i n d i c a t i o n of 

s l i g h t lead contamination (0.03 mg/l) i n OW-24 which penetrates the 

shale a few hundred feet downgradient (north) from the land treatment 

area. 

The hydrostatic pressure head of the aquifer at t h i s l o c a t i o n i s 

71 feet above the top of the formation, thus a f f o r d i n g l i t t l e oppor

t u n i t y f o r the entry of contaminants even i f they succeeded i n reaching 

the base of the unsaturated zone. I n our opinion, the near-surface 

aquifer i s e f f e c t i v e l y isolated from any surface s o i l contamination 

which may r e s u l t from land treatment operations due to the low per

meability and chemical a b s o r p t i v i t y of the natural medium which overlies 

the aquifer and to the substantial piezometric head above the aquifer. 
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7.0 RECOMMENDATIONS 

7.1 GROUND-WATER MONITORING PROGRAM 

7.1.1 E x i s t i n g Wells 

Sixteen observation wells are now available f o r monitoring ground

water conditions at the Ciniza Refinery. Several of these wells should 

be used f o r f u t u r e q u a l i t y sampling and water table measurement. 

A small submersible pump of about 10 to 15 gpm capacity at a l i f t 

of 150 feet (approximate maximum depth to the top of the perforations) 

should be appropriate f o r flushing the monitor wells and obtaining samples 

for analysis. The pump should f i t i n the 4-inch PVC casing and i t s intake 

should be set j u s t above the top of the perforated section. A pump 

setting at the bottom of the perforated section would be preferable but 

the wells have not been completely surge developed or properly screened. 

Pumping from t h i s lower position would be more l i k e l y to induce sand 

inflow which, i n time, could f i l l the perforated section. This problem 

may s t i l l occur even with the recommended pump s e t t i n g , because the ob

servation wells were not designed as permanent monitor wells. 

The wells should be pumped u n t i l approximately three equivalents of 

the well volume below the water table have been removed. This process 

w i l l serve to f l u s h the formation and to clean the pump of possible 

contamination from the previous w e l l sampled. An addi t i o n a l precaution 

would be to wash the pump with uncontaminated water a f t e r each sampling 

before i n s t a l l i n g i t i n the next w e l l . A f i n a l washing at the conclu

sion of the sampling sequence would also be desirable before placing 

the pump i n storage. 
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In the wells penetrating the near-surface aquifer, recovery time 

between pumping stages should be reasonably short. Wells completed i n 

the shale, however, w i l l require a much longer recovery period between 

pumping stages. 

Each w e l l should be allowed to recover a f t e r pumping before a 

sample i s taken. One or two l i t e r samples should be collected for each 

type of preparation required, using the appropriate container and pre

servation method described on Page 6. 

Evidence of contamination was found i n wells OW-12, 13, 17, 20 

and 24^ These wells should be re-sampled as soon as possible to confirm 

the preliminary r e s u l t s . I n a d d i t i o n , wells OW-1 through OW-10 should 

be analyzed f o r Pb. 

I t i s f u r t h e r recommended that wells 0W-1, 2, 3, 4, 12, 17 and 20 

be sampled every three months and the depth of the water table recorded. 

The samples should be analyzed f o r Cl, Fe, Mn, Na, SO,, Cr, Cr +^, Pb, F, 
4 

As, Se, Cd and Ba. Some of these analyses may be discontinued a f t e r 

several samplings. Eventually, c e r t a i n wells may be omitted or t h e i r 

sampling frequency extended. 

7.1.2 Additional Monitor Wells 

For the overall refinery complex, we believe that the existing net-

work of observation wells will serve adequately for future monitoring. , 

Within the complex, however, the land treatment area has been des

ignated as a hazardous waste f a c i l i t y under the RCRA c r i t e r i a . As such, 

i t must be considered separately from the other portions of the plant i n 

determining the need f o r a d d i t i o n a l monitor wells. Monitoring of the 

land treatment f a c i l i t y i s discussed i n the next section of t h i s report. 
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7.2 LAND TREATMENT AREA MONITORING PROGRAM 

7.2.1 Monitor Wells 

RCRA rules require that the uppermost aquifer beneath a hazardous 

waste f a c i l i t y be monitored with at least three downgradient wells and 

no less than one upgradient w e l l . I f adequate hydrogeological j u s t i f i 

cation can be provided that there i s low p o t e n t i a l f o r the migration of 

contaminants from the hazardous waste f a c i l i t y i n t o t h i s aquifer, a 

waiver of the monitor well request can be granted. 

In the present case, the extra monitor w e l l (OW-4) i n the land 

treatment area shows no evidence of contamination w i t h the possible 

exception of f l u o r i d e . However, OW-4 would not be expected to show such 

contamination, i n view of the recent start-up date of the f a c i l i t y . 

Due to the 71-foot confining head above the aquifer i n the land 

treatment area and the 100-foot layer of clay and shale overlying the 

aquifer, i t i s our opinion that the l i k e l i h o o d of contaminant migration 

int o the near-surface aquifer from the land treatment f a c i l i t y i s 

minimal. We therefore believe that the f a c i l i t y should be exempt from 

the four-well minimum monitoring requirement prescribed under RCRA. 

However, we recommend that one monitor w e l l be completed north of 

the land treatment area as shown on Plate 1. The w e l l should be ex

tended to a depth of f i v e feet i n t o the shale below the aquifer. 

Sampling of the proposed monitor w e l l should be on a quarterly 

basis and the samples should be analyzed f o r the same parameters l i s t e d 

i n Section 7.1.1 for the selected e x i s t i n g wells. 

OW-5 cannot be u t i l i z e d e f f e c t i v e l y to monitor ground-water con

di t i o n s i n the near-surface aquifer upgradient from the land treatment 

- 23 -
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f a c i l i t y . Although OW-5 did penetrate the aquifer, problems developing 

during construction of t h i s well resulted i n the perforated casing 

being dislocated from the aquifer p o s i t i o n . 

RCRA regulations specify c e r t a i n substantiating data which must be 

provided by the operator of a hazardous waste f a c i l i t y which j u s t i f y an 

exemption from the monitor w e l l requirement. These data must include an 

evaluation of the water balance factors (hydrologic budget) and other 

characteristics of the f a c i l i t y . Some of the required information has 

been provided i n t h i s report. A water balance study l i e s outside the 

present scope of work, as does an assessment of current water use down-

gradient from the Ciniza Refinery. 

7.2.2 Unsaturated Zone Monitoring 

Paragraph 265.278 of the RCRA regulations s t i p u l a t e s the require

ments for monitoring the unsaturated zone beneath a land treatment f a c i l i t y . 

The soi l s must be monitored using s o i l cores, and s o i l pore water must be 

monitored using devices such as lysimeters. 

At least one s o i l core should be collected beneath the area where 

land treatment was f i r s t commenced. I n addition, one or more s o i l cores 

should be recovered approximately midway between the oldest part of the 

treatment area and i t s active perimeter. 

After the sampling s i t e i s cleaned of disturbed s o i l m a t e r i a l , a 

shallow p i t about three feet i n diameter and two feet deep should be ex

cavated and cleared of loose s o i l . A s o i l auger should then be u t i l i z e d 

to c o l l e c t one sample from three to four feet of depth and one sample 

from f i v e to six fe e t . The p i t s should be b a c k f i l l e d with uncontarainated, 

low permeability s o i l which i s compacted i n place. 

Dames & Moore 
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Due to the low permeability of these s o i l s , core sampling more 

frequently than every three months appears unwarranted. The samples 

should be analyzed f o r the EP metals and t o t a l organic carbon i n the same 

fashion as done f o r the present survey. 

As the treated perimeter advances, new locations f o r taking s o i l 

cores should be selected. The locations of the coring sites should be 

indicated on a map of suitable scale. 

Lysimeters should be u t i l i z e d f o r sampling s o i l pore water, a l 

though we a n t i c i p a t e that c o l l e c t i o n of s u f f i c i e n t pore water for 

analysis w i l l be d i f f i c u l t i n the low permeability s o i l s present under 

the land treatment area. 

We believe that i n i t i a l l y , two lysimeters would be s u f f i c i e n t . These 

devices would be i n s t a l l e d at a depth of f i v e feet i n the same general 

locations as the coring s i t e s . Monitoring of the lysimeters would be 

conducted at three-month i n t e r v a l s . 

At about six-month i n t e r v a l s , i f the treatment perimeter has ad

vanced s u f f i c i e n t l y , at least one new-Jysimeter i n s t a l l a t i o n should be 

emplaced and the monitoring continued according to the same schedule 

observed f o r the i n i t i a l lysimeters. 

Over a period of years, selected lysimeters comprising the ent i r e 

network can probably be abandoned. 

The procedure f o r i n s t a l l i n g and sampling lysimeters involves de

t a i l s which are not presented i n t h i s report. 

As i n the case of the s o i l cores, samples of pore water from the 

lysimeters should be analyzed for the EP metals and t o t a l organic 

carbon. _ 
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Alluvlum 

Unconsolidated sand, s i l t , and clay with lenses 
of f i n e gravel. Yields are e r r a t i c , but can 
be 50 gpm or more where alluvium Is thick and 
contains a r e l a t i v e l y high proportion of 
grave I . 

licm T\CS 

cu \ 

Icra 

"Rel 

T*cs 

Chlnle Format Ion 

Rocks above Sonsela Sandstone Bed, s i l t 
stone and mudstone w i t h coarse-grained 
sandstone lenses. Not known to y i e l d water 
to wells w i t h i n study area. 

Sonsela Sandstone Bed, crossbedded 
sands tone and pebble conglomerate. Yi elds 
a small amount of poor-quality water to 
wells w i t h i n study area. "*~ """" 

Rocks between Sonsela Sandstone Bed and 
Shlnarump Member, s i l t s t o n e and mudstone. 
Yields a small amount of poor-quality water 
to wells w i t h i n study area. 

Shlnarump Member, sandstone and 
conglomerate w i t h minor claystone. Yields 
as much as 70 gpm of good-quality water; 
wells tapping the Shlnarump Member generally 
also tap the Glo r i e t a Sandstone. 
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SECTION C - C ' 
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1. SEE PLATE 1 FOR CROSS SECTION LOCATIONS. 
2. SOIL ANO ROCK CONDITIONS SHOWN EXIST ONLY AT ; 

BORING LOCATIONS. CONTACTS ARE INTERPOLATED. ANO 
CONDITIONS BETWEEN BORINGS MAY BE DIFFERENT THAN 
SHOWN. 

3. GROUND WATER LEVELS ARE INDICATED BY _I_ AND 
WERE MEASURED ON JANUARY 5. 1981. 
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L F - 1 L F - 2 

o -

0.6 -

1.0 -

1.6 

2.0 H 

3.0 -

§ 2 6 ~ 
o 
tr 

O 3.5 

O 4-0 -

Is DESCRIPTIVE NOTES 

GRAY TO BROWN. SILTY. FINE SANDY CLAY, DRY. 
LOOSE. VERY SOT! WHEN WET. CLOSELY SPACED 
ROOTS AND DESICCATION CRACKS 

GSADES WITH TRACE GRAVEL 

DESICCATION CRACKS GRADE OUT 

•£S" PIT COMPLETED AT 3.0 FEET ON 10/30/80 

DESCRIPTIVE NOTES 

GRAY TO BROWN. SILTY FINE SANDY CLAY. DRY, 
LOOSE. VERY SOn WHEN WEI. C I. OS ELY SPACED 
ROOTS AND DESICCATION CRACKS 

GRADES HARD WITH TRACE GRAVEL 

DESICCATION CRACKS GRADE OUT 

ROOTS GRADE OUT 

TEST PIT COMPLETED AT 3.0 FEET ON 10/30/80 

L F - 3 L F - 4 OW-4 

Is 
5 ~" 

DESCRIPTIVE NOTES 

GRAY TO BROWN. SILTY. FINE SANDY CLAY. LOOSE. 
DRY, VERY SOn WHEN WET. CLOSELY SPACEO 

1 ROOTS AND DESICCATION CRACKS 

GRADES BROWN AND HARD 

BOOTS GRADE OUT 
CAVITY FROM 1.6 TO 2.2 FEET 

DESICCATION CRACKS GRADE OUT 

TEST PIT COMPLETED AT 3.0 FEET ON 10/30/80 

W 

if m 

DESCRIPTIVE NOTES 

GRAY TO BROWN, SILTY. FINE SANDY CLAY. DR.Y. 
LOOSE. VERY SOFT WHEN WET, CLOSELY SPACED 
ROOTS AND DESICCATION CRACKS 

ROOTS GRADING OUT, SOME BELOW 3 FEET 
GRADES WITH TRACE GRAVEL 

DESICCATION CRACKS GRADE OUT 

TEST PIT COMPLETED AT 3.0 FEET ON 10/30/80 

DESCRIPTIVE NOTES 

GRAY TO BROWN , SILTY FINE SANDY CLAY, DRY, 
LOOSE, VERY SOFT WHEN WH, CLOSELY SPACED 
ROOTS AND DESICCATION CRACKS 

GRADES BROWN WITH TRACE GRAVEL 

ROOTS GRADE OUT 

DESICCATION CRACKS GRADE OUT 

TEST PIT COMPLETED AT 6.0 FEET ON 10/30/80 

PREPARED 
FOR Shell Oil Co. 

J 

LAND TREATMENT AREA 
TEST PITS 
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APPENDIX A-2 

LOGS OF 

OBSERVATION WELLS 

NOTE: Numerical sequence i s broken because o r i g i n a l l y planned 
observation w e l l s i t e s were pre-numbered and certain of these 
s i t e s were l a t e r deleted from program. 
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MAJOR DIVISIONS 
GRAPHIC 
SYMBOL 

LCTTCR 
SYMBOL TYPICAL DESCRIPTIONS 

COARSE 
C H A I N E D 

SOtLS 

MORE T H A N S O * 
OT M A T E R I A L IS 
L A R G E R T H A N NO. 
2 0 0 S - E V E SIZE 

G R A V E L 
A N D 

G R A V E L L Y 
SOILS 

MORE T H A N 90% 
OF COARSE FRAC
T I O N R E T A I N E D 
ON NO. 4 SIEVE 

U N O 
A N D 

SANOV 
COILS 

MORE T H A N 6 0 \ 
OF COARSE FRAC
T ION PASSING 

I r t t l - C H A O C O G I A V C L I . G R A V E L -
5 A N O M I X T U R E S . L I T T L E OR N O 
FINES 

C L I A N OH A V I LS 

(L ITTLE OR N O P O O R L V . G R A O E O G R A V E L S , 
O H A V f i - A A N D MIX TURFS. L t T T l t 
OR NO FINES 

QRAVCLS W I T H FINES 

(APPRECIABLE 
AMOUNT OF F INES ! 

S ILTY G R A V E L S O R A V E L « A N D -
BILT M I X T U R E ! 

GC 
C L A Y C V G R A V E L S . OR AVE L * AN D-
C L A V M I X T U R E S 

C L E A N S A N D 

(L ITTLE OR NO 
FINES! 

W E L L - G R A D E D SANDS. G R A V E L L Y 
SANDS. L I T T L E OR NO FINES 

P O O R L Y - G R A D E D SANOS. G R A V E L -
L Y SANOS. L I T T L E OR NO FINES 

SANDS WITH FINES 

S ILTY SANOS. SAND-SILT 
M I X T U R E S 

C L A Y E Y SANOS. SAND-CLAY 
M I X T U R E S 

FINE 
D R A I N E D 

SOILS 

MORE T H A N W * 
OF M A T E R I A L IS 
S M A L L E R T H A N N O . 
TOO SIEVE SIZE 

INORGANIC SILTS A N D VERY FINE 
SANDS. HOCK f l O W , S ILTY OR 
C L A Y E Y FINE SANDS OR C L A Y E Y 
SILTS WITH SL IGHT PLASTICITY 

SILTS 
ANO 

CLAYS 

L I O U I O L I M I T 
LESS T H A N 50 

I N O R G A N I C C L A Y S OF LOW TO 
M E O I U M P L A S T I C I T Y . G R A V E L L Y 
C L A Y S . SANDY C L A Y S . S ILTY 
C L A Y S . L E A N C L A Y S 

ORGANIC SILTS A N O ORGANIC 
S ILTY C L A Y S QF LOW PLASTICITY 

I N O R G A N I C S ILTS. MICACEOUS OR 
OIATOMACEOOS FINE SAND OR 
S I L T Y SOILS 

SILTS 
ANO 

CLAYS 

L i O U I D L I M I T 
GREATER THAI 

INORGANIC C L A Y S OF HIGH 
P L A S T I C I T Y , FAT CLAYS 

ORGANIC C L A Y S OF M E D I U M TO 
H I G H P L A S T I C I T Y . ORGANIC S I L T * 

H I G H L Y ORGANIC SOILS 
PEAT. MUMUS. SWAMP SOILS W I T H 
HIGH O R G A N I C CONTENTS 

t 

N O T E : D U A L S Y M B O L S A R E USED T O I N D I C A T E B O R D E R L I N E S O I L C L A S S I F I C A T I O N S 

UNIFIED SOIL CLASSIFICATION SYSTEM 
V 

KEY TO SYMBOLS ON LOG OF BORING 

• DEPTH AT WHICH UNDISTURBED SAMPLE WAS RECOVERED 

B DEPTH AT WHICH DISTURBED SAMPLE WAS RECOVERED 

• DEPTH AT WHICH SAMPLING ATTEMPTED WITH NO RECOVERY 

CONSOL CONSOLIDATION TEST 

PERM LABORATORY PERMEABILITY TEST 

SG SPEU Ft (̂ GRAVITY 

SIEVE SIEVE ANALYSIS 

TXCUPP CONSOLIDATED-UNDRAINED TRIAXIAL COMPRESSION TEST 
WITH PORE PRESSURE MEASUREMENTS 

| BY P a m e s & Moore Plate A2-1 



LABORATORY TEST DATA 
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2 SYMBOLS 

BORING OW-1 
SURFACE ELEVATION: 6868 FEET 

DESCRIPTION 

4.2 

HALE 

SS 

TRIASSIC PERIOD 
CHINLE FORMATION 
RED TO REDDISH BROWN CLAY KITH TRACE TO SOME 

SILT. CALCAREOUS. HIGHLY WEATHERED 

27 FEET: SHALE, REDDISH BROWN, SILTY. CALCAR
EOUS, SOFT, FRESH 
GRADES HARD FROM 33 FEET 

GRADES WITH OCCASIONAL THIN LIMESTONE INTER
BEDS FROM 40 TO 50 FEET 

GRADES WITH THIN SANDSTONE INTERBEDS FROM 45 
TO 50 FEET 

GRADES SOFT FROM 65 FEET 

GRADES WITH THIN SANDSTONE AND LIMESTONE 
INTERBEDS FROM 75 FEET. HARD 

86 FEET: SANDSTONE, VARIEGATEO BROWN TO LIGHT 
GRAY, FINE GRAINED, SILTY, SOFT, WITH ROUNDED 
TO SUBROUNDED, CLEAR TO FROSTED OUARTZ GRAINS, 
MICACEOUS, FRESH 

SHALE 
98 FEET: SHALE, REDDISH BROWN, SILTY, SOFT. FRESH 
BORING COMPLETED AT 99.3 FEET ON 11/10/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 89.3 TO 99.3 FEET. 

