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1.0 EXECUTIVE SUMMARY 

This document addresses the f i r s t two items in the December 4 letter from 

the USEPA Region VI regarding the observed levels of TOX, lead and 

mercury in the monitoring and observation wells at the Giant Ciniza 

Refinery near Gallup, New Mexico. Based on the results of further 

sampling and analysis, the observed levels of TOX are the result of well 

contamination from solvents used to weld the joints in the PVC well 

casing, and show a st a t i s t i c a l l y significant (correlation coefficient 

-0.90) rate of decline which regresses to 0 % TOX in approximately 1200 

days after well installation. 

The levels of lead and mercury found in the monitoring and observation 

wells are believed to be the result of high, naturally-occurring concen

trations of these metals in the weathered bedrock and soils of derived 

from the the upper Chinle Formation. These metals are leached into the 

ground water at variable rates and concentrations, causing considerable 

spatial variations in the observed levels in ground water analyses. A 

proposed program of resampling selected wells, and an investigation of 

the natural background occurrence of these metals, w i l l address and 

should resolve the questions concerning lead and mercury in the wells. 

Selected upgradient and downgradient observation wells w i l l be resampled 

according to a revised sampling, analytical and quality-control pro

cedure, which should minimize any possible contamination, bias or 

analytical laboratory errors. In addition, Giant w i l l undertake an 

investigation to better characterize the si t e - s p e c i f i c and regional 
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geochemical background conditions. This investigation w i l l include a 

thorough review of existing data, the collection of relevant published 

data on soils, bedrock and ground water chemistry in the Ciniza area, a 

program to collect and analyse s o i l , bedrock and ground water samples 

from areas adjacent to the plant site, tritium isotope dating to 

assist in establishing the i n f i l t r a t i o n and recharge rates and a thorough 

statistical analysis of the assembled data. 

The results of this investigation of the natural background levels of 

lead and mercury w i l l be presented to Region VI in response to their 

concerns stated in the letter of December 4, 1984 regarding the apparent 

levels of these metals in the observation wells at Ciniza. By better 

characterizing the natural background levels (and spatial variations) of 

these metals in the Chinle Formation and overlying soils, w i l l provide 

the basis for demonstrating that the metals levels in the observation 

wells are likely the result of natural processes and not the result of 

any refinery practices. 

Currently, the responses are being prepared to items numbered 3 and 4 of 

the December 4, 1984 letter. These two items w i l l be discussed in detail 

in a report to be submitted to EPA by March 1, 1985. This report w i l l 

discuss in detail the proposed resolution of the issue of adequacy of 

unsaturated zone monitoring at the landfarm (lysimeter issue) and the 

determination and definition of the uppermost aquifer at the landfarm/-

refinery site. 
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2.0 TOTAL ORGANIC HALOGENS (TOX) IN MONITORING WELLS 

The Total Organic Halogen (TOX) levels observed in the monitoring wells 

(MW) are the result of well contamination from solvent-welded joints in 

the wells' casings, which were constructed of polyvinyl chloride (PVC). 

There is also a possibility that observed TOX levels were the result of 

sample contamination during well purging and sample collection or sample 

handling practices. After sampling according to revised sampling 

procedures, observed TOX levels (12/84) are below the detection l i m i t 

(0.01 mg/1). We are confident that PVC solvents are the only significant 

source of observed TOX levels, and that no contamination of the Sonsela 

aquifer has occurred due to refinery operations. The levels of TOX in 

the monitoring wells show a consistent decline with time, and a corres

ponding decline in variance among the wells. Leaching of TOX from the 

casing joints is essentially complete, as a l l wells now show TOX levels 

below the detection l i m i t (0.01 mg/l). For this reason, we do not 

believe that new monitoring wells are necessary. 