GRAVEL PLACED FROM 88.0 TO 99.3 FEET AND SEALED 
WITH CEMENT AND BENTONITE TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 6.4 FEET BELOW 
GROUND ON 1/5/81. 

KEY TO BORINGS 
ROCK SYMBOLS 

SHALE SANDSTONE MUDSTONE 

NOTES: 
1. 

3. 
4. 

5. 
6. 

PENETRATION RATE IN MINUTES PER FOOT WAS DETERMINED 
BY THE TIME REQUIRED TO OR ILL EACH INTERVAL SHOWN 
WITH A CABLE TOOL RIG. 
ESTIMATES OF SOIL CONSISTENCY AND ROCK STRENGTH ARE 
BASED ON PENETRATION RATE USING THE FOLLOWING CRITERIA: 
-=4.2 MIN./FT.-SOFT 
»4.2 MIN./FT.-HARD 
ELEVATION GIVEN IN FEET ABOVE MEAN SEA LEVEL. 
SOIL CLASSIFICATION IS BASED ON UNIFIED SOIL CLASSI
FICATION SYSTEM (PLATE A2-1). 
ALL DEPTHS REFER TO DEPTH BELOW GROUND. 
SEE PLATE 1 FOR LOCATION CF WELLS. 

LOG OF BORINGS 
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? i SYMBOLS 

BORING OW-2 
SURFACE ELEVATION: 8871 FEET 

DESCRIPTION 

1.8 

2.0 

3.0 

4.0 

2.4 

13 
1.9 

2.0 

1.4 

2.0 

1.4 

1.0 

2.3 
275 

10.0 

7.8 

SHALE] 34 FEET: SHALE. REDDISH BROWN, SILTY, CALCAR
EOUS. SOFT. FRESH 

11.2 

7.5 

7.0 

5.0 

3.4 

4.4 

5.0 

3.8 

5.0 

5.4 

5.0 

4.0 

3.6 

4.4 

5.0 

ML 

SS 

TRIASSIC PERIOD 

CHINLE FORMATION 
REDDISH BROWN SILTY CLAY, SOFT, HIGHLY WEATHERE0 

GRADES BROWN FROM 50 FEET 

GRA0ES WITH SOME FfNE SAND FROM 58 FEET 

SILT AND FINE SAND GRADES OUT FROM 70 FEET 

GRADES DARK GRAY FROM 75 FEET 

GRADES WITH TRACE TO SOME SILT FROM 80 FEET 

E==jSHALEj 83 FEET:- SHALE, DARK BROWN TO BLACK, WITH SOME 
SAN0 AND GRAVEL-SIZED FRAGMENTS OF PETRIFIED 
WOOD, HARD 
GRADES GRAY FROM 88 FEET 

LOG OF BORINGS 

GRADES PURPLE TO GRAY FROM 100 FEET 

GRADES SOFT FROM 110 FEET 

GRADES HARD FROM 120 TD J25 FEET 

GRADES REDDrSH BROWN FROM 125 FEET, SOFT 

GRADES HARO FROM 130 FEET 

GRADES TO PURPLE AND REDDISH BROWN FROM 135 
FEET 

143 FEET: SANDSTONE, BROWN, PINE-GRATNED, SUB-
ANGULAR, CALCAREOUS, WELL SORTED, SOFT 

SHALE 
162.5 FEET: SHALE. PURPLE TO REOOISH BROWN, 

WITH SOME SILT. HARD 
BORING COMPLETED AT 163.0 FEET ON 10/31/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORA

TIONS FROM 48.0 TO 68.0 FEET. 
GRAVEL PLACED FROM 43.0 TO 68.0 FEET AND BORING 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 31.2 FEET BELOW 

GROUNO 1/5/81. 

D A M I S » M O O R ! 
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SYMBOLS 

BORING OW-3 
SURFACE ELEVATION: 6876 FEET 

DESCRIPTION 

1.2 

1.8 

2.2 

1.6 

2.0 

3.2 

5.0 

4.0 

4.4 

4.0 

2.6 

1.4 

1.0 

275 

SHALE 

TRIASSIC PERIOD 
CHINLE FORMATION 
REDDISH BROWN CLAY WITH SOME FINE SAND, SOFT, 

HIGHLY WEATHERED 

GRADES WITH SILT FROM 15 FEET 

FINE SAND GRA0ES OUT FROM 25 FEET 

28 FEET: SHALE, RED TO REDDISH BROWN, SILTY, 
CALCAREOUS, HARD, FRESH 

GRADES SOFT FROM 35 FEET 

GRADES WITH SOME FINE SAND FROM 50 FEET 

BORING COMPLETED AT 67.0 FEET ON 11/4/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 47.0 TO 67.0 FEET. 

GRAVEL PLACED FROM 36.0 TO 67.0 FEET AND BORING 
SEALED WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 34.4 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 
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BORING OW-4 
SURFACE ELEVATION: 6681 FEET 

o 
o 

S 1 
a i SYMBOLS DESCRIPTION 

2.0 

2.4 

3.0 

2.8 

3.4 

4.0 

5.0 

4.4 

5.0 

5.4 

5.0 

12.2 

7.0 

8.0 

5.0 

6.0 

6.4 

5.4 

5.0 

4.4 

u2 

7z SHALE 

CL TRIASSIC PERIOO 
CHINLE FORMATION 
REOOISH BROWN SILTY CLAY, SOFT, HIGHLY WEATHERED 

GRADES WITH SOME FINE SANO FROM 15 FEET 

28 FEET: SHALE. REDDISH BROWN, SILTY. WITH SOME 
FINE-GRAINED SAND, CALCAREOUS, HARD, FRESH 

GRADES GRAY FROM 60 FEET 

GRADES WITH THIN LIMESTONE INTERBEDS FROM 
85 TO 100 FEET 

100 FEET: SANDSTONE, LIGHT TO DARK BROWN. FINE--
GRAINED, HARD. FRESH 

BORING COMPLETEO AT 102.0 FEET ON 11/7/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 62.0 TO 102.0 FEET. 

GRAVEL PLACED FROM 62.0 TO 102.0 FEET AND B0RIN6 
SEALEO WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 29.2 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 
D A M B B B M O O R 
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BORING OW-5 
SURFACE ELEVATION. 6862 FEET 

3 

1 SYMBOLS DESCRIPTION 

3.2 

3.6 

4.0 

4.? 

TRIASSIC PERIOD 
'iCHlNLE FORMATION 
[BROWN TO REDDISH BROWN FINE SAND WITH SOME SILT 
\ AND CLAY. SOFT. HIGHLY WEATHERED 

3.5 FEET: REDDISH BROWN SILTY CLAY.SOFT. HIGHLY 
WEATHERED 

GRADES WITH GRAVEL-SIZED FRAGMENTS OF SAND
STONE AND LIMESTONE FROM 15 TO 25 FEET 

HALE 

SS 

48 FEET: SHALE. REDDISH BROWN. SILTY. WITH SOME 
SANO. SOFT. FRESH 

GRADES WITH OCCASIONAL THIN INTERBEDS OF 
SANDSTONE AND LIMESTONE FROM 55 FEET 

82 FEET: SANDSTONE, REDDISH BROWN, VERY FINE
GRAINED, INTERBEDS OF WHITE TO GRAY FINE 
GRAINED SANDSTONE. SOME MICA. SOFT, FRESH 

BORING COMPLETED AT 92.0 FEET ON 11/12/80. 
BORING CAVED FROM 25.3 TO 92.0 FEET. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 0 TO 25.3 FEET. 

GRAVEL PLACED FROM 17.4 TO 25.3 FEET AND BORING 
SEALED WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 16.2 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 
M M M B M O O P 
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BORING OW-7 
SURFACE ELEVATION: 6872 FEET 

£ 1 
£ £ SYMBOLS DESCRIPTION 

3.2 

3.6 

4.4 

4.8 

4.8 

4.6 

3.8 

5.0 

4.4 

5.6 

6.0 

7.0 

null 

6.2 

6.6 

HALE 

TRAISSIC PERIOD 
CHINLE FORMATION 
REDDISH BROWN SILTY CLAY WITH SOME FINE SAND, 

SOFT. HIGHLY WEATHEREO 

GRADES HARD FROM 15 TO 30 FEET 

GRADES WITH TRACE COARSE SAND FROM 30 TO 40 
FEET 

GRADES HARD FROM 35 FEET 

44 FEET: SHALE. RED. WITH SOME SAND AND SILT, 
HARD. FRESH 

GRADES WITH OCCASIONAL THIN LIMESTONE INTERBEDS 
FROM 55 FEET 

BORING COMPLETED AT 70.0 FEET ON 11/18/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 50.0 TO 70.0 FEET. 

GRAVEL PLACED FROM 45.0 TO 70.0 FEET AND BORING 
SEALED WITH BENTONITE AND CEMENT TO SURFACE, 

GROUND WATER LEVEL MEASURED AT 6.7 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 
D A M M M *» M O O O T I 
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£ 5 SYMBOLS 

BORING OW-9 
SURFACE ELEVATION: ears FEET 

DESCRIPTION 

3.Z 

SS 

SHALE 

TRIASSIC PERIOD 

CHINLE FORMATION 
REDDISH BROWN SILTY CLAY. SOFT. HIGHLY WEATHERED 

GRADES GRAY FROM 6 FEET 

23 FEET: SANDSTONE, BROWN. FINE-TO COARSE-GRAINED, 
WITH GRAVEL-SIZED FRAGMENTS OF LIMESTONE AND 
CHERT, CLEAR TO FROSTED QUARTZ GRAINS. HARO, 
FRESH 

GRADES SOFT FROM 30 FEET 

GRADES GRAYISH BROWN FROM 40 FEET 

46 FEET: SHALE, GRAY, SANDY (FINE-GRAINED) WITH 
OCCASIONAL THIN INTERBEDS OF LIMESTONE, SOFT, 
FRESH 

U E i i i H l l SSJ 5 8 FEET: SANDSTONE, REOOISH BROWN, FINE-GRAINED, 
THIN LAYERED. SOFT, FRESH 

BORING COMPLETED AT 60.0 FEET ON 11/21/80. 
4-INCH PVC PIEZOMETEB INSTALLED WITH PERFORATIONS 

FROM 23.0 TO 43.0 FEET. 
GRAVEL PLACED FROM 19.0 TO 60.0 FEET AND BORING". 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 0.6 FEET BELOW 

GROUND ON 1/5/81. 

LOG OF BORINGS 
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£ | SYMBOLS 

BORING OW-10 
SURFACE ELEVATION: 6872 FEET 

DESCRIPTION 

2.0 

2.9 

4.6 

TRIASSIC PERIOD 
CHINLE FORMATION 
REDDISH BROWN SILTY CLAY. SOFT. HIGHLY WEATHERED 
GRADES WITH TRACE TO SOME MEOIUH TO FIRE-
GRAINED SAND-SIZED PARTICLES OF CHERT. 

. PETRIFIED WOOD. ANO LIMESTONE FROM 5 FEET ' 
10 FEET I REDDISH BROWN SILTT FINE-GRAINED 
. SAND. WITH SOME CLAY. SOFT. HIGHLY WEATHERED 
13 FEET: REDDISH BROWN SILTY CLAY WITH SOME SANU, 

SOFT. HIGHLY WEATHEREO 
SAND GRADES OUT FROM 16 FEET 
GRADES WITH SAND FROM 24 FEET 
GRADES WITH OCCASIONAL THIN INTERBEDS OF SAND
STONE FROM 28 FEET 

34 FEET: SANDSTONE. COLOR VARIES FROM DARK AND 
REDDISH BROWN TO WHITE TO LIGHT GRAY. SILTY. 
FINE-GRAINED. NONCALCARE0US. SOFT, FRESH 

GRADES BROWN FROM 45 FEET 

SHALE] 63 FEET: SHALE. GRAY TO PURPLISH GRAY, SILTT, 
WITH OCCASIONAL THIN INTERBEDS OF TAN TO 
BROWN, FINE-GRAINED. CALCAREOUS SANDSTONE, 
HARD. FRESH 

BORING COMPLETED AT 68.0 FEET ON 11/25/BO. * 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 40.0 TO 60.0 FEET. 

GRAVEL PLACED FROM 36.0 TO 68.0 FEET AND BORING _ 
SEALED WITH BENTONITE ANO CEMENT TO SURFACE. . 

GROUND WATER LEVEL MEASURED AT 1.7 FEET 8FLOW . t 

GROUND ON 1/5/81. 

LOG OF BORINGS 
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BORING OW-11 
SURFACE ELEVATION: 0823 FEET 

3 
Z 

SYMBOLS DESCRIPTION 

SHALE 

SM TRIASSIC PERIOO 

CHIRLE FORMATION 
REOOISH BROWN SILTT FINE SAW), SOFT. HIGHLY 

WEATHERED 
GRADES WITH GRAVEL-SIZED FRAGMENTS OF FINE 
SANDSTONE AND LIMESTONE FROM 7 FEET 

13 FEET: SHALE. GRAY, SILTY, WITH OCCASIONAL 
THIN INTERBEDS OF WHITE SANDSTONE, SOFT, 
FRESH 
GRADES WITH REDDISH BROWN SANDSTONE INTERBEDS 
FROM 20 FEET 

GRADES WITH LAYER OF WHITE, FINE-GRAINED 
SANDSTONE FROM 23 TO 24 FEET 

30 FEET: SANDSTONE, WHITE. FINE-GRAINED. WITH 
GRAVEL-SIZED FRAGMENTS OF CHERT. OCCASIONAL 
THIN INTERBEDS OF REDDISH BROWN FINE-GRAINED 
SANDSTONE. THINLY BEDDED. HARD. FRESH 

40 FEET: SHALE. GRAY TO PURPLE. SIUY AND SANDY, 
SOFT. FRESH 

GRADES WITH SOME SAND FROM 47 FEET 
GRADES GRAY AND HARO FROM 50 TD 55 FEET 

GRADES WHITE TO LIGHT GRAY FROM 55 FEET. SOFT 

SS 

•HALE 

GRADES PURPLE FROM 68 FEET 

GRADES GRAY FROM 78 FEET 

GRADES WITH OCCASIONAL THIN INTERBEDS OF 
LIMESTONE AND GRAYEL-SIZED FRAGMENTS OF 
CHERT FROM 92 FEET 

GRADES REDDISH BROWN FROM 103 FEET 

GRADES GRAY AND HARD FROM 110 FEET 

GRADES SOFT WITH NO INTERBEDS FROM 114 FEET 

GRADES PURPLISH GRAY FROM 117 FEET 

LOG OF BORINGS 

GRADES GRAY FROM 140 FEET 

BORING COMPLETED AT 150.0 FEET ON 12/30/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 

FROM 43.0 TO 65.0 FEET. 
GRAVEL PLACED FROM 35.0 TO 65.0 FEET AND BORING 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 20.2 FEET BELOW 

GROUND ON 1/5/81. 



LABORATORY TEST DATA 

T
E

S
T

S
 

R
E

P
O

R
T

E
D

 

E
L

S
E

W
H

E
R

E
 

ATTERBERG 
LIMITS STRENGTH TEST DATA 

M
O

I
S

T
U

R
E

 
C

O
N

T
E

X
T

 

IM
 

t — 

v> 

* * * C J 

ca a . 
>-
C 3 

T
E

S
T

S
 

R
E

P
O

R
T

E
D

 

E
L

S
E

W
H

E
R

E
 

L
I
Q

U
I
D

 
L

I
M

I
T

 

IM
 

P
L

A
S

T
I
C

I
T

T
 

I
N

O
E

I 

T
T

P
E

 
O

F
 

T
E

S
T

 

C O i / > 

ae a , 

| s = 

*— 
C D 

ac 
v» 

S*« 
«c c» 

M
O

I
S

T
U

R
E

 
C

O
N

T
E

X
T

 

IM
 

t — 

v> 

* * * C J 

ca a . 
>-
C 3 

o 
o 

SYMBOLS 

BORING OW-12 
SURFACE ELEVATION: 6939 FEET 

DESCRIPTION 

3.3 

6.4 

6.4 

4.0 
15.OST 

U? 

3.8 

6.2 

6.7 

5.0 

3.0 

3.0 

4.2 

4.4 

6.3 

h i 
3.3 

3.3 

3.4 

3.6 

3.4 

""5.3 

5.0 

4.3 

5.0 

5.6 

4.8 

4.0 

5.0 

4.3 

5.0 

5.0 

= 5HAL 

IHALE 

SS 

SS 

EgHALE 

TRIASSIC PERIOD 
CHINLE FORMATION 

IGHT BROWN FINE SAND WITH GRAVEL-SIZED FRAGMENTS 
OF CHERT. LIMESTONE. AND PETRIFIED WOOD. SOFT. 
HIGHLY WEATHERED 

(3 FEET: SANDSTONE. LIGHT BROWN, FINE-GRAINED 
WITH SOME MEDIUM TO COARSE GRAINS. COMPOSED 
OF QUARTZ WITH MINOR CHERT AND LIMESTONE, 
HARD. FRESH 

GRADES SOFT FROM 17 FEET 
GRADES HARD FROM 20 TO 24 FEET 

24 FEET: SHALE. REDDISH BROWN, SILTY. SANDY. 
WITH GRAVEL-SIZED FRAGMENTS OF PETRIFIED WOOD 
ANO LIMESTONE. SOFT. FRESH 

GRADES HARD FROM 29 FEET 

GRADES SOn FROM 40 FEET 

GRADES HARD FROM 49 FEET 

61 FEET: SANDSTONE. GRAY. SILTY, FINE-TO MEDIUM-
GRAINED. CALCAREOUS. HARD, FRESH 

4 FEET: SHALE, GRAY. SILTY. SANDY. SOFT, FRESH 

GRADES HARD FROM 90 FEET 

104 FEET: SANDSTONE. GRAY TO BLUISH GRAY. FINE
GRAINED. THINLY BEDDED, NONCALCAREOUS, WITH 
INTERBEDDED REDDISH BROWN SANDY MUDSTONE. HARD, 
FRESH 
GRADES BROWN FROM 112 FEET 

143 FEET: SHALE. GRAY, SILTY, SANDY, HARD, FRESH 

BORING COMPLETED AT 145.0 FEET ON 12/15/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 

FROM 117.8 TO 137.8 FEET. 
GRAVEL PLACED FROM 105.0 TO 137.8 FEET AND BORING 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 47.3 FEET BELOW 

GROUND ON 1/5/81. 

LOG OF BORINGS 
D A M a a m M O O W 
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2.6 

SYMBOLS 

BORING OW-13 
SURFACE ELEVATION: 6914 FEET 

DESCRIPTION 

3.6 

4.0 

3.0 

3.0 

3.3 

4.4 

4.8 

4.6 

4.0 

43 
HI 
6.7 

5jD 
6.5 
6.7 

6.0 

5.0 

6.0 

7 

10.0 

8 C 

6.4 

CL 

;HALE 

SS/MS 

SS 

TRIASSIC PERIOD 

CHINLE FORMATION 
REDDISH BROWN SILTY FINE SANDY CLAY, SOFT, HIGHLY 

WEATHERED 

GRADES WITH GRAVEL FROM 3 TO 6 FEET 
'8 FEET: SHALE, REDDISH BROWN. SILTY WITH'SOME 

FINE SAND. SOFT. FRESH 

GRADES WITH THIN LIMESTONE INTERBEDS FROM 26 
TO 32 FEET 

GRADES GRAY AND HARD FROM 40 FEET 

GRADES REDDISH BROWN FROM 55 FEET 

70 FEET: SANDSTONE. WHITE TD GRAY. FINE-GRAINED, 
INTERBEDDED WITH REDDISH BROWN SANDY MUDSTONE, 
THIN BEDDED, HARO, FRESH 

79 FEET: SANDSTONE. LIGHT BROWN. FINE-GRAINED 
WITH SOME MEDIUM TO COARSE GRAINS. SLIGHTLY 
CALCAREOUS, COMPOSED OF QUARTZ WITH MINOR 
LIMESTONE, HARD. FRESH 

HALEj 104 FEET( SHALE. REDDISH BROWN. SANDY. WITH 
OCCASIONAL THIN INTERBEDS OF SANDSTONE AND 
LIMESTONE. HARD. FRESH 

BORING COMPLETED AT 108.0 FEET ON 12/10/80. 
BORING ALLOWED TO CAVE FROM 98.2 TO 104.0 FEET. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 

FROM 78.2 TO 98.2 FEET. 
GRAVEL PLACED FROM 74.0 TO 98.2 FEET AND BORING 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 23.2 FEET BaOW 

GROUND ON 1/5/81. 

LOG OF BORINGS 
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1 SYMBOLS 

BORING OW-14 
SURFACE ELEVATION: 6923 FEET 

DESCRIPTION 
TRIASSIC PERIOD 
CHINLE FORMATION 
REDDISH BROWN SILTY. FINE SANDY CLAY, CALCARE
OUS, SOFT, HIGHLY WEATHERED 

24 FEET: REDDISH BROWN SILTY, VERY FINE SAND, 
SOFT, HIGHLY WEATHERED 

39 FEET: SANDSTONE. BROWN. FINE-TO COARSE-GRAINED 
SILH. WITH OCCASIONAL THIN INTERBEDS OF LIME
STONE, HARD, FRESH 

BORING COMPLETED AT 45.0 FEET ON 12/17/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 35.0 TO 45.0 FEET. 

GRAVEL PLACED FROM 30.0 TO 45.0 FEET AND BORING 
SEALED WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 25.8 FEET BELOW -
GROUND ON 1/5/81. 

LOG OF BORINGS 
P L A T E A 2 - 1 3 
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BORING OW-16 
SURFACE ELEVATION: 6942 FEET 

DESCRIPTION 

TRIASSIC FERTOD 
CHINLE FORMATTON 
REOOISH BROWN SILTY FINE SAND WITH SOME GRAVEL, 
SOFT. HIGHLY WEATHEREO 

12 FEET: SANDSTONE. RED. FINE-GRAINED, HARD. FRESH 
SHALE, 15 FEET: SHALE. RED. SANDY, HARD, FRESH 

47 FEET: SANDSTONE, GRAY, FINE-TO MEDIUM-GRAINED; 
CALCAREOUS, HARD, FRESH 

50 FEET: SHALE, GRAY. SILTY. WITH SOME FINE 
SAND. HARD. FRESH 

BORING COMPLETED AT 54.6 FEET ON 12/2/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 44.6 TO 54.6 FEET. 

GRAVEL PLACED FROM 36.0 TO 54.6 FEET AND BORING 
SEALED WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 26.8 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 
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BORING OW-17 
SURFACE ELEVATION: 6841 FEET 

SYMBOLS DESCRIPTION 

3.2 

eTo 

2.9 

S.6 

2.8 

3.8 

3.2 

3.3 

4.3 

sTo 

I 
SH 

SS 

••• 

SHALE 

SS 

•' 
SHALE 

'> '• 

TRIASSIC PERIOD 

CHINLE FORMATION 
REDDISH BROWN SILTY FINE SAND WITH SOME GRAVEL-

SIZED FRAGMENTS OF LIMESTONE AND SANDSTONE, 
SOFT, HIGHLY WEATHERED 

11 FEET: SANDSTONE, REDDISH BROWN. FINE-GRAINED, 
NONCALCAREOUS. HARD. FRESH 

13 FEET: SHALE. REOOISH BROWN, SANDY, SOFT. 
PRESH 

GRADES HARD FROM 27.5 TO 30.0 FEET 

GRADES GRAY FROM 31 FEET 

GRADES WITH THIN LIMESTONE AND SANDSTONE 
INTERBEDS FROM 39 FEET 
40 FEET: SANDSTONE, GRAY, FINE-GRAINED, SILTY, 

CALCAREOUS. HARD, FRESH 
42 FEET: SHALE, GRAY. SILTY. SANDY. WITH SOME 

GRAVEL-SIZED FRAGMENTS OF CHERT AND LIME
STONE AND OCCASIONAL THIN INTERBEDS OF LIME
STONE. HARD. FRESH 

BORING COMPLETED AT 50.0 FEET ON 1/3/81. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 

FROM 38.0 TO 50.0 FEET. 
GRAVEL PLACED FROM 24.0 TO 50.0 FEET AND BORING 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 31.8 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 
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BORING OW-18 
SURFACE ELEVATION: 6832 FEET 

DESCRIPTION 

0.7 SM 

1.0 

1.2 

1.7 
SHALE 

3.0 JH 
— 
3.2 

6J) 

3.0 
-
4.8 H 
4 0 
— 
4.0 

3.0 

. . . 

SS 

3.0 

2.8 

3.6 

TRIASSIC PERIOD 
CHINLE FORMATION 
REDDISH BROWN SILTY FINE SAND, 
WEATHERED 

SOFT, HIGHLY 

17 FEET: SHALE, REDDISH BROWN. SANDY, WITH SOME 
GRAVEL-SIZEO FRAGMENTS OF CHERT AND PETRIFIED 
WOOD. OCCASIONAL THIN INTERBEDS OF LIMESTONE 
AND SANDSTONE. SOFT. FRESH 

GRADES HARD FROM 30 TO 32 FEET 
GRADES GRAY FROM 32 FEET 

GRADES HARD FROM 37 TO 41 FEET . 

SS 
.5 FOOT LAYER OF FINE-GRAINED, BROWN. 

CAREOUS SANDSTONE FROM 49 FEET 
CAL-

61 FEET: SANDSTONE. BROWN. FINE-GRAINED, THIN 
BEDDED WITH OCCASIONAL THIN INTERBEOS OF 
BLUISH GRAY MUDSTONE, NONCALCAREOUS, HARD, 
FRESH 

MUDSTONE INTERBEOS GRADE OUT FROM 65 FEET. 
GRADES SOFT 

BORING COMPLETED AT 82.0 FEET ON 12/4/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 

FROM 72.0 TO 82.0 FEET. 
GRAVEL PLACED FROM 67.0 TO 82.0 FEET AND BORING 
. SEALED WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 27.0 FEET BELOW 
GROUND ON 12/5/80. 

LOG OF BORINGS 
D A M am » M O O M M 
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BORING OW-20 
SURFACE ELEVATION: eoei FEET 

DESCRIPTION 

s.o 

1.2 

1.3 

1.9 

3.4 

i 

HALE 

SS 

FILL 

TRIASSIC PERIOD 
CHINLE FORMATION 
GRAY SILTY. FINE SANDY CLAY. SOFT. HIGHLY 
WEATHERED 

GRADES WITH SOME GRAVEL-SIZED FRAGMENTS OF 
LIMESTONE FROM 29 FEET 

40 FEET: SHALE. REDDISH BROWN. SILTY. WITH SOME 
FINE SAND. AND OCCASIONAL THIN INTERBEDS OF 
SANDSTONE AND LIMESTONE. SOFT, FRESH 

60 FEET: MUDSTONE. REDDISH BROWN. INTERBEDDED 
WITH LAMINAE OF WHITE TO LIGHT BROWN SANO
STONE. SOFT. FRESH 

70 FEET: SANDSTONE. BROWN. COARSE-GRAINED, 
COMPOSED OF QUARTZ WITH MINOR CHERT. AND 
LIMESTONE. HARD. FRESH 

SHALE 
82 FEET: SHALE. 

HARD. FRESH 
GRAY, SltTT WITH SOME FINE SAND. 

BORING COMPLETED AT 83.0 FEET ON 12/19/80. 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 

FROM 54.0 TO 64.0 FEET. 
GRAVEL PLACED FROM 50.0 TO 64.0 FEET AND BORING 

SEALED WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND WATER LEVEL MEASURED AT 50.2 FEET BELOW 

GROUND ON 1/5/81. 

LOG OF BORINGS 
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BORING OW-24 
SURFACE ELEVATION: 6878 FEET 

DESCRIPTION 

2.4 

HALE 

TRIASSIC PERIOD 
CHINLE FORMATION 
REDDISH BROWN, VERY FINE SANDY CLAY, SOFT, HIGHLY 
WEATHERED 

30 FEET: SHALE, REDDISH BROWN. SANDY. SOFT, 
FRESH 

BORING COMPLETED AT 65.0 FEET ON 1/2/81. '• 
4-INCH PVC PIEZOMETER INSTALLED WITH PERFORATIONS 
FROM 41.0 TO 61.0 FEET. 

GRAVEL PLACED FROM 28.0 TO 61.0 FEET AND BORING 
SEALED WITH BENTONITE AND CEMENT TO SURFACE. 

GROUND WATER LEVEL MEASURED AT 32.5 FEET BELOW 
GROUND ON 1/5/81. 

LOG OF BORINGS 



APPENDIX B - l 

SOILS I N LAND TREATMENT AREA 

D a m e s & Moore 
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D a m e s & Moore 
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CUSTOMER Dames and Moore 
ADDRESS Suite 398W, Ci ty Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 
• VOICE NO. B i l l Mead 

012050 

REPOQT OF 
ANALYSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

| TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) 

I 
I 
I 
I1 

L 

l' 

l' 
i : . i 
i 
i 
i 
li 
i 
i 

Sample 
I d e n t i f i cat ion 

LF-1 0-1 Ft. 

Type of 
Analysis 

Arsenic 

Barium 

Cadmium 

Chromium 

Chromium 6+ 

Lead 

Mercury 

pH 

Selenium 

Silver 

Total Organic Carbon 

mg/liter 

< 0.01 

< 10 

0.002 

< 0.001 

< 0.01 

< 0.001 

< 0.0004 

8.6 

0.01 

< 0.01 

4800 ug/gm 

e> ZZ- c APPROVED BY<3L=i 

| p o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
i_ P.O. FJox 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

Elmer D. Mart inez, Operations D iy j j ^ ion , Mgr 
12/11/80 PAGE 1 OF 19 PAGE,. 

D c r r f i u c n DFC 1 5 1QR0 



Dames and Moore 
CUSTOMER S u i t e 3 g 8 w > C e n t e r 

ADDRESS 6 4 0 0 U p t o w n B l v d . , N.E. 
C , T Y Albuquerque, NM 87110 

ATTENTION B i n ^ 
VOICE NO. 0 1 2 Q 5 0 

m i of 
ANALYSIS 

SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS
 S o i l ( E p T o * 1 " c i I n o r 9 a n i c s ) "Corrected Report" 

Sample 

I d e n t i f i c a t i o n 

LF-1 1-2 f t . 

Type o f 
Analysis m g / l i t e r 

Arsenic < 0.01 

Barium < 10 

Cadmium 0.001 

Chromium < 0.001 

Chromium 6+ < 0.01 

Lead 0.003 

Mercury < 0.0004 

Selenium < 0.01 

S i l ve r < 0.01 

Total Organic Carbon 4700 ug/gm 

APPROVED B 

Elmer D. Martinez, Operations Division 
12/11/80 p/\GE 6 QF 19 PAGE ^ 

Mgi 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I nc . 



CUSTOMER Dames and Moore 
ADDRESS Su i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 
'VOICE NO B i l l Mead 

012050 

REPORT Of 
HALYSIS 

SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soi l (EP T o x i c i t y I n o r g a n i c s ) "Cor rec ted Repor t " 

Sample 

I d e n t i f i c a t i o n 

LF-1 2-3 f t . 

Type of 
Analysis m g / l i t e r 

Arsenic < 0.01 

Barium < 10 

Cadmium 0.001 

Chromium < 0.001 

Chromium 6+ < 0.01 

Lead 0.002 

Mercury < 0.0004 

Selenium < 0.01 

S i l ve r < 0.01 

Total Organic Carbon 4700 ug/gm 

_ e; 
hsB&ihssz& card 6 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I nc . 
P.O. Box 5351 . 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY' 

Elmer D. Martinez, Operations Divi^f5n, Mgr. 
12/11/80 RAGE 14 OF 19 PAGE ^ 



CUSTOMER Dames and Moore 
ADDRESS Suite 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 
•'OICE NO. B i l l Mead 

012050 

F I E P O R T O F 

A ; : A L V S I S 

I SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) 

Sample 
I d e n t i f i c a t i o n 

LF-2 0-1 Ft. 