Leaching of TOX into water which contacts solvent-welded PVC pipe joints 

has been documented by Barcelona, et al (1983), Boettner, et al (1982), 

Reich, et al (1981), and Wang and Bricker (1979). Levels of TOX remain 

elevated for months or years, but decline with time when the contacting 

water is continuously or periodically replaced. As seen in Figures 2-1 

through 2-4, the TOX levels in al l monitoring wells show a significant 

decline with time (correlation coeffecients of -.87 to -.95). Linear 

regressions for a l l wells intercept 0% TOX at 1077 to 1250 days after the 

2-1 









g CO 

«/i 
>> 
ro 
a 
o 

O ) -r-> 

oo re 
o +J 
t a . 
II cu 
u u 

$-
cu 
•p 

o s-
CU 
M 

2-5 

(L/6W) 
XOI 



f i r s t sampling (1981). 

Figure 2-5 shows that the variance in TOX among the 4 wells also declines 

with time, at a correlation of -.86, and intercepts 0 variance at 1125 

days. These trends are a l l consistent with leaching of TOX species from 

a small, f i n i t e "reservoir" of halogenated solvents in the PVC pipe 

joints. 

In addition to the above, general geohydrologic conditions at the Ciniza 

Refinery site prevent any migration of dissolved TOX species into the 

Sonsela aquifer. The artesian pressure in the Sonsela prevents downward 

migration dissolved contaminants into the Sonsela, and the extremely low 

hydraulic conductivities of the shale aquitard above the Sonsela would 

prevent any significant lateral or downward movement of leachate in the 

time since the construction of the land farm. 

Recent analyses (Table 2-1) show that TOX levels in the MW wells are now 

below the detection l i m i t of 0.01 mg/1. Repeated purging and sample 

removal have effectively removed the TOX contamination from these wells 

and they are now suitable for monitoring the Sonsela aquifer. 

The revised sampling and analytical protocols (Appendix A) w i l l further 

serve to assure representative samples, and to minimize possible sources 

of sample bias. Quality control and quality assurance procedures 

outlined in this appendix should identify any instances of laboratory 

bias or errors. 
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To: Giant r e f i n e r y 

TABLE 2-1 
December, -1984 TOX Analyses 

1183 
Page 2 o f 2 

ANALYTE 

pH 
EC 

TOC 
TOX 

TOC 
TOX 

TOC 
TOX 

Blank 

SAMPLE ID/ANALYTICAL RESULTS 

MW-1 52 NOMINAL DETECTION LIMIT 

7.4 8.7 
1100 umhos/cm 1180 umhos/cm 

MW-1 52 Vial MW-2 52 

8.0 mg/l 
*0.01 mg/l 

OW-7 " 

5.0 mg/l 
^0.01 mg/l 

7.0 mg/l 
<0.01 mg/l 

OW-24 52 

12.0 mg/ l 
<0 .01 mg/ l 

MW-3 52 

5.0 mg/l 
<0.01 mg/l 

# 1 Pond 
Outlet 

1560.0 mg/ l 
<0.05 mg/ l 

iNHYLTJSiAL DETECTION LIMIT 

0.1 mg/l 
0.01 mg/l 

0.01 
0.1 umhos/cm 

MW-4 52 

6.0 mg/ l 
<0.01 rog/1 

. . Blank 

4.0 itci/1 
<0 .01 mg/ l 

OW-2 

11.0 mg/ l 
<0 .01 mg/l 

MW IB 

4.0 mg/l 
<0.01 mg/l 

REFERENCES: 1 „"Standard Methods for the Examination of Water and Wastewater", 
15th Edition, APHA, N.Y., 1980. 

2. EPA-SW 846 

An invoice for services i s enclosed. Thank you for contacting Assaigai Laboratories. 