1 

Type o f 
Analysis 

Arsenic 

Barium 

Cadmium 

Chromium 

Chromium 6+ 

Lead 

Mercury 

PH 

Selenium 

S i l ve r 

Total Organic Carbon 

< 

< 

< 

< 

m g / l i t e r 

0.01 

10 

0.001 

0.001 

0.01 

0.001 

0.0004 

8.4 

0.01 

0.01 

4800 uq/qm 

L C > ZZ- c 

r.i«grr,Eai.»kj4 fcs^® 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
\ _ - / • . - . . - . - , - - :__ <-..„._ C „ M,,,., M o v i r n R7B02 

APPROVED 

Elmer D. Martinez, Operations Divi; 
12/11/80 PAGE 2 OF 19 PAGE 

>n, Mgr 



CUSTOMER 

ADDRESS 

CITY 

ATTENTION 

VOICE NO. 

Dames and Moore 
Suite 398W, C i ty Center 
6400 Uptown B l v d . , N.E. 
Albuquerque, NM 87110 
Bill Mead 
012050 

REPORT 01 
ANALYSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) "Corrected Report" 

Sample 

I d e n t i f i c a t i o n 

LF-2 1-2 f t . 

Type o f 
Analysis mg / l i t e r 

Arsenic < 0.01 

Barium < 10 

Cadmium 0.002 

Chromium < 0.001 

Chromium 6+ < 0.01 

Lead < 0.001 

Mercury < 0.0004 

Selenium < 0.01 

S i l ve r < 0.01 

Total Organic Carbon 4700 ug/gm 

C o n t r o l s f o r E n v i r o n m e n t B l Po l l u t i on . Inc. 

APPROVED n v > - - g ^ ^ - - < " T : r ^ 8 p : : ^ - - - r ^ S ^ 

Elmer D. Mart inez, Operations Div is j^ - f ; 
12/11/80 PAGE 7 OF 19 PAGE ^ 

Mgt 



I _ ™ Dames and Moore 
CUSTOMER S u U e 3 9 8 W > C e n t e r 

ADDRESS 6 4 Q 0 U p t ( ) w n B l v d > > H 

I ATTENTION ^ l b

1

J q M e r 2 U e ' ^ 8 7 U 0 

/ 012050 

I 

flEPOdl CF 
AHALVSIS 

I 
I1 

I 
I1 

I 
l' 

r 
SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) 

Sample 

I d e n t i f i c a t i o n 

LF-2 2-3 F t . 

Type o f 
Analysis 

Arsenic 

Barium 

Cadmium 

Chromium 

Chromium 6+ 

Lead 

Mercury 

Selenium 

S i l ve r 

Total Organic Carbon 

m g / l i t e r 

< 0.01 

< 10 

< 0.001 

< 0.001 

< 0.01 . 

0.002 

< 0.0004 

< 0.01 

< 0.01 

4700 ug/gm 

I 

1 
L€> ZZ- C 

APPROVED BY; 

| C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
j . P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

Elmer D. Mar t inez, Operations Di 
12/11/80 PAGE 15 OF 19 PAGE 

v i s i p n ^ I Mgr. 



CUSTOMER 

ADDRESS 
CITY 

ATTENTION 
IVOICE NO 

Dames and Moore 
Suite 398W, City Center 
6400 Uptown Blvd., N.E. 
Albuquerque, NM 87110 
Bil l Mead 
012050 

EPQRT 
ANALYSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soi l (EP T o x i c i t y Inorganics) "Corrected Report" 

Sampl e 

I d e n t i f i c a t i o n 

LF-3 0-1 f t . 

Type o f 
Analysis m g / l i t e r 

Arsenic < 0.01 

Barium < 10 

Cadmium 0.002 

Chromium < 0.001 

Chromium 6+ < 0.01 

Lead < 0.001 

Mercury < 0.0004 

pH 8.9 

Selenium < 0.01 

S i l ve r < 0.01 

Total Organic Carbon 4700 ug/gm 

£>• ZZ- 0 
APPROVED B\ 

Elmer D. Mart inez, Operat ions^B^vision, Mg 
12/11/80 PAGE 3 OF 19 PAGE 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc. 



f , Dames and Moore 
1 Suite 398W, C i ty Center 

R E S S 6400 Uptown B l v d . , N.E. 
" ' J , Albuquerque, NM 87110 

« • NO B i l l Mead 
012050 

PiEPORf OF 
A E : A L V S I S 

OF 
IS 

AKM.ES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

Y P B O F ANALYSIS Soil (EP Toxicity Inorganics) 

Sample 
Identification 

LF-3 1-2 Ft. 

Type of 
Analysis 

Arsenic 

Barium 

Cadmium 

Chromium 

Chromium 6+ 

Lead 

Mercury 

Selenium 

Silver 

Total Organic Carbon 

m g / l i t e r 

< 0.01 

< 10 

0.002 

< 0.001 

< 0.01 . 

< 0.001 

< 0.0004 

< 0.01 

< 0.01 

4700 ug/gm 

t7> ZZ- C v 

ols f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
Pfc S x 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY-^ w~ ̂  ^- - - - - , ^ / y , 

Elmer D. Martinez, Operations Divis^rf^ Mgr. ; V,,.. 
12/11/80 PAGE 8 OF 10 PAGE S 1 f M 9 ' 

32: 

3, Mx 
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CUSTOMER Dames and Moore 
ADDRESS Suite 398W, City Center 

CITY 6400 Uptown Blvd., N.E. 
ATTENTION Albuquerque, NM 87110 
•'OICE NO B i l l Mead 

012050 

REPORT OF 
ANALYSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) 

Sample 
I den t i f i ca t i on 

LF-4 0-1 Ft. 

Type of 
Analysis mg/liter 

Arsenic < 0.01 

Barium < 10 

Cadmium 0.001 

Chromium < 0.001 

Chromium 6+ < 0.01 

Lead < 0.001 

Mercury < 0.0004 

PH 8.7 

Selenium < 0.01 

Silver < 0.01 

Total Organic Carbon 4800 ug/gm 

L C - ZZ- c 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY-
Elmer D. Mart inez, Operations Div is ipr f , Mgr. 

12/11/80 PAGE 4 QF 19 PAGE ^ 
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CUSTOMER Dames and Moore 
ADDRESS Suite 398W, City Center 

CITY 6400 Uptown Blvd., N.E. 
ATTENTION Albuquerque, NM 87110 
• VOICE NO. Bill Mead 

012050 

REPORT OF 
ANALYSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Tox i c i t y Inorganics) 

Sample 
I d e n t i f i c a t i o n 

LF-4 1-2 Ft. 

Type of 
Analysis 

Arsenic 

Barium 

Cadmi um 
Chromium 

Chromium 6+ 

Lead 

Mercury 

Selenium 

Si lver 

Total Organic Carbon 

m g / l i t e r 

< 0.01 
< 10 
< 0.001 
< 0.001 

< 0.01 

< 0.001 
< 0.0004 
< 0.01 
< 0.01 

4700 ug/gm 

I 
o zz- e 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc . 
P.O. Box 5351 • 19Z5 Rosina • Santa Fe, New Mexico 87502 

APPROVED.BY^ 

Elmer D. Mar t inez, Operations Divis 
12/11/80 PAGE 9 OF 10 PAGE 



CUSTOMER 

ADDRESS 

Dames and Moore 
Suite 398W, C i ty Center 

C I T Y 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

/OICE NO B i l 1 

012050 

REPORT Oi 
AflALVSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS
 S o i l < E P T o x i c i t y Inorganics) "Corrected Report" 

Sample 
" I d e n t i f i c a t i o n 

Type o f 
Analysis m g / l i t e r 

LF-4 2-3 f t . Arsenic < 0.01 

Barium < 10 

Cadmium 0.002 

Chromium < 0.001 

Chromium 6+ < 0.01 

Lead 0.002 

Mercury < 0.0004 

Selenium < 0.01 

-r i l ver 

Total Organic Carbon 

0.01 

4700 ug/gm 

Cr- ZZ- GS 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc. 
D n R n * 5351 . 1925 Rosina . Santa Fe. New Mexico 87502 

APPROVED BY 
Elmer D. Mart inez, Operations Divi-sfon, Mgr 

12/11/80 PAGE 17 OF 19 PAGE 



CUSTOMER Dames and Moore 
ADDRESS S u i t e 3 9 8 w» c i t y Center 

C I T Y 6400 Uptown Blvd., N.E. 
ATTENTION Albuquerque, NM 87110 
VOICE NO Bill Mead 

012050 

REPORT OF 
ANALYSIS 

SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE or ANALYSIS Soi l (EP T o x i c i t y Inorganics) 

Sample 
Ident i f i c a t i o n 

0W-4 0-1 Ft. 

Type of 
Analysis mg/liter 

Arsenic < 0.01 

Barium < 10 

Cadmium 0.001 

Chromium <: 0.001 

Chromium 6+ < 0.01 

Lead 0.003 

Mercury < 0.0004 

PH 8.5 

Selenium < 0.01 

Si 1ver < 0.01 

Total Organic Carbon 4800 ug/gm 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 

P.O. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

APPROVED B 
Elmer D. M lar t inez, Operations D i v i s i o n , Mgr. 

12/11/80 p A G E 5 OF 1 9 PAGE 

n V T ^ T O T 



CUSTOMER Dames and Moore 
ADDRESS Sui te 398W, Ci ty Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

- MVOICE NO B i l l Mead 
012050 

mm CF 
ANALYSIS 

' [ SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) 

Sample 
I d e n t i f i c a t i o n 

OW-4 1-2 Ft. 

I. 

i f ) 

3 

Type of 
Analysis 

Arsenic 

Barium 

Cadmium 

Chromium 

Chromium 6+ 

Lead 

Mercury 

Selenium 

S i l ve r 

Total Organic Carbon 

mg / l i t e r 

< 0.01 

< 10 

< 0.001 

< 0.001 

< 0.01 

0.003 

< 0.0004 

< 0.01 

< 0.01 

4700 ug/gm 

APPROVED 

Elmer D. Mart inez, Operations Divis-rtJfi, Mgr 
12/11/80 PAGE 10 OF 19 PAGE 

b 
C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I n c . 

P.O. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 



< ISTOMER 

ADDRESS 

CITY 

. TENTIOK 

CE NC 

X 

Dames & Moore 
6400 Uptown Blvd. NE Suite 398W 
City Center 
Albuquerque, NM 87110 
William Mead 
101057 

REPORT OF 
ANALYSES 

SAMPLES RECEIVED CUSTOMER ORDER NUMBER 

PE OF ANALYSIS SOI* 1 CORRECTED COPY 

II 

Sample 

I d e n t i f i c a t i o n 

LF-2 1-2 f t . 

LF-3 1-2 f t . 

Type of 
Analysis 

Arsenic, Total 
Barium, Total 
Cadmium, Total 
Chromium, Total 
Chromium 6+, Total 
Lead, Total 
Mercury, Total 
Selenium, Total 
S i l v e r , Total 

Arsenic, Total 
Barium, Total 
Cadmium, Total 
Chromium, Total 
Chromium 6+, Total 
Lead, Total 
Mercury, Total 
Selenium, Total 
S i l v e r r ^ o t a l 

ug/g 

50 
1,100 

0.3 
39 

1 
26 
0.1 

< 1 
1.4 

50 
970 

0.2 
45 

< 1 
24 
0.9 

< 1 
< 1.0 

u 

I 
e> ZZ- c 

" sn t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED RY . 

1/20/81 Elmer D. Mart inez, Opera t iowsDiv is ion 
PAGE 4 OF 3 PAGE Manager 



CUSTOMER Dames and Moore 
ADDRESS Suite 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

^'VOICE NO. B i l l Mead 
012050 

REPORT Of 
L'ALVSIS 

I SAMPLES RECEIVED 1 1 / 8 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil (EP Toxicity Inorganics) 

Sample 
I d e n t i f i c a t i o n 

OW-4 2-3 Ft. 

Type of 
Analysis mg/liter 

Arsenic < 0.01 

Barium < 10 

Cadmium < 0.001 

Chromium < 0.001 

Chromium 6+ < 0.01 . 

Lead < 0.001 

Mercury < 0.0004 

Selenium < 0.01 

Silver < 0.01 

Total Organic Carbon 4700 ug/gm 

,1 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

T „ l „ ~ i e n c / n o n n o ^ i 

APPROVED B. 

Elmer D. Mart inez, Operations D iv is ion . 
12/11/80 PAGE 18 OF 19 PAGE X 

Mgr. 



TOTAL METALS 

D a m e s & Moore 



1 
JSTOMER 

ADDRESS 

t CITY 
'TENTION 

try" CE NO. T 

Dames & Moore 
6400 Uptown Blvd. NE Suite 398W 
Ci ty Center 
Albuquerque, NM 87110 
Wi l l iam Mead 
101057 

REPOPiT QF 
AIIALVSIS 

SAMPLES RECEIVED CUSTOMER ORDER NUMBER 

PE OF ANALYSIS S o i l 

Sample 

Identification 

LF-1 2-3 f t . 

LF-2 2-3 f t . 

Type of 
Analysis 

Arsenic, Total 50 
Barium, Total 860 
Cadmium, Total 0 .2 
Chromium, Total 34 
Chromium 6+, Total < 1 
Lead, Total 24 
Mercury, Total 0 05 
Selenium, Total < 1 
Silver, Total 2. 2 

Arsenic, Total 50 
Barium, Total 940 
Cadmium, Total < 0. 1 
Chromium, Total 36 
Chromium 6+, Total < 1 
Lead, Total 23 
Mercury, Total < 0. 04 
Selenium, Total < 1 
Silver, Total < 1. 0 

[ D n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
. 0 . Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY, 

1/20/81 Elmer Mar t inez , Operations^ 
PAGE 6 OF 8 PAGE 

i s i o n 
Manager 



| ( 'STOMER 

ADDRESS 

I,- CITY 
TENTION 

IN> CE NO. 

Dames & Moore 
6400 Uptown Blvd. NE Suite 398W 
City Center 
Albuquerque, NM 87110 
William Mead 
101057 

EPORT QF 
ANALYSIS 

SAMPLES RECEIVED CUSTOMER ORDER NUMBER 

PE OF ANALYSIS Soil CORRECTED COPY 

Sample 

Identification 

OW-4 0-1 Ft. 

LF-1 1-2 f t . 

Type of 
Analysis ug/g 

Arsenic, Total 40 
Barium, Total 930 
Cadmium, Total 0.2 
Chromium, Total 30 
Chromium 6+, Total < 1 
Lead, Total 29 
Mercury, Total < 0.04 
Selenium, Total < 1 
Silver, Total < 1.0 

Arsenic, Total 50 
Barium, Total 970 
Cadmium, Total 0.2 
Chromium, Total 34 
Chromium 6+, Total 1 
Lead, Total 27 
Mercury, Total < 0.04 
Selenionf, Total < 1 
Silver, Total < 1.0 

L O x ZZ- 62 

• T b n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
J : j . Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

APPROVED BY. 

1/20/81 Elmer D Martinez, Operati 
PAGE 3 OF 8 PAGE 

o i i s ^ T v i sion 
Manager 



CUSTOMER 

ADDRESS 

CITY 

ATTENTION 

•NVOICE NO. 

Dames & Moore 
6400 Uptown Blvd. NE Suite 398W 
City Center 
Albuquerque, NM 87110 
William Mead 
101057 

MT Of 
J U S 

SAMPLES RECEIVED SOI 1 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS CORRECTED COPY 

Sample Type of 
Identification Analysis ug/g 

LF-1 0-1 f t Arsenic, Total 20 
Barium, Total 980 
Cadmium, Total 0.2 
Chromium, Total 34 
Chromium 6+, Total < 1 
Lead, Total 26 
Mercury, Total 0.04 
Selenium, Total < 1 
Silver, Total 7.8 

LF-2 0-1 f t . Arsenic, Total 40 
Barium, Total 970 
Cadmium, Total 0.2 
Chromium, Total 29 
Chromium 6+, Total < 1 
Lead, Total 28 
Mercury-r Total < 0.04 
Selenium, Total < 1 
S i l v e r , Total 2.0 

fe?Ei^£fttEgi teed© 

APPROVED B-) 

1/20/81 Elmer D. Mart inez, Operations D iv is ion 
PAGE 1 OF 8 PAGE ^f f ianager 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I n c . 

P.O. B o x 5 3 5 1 • 1 9 2 5 Ros ina . Santa Fe, N e w M e x i c o 8 7 5 0 2 



I ' ( iSTOMER 

ADDRESS 

I CITY 
i TENTION 

l^ 'CE NO 

Dames & Moore 
6400 Uptown Blvd. NE Suite 398W 
City Center 
Albuquerque, NM 87110 
William Mead 
101057 

REPORT OP 
ANALYSIS 

SAMPLES RECEIVED CUSTOMER ORDER NUMBER 

H PE OF ANALYSIS Soi l CORRECTED COPY 

II 
i 

Sample 

Identification 

LF-3 0-1 ft. 

Type of 

LF-4 0-1 f t . 

Analysis 

Arsenic, Total 40 
Barium, Total 1,000 
Cadmium, Total 0.4 
Chromium, Total 34 
Chromium 6+, Total 1 
Lead, Total 26 
Mercury, Total < 0.04 
Selenium, Total < 1 
S i l v e r , Tota l < 1.0 

Arsenic, Tota l 50 
Barium, Tota l 880 
Cadmium, Total - 0.2 
Chromium, Total 36 
Chromium 6+, Total < 1 
Lead, Total 29 
Mercury, Total < 0.04 
SeleniuW, Total < 1 
S i l v e r , Total 2.7 

bsa^kesss^ testis, 

a n t r o l s f o r E n v i r o n m e n t a l Pol lu t id 'n , Inc. 

APPROVED B Y . 

1/20/81 Elmer D. Mart inez, O p e r a t i o n s ^ v i s i o n 
PAGE 2 OF 8 PAGE Manager 

O. Box 5351 • 1925 Rosina . Santa Fe. New Mexico 87502 



l JSTOMER 

ADDRESS 

Ir~ CITY 
; "TENTION 

IIV "^'CE NO. 

Dames & Moore 
6400 Uptown Blvd. NE Suite 398W 
City Center 
Albuquerque, NM 87110 
William Mead 
101057 

R E P O R T O F 

A H A L V S I S 

SAMPLES RECEIVED CUSTOMER ORDER NUMBER 

t PE OF ANALYSIS S o i l CORRECTED COPY 

I 

- Sample 
I den t i f i ca t i on 

LF-3 2-3 Ft. 

Type of 
Analysis 

Arsenic, Total 
Barium, Total 
Cadmium, Total 
Chromium, Total 
Chromium 6+, Total 
Lead, Total 
Mercury, Total 
Selenium, Total 
Silver, Total 

ug/g 

40 
870 
0.2 
40 

: 1 
26 
0.04 

0 

LF-4 2-3 f t 

J; Tt--

Arsenic, Total 
Barium, Total 
Cadmium, Total 
Chromium, Total 
Chromium 6+, Total 
Lead, Tp«tal 
Mercury, Total 
Selenium, Total 
Silver, Total 

50 
880 
0.2 
23 
2 
28 
0.05 

= 1 
= 1.0 

t 
O ZZ- c 

b n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
D. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

, , APPROVED BY-
1/20/81 Elmer D. Mart inez, Operations D 

PAGE 7 OF 8 PAGE 
ion 

Manager 



I 
I 

JSTOMER 

ADDRESS 

CITY 

"TENTION 

~>ICE NO. 

Dames & Moore 
6400 Uptown B lvd . NE Suite 398W 
City Center 
Albuquerque, NM 87110 
Wil l iam Mead 
101057 

REPORT OF 

msis 
SAMPLES RECEIVED CUSTOMER ORDER NUMBER 

PE OF ANALYSIS Soil CORRECTED COPY 

Sample 

I d e n t i f i c a t i o n 

LF-4 1-2 f t . 

II OW-4 1-2 f t . 

Type of 
Analysis 

Arsenic, Total 
Barium, Total 
Cadmium, Total 
Chromium, Total 
Chromium 6+, Total 
Lead, Total 
Mercury, Total 
Selenium, Total 
Silver, Total 

Arsenic, Total 
Barium, Total 
Cadmium, Total 
Chromium, Total 
Chromium 6+, Total 
Lead, Total 
Mercury, Total 
Selenium, Total 
Sil verr'Total 

O ZZ- CL 
^iinSfaimm.4 hur g. 

r b n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
. J . Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

uq/g 

50 
1,000 

0.1 
33 

< 1 
23 
0.09 

< 1 
< 1.0 

50 
970 

< 0.1 
34 

< 1 
23 
0.05 

< 1 
3.2 

APPROVED BY-= 
1/20/81 Elmer D. Mart inez, Operations D/ f i s ion 

PAGE 5 OF 8 PAGE Manager 



I JSTOMER 

ADDRESS 

I CITY 
. TTENTION 

i j ' 'CE NO 

Dames & Moore 
6400 Uptown Blvd 
Ci ty Center 
Albuquerque, NM 
Wil l iam Mead 
101057 

NE Suite 398W 

87110 
OEFQili OP 

• 
1 SAMPLES 

RECEIVED CUSTOMER ORDER NUMBER 

f 'PE OF ANALYSIS Soil CORRECTED COPY 

II 
I... 

I 

Sample 

Identification 

OW-4 2-3 f t . 

Type of 
Analysis "9/9 

Arsenic, Total 50 
Barium, Total 890 
Cadmium, Total 0.3 
Chromium, Total 29 
Chromium 6+, Total < 1 
Lead, Total 25 . 
Mercury, Total < 0.04 
Selenium, Total < 1 
Si lver , Total < 1.0 

O ZZ- CZ 
APPROVED BY 

1/20/81 Elmer D. Mart inez, Operat ior js^t l iv is ion 
PAGE 8 OF 8 PAGE Manager 

I o n t r o l s f o r E n v i r o n m e n t a l Po l l u t i on , Inc. 
V ; 0 . Box 5351 • 1925Rosina • Santa Fe. New Mexico 87502 



MISCELLANEOUS 

D a m e s & Moore 



I 
I 

lv. 

I 

CUSTOMER Dames and Moore 
ADDRESS S u i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION A lbuquerque, NM 87110 
NVOICE NO. B i l l Mead 

012050 

REPORT OF 
ANALYSIS 

SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soi l 

Sample Type of 
I d e n t i f i c a t i o n Analysis ug/gm 

OW-4 3-4 F t . Chromium (Total Content) 20 

J 
I 
I 

t 

I 
I 
I 

i 

I 
L. 

I 
I 
I 

J 
I 

e- zz- cr. 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 



CUSTOMER Dames and Moore 
ADDRESS S u i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION A lbuquerque, NM 87110 
NVOICE NO. B i l l Mead 

012050 

R E P O O T O F 

N A L Y S I S 

1 SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

1 - .. 
TYPE OF ANALYSIS 0 1 

Sample 
I d e n t i f i c a t i o n 

Type o f 
Analysis ug/gm 

- OW-4 4-5 F t . Chromium (Total Content) 20 

f 
1 

li 

F 

O" ZZ- c 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I nc . 

P.O. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

A P P R O V E D , 

Elmer D. M a r t i n e z , Operat ions D i v i * f o n , Mgr. 
12 /11 /80 PAGE 12 OF 19 PAGE 
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1 •' "I r, ! 

1 

CUSTOMER Dames and Moore 
ADDRESS Su i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

'NVOICE NO B i l l Mead 
012050 

REPORT 0 
ANALYSIS 

J 
SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

I TYPE OF ANALYSIS S o l 1 

Sample 
I d e n t i f i c a t i o n 

OW-4 5-6 Ft. 

Type of 
Analysis 

Chromium (Total Content) 30 

^JIiiTli'i'tfpjm'lllty ) I'TT*^ 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 
i 

P.O. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

APPROVED 

Elmer D. Martinez, Operations Divi 
12/11/80 PAGE 13 OF 19 PAGE 



• C T r_, C D Dames & Moore 
CUSTOMER 6 4 0 Q U p t Q w n B l v ( j ^ N ^ 

ADDRESS S u i t e 3 g g w _ C i t y C e n t e r 

C , T N Albuquerque, NM 87110 ATTENTION 
NVOICE NO. 

B i l l Mead 
012220 

REPORT OF 
ANALYSIS 

1 SAMPLES RECEIVED 11/8/80 CUSTOMER ORDER NUMBER 

1, 
TYPE OF 

ANALYSIS Soil • 

i Sample 

I d e n t i f i c a t i o n 

CLF 1 & 2 0-1 FT. 

CLF-3.4 OW 4 0-1 FT. 

Type of Analysis 

Sieve Analysis (Texture) 

Nitrogen Content 

Phosphorus Content 

Cation Exchange Capacity 

Sodium Absorption Ratio 

Sieve Analysis (Texture) 

Nitrogen Content 

Phosphorus Content 

Cation Exchange Capacity 

Sodium Absorption Ratio 

To be reported at a later date. 

420 ug/gm 

180 ug/gm 

43.9 meq/100 gm 

9.5 

540 ug/gm 

180 ug/gm 

42.8 meq/100 gm 

18.4 

C~- ZZ- C 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc. 
P.O. Box 5351 • 1925 Rosina « Santa Fe, New Mexico 87502 

APPROVED Bt 
12/31/80 Elmer D. Mart inez, Operat iprrs"Divisi 

PAGE 1 OF 1 PAGE Manag 



I 
I 
j 
i 
i 
I 
i • 
i 
i 
I 

i 
! 

1 
I 

Dames & Moore 
6400 Uptown Blvd. N.E. Suite 398W 
City Center 

C I T Y Albuquerque, NM 87110 
^ r ^ n Wi l l iam Mead INVOICE NO. 1 0 1 Q 8 2 

CUSTOMER 

ADDRESS 

CITY 
REPORT 0 
ANALYSIS 

I SAMPLES RECEIVED 1 / 9 / 8 1 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil Bulk 

Sample 
I d e n t i f i c a t i o n 

CLF- 1 & 2 #3 
0 to 1 foo t 

Type o f 
Analysis 

Si eve 

CLF - 1 & 2 #2 
0 to 1 foo t Sieve 

CLF-3,4, OW 4 #2 
0 to 1 foot Sieve 

CLF-3, 4 , OW 4 #3 
0 to 1 foot 
by: Dames & Moore Sieve 

mm 

0.5-0.25 
0.25-0.1 
0.1-0.043 
0.043 

0.5-0.25 
0.25-0.1 
0.1-0.043 
0.043 

0.5-0.25 
0.25-0.1 
0.1-0.043 
0.043 

-£-5-0.25 
0.25-0.1 
0.1-0.43 
0.043 

Name 

Medium Sand 
Fine Sand 
Very Fine Sand 
S i l t and Clay 

Medium Sand 
Fine Sand 
Very Fine Sand 
S i l t & Clay 

Medium Sand 
Fine Sand 
Very Fine Sand 
S i l t & Clay 

Medium Sand 
Fine Sand 
Very Fine Sand 
S i l t & Clay 

0.3 
1.4 

25.2 
73.1 

0.2 
1.0 

15.8 
83.0 

0.3 
1.6 

16.6 
81.5 

2.4 
5.7 

16.9 
75.0 

o - ZZ- c APPROVED BY 
1/22/81 'J 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
i 

[" P.O. Box 5351 • 1925Rosina . Santa Fe, New Mexico 87502 
T - _ I I . 

Mueller, President 
1 OF 1 PAGE 

ocr.FlVFD JAN 23 I 9 8 1 



I 
I 

CUSTOMER Dames & Moore 
ADDRESS 6400 Updown B l v d . N . E . 

CITY Albuquerque, NM 87110 
ATTENTION B i l l M e a d 

INVOICE NO. 101220 

REPORT 01 
ANALYSIS 

SAMPLES RECEIVED 11/10/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Soil Analysis — 

Sample 
Identification 

LF-1 
6" to 12" Depth 

LR-4 
6" to 24" Depth 

OW-4 
18" to 24" Depth 

LF-2 
6" to 12" Depth 

OW-4 
18" to 24" Depth 

*Cm/hr = c c / h r / C m 2 . 

Analysis 

Ver t ica l 
Permeability 

Moisture 
Content 

Ver t ica l 
Permeability 

Moisture 
Content 

Ver t ica l 
Permeability 

Moisture 
Content 

Ver t ica l 
Permeability 

Moisture 
Content 

Vert ical 
Permeability 

Moisture 
Content 

Cm/hr* 

0.070 

(0.0276 i n / h r ) 

0.080 
(0.0312 i n / h r ) 

0.059 
(0.0232 i n / h r ) 

0.059 
(0.0232 i n / h r ) 

0.114 
(0.0450 i n / h r ) 

% Moisture 

10.2 

9.1 

10.6 

9.3 

10.1 

8 piag^agB^^e^ 
I C - ZZ- © 

W. C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc . 

E P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY-

James J : Mueller , President 
2/19/81 PAGE 1 OF 1 PAGE 

KECFlVFn r r 



APPENDIX B-2 

GROUND WATER I N 

OBSERVATION WELLS 

D a m e s & Moore 



I 
I 

I 

I 

i Dames & Moore 
CUSTOMER 6 4 Q 0 U p t o w n B l v ( J > H S u U e 3 g 8 w 

ADDRESS C 1 t y center 
C I T Y Albuquerque, NM 87110 

ATTENTION ^ 
NVO.CE NO. Q 1 2 2 5 6 

REPQPJ OF 

SAMPLES RECEIVED 12/5/80 CUSTOMER ORDER NUMBER 

Water 
TYPE OF ANALYSIS 

Water r 
t • 

L. 

I 
L 

I 
I ] 

I 

Sample 
I d e n t i f i c a t i o n 

0W-1 Shell O i l Ciniza 
Refinery 
Pres. w / N i t r i c Acid 

OW-4 Shell Oi l Ciniza 
Refinery 
Pres. w/10 ml Cone. 
N i t r i c Acid 

Type o f 
Analysis 

Arsenic 
Calcium 
Chromi um 
Iron 
Manganese 
Selenium 
Sodium 

Arsenic 
Calcium 
Chromi um 
I ron 
Manganese 
Seleni um 
Sodium 

mg/l 

< 0.01 
7.6 
0.007 
0.07 
0.04 

< 0.01 
270 

0.01 
14 
0.005 
0.1 
0.07 
0.01 
230 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY 

12/31/80 Elmer 0. 
PAGE 

Mart inez, Operations D iv i s i 
1 OF 1 PAGE Manager 

CnvED JAN 0 9 1981 



Dames & Moore 
CUSTOMER 6 4 0 0 U p t o w n B l v d . N . E . S u i t e 398W 

ADDRESS c i t y Center 
CITY A lbuquerque, NM 87110 

ATTENTION W i n i a m M e a d 
.NVOICE NO. 012158 

REPORT 0! 
ra:r LYSIS 

SAMPLES RECEIVED 12/5/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS 
Water 

Sample 
Identification 

0W-1 Shell Oil - Ciniza 
Pres. w/10 ml of 1 N Sodium 
Hydroxide 

Type of 
Analysis 

Cyanide 

OW-4 Shel l O i l - C in i za R e f i n e r y 
p r e s . w/10 ml o f 1 N Sodium 
Hydroxide Cyanide 

mg/ l 

< 0 .1 

0 .1 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I n c . 

P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED B Y t : 

12/22/80 Elmer D. Martinez, Operations^Divisior 
PAGE i OF i PAGE-^ Manager 



CUSTOMER Dames & Moore 
ADDRESS S u i t e 398W, Ci ty Center 

CITY 6^00 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

*IVOICE NO B i l l Mead 
012180 

REPORT OF 
ANALYSIS 

[SAMPLES RECEIVED 12/5/80 CUSTOMER ORDER NUMBER 
I 

TYPE O F ANALYSIS Water 

Sample 
Ident i f i c a t i o n 

0W-1 Shel l O i l 

Ref inery 

Ciniza 

0W-*f Shell Oil - Ciniza 

Refi nery 

J 

Type of 
Analys is 

Chlorides 

Fluorides 

pH units 

Solids, Total Dissolved 

Sulfates 

Chlorides 

Fluorides 

pH units 

Solids, Total Dissolved 

Sulfates 

mg/li ter 

28 

0.55 
7.8 

776 
167 

57 
1.0 

8.1 

7M 
188 

E> ZZ- C; 

I C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

'— P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED 

El mer 
12/'2k/ 

Opera t ions D i v i s i o n , Mgi 
OF 1 PAGE 



I 
1 

I 
I 

I 

| | CUSTOMER 

ADDRESS 

CITY 

ATTENTION 

"VOICE NO. 

Dames & Moore 
6400 Uptown Blvd., N.E. 
Suite 398W, City Center 
Albuquerque, NM 87110 
B i l l Mead 
012206 

REPORT OF 
ANALYSES 

SAMPLES RECEIVED 1 2 / 5 / 8 0 CUSTOMER ORDER NUMBER 

Water 
TYPE OF ANALYSIS 

Sample 
I d e n t i f i c a t i o n 

Type of 
Analysis mg/l 

0W-1 - Shell O i l -
Ciniza Refinery 
pres. w/10 ml . 
cone, s u l f u r i c acid Ni t rogen, N i t r a te (as N) 0.5 

OW-4 - Shell O i l -
Ciniza Refinery 
pres. w/10 ml . 
cone, s u l f u r i c acid Ni t rogen, N i t r a t e (as N) 0.2 

I 
I 

L 

I 
I 1 

I 
I 

] 

I 

e> zz- c: 
b'V'tr4>i,u^^ far 'i® 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY2 

12731/80 Elmer D. Mart inez, 0perat ior>s / Divis io 
PAGE i OF i PAGE ^ Manage 



'( 

Dames & Moore 
Suite 398W, City Center 
6400 Uptown Blvd., N.E. 
Albuquerque, NM 87110 

ATTENTION J ^ l ^ 

012045 

CUSTOMER 

ADDRESS 

CITY 

VOICE NO. 

REPORT OF 
MLYSIS 

SAMPLES RECEIVED 1 1 / 2 0 / 8 0 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Water 

Sample 
I den t i f i ca t i on 

Type o f 
Analysis m g / l i t e r 

Well # OW-3 Locat ion: 
Owner-Shell 

Ciniza 

IP ? 