Jennifer 
Laboratory 

2-8 



3.0 PROPOSED RESOLUTION OF METALS PROBLEMS: OBSERVATION WELLS 

3.1 DISCUSSION OF POTENTIAL CAUSES: CURRENT METALS CONCENTRATIONS 

Levels of lead (Pb) and mercury (Hg) have been found in ground water 

samples from the observation wells on the refinery site. These observed 

concentrations have locally and occasionally exceeded drinking water 

standards, but no clear pattern is presently apparent in space or in 

time. We are confident that these metals are not derived from any 

refinery process, product or effluent; but are rather the result of 

naturally-occurring levels of these elements in the Chinle Formation 

and its associated ground water, or the result of inconsistent sampling, 

fil t r a t i o n , preservation and analytical protocols. The revised sampling 

and analytical protocols (Appendix A) should resolve these problems. 

Table 3-1 (Table 29.1-1 in the December 1, 1984 Part B application) 

summarizes the background levels of metals in shallow soils from the land 

farm area prior to any activity. The samples listed in Table 3-1 were 

taken prior to the f i r s t land application of wastes, and this Table shows 

the results of analyses using the RCRA extraction procedure and a total 

metals extraction. These analyses show that total Pb ranges from'23 to 29 

ppm (average 25.8 ppm), and Hg ranges from < 0.04 to 0.9 ppm (average 

0.10 ppm). These levels are very significant, and can affect ground 

water quality in two primary ways. First, the very slow pore velocity in 

the shales of the Chinle Formation allows long leaching times, which 

would increase the natural lead and mercury content of the ground water. 

Second, the previously-employed filtration practices may have allowed 

sample contamination by incomplete f i l t r a t i o n of the highly turbid 
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TABLE 3-1 

BACKGROUND SOIL ANALYSES3 

SAMPLE 
LOCATION PH ! TOC As Ba Cd Cr 

*6 
Ct Pb u | - 1 

L F - l 
0-12" 

EP T o x i c i t y 
(RCRA l i m i t s ) 

T o t a l Metals 3.1 

8.6 4800 
- 0 . 0 1 

(5) 
20 

* 1 0 
(100) 

980 

0.002 
(1) 

0 .2 

- 0 . 0 0 1 
(5) 
34 

- 0 . 0 1 
(5) 

- 1 

- 0 .001 
(5) 
26 

<0 .0004 
( 0 . 2 ) 

0.04 

0 .01 
(1) 

< 1 

- 0 . 0 1 
(5) 

7.8 

12-24" 
EP T o x i c i t y 
T o t a l Metals 

4 700 
- 0 . 0 1 

50 
< 1 0 
970 

0 .001 
0 .2 

' 0 . 0 0 1 
14 

- 0 . 0 1 
1 

0.003 
27 

<0 .0004 
- 0 . 0 4 

- 0 . 0 1 
- 1 

0 .01 
-= 1.0 

24-36" 
EP T o x i c i t y 
T o t a l Metals 

4700 
- 0 . 0 1 

50 
- 1 0 
860 

0 .001 
0 .2 

- 0 . 0 0 1 
34 

-=0 .01 
« 1 

0.002 
24 

- 0 . 0 0 0 4 
0.05 

- 0 . 0 1 
-= 1 

-cO.01 
2.2 

LF-2 
0-12" 

EP T o x i c i t y 
T o t a l Metals 

e.4 4800 
- 0 . 0 1 

40 
<U0 
970 

0 .001 
0 .2 

- 0 . 0 0 1 
29 

- 0 . 0 1 
- c l 

0 .001 
28 

- 0 . 0 0 0 4 
- 0 . 0 4 

- 0 . 0 J 
*• 1 

- = 0 . 0 1 
2 .0 

12-24" 
EP T o x i c i t y 
T o t a l Meta ls 

4700 
<0 .01 

50 
< 10 
UOO 

0.002 
0.3 

« 0 . 0 0 1 
39 

- 0 . 0 1 
1 

. 0 . 0 0 1 
26 

- 0 . 0 0 0 4 

0 . 1 

- . 0 . 0 1 
- 1 

- 0 . 0 1 
1.4 

24-36" 
EP T o x i c i t y 
T o t a l Metals 

4 700 
-=0.01 

50 
- 10 

940 
•c-0.001 

0 . 1 
- 0 . 0 0 1 

36 
- 0 . 0 1 

- c l 
0.002 

23 

* 0.0004 
- 0 . 0 4 

- 0 . 0 1 
-= 1 

- r O . O l 
- c l . O 

LF-3 
0-12" 

EP T o x i c i t y 
T o t a l Metals 

8 .9 4700 
- . 0 . 01 

40 
- 10 
1000 

0.002 
0.4 

- 0 - 0 0 1 
34 

- 0 . 0 1 
1 

- 0 . 0 0 1 
26 

- 0 . 0 0 0 4 
<0 .O4 

* 0 . 0 1 
- 1 

- 0 . 0 1 
- 1 . 0 

12-24" 
EP T o x i c i t y 
T o t a l Meta ls 

4 700 
- 0 . 0 1 

50 
- 10 
970 

0 .002 
0 .2 

- 0 . 0 0 1 
45 

- 0 . 0 1 
- 1 

- 0 .001 
24 

- 0 . 0 0 0 4 
0 .9 

- 0 . 0 1 
< 1 

- 0 . 0 1 
- 1 . 0 

24-36" 
EP T o x i c i t y 
T o t a l Metals 

4800 
<g.oi 

40 
< 10 
870 

0.002 
0 .2 

- 0 . 0 0 1 
40 

- 0 . 0 1 
- c l 

0 .001 
26 

- r 0.0004 
0.04 

-eO.Ol 
•e 1 

•CO.01 
- 1 . 0 

LF-4 
0 -12" 

EP T o x i c i t y 
T o c a l Meta ls 

8.7 4800 
< 0 . 0 1 

50 
•» 10 
880 

0 .001 
0 .2 

- 0 . 0 0 1 
36 

- 0 . 0 1 
- = 1 

•eO.001 
29 

- 0 . 0 0 0 4 
" 0 . 0 4 

- - 0 . 0 1 
-c 1 

- 0 . 0 1 
2.7 

12-24" 
EP T o x i c i t y 
Total Metals 

4700 
<0-01 

50 
•clO 
1000 

- 0 . 0 0 1 
0 . 1 

- 0 . 0 0 1 
33 

- 0 . 0 1 
- 1 

•cO.OOl 
23 

- 0 . 0 0 0 4 
0 .09 

~ 0 . 0 1 
-e 1 

- 0 . 0 1 
•Cl .O 

24-36" 
EP T o x i c i t y 
T o t a l Metals 

4700 
- 0 . 0 1 

so 
-c lO 
880 

0 .002 
0 .2 

- 0 . 0 0 1 
23 

- 0 . 0 1 
2 

0.002 
28 

- 0.0004 
0.05 

- 0 . 0 1 < 0 . 0 1 
- r l . O 

OW-4 
0 -12" 