•m 

Pres. w/lOml o f IN Soln. sodium 
Hydroxide 

Well # OW-3 Locat ion: Ciniza 
Owner-Shell 
(Pre. w/lOml. Cone. S u l f u r i c Acid) 

Ciniza Refinery - Well #0W-2 
Preserved w/10ml. Sod. hydroxide, 
1 Normal 

Ciniza Refinery-Well # OW-2 
preserved w/10ml. cone. N i t r i c 
Acid 

Ciniza Refinery - Well # OW-2 
preserved w/10ml. cone. Su l f u r i c 
Acid 

Ciniza Refinery - Well # OW-2 

Cyanide 

Nitrogen, Nitrate (as N) 

x Cyanide 

• Arsenic 
• Calcium 
- Chromium (Total) 
Iron 

• Manganese 
• Selenium 
Sodium 

•Nitrogen, N i t ra tes (as N) 

Chlorides 
Fl uor ide 
PH 
So l ids , Total Dissolved 
Sulfates 

< 

< 

0.1 

0.1 

0.1 

0.01 
2000 Zo 
0.003 
1.1 
0.2 
0.01 
390 

0.1 

39 
1.6 
7.6 
856 
16 

e> ZZ- c 
APPROVED BV. 

p o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc. 
L^P .O . Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

Elmer D. Mart inez, Operations Divisiqp<^Mgr. 
12/11/80 PAGE 1 OF 1 PAGE 



. ( 

CUSTOMER 

ADDRESS 

CITY 

ATTENTION 

"OICE NO. 

Dames & Moore 
Suite 398W, City Center 
6400 Uptown Blvd., N.E. 
Albuquerque, NM 87110 
B i l l Mead 
012045 

REPBliT Or 
J U U S 

j SAMPLES RECEIVED 1 1 / 2 0 / 8 0 CUSTOMER ORDER NUMBER 

1 W a t p r 
TYPE OF ANALYSIS " a l ' c , "CORRECTED REPORT" 

^ Sample 
Ident i f icat ion 

Type of 
Analysis mg/ l i ter 

f 

I 

I 
1 

Ciniza Refinery - Well # OW-2 
Preserved w/10 ml. cone. 
Nitric Acid Calcium 20 

, „ .APPROVED BY 

12/11/80 Elmer 
PAGE 

p o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I n c . 

P.O. Box 5351 • 1925Rosina • Santa Fe, New Mexico 87502 

nez, Opera 
OF 1 PAGE 

ons Divisi 
Manage 



r 
Dames & Moore 

CUSTOMER 

ADDRESS6400 Uptown Blvd. N.E. Suite 398W 
CITY City Center 

ATTENTION Albuquerque, NM 87110 
"VOICE No.William Mead 

012055 

REPORT OF 
ANALYSIS 

j SAMPLES RECEIVED 11/20/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Water 

Sample 
I den t i f i ca t i on 

Well #0W-3 
Locat ion: Ciniza 
Owner - Shell 

Type of 
Analysis 

Chlorides 

Fluoride 

pH Units 

mg/l 

36 

1.4 

7.7 

Solids, Total Dissolved 876 

Sulfates 79 

I 
APPROVED RY ^ 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
i 

P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

12/11/80 Elmer D. Mart inez, 'Operations D/vision Mgr 

PAGE l OF i PAC 



CUSTOMER Dames & Moore 
ADDRESS S u i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION A lbuquerque, NM 87110 

'NVOICE NO. B i l l Mead 
012125 

REPORT OF 
Ens 

SAMPLES RECEIVED 1 1 / 2 0 / 8 0 CUSTOMER ORDER NUMBER 

Water 
TYPE OF ANALYSIS 

Samp! e 
I d e n t i f i c a t i o n 

Type of 
Analysis mg / l i t e r 

Well # 0W-3 Arsenic < 0.01 

Locat ion: Ciniza Calcium 3.4 

Owner: Shell Chromium (Tota l ) 0.007 

(Pres. w/lOml. cone. Iron 1.8 

n i t r i c acid) Manganese 0.003 

Selenium < 0.01 

Sodium 370 j 

I 'j 

3 

I 
] O ZZ- c 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

P.O. Box 5351 • 1925 Rosina « Santa Fe, New Mexico 87502 

APPROVED BY; 

Elmer D. M a r t i n e z , Opera t ions D i v i s i o n , Mgr. 
12 /18 /80 PAGE 1 OF 1 PAGE 



[~. Dames & Moore 
1 cusTOMEffc4nn Uptown Blvd. N.E.- Suite 398W 

ADDRES^ity Center 
r

 C I T YAlbuquerque, NM 87110 
; A T T E N T I O , W i l l i a m Mead 

VOICE NC-rJ QI 076 

IEFORT OF 
ANALYSIS 

SAMPLES RECEIVED^ ^ / ^ / 8 0 CUSTOMER ORDER NUMBER 

~: Water 
iTYPE OF ANALYSIS 

Sample 
Ident i f icat ion 

Type of 
Analysis mg/l 

0W-9 Arsenic < 0.01 

Calci um 19 

tf 
i 

T 

l l 

Chromium, Total 

Iron 

Manganese 

Selenium 

Sodium 

0.004 

0.02 

0.02 

< 0.01 

350 

I 
G - ZZ- C APPROVED B Y . 

1/21/81 Elmer D. Mar t inez, Opera^fons Div is ic 
PAGE 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

PAGE -j OF i 

R E C E l V F n 1AM o o m o t 

Managei 



I 
I •( I I I i I.-. I i 

CUSTOMER Dames & Moore 
ADDRESS S u i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d , N.E. 
ATTENTION A lbuquerque, NM 87110 

-'VOICE NO B i l l Mead 

012266 

ILPORT OF 
ANALYSIS 

SAMPLES RECEIVED 12/9/80 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Water 

1 
Sampl e Type o f 

- I d e n t i f i c a t i o n Analysis mg/ l i t e r 

0W-7 Arsenic < 0.01 

I 

Calc ium 

Chromium ( T o t a l ) 

I ron 

Manganese 

Selenium 

Sodium 

34 

0.003 

0.3 

0.02 

0.01 

270 

CZ— ZZr- C 
APPROVED BY 

B a r n e s J . M u e l l e r , P r e s i d e n t 
12 /31 /80 PAGE 1 OF 1 PAGE 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

, P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 



| CUSTOMER Dames & Moore 
ADDRESS

 6 4 0 0 uPtown B lvd . N.E. Suite 398W 

I
CITY City Center 

ATTENTION Albuquerque, NM 87110 
t 'NVOICE NO. Wi l l iam Mead 

012158 

REFOnr OF 
ANALYSIS 

SAMPLES RECEIVED 12/9/80 CUSTOMER ORDER NUMBER 

Water 
TYPE OF ANALYSIS 

Water 

Sample 
I d e n t i f i c a t i o n 

OW-7 

0W-9 

Type of 
Analysis 

Cyanide 

Cyanide 

mg/l 

< 0.1 

< 0.1 

APPROVED BY_1 

|= ™ - C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

12/22/80 Elmer D. Mart inez, Operations^Divisioi 
PAGE 1 OF i P A G E / / Manage) 



I 
I 

f 
I 

r 

I 
1 

I 
I 
I 
I 

CUSTOMER Dames & Moore 
ADDRESS

 6 4 0 0 Uptown Blvd. N.E. 
C I T Y Suite 398W - C i t y Center 

ATTENTION Albuquerque, NM 87110 
•'OICE NO. B i l l Mead 

012225 

REFORT OF 
ANALYSIS 

1 SAMPLES RECEIVED 12/9/80 CUSTOMER ORDER NUMBER 
1. 

Water 
TYPE OF ANALYSIS 

^ Sample Type of 
Identification Analysis mg/l 

OW-7 Chloride 21 

r' Fluoride 0.37 

I pH Units 8.7 

Solids, Total Dissolved 717 

1 Sulfate 166 

OW-9 Chloride 56 

1 Fl uoride 0.80 

pH Units 7.8 

f Solids, Total Dissolved 1060 

Sulfate 391 

1 

1 
e- zz- c 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 

P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY«_ _ 

12/31/80 Elmer D. Mart inez, Operations J ) fv is i 
PAGE 1 OF 1 PAGE Manac 



li 

1 
I 

I 

I 
I 

I 
L. 

i 

CUSTOMER 

ADDRESS 

CITY 

ATTENTION 
v'VOICE NO. 

Dames & Moore 
6400 Uptown Blvd., N.E. 
Suite 398W, City Center 
Albuquerque, NM 87110 
Bill Mead 
012207 

REPORT OF 
ANALYSIS 

SAMPLES RECEIVED 1 2 / 9 / 8 0 CUSTOMER ORDER NUMBER 

1 
TYPE OF ANALYSIS Water 

1 

Sample 
Type of 

. I d e n t i f i c a t i o n Analysis mg/l 

OW-7 Ni t rogen, N i t ra te (as N) < 0.1 

OW-9 Ni t rogen, N i t ra te (as N) 0.5 

I 3 
a 
i 

L' 

1 
L '• 

O ZZ- CL 
APPROVED BY 

12/31/80 Elmer D. Mart inez, Operatioris^GrV'ision 
PAGE 1 OF l PAGE Manager 

: o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc. 
.O. Box 5351 • 1925 Rosina • Santa Fe. New Mexico 87502 RFCFIVFn JAN 0 2 iSox 



CUSTOMER Dames & Moore 
ADDRESS Sui te 398W, C i ty Center 

CITY 6400 Uptown B lvd , N.E. 
ATTENTION Albuquerque, NM 87110 

*'VOICE NO. B i l l Mead 
012267 

REPORT OF 
ANALYSIS 

j SAMPLES RECEIVED 12/17/80 CUSTOMER ORDER NUMBER 

1 
TYPE OF ANALYSIS 

Water 

j 

1 

I 

Sampl e 
I d e n t i f i c a t i o n 

0W-16-Shell O i l -C in i za 

Refinery preserved w/lOml o f 

Cone, s u l f u r i c acid 

0W-10-Shell O i l - Ciniza 

Refinery preserved w/lOml 

Cone, n i t r i c acid 

0W-16-Shell Oi l - Ciniza 

Refinery preserved w/lOml 

Cone, n i t r i c ac id 

Type o f 
Analysis m g / l i t e r 

N i t rogen, N i t r a t e (as N) 3.7 

Arsenic < 0.01 

Calcium 17 

Chromium 0.002 

Iron 0.6 

Manganese 0.03 

Selenium 0.01 

Sodi um 360 

Arsenic 0.03 

Calcium ~ « 24 

Chromium 0.003 

Iron 1.0 
Manganese 0.06 

Selenium 0.01 

Sodium 270 

i e> zz- c 
C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc. 
P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED B Y . 

Ĵames J. Mueller, President 
1 2 / 3 1 / 8 0 PAGE 1 OF 1 PAGE 



CUSTOMER Dames & Moore 
ADDRESS 6400 Uptown Blvd. N.E. Suite 398W 

CITY C i ty Center 
ATTENTION Albuquerque, NM 87110 
MVOICE NO B i l l Mead 

101052 

mm fc 
ANALYSIS 

(SAMPLES RECEIVED 12/17/80 CUSTOMER ORDER NUMBER 

" TYPE OF ANALYSIS Water For Cyanide \ 

Sample 
I den t i f i ca t i on m g / l i t e r 

0W-10-She11 Oil 
i Ciniza Refinery 
J pres.w/lOml 

o f 1 N Sodium 
, Hydroxide < 0 .1 

0W-16-Shell Oi l 
Ciniza Refinery 

j pres.w/lOml 
> o f 1 N Sodium 

Hydroxide < 0.1 

c ZZ- c APPROVED BY: 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I n c 

Elmer D. Mart inez, Div. Mgr. 
1/16/81 PAGE x OF ! P A G E ^ 

J P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 



I CUSTOMER Dames & Moore 
' ADDRESS

 6 4 0 0 Uptown Blvd N.E. Suite 398 W 

t C I T Y C i ty Center 
ATTENTION Albuquerque, NM 87110 

• { -)ICE NO B i l l Mead 
^ 101216 

\ 

I 
i 
i 

V 
r 
I 
I 

EPORT OF 
RALTSIS 

1 SAMPLES RECEIVED 1-6-81 CUSTOMER ORDER NUMBER 

l 
TYPE OF ANALYSIS Water 

J 
Sample 
Identification 
OW-11 Shell O i l 
Ciniza Refinery 

OW-12 Shell Oi l 
Ciniza Refinery 

OW-13 Shell Oi l 
Ciniza Refinery 

OW-17 Shell Oi l 
Ciniza Refinery 

OW-20 Shell Oi l 
Ciniza Refinery 

Type of 
Analysis mg/l 

Chloride 88 
Fluoride 0.20 
PH Units 7.8 
Total Dissolved Solids 935 
Sulfate 196 

Chloride 120 
Fluoride 0.52 
PH Units 7.5 
Total Dissolved Solids 746 
Sulfate 100 

Chloride 19 
Fluoride 1.0 
PH Units 8.5 
Total Dissolved Solids 659 
Sulfate 207 

Chloride 86 
Fluoride 0.47 
PH Units 7.4 
Total Dissolved Solids 818 
Sulfate 319 

Chloride 100 
Fluor ide 0.40 
PH Units 11.6 
Total Dissolved Sol ids 841 
Sul fate 214 

E > ZZ- C APPROVED BY 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc 

;?.0. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

Elmer D. Mar t inez , Operations Div is ion Ma 
1/31/81 P A G E 1 O F 2 P A G E 
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CUSTOMER 

ADDRESS 

CITY 

ATTENTION 
OICE NO. 

Dames & Moore 
6400 Uptown Blvd N.E. Suite 398 W 
City Center 
Albuquerque, NM 87110 
Bill Mead 
101216 

REPORT Of 
ANALYSIS 

(SAMPLES RECEIVED 1 - 6 - 8 1 CUSTOMER ORDER NUMBER 

B TYPE OF ANALYSIS Water 

1 '^ Sample Type o f 
• I den t i f i ca t i on Analysis mg/l 

• ' OW-14 Shell Oi l 
1 Ciniza Refinery 

I 
Chloride 210 1 Ciniza Refinery 

I Fluor ide 0.62 
| PH Units 7.3 

Total Dissolved Solids 839 
Sul fa te 104 

1 OW-14 Shell Oi l 
Ciniza Refinery Fluor ide 0.58 

PH Units 7.3 

• 1 Sulfate 102 

t, OW-24 Shell O i l 
B | Ciniza Refinery Chloride 33 

Fl uoride 0.70 

i 

PH Units 
Total Dissolved Solids 
Sulfate 

7.8 
784 
72 

• — " ' 1/31/81 
• C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I n c 

L_P.O. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

APPROVED B 

Elmer D. Martinez, Operations Division Manage 
" PAGE 2 OF 2 PAGE 

p r r c i w r n F F P x 1001 
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I 
{ 

I - . 

t 
I 
il: • I 

Dames & Moore 
CUSTOMER 6 4 f J 0 U p t o w n B l v d . N.E. Su i te 398W 

ADDRESS C i t y Center 
C I T Y A lbuquerque , NM 87110 

ATTENTION W i l l i a m M e a d 

•VOICE NO 1 0 1 2 3 6 

REPORT Oi 
ANALYSIS 

SAMPLES RECEIVED V6/81 CUSTOMER ORDER NUMBER 

Water 
TYPE OF ANALYSIS 

Sample 
Identif ication 

Type of 
Analysis mq/l 

OW-12-Shell Oil 
Ciniza Refinery Hydrocarbons 7.1 

OW-14 - Shell Oil 
Ciniza Refinery Hydrocarbons 6.4 

OW-16 - Shell Oil 
Ciniza Refinery Hydrocarbons 4.0 

OW-17 - Shell Oil 
Ciniza Refinery Hydrocarbons 25 

OW 20 - Shell Oil -
Ciniza Refinery Hydrocarbons 5.5 

'B 

^ C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

1 P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY 

2/4/81 Elmer D. Martinez, Operations 
PAGE 1 OF 1 PAGE 

ion 
Manag 



CUSTOMER 

ADDRESS 

CITY 

ATTENTION 

••OICE NO. 

Dames & Moore 
6400 Uptown Blvd., N.E. 
Suite 398W, City Center 
Albuquerque, NM 87110 
Bill Mead 
012205 

REPORT 
ANALYSIS 

I SAMPLES RECEIVED 1 2 / 1 7 / 8 0 CUSTOMER ORDER NUMBER 

^ Water 
TYPE OF ANALYSIS 

^ Sample 
I d e n t i f i c a t i o n 

Type o f 
Analysis mq/l 

I 0W-10 - Shell Oil -
Ciniza Refinery 
preserved w/10 ml . of 
cone, s u l f u r i c acid Ni t rogen, N i t r a t e (as N) 0.3 

j 

I 

i. 

• Controls f o r Environmental Pollution, Inc. 
1 \ 
' P.O. B o x 5 3 5 1 • 1925 Ros ina • S a n t a Fe, N e w M e x i c o 8 7 5 0 2 
L.JI 

APPROVED BY< 

12/31/80 Elmer D. Mart inez, Operat ions^Di'vTi 
PAGE i OF i PAGE - Manag( 
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CUSTOMER Dames & Moore 
ADDRESS 6400 Uptown Blvd . NE 

CITY Albuquerque, NM 87100 
ATTENTION Bill Mead 

101091 \S 'OICE NO 

REPORT Of 
mis 

T 

I SAMPLES RECEIVED 12/17/80 CUSTOMER ORDER NUMBER 

I 
L, , 

i 

I 
i _ i • 
I 

! 