EP T o x i c i t y 
T o t a l Metals 

8.5 4800 
< 0 . 0 1 

40 
• c l O 

930 
0 .001 
0 .2 

- 0 . 0 0 1 
30 

-=0.01 
•cl 

0.003 
29 

- 0 . 0 0 0 4 
•eO.04 

- 0 . 0 1 
• e l 

-=0 .01 
- 1 . 0 

12-24" 
EP T o x i c i t y 
T o t a l Metals 

4700 
"O.01 

50 
<10 
970 

- 0 . 0 0 1 
< 0 . 1 

- 0 . 0 0 1 
34 

- 0 . 0 1 
- 1 

0.003 
23 

- 0 . 0 0 0 4 
0.05 

-cO.Ol 
<: 1 

- 0 . 0 1 
3.2 

24-36" 
EP T o x i c i t y 
T o c a l Metals 

4 700 
- 0 . 0 1 

50 
x 10 
890 

< 0 .001 
0.3 

- 0 . 0 0 1 
29 

-=0.01 
- 1 

- 0 . 0 0 1 
25 

- 0 . 0 0 0 4 
< 0 . 0 4 

- : 0 . 01 
- 1 

- 0 . 0 1 
- 1 . 0 

36-48" 20 

48-60" 20 

60-72" 30 

aDames and Moore, Albuquerque, NM; Groundwater and Soi ls Inves t iga 
t i o n , Ciniza Refinery, Near Gallup, New Mexico f o r Shell O i l Company, 
March 1981; p. 11. pHf standard u n i t s ; Total Organic Carbon (TOC) and 
Total Metals, mg/kg. 
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samples obtained from OW wells. As calculated by Mr. Thomas Andrews 

(Delta H Engineering, Ltd.), a 1-litre water sample containing 1.0% s i l t 

with a Pb concentration of 25 ppm would, at 80% f i l t e r i n g efficiency, 

raise the apparent concentration of Pb in the water to 0.05 mg/l. A 

similar calculation for Hg gives apparent water concentrations of 0.0002 

ppm Hg for the average soil Hg content of 0.10 ppm, and about 0.002 ppm 

for the highest (0.9 ppm) Hg soil analysis. This hypothesis is further 

supported by trace metal analyses performed by DOE under the National 

Uranium Resource Evaluation (NURE) program which show the ubiquitous 

occurrence of lead at the 10-30 ppm level in soils and sediments derived 

from the Chinle Formation. 

The lead and mercury levels seen in the 0W wells appear to be the result 

of leaching by ground water of naturally occurring concentrations of 

these elements in the Chinle-derived soils and bedrock of the Ciniza 

area, and the observed temporal and spatial variation in these levels is 

a natural phenomena. Variations which occur in levels of metals in 

consecutive samples from the same 0W wells may be attributable to 

problems with sample collection and f i l t r a t i o n , and to variations in the 

results from d i f f e r e n t laboratories. Giant proposes the following 

program as outlined in Section 3.2 to resolve this issue. 
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3.2 PROPOSED PROGRAM FOR METALS ANALYSES 

Giant Refining Company w i l l institute a new sampling program for lead and 

mercury. In addition to resampling a representative group of OW wells. 

Giant w i l l undertake a comprehensive investigation of the regional 

background concentrations of Pb and Hg in the Chinle Formation and i t s 

associated ground water. This investigation w i l l encompass: 

o Available published data on Pb and Hg concentrations 
in upper members of the Chinle Formation near Ciniza 

o Available ground water analyses for Pb and Hg in the 
Ciniza area 

o New analyses of soil and bedrock samples from background 
areas adjacent to the refinery 

o New analyses of ground water from from wells adjacent 
to the refinery which are completed in the upper members 
of the Chinle 

A complete summary of these investigations and their results and inter

pretations w i l l be prepared and submitted to Region VI. This report w i l l 

address the nature of the regional and local background variations in Pb 

and Hg concentrations in soi l , bedrock and groundwater. The present 

observed levels of Pb and Hg in OW well samples w i l l be re-interpreted in 

the context of these natural concentrations and their spatial variations. 

Specific proposals for modifying the ground water monitoring plan to 

accomodate this new and revised background data w i l l be made at that 

time. 

o Tritium analyses of ground water from OW wells, which w i l l 
provide an indication of the minimum age of ground water 

o A thorough statistical analysis of the background data 
collected in this investigation 
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3.2.1 Resampling Of The OW Wells 

Samples w i l l be collected from a minimum of 3 upgradient and 9 down- /^f/f/<7 

gradient observation wells, in s t r i c t accordance with the revised 

precedures. The exact wells to be sampled w i l l be determined by a 

careful examination of the site hydrogeology and a review of the existing 

data base. A l i s t of the proposed wells for re-sampling w i l l be supplied 

to Region VI for review prior to sampling. These samples w i l l be s p l i t 

between 2 EPA-certified laboratories, and reference "spikes" w i l l be 

prepared by and exchanged between the laboratories. This phase of the 

metals program w i l l identify: site-scale spatial variations in ground 

water chemistry, chemical variations associated with d i f f e r e n t w e l l -

completion intervals (sandstone lenses vs shale beds) and any laboratory 

biases or errors. 