TYPE OF ANALYSIS Water Analysis 

2. rf 

il 
] 

I 
I 

t__-

Sample 
Identification 

OW-10 
Shell Oil 
Ciniza Refinery 

Analysis 

Chlorides 

Fluorides 

pH Units 

Total Dissolved Solids 

Sulfates 

79 

0.64 

7.6 

1030 

331 

O ZZ- C 
APPROVED BY 

J p o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I n c . 

[V.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

Elmer D. Martinez, Operatiog^Division Mgr 
1/23/81 PAGE 1 OF 4 PAGE 

fiECE/i/m . . . . 
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CUSTOMER Dames & Moore 
ADDRESS 6400 Uptown B l v d . NE 

CITY Albuquerque, NM 87100 
ATTENTION B i n M e a d 

INVOICE NO 101091 

KEFOHT Of 
ANALYSIS 

I SAMPLES RECEIVED 12/17/80 CUSTOMER ORDER NUMBER 
1 
1 

TYPE OF ANALYSIS Water Analysis -

J 

I 

I 

I 

Sample 
Identification 

OW-10 
Shell Oil 
Ciniza Refinery 

Analysis 

Chlorides 

Fluorides 

pH Units 

Total Dissolved Solids 

Sulfates 

m g / l 

76 

0.64 

7.7 

1040 

247 

I 
ksc*g,'fe»wr̂  l e i . ® 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

P.O. Box 5351 » 1925 Rosina • Santa Fe, New Mexico 87502 
Tcipnhnnp RnR/qn?-qndi 

APPROVED BY 

Elmer D. Martinez, Operatioi 
1/23/81 PAGE 3 OF 4 PA( 

Division Mg: 
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CUSTOMER Dames & Moore 
ADDRESS 6400 Uptown B l v d . NE 

CITY Albuquerque, NM 87100 
ATTENTION B i U M e a d 

^ -OICE NO 1 0 1 ( ) 9 1 

REPORT Of 
ANALYSIS 

| SAMPLES RECEIVED 12/17/80 CUSTOMER ORDER NUMBER 

I 
TYPE OF ANALYSIS 

Water A n a l y s i s -

I 
I 

i 
i 

i 

Sample 
Identification 

OW-16 
Shell Oi l 
Ciniza Refinery 

Analysis 

Chlorides 

Fluorides 

pH Units 

Total Dissolved Solids 

Sulfates 

mg/ l 

110 

0.86 

7.7 

759 

81 

[ C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc . 

' P.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED B Y . 

Elmer D . Martinez, Operations/j / ivision Mgi 
1/23/81 PAGE 3 OF 4 PAGE 



CUSTOMER Dames & Moore 
ADDRESS 6400 Uptown B l v d . NE 

CITY Albuquerque, NM 87100 
ATTENTION B i l l Mead 

NVOICE NO 1 0 1 0 9 1 

IEPOGT Of 
ANALYSIS 

' j SAMPLES R E C E I V E D 12/17/80 CUSTOMER ORDER NUMBER 

I 

J I TYPE OF ANALYSIS Water A n a l y s i s -

Sample 
Identification 

OW-16 
Shell Oil 
Ciniza Refinery 

Analysis 

Chlorides 

Fluorides 

pH Units 

Total Dissolved Solids 

Sulfates 

m g / l 

230 

0.9 

7.6 

799 

15 

r-ji 

J 

O ZZ- c 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I nc . 

P.O. Box 5351 • 1925Rosina • Santa Fe, New Mexico 87502 

APPROVED BY 

Elmer D . Martinez, Operations Division Mg 
1/23/81 PAGE 2 OF 4 PAGE 
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CUSTOMER 

ADDRESS 

CITY 

ATTENTION 
'OICE NO 

Dames and Moore 
Suite 398 W, City Center 
6400 Uptown Blvd., N.E. 
Albuquerque, NM 87110 
B i l l Mead 
101110 

eom OF 
ANALYSIS 

1 SAMPLES RECEIVED 1/6/81 CUSTOMER ORDER NUMBER 

1 
TYPE OF ANALYSIS Water 

Ij 

i l l 

Sample Type o f 
m g / l i t e r I d e n t i f i c a t i o n Analysis m g / l i t e r 

0W-l l -Shel l O i l -C in i za Refinery Arsenic < 0.01 
Sample preserved w/lOml o f Calcium 11 
N i t r i c Acid Chromium 0.003 

Iron 0.3 
Lead 0.002 
Manganese 0.03 
Selenium < 0.01 
Sodium 380 

0W-12-Shell O i l -C in i za Refinery Arsenic •c 0.01 
preserved w/lOml o f cone. Calcium 11 
N i t r i c Acid Chromium 0.004 

Iron 0.7 
Lead 0.03 
Manganese 0.08 
Sel eni um < 0.01 
Sodium 310 

0W-13-Shell O i l -C in i za Refinery Arsenic < 0.01 
preserved w/lOml o f cone. Calcium 6.5 
N i t r i c Acid ChrdTTii um 0.009 

Iron 0.6 
Lead 0.03 
Manganese 0.06 
Selenium < 0.01 
Sodium 270 

OW-14-Shell O i l -C in i za Refinery Arsenic < 0.01 
pres. w/lOml o f cone. N i t r i c Calcium 34 
Acid Chromium 0.008 

Iron 0.2 
Lead 0.02 
Manganese 0.06 
Selenium <. 0.01 
Sodium 290 

e> zz- c 

I- C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc. 
i^jP.O. Box 5351 • 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY-
Elmer D. Mar; 
1/24/81 

c n c / n o i n o * i 

z, Operations D i v i s i on , Mgr. 
PAGE 1 OF 2 PAGE 

RECEIVED JAN?6 1981 



CUSTOMER Dames and Moore 
ADDRESS Su i t e 398 W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

MVOICE NO. B i l l Mead 
101110 

REPORT Of 
ANALYSIS 

[SAMPLES RECEIVED 1 / 6 / 8 1 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Water 

Sample Type o f 
I den t i f i ca t i on Analysis mg / l i t e r 

0W-17-Shell O i l - Ciniza Refinery Arsenic 0.02 
pres. w/lOml o f cone. N i t r i c Acid Calcium 400 

Chromium 0.02 
I ron 4.5 
Lead 0.5 
Manganese 4.2 
Selenium < 0.01 
Sodium 250 

0W-20-Shell O i l -C in i za Refinery Arsenic < 0.01 
pres. w/lOml o f cone. N i t r i c Calcium 6.6 
Acid Chromium 0.1 

I ron 0.3 
Lead 0.04 
Manganese 0.02 
Selenium < 0.01 
Sodium 320 

OW-24-Shell O i l -C in i za Refinery Arsenic < 0.01 
pres. w/lOml Cone. N i t r i c Calcium 23 
Acid Chromium 0.001 

I ron 0.2 
Lead 0.03 
Manganese 0.3 
Selenium < 0.01 
Sodium 310 

APPROVED BY. 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , I nc . 

P.O. Box 5351 • 1925 Rosina . Santa Fe, New Mexico 87502 

Elmer D. M a r t j ^ z , Operat ions D i v i s i o n , Mgr. 
1 /24 /81 PAGE 2 OF 2 PAGE 

D c r n v F f i I A N ? 6 1 9 o l 



.CUSTOMER Dames & Moore 
ADDRESS 6400 Uptown B lvd. N.E. Suite 398W 

CITY Ci ty Center 
ATTENTION Albuquerque, NM 87110 
MVOICE NO. B i l l Mead 

101053 

lEPQPJ Or 
ANALYSIS 

[SAMPLES RECEIVED 1/6/81 CUSTOMER ORDER NUMBER 

TYPE OF ANALYSIS Water f o r Cyanide 

1 

Sample 
. I d e n t i f i c a t i o n 

OW-ll-Shell Oi l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

0W-12-Shell Oi l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

0W-13-Shell Oi l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

OW-14-Shell Oi l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

0W-17-Shell O i l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

OW-20-Shell Oi l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

OW-24-Shell O i l 
Ciniza Refinery 
Pres.w/lOml o f 
1 N Sodium Hydroxide 

m g / l i t e r 

<0.1 

<0.1 

<0.1 

< 0.1 

< 0.1 

< 0.1 

0.1 

V, 
5 F 2 ^ . 3 e - ^ - c: 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n , Inc . 

P.O. Box 5351 • 1925 Rosina « Santa Fe, New Mexico 87502 

APPROVED RY C 

Elmer D. Martinez, Div. Mgr. 
1/16/81 PAGE l OF i PAGE 



Dames & Moore 
CUSTOMER 6 4 0 0 U p t o w n B l v d > N . E . _ S u i t e 3 9 8 W 

ADDRESS C i t y center 
C , T Y Albuquerque, NM 87110 

A T T E N T , O N Wi l l iam Mead 
"VOICE N O . 1 0 1 1 g n 

nrQRT OF 
riALVSKS 

1 SAMPLES RECEIVED 1/6/81 CUSTOMER ORDER NUMBER 

Water 
TYPE OF ANALYSIS 

Water 

I' 
L' 

ft 
I 

Sample 
I d e n t i f i c a t i o n 

0W-11-Shell O i l Ciniza 
Refinery - Pres. w/10 ml of 
cone. Su l fu r i c Acid 

0W-12-Shell Oi l - Ciniza 
Refinery - Pres. w/10 ml of 
cone. Su l fu r i c Acid 

0W-13-Shell Oi l - Ciniza 
Refinery - Pres. w/10 ml of 
cone. Su l fu r i c Acid 

0W-14-Shell Oi l - Ciniza 
Refinery - Pres. w/10 ml o f 
cone. Su l fu r i c Acid 

0W-17-Shell Oi l - Ciniza 
Refinery - Pres. w/10 ml o f 
Su l fu r i c Acid 

0W-20-Shell Oi l - Ciniza 
Refinery - Pres. w/10 ml of 
cone. Su l fu r i c Acid 

0W-24-Shel Oi l - Ciniza 
Refinery - Pres. w/10 ml of 
cone. Su l fu r i c Acid 

Type of 
Analysis 

Ni t rogen, N i t ra te (as N) 

Ni t rogen, N i t ra te (as N) 

Ni t rogen, N i t ra te (as N) 

Ni t rogen, N i t ra te (as N) 

Ni t rogen, N i t ra te (as N) 

Ni t rogen, N i t ra te (as N) 

Ni t rogen, N i t ra te (as N) 

mg/l 

1.8 

0.1 

< 0.1 

0.2 

0.8 

1.3 

0.5 

Ir .Con t ro l s f o r E n v i r o n m e n t a l Po l l u t i on , Inc. 
' L p O- Box 5351 . 1925 Rosina • Santa Fe, New Mexico 87502 

APPROVED BY_5£SL! 

1/29/81 Elmer D. Mart inez, Operat ions/Div is i 
PAGE 1 OF 1 PAGE ^ Managt 

RECEIVED JAN3QBS1 



APPENDIX B-3 

PLANT WASTES 

D a m e s & Moore 



i CUSTOMER Dames & Moore 
' ADDRESS Su i t e 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
! ATTENTION A lbuquerque, NM 87110 

*JVOICE NO B i l l Mead 

012179 C 

REPORT OF 
ANALYSIS 

| SAMPLES RECEIVED 11/10/80 CUSTOMER ORDER NUMBER 

|| TYPE OF ANALYSIS Sludge (Date Col lected 11/6/80) 

lJ Sample 
|i I d e n t i f i c a t i o n 

Type o f 
Analysis m g / l i t e r 

r l API Seperator Emulsion 
II 

Arsenic < 0.01 

• . 
Barium < 10 

ll" ̂  Cadmium < 0.001 

Chromium 0.006 

• f •"' Chromium 6+ < 0.01 

r | Lead (To ta l ) 6.1 

1 
Mercury < 0.004 

1.1 Selenium < 0.01 

S i l v e r < 0.01 

Total Chrome 200 ug/gm 

Total Organic Carbon 

percent by weight 

17.8 

. O ZZ-

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . I n c . 

P.O. Box 5351 • 1925Rosina . Santa Fe, New Mexico 87502 
Tplcnhnno ^O^/QHO-QHAI 

APPROVED B J l _ ^ . . ^ 

Elmer D. ' M a r t i n e z , Operat ions D i v i s i o n , Mgr. 
12/24 /80 PAGE 1 OF 1 PAGf 



, ( 

CUSTOMER Dames and Moore 
ADDRESS Suite 398W, C i t y Center 

CITY 6400 Uptown B l v d . , N.E. 
ATTENTION Albuquerque, NM 87110 

NVOICE NO B i l l Mead 
012050 

REPORT 0 
ANALYSIS 

i SAMPLES RECEIVED 1 1 / 1 0 / 8 0 CUSTOMER ORDER NUMBER 

ir. TYPE OF ANALYSIS Sludge 

Sample 

Identification 

Leaded Tank Sludge; 

Tank 59 

Date Collected 11/4/80 

Type of 
Analysis 

Lead (Total) 
EP Lead 

Total Organic Lead 

690 ug/g 

0.08 mg/liter 

2.4 ug/gm 

O ZZ- c 

C o n t r o l s f o r E n v i r o n m e n t a l P o l l u t i o n . Inc . 

APPROVED "BY^_ 

Elmer D. Martinez, Operations Divis>ojf; M< 
12/11/80 PAGE 19 OF 19 PAGE ^ 

gr 

P.O. Box 5351 1925 Rosina • Santa Fe, New Mexico 87502 
T o l c n h n n . C i f l C ; / Q f i 7 . Q S 4 1 



APPENDIX B-4 

LABORATORY DETECTION LIMITS 

D a m e s & Moore 



I 
I •r 
i • 
i 
i 
I 
i 
I 

* 

Lower Limits of Detection for Water 

Water Analysis m q / l i t e r 

Arsenic 0.01 

Barium 0.1 

Cadmi um 0.001 

Calcium 0.1 

Chromium 0.001 

Chromium 6+ 0.01 

Cyanide 0.1 

Fluoride 0.01 

Iron 0.01 

Lead 0.001 

Manganese 0.001 

Mercury 0.0004 

Nitrogen, N i t r a t e (as N) 0.1 

Oil & Grease 1.0 

Selenium 0.01 

S i lver 0.01 

Sodium 0.01 

So l ids , Total Dissolved 5.0 

Sul fate ~~ 5.0 



Lower Limits of 

for EP Toxicity 

Detection 

Analysis 

Analysis 

Arsenic 

Barium 

Cadmium 

-Chromi um 

Chromium +6 

Lead 

Mercury 

Selenium 

S i l ve r 

m q / l i t e r 

0.01 

10 

0.001 

0.001 

0.01 

0.001 

0.0004 

0.01 

0.01 



Lower L imi ts o f Detect ion 

f o r So i ls 

Analysis ug/gm 

Arsenic 1 

Barium 10 

Cadmium 0.1 

Chromium 0.1 

Chromium +6 1 

Lead 0.1 

Mercury 0.04 

Selenium 1 

Si 1ver 1 

Total Organic Carbon 10 



APPENDIX B-5 

LABORATORY CERTIFICATION 

AND 

SUMMARY OF QUALITY CONTROL PRACTICES 

Dames & Moore 
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SUMMARY OF QUALITY CONTROL PRACTICES 

PREPARED BY: 

CONTROLS FOR ENVIRONMENTAL POLLUTION, INC. 

P.O. B0X^51 

SANTA FE, NEW MEXICO 87502 

RECEIVED F F R o 1 iQfli 



Introduction 

Qual i ty Control measures are taken from the t ime the samples a r r i v e to the time 

data i s repor ted . The f o l l o w i n g i s a b r i e f summary o f steps taken during the 

analysis o f your samples. 

Basic Function 

The Qual i ty C o n t r o l / Q u a l i t y Assurance department i s responsib le f o r the conduct 

o f the Ana ly t i ca l Laboratory Qua l i t y Cont ro l program and f o r tak ing or recommend

ing measures to ensure the f u l f i l l m e n t o f the q u a l i t y ob jec t i ves o f management 

and the car ry ing ou t o f Qua l i t y Contro l p o l i c i e s in the most e f f i c i e n t and 

economical manner commesurate w i t h ensur ing cont inu ing accuracy and prec is ion 

o f data produced. 

Respons ib i l i t i es and Au tho r i t y 

1 . Developes and c a r r i e s out q u a l i t y con t ro l programs, inc lud ing s t a t i s t i c a l 

procedures and techniques, which w i l l help l a b o r a t o r i e s to meet author ized 

q u a l i t y standards a t minimum c o s t ; and advises and ass i s t s management i n 

the i n s t a l l a t i o n , s t a f f i n g and superv is ion o f such programs. 

2. Monitors q u a l i t y con t ro l a c t i v i t i e s o f the labo ra to ry to determine con

formance w i t h author ized p o l i c y ' a n d procedures and w i t h sound p r a c t i c e ; 

and make appropr ia te recommendations f o r c o r r e c t i o n and improvement as 

may be necessary. 

3. Seeks ou t and evaluates new ideas and cu r ren t development i n the f i e l d 

o f q u a l i t y con t ro l and recommends means fo r t h e i r app l i ca t i on wherever 

adv isab le . 

4 . Advises management i n rev iewing technology, methods and equipment, w i th 

respect t o q u a l i t y aspects. 

5. Advises the Purchasing sec t ion regard ing q u a l i t y o f purchased m a t e r i a l s , 

reagents and chemicals. 

6. Recommends packaging ma te r i a l s and procedures. 

7. Performs r e l a t e d du t ies as ass igned. 



Qual i ty Control Pract ices 

Upon a r r i v a l a t the l a b o r a t o r y , each sample i s assigned a color-coded number. 

This code number i s placed on a l l apparatus used f o r t h a t sample dur ing chemical 

and radiometr ic de te rmina t ions . This code number i s recorded i n the laboratory 

rece iv ing repor t which i s f i l l e d out a t the t ime t h a t the samples are received. 

The laboratory rece i v ing r e p o r t cons is ts o f f i v e pages which are d i s t r i b u t e d to 

various departments w i t h i n the company. 

Blank and standard spike samples are analyzed r o u t i n e l y as p a r t o f Controls f o r 

Environmental P o l l u t i o n ' s i n t e r n a l q u a l i t y con t ro l program. These samples are 

ind is t ingu ishab le from regu la r samples to prevent samples f rom rece iv ing pre feren

t i a l t reatment. I n a d d i t i o n , each chemist prepares known reference samples which 

he can use to measure his q u a l i t y o f work. 

A l l reagents, c a r r i e r s and rad ioac t i ve t race rs and i ns t rumen ta t i on used in the 

analys is are c a l i b r a t e d on a scheduled basis as descr ibed by the q u a l i t y assurance 

p lan. 

In summary, the methods employed f o r analyses are those which measure the desired 

cons t i tuen t w i t h p rec i s ion and accuracy and meet the data needs i n the presence 

o f the in te r fe rences normal ly encountered. The rou t i ne ana l ys i s o f spiked samples 

i s the measurement o f q u a l i t y wh i le the use o f a n a l y t i c a l grade reagents i s a 

cont ro ls o f measure. The q u a l i t y con t ro l program has two pr imary func t ions . F i r s t 

the program moni tors the r e l i a b i l i t y o f the r e s u l t s r e p o r t e d . The second func t i on 

i s the cont ro l o f q u a l i t y i n order t o meet the program requi rements. 



APPENDIX C 

EXCERPTS FROM RCRA 

REGULATIONS, PART 265, 

SUBPART M - LAND TREATMENT 

D a m e s & Moore 



33248 Federal Register / Vo l . 45. No. 98 / Monday. M a y 19. 1980 / Rules and Regulations 

(Al 

ACXMcaoon | h 0 / h a j 

Sod c n m 
avcnang* n n i f i r y B*ckqrxx jna * 8 * > c f t O w n d 

( m ^ j / 1 0 C q ) t od o H I M p H 
I*sa m a n Q r u w 3 ian 

a.5 

L n i t o n i 5 S 
S-IZ 5 10 
C-aaiar fl\an 15 5 20 

(B) For soils with a background pH of 
less than 6-5. the cumulative cadmium 
application rale does cot exceed the 
levels below: Provided, that the pH of 
the waste and soil mixture is adjusted to 
aad maintained at 6.5 or greater 
whenever food chain crops are grown. 

Sod caDon • jrcr\ang« U D A O l y M u m i f f l C t f t u l M 

L m r u n S S 
5-15 10 
G.-=aicr m a n T5 20 

(2)(i) The only food chain crop 
•reduced is animal feed. 

(ii) Ths pH of the waste and soil 
mixture is 6-5 or greater at the time of 
waste application or at the time the crop 
is planted, whichever occurs later, and 
this pH levei is maintained whenever 
focd chain crops are grown. 

(iii) There is a facility operating plan 
which demonstrates how the animal 
feed wil] be distributed to preclude 
ingestion by Damans. The facility 
operating plan describes the measures 
to be taken to safeguard against 
possible health hazards from cadmium 
entering the food chain, which may 
result f roa alternative land uses. 

(iv) Future property owners are 
notified by a stipulation in the land 
record or property deed which states 
that the property has received waste at 
high cadmium application rates and that 
food chain crops should not be grown, 
due to a possible health hazard. 
[Comment As required by § 265.73. if an 
owner or operator grows food chain 
crops on his land treatment facility, he 
must place the information developed in 
this Section in the operating record of 
the facility.] 

§ 255-277 [ R e s e r v e d ] 

J 2 5 5 . 2 7 8 U n s a t u r a t e d z o n a ( z e n e o f 

a e r a t i o n ) m o n i t o r i n g . 

(a) The owner or operator must have 
in writing. and must implement, an 
unsaturated :one monitoring plan which 
is designed to: 

(1) Detect the vertical migration of 
hazardous waste and hazardous waste 
constituents under the active portion of 
the land treatment facility, and 

(2) Provide inforrcaaon on the 
background concentrations of the 

hazardous waste and hazardous waste 
constituents in similar but uncreated 
soils nearby, this background monitoring 
must be conducted before or in 
conjunction with the monitoring 
required under paragraph (a)(1) of this 
Section. 

fb] The unsaturated zone monitoring 
plan must include, at a n i - i m ; r - -

(1) Soil monitoring using soil cores, 
and 

(2) Soil-pcre water monitoring using 
devices such as lysimeters. 

(c) To c^mply"wit5~paragraph (a)(1) of 
this Section, the owner or operator must 
demonstrate in his unsaturated zone 
monitoring plan that 

(1) The depth at which soil aod soil-
oore water samples are to be taken is 
belcw the depth to which the waste is 
incorporated into the soil; 

(2) The number of soil and soil-pore 
water sampies to be taken is based on , 
the variability on 

(i) The hazardous waste constituents 
(as identified in § 285.273(2) and (b)) in 
the waste and in the soil: and 

(ii) The soil type(s): and 
(3) Tha frequency and Cming of soil 

and soil-pcre water sampling is based 
cn tha frequency, tima. and rate of 
waste application, proximity to ground 
watar. and soil permeability. 

(d) The owner or operator must keep 
at the facility his unsatura'.ad zone 
monitoring plan, and the rationale used 
in developing this plan. 

(e) The owner cr operator must 
analyze the soil and soil-pore water 
samples for the hazardous waste 
constituents that were found in the 
waste during the waste analysis under 
§ 255.273 (a) and fb). 
[Comment As required by § 2S5.73. all 
data and information developed by the 
owner or operator under this Section 
must be placed in the operating record 
of the facility.] 

§ 265-279 Recordkeeping . 

Tne owner or operator ct a land 
treatment facility must keep records of 
the application dates, application rates, 
quantities, and location of each 
hazardous waste placed in the facility, 
in the operating record required in 
5 265.7X 

§ 2E5-2SO C l o s u r e a n d p o s t - c l o s u r a . 

(a) In the closure plan under 5 255.112 
and the cost-closure plan under 
§ 255.118. the owner or operator must 
address the following objectives and 
Indicate how they wiil be achieved; 

(1) Control ofthe migration of 
hazardous waste and hazardous waste 
constituents from the treated area into 
the ground water; 

(2) Control of the release of 
contaminated run-off from the facility 
into surface water. 

(3) Control of the release of airborne 
particulate contaminants caused by 
wind erosion; and 

(4) Compliance with § 2S5.276 
concerning the growth of food-cnain 
crops. 

fb) Tbe owner or operator must 
"^consider at least the following factors in 

addressing the closure and post-closure 
care objectives of paragraph (a) of this 
Section; 

(1) Type and amount cf hazardous 
waste and hazardous waste constituents 
applied to the land treatment facility. 

(2) The mobility and the expected rate 
of migration of the hazardous waste and 
hazardous w-aste constituents: 

(3) Site location, topography, and 
surrounding land use. with respec; to the 
potential effects of pollutant migration 
(e.g.. proximity to ground water, surface 
water -and drinking water sources): 

(4) Climate, including amount, 
frequency, and pH of precipitation; 

(5) Geological and soil profiles and 
surface and subsurface hydrology ofthe 
site, and soil characteristics, including 
cation exchange capacity, total organic 
carbon, and pH: 

(6) Unsaturated zone monitcring 
information obtained under > 265.273; 
and 

(7) Type, concentration, and depth of 
migration of hazardous waste 
constituents in the soil as comoarsd to 
their background concentrations. 

(c) Tae owner or operator must 
consider at least the fallowing nethodt 
in addressing the closure and post-
closure care objectives of paragraph (a) 
of this Section: 

(1) Removal of contaminated soils: 
(2) Placement of a nnai cover, 

considering: (i) Functions cf the cover 
(e.g- infiltration control ercsion and 
run-on conrml. and wind erosion 
control), and (ii) Characteristics of the 
cover, including material final surface 
contours, thickness, porcsiry and 
permeability, slope, length of run o f 
slope, and type of vegetation on the 
cover;-

(3) Collection and treatment of run-err 
(4) Diversioc structures to prevent 

surface water run-on from en:ering the 
treated area: and 

(5) Monitoring of soil, soil-pore water, 
and ground water. 

(d) In addition to the reouirements of 
§ 255.117. during the post-ciosure care 
period, the owner or operator of a land 
treatment facility must 

(1) Maintain any unsaturated zone 
monitoring system, and collect and 
analyze sampies from this system in a 



rr.a;vr;cr and frequency specified In lhe 
post-closure pian: 

(2) 'Restrict access to the fac i l i ty as 
appropriate for its post-ciosure use: and 

(3) Assure that growth of food chain 
crops complies wi th § 265.276. 

J 2 6 5 - 2 8 1 S o e c i a l r e q u i r e m e n t s t o r 
i g m l a t > i e o r r e n m v e w a s t e . 

ltmitabie or reactive wastes must not 
be land treated, unless the waste is 
immediately incorporated into the soil 
so that (1) the resulting waste, mixture , 
or dissolution of material no longer 
meets the defini t ion o f ign i t ab l e or 
reactive waste under §§ 261.21 or 261.23 
of this Chapter, and (2) § 2S5.17(b) is 
complied wi th . 

§ 2 6 5 - 2 8 2 S p e c i a l r e q u i r e m e n t s f o r 

i n c o m p a t i b l e w a s t e s . 

Incompatible wastes, or incompat ible 
wastes and materials (see Append ix V 
for examples), must not be placed in the 
same land treatment area, unless 
§ 265.17(b) is compiled w i t h . 

§§ 2€S-783-263_239 [Rese rved ] 

S u b p a r t N — L a n d f i l l s 

§ 2 6 5 . 3 0 0 A p p l i c a b i l i t y . 

The regulations in this Suboart apply 
to owners and operators of faci l i t ies that 
dispose of hazardous waste in landf i l l s , 
except as § 265.1 provides otherwise. A 
waste pile used as a disposal f ac i l i t y is 
a landfi l l and is governed by this 
Subpart. 

§ 255.301 [Reserved] 

5 265-302 General operat ing 
requirements. 

(a) Run-on must be diverted away 
from the active portions of a landfiLL 

(b) Run-off f rom active portions of a 
landfi l l must be collected. 

[Comments-ll the collected run-of f is a 
hazardous waste under Part 2S1 of this 
Chapter, it must be managed as a 
hazardous waste in accordance w i t h al l 
applicable requirements of Parts 262. 
263. and 265 of this Chapter. I f the 
collected run-off is discharged through a 
point source to waters of the Uni ted 
Stales, it is subject to the requirements 
of Section 402 of the Clean Water Act . 
as amended.] 

(c) Tbe date for compliance w i t h 
paragraphs (a) and (b) of this Section is 
12 months after the effective date of this 
Part-

Id) The owner or operator of a l a n d f i l l 
containing hazardous waste w h i c h is 
subject lo dispersal by wind must cover 
or otherwise manage the l and f i l l 30 that 
wind dispersal of the hazardous waste 
is controlled. 

[Ccrr.rr.cni-- As required by \ 255.13. lhe 
waste analysis plan rr.us! include 
analyses needed to comply wi th 
§ § 255.312 and 255.313. As required by 
§ 255.73. the owner or operator mus: 
place the results of these analyses in the 
opera o r g record of the faci l i ty . ) 

§§ 2 6 5 - 3 0 3 - 2 5 5 . 3 0 8 [ R e s e r v e d ) 

§ 2 6 5 - 3 0 9 S u r v e y i n g a n d r e c o r d k e e p i n g . 

The owner or operator of a l and f i l l 
must maintain the f o l l o w i n g items in the 
operating record required in § 265.73: 

(a) On a map. the exact location and 
dimensions, including depth, of each cell 
w i t h resoect to permanently surveyed 
benchmarks: and 

fb ) The contents of each cell and the 
aporoximate locat ion of each hazardous 
waste type wi th in each celL 

§ 2 6 5 . 3 1 0 C l o s u r e a n d p o s t - c l o s u r e . 

(a) The owner or operator must place 
a f ina l cover over the l a n d f i l l , and the 
closure plan under § 255.112 must 
specify the funct ion and design of the 
cover. In the post-ciosure plan under 
§ 265.118. the owner or operator must 
include the pcst-closure care 
requirements of paragraph (d) of this 
Section. 

fb ) In the closure and post-ciosure 
plans, the owner or operator must 
address the fo l lowing objectives and 
indicate how they w i l l be achieved: 

(1) Control of pol lutant migrat ion f rom 
the fac i l i ty via ground water, surface 
water, and air. 

(2) Control of surface water 
in f i l t r a t ion , mmuding prevent ion of 
pooling: and 

(3) Prevention of erosion. 
(c) Tne owner or operator must 

consider at least the f o l l o w i n g factors in 
addressing the closure and post-closure 
care objectives of paragraph (b) of this 
Section: 

(1) Type and amount o f hazardous 
waste and hazardous waste constituents 
in the l a n d f i l l : 

(2) Tne mobi l i ty and tbe expected rate 
of migrat ion of the hazardous waste and 
hazardous waste constituents: 

(3) Site location, topography, and 
surrounding land use. w i t h resoect to the 
potent ial effects of pol lu tant migrat ion 
(e.g., proximity to ground water, surface 
water , and dr inking water sources); 

(4) Climate, including amount, 
frequency, and p H of precipi tat ion; 

(5) Characteristics of tbe cover 
including material, f ina l surface 
contours, thickness, porosi ty and 
permeabil i ty, slope, length of ran of 
slope, and type of vegetation on the 
cover, and 

(6) Geological and soil profi les and 
surface and subsurface hydrology of the 
site. 

(b) In addition to the requirements of 
§ 255.117. during the pest-cicsure care 
period, the owner or operator of a 
hazardous waste landf i l l must; 

(11 Main ta in the function and integrity 
of the fxnaj cover as specified in the 
approved ciosure pian; 

(2) Main ta in and monitor the leachate 
collection, r e m o v a l and treatment 
system (if there is one present in the 
l andf i l l ) tc prevent excess accumulation 
of leachate in the system: 
[Comment: I f the collected leachate is a 
hazardous waste under.Part 261 of this 
Chapter, it must be managed as a 
hazardous waste in accordance wi th all 
applicable requirements of Parts 252. 
253. and 255 of this Chapter. I f the 
collected leachate is discharged through 
a point source to waters of the United 
States, it is subject to the requirements 
of Section 402 of the Clean Water Act . 
as amended.] 

(3) Main ta in and monitor the gas 
collection and control system (if there is 
one present in the landf i l l ) to control the 
vert ical and horizontal escape of gases; 

(4) Protect and maintain surveyed 
benchmarks: and . 

(5) Restnct access to the landfi l l as 
appropriate for its post-closure use. 

J 2 6 5 . 3 1 1 [ R e s e r v e d ] 

J 2 6 5 . 3 1 2 S p e c i a l r e q u i r e m e n t s f o r 

i g n i t a b i e o r r e a c t i v e w a s t e . 

Ignitable or reactive waste must not 
be placed in a l andf i l l , unless the waste 
is treated, rendered, or mixed before or 
immediately after placement in the 
l and f i l l so that (1) the resulting waste, 
mixture, or dissolution of material no 
longer meets the defini t ion of ignitable 
or reactive waste under §§ 281-21 or 
261.23 of this Chapter, and (2) § 255.17(b) 
is complied w i t h . 

§ 2 6 5 . 3 1 3 S p e c i a l r e q u i r e m e n t s f o r 
I n c o m p a t i b l e w a s t e s . 

Incompatible wastes, or incompatible 
wastes and materials, (see Appendix V 
for examples) must not be placed in the 
same l and f i l l c e l l unless § 265.17(b) b 
complied w i t h . 

§ 2 6 5 . 3 1 4 S p e c i a l r e q u i r e m e n t s f o r l i q u i d 

w a s t e , 

(a) Bulk or non-containerized l iquid 
waste or waste containing free liquids 
must not be placed in a l andf i l l , unless: 

(1) The l a n d f i l l has a liner which is m 

chemically and physically resistant to 
the added l iauid . and a functioning 
leachate collection and removal system 
wi th a capacity sufficient to remove all 
leachate produced: or 

(2) Before disposal, the l iquid waste or 
waste containing free liquids is treated 
or stabilized, chemically or physically 
(e.g.. by mixing w i th an absorbent solid). 