3.2.2 Review Published Data On Chinle Formation Hydro/Geochemistry 

In addition to previous analyses performed by Giant, data from the 

Department of Energy's National Uranium Resource Evaluation (NURE) 

program has been obtained. The NURE data includes over 20 lead and other 

trace-metal analyses from soils in the Grants-Ciniza area, which demon

strate the ubiquitous occurrence of lead at the 10 to 30 ppm level in 

sediments directly derived from the Chinle Formation. A computer-

assisted search w i l l also be made for any other available information on 

trace-metal distributions in the Chinle Formation and i t s associated 

ground water. 
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3.2.3 Background Soil and Weathered Bedrock Analyses 

To better characterize the local and regional concentrations of Pb and Hg 

in the Chinle and i t s associated soils, a program of sampling and 

analysis is proposed. Soil and weathered bedrock samples w i l l be 

collected (under controlled conditions) from the land farm area, a 

selected background area adjacent to the land farm, and from selected 

areas on and adjacent to the refinery site. Locations of proposed sample 

sites and the justifications for their selection w i l l be provided to 

Region VI prior to sampling. The "background" sites on and adjacent to 

the refinery w i l l be selected by a qualified geologist, who w i l l insure 

the use of appropriate sampling techniques, as outlined in Appendix A. 

3.2.4 Regional Ground Water Quality Investigation 

In order to more accurately characterize the natural concentrations and 

variations in lead and mercury in ground water from the upper Chinle 

Formation, Giant w i l l i n i t i a t e a program of identifying and sampling 

selected wells outside the refinery which are completed in the Chinle. 

Wells w i l l be identified by searching New Mexico State Engineer's f i l e s , 

by inspection of area maps, fi e l d reconaissance, and by interviews with 

local residents and water-well d r i l l e r s . Suitable wells w i l l be sampled 

and ground water analysed according to the same protocols as the on-site 

monitoring and observation wells. 
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3.2.5 Tritium Isotope Analyses Of Ground Water Samples 

Tritium (H^) is a radioactive isotope of hydrogen with a h a l f - l i f e of 

12.26 years. This isotope did not occur in detectable levels in the 

atmosphere prior to atmospheric testing of nuclear devices in the 1940's 

through the early 1960's. Atmospheric levels of t r i t i u m have been 

continuously monitored since the 1950's, and the relative concentration 

of in ground water samples can be used to assist in establishing the 

date of the recharge of water from the atmosphere (by precipitation) 

to the ground water. I f no measurable tritium is found in the ground 

water, then i t must be concluded that the ground water was recharged 

prior to the 1940's, or that recharge is so slow that any tritium influx 

is diluted below detection limits by pre-existing " f o s s i l " water. 

3.2.6 Statistical Analyses Of Background Data 

Giant Refining Company w i l l prepare a statistical analysis of data from 

previous published and new sources as proposed above. This analysis w i l l 

include the Cochran's Approximation to the Behrens-Fisher Student's 

t-test (CFR 40.264.97 h(1) and CFR 40, Appendix IV), as well as other 

equivalent methodologies which might better characterize the significance 

of the observed on-site levels of metals in the context of complexly 

variable natural background concentrations. 
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APPENDIX A 

SAMPLING AND ANALYSIS PROCEDURES 

A.1.0 GROUND WATER SAMPLING PROCEDURES 

A.1.1 Sampling Equipment 

Equipment necessary for collecting representative ground water samples 

includes a 200 foot fiberglass, plastic or steel measuring tape with a 

weighted bottom, or an electronic water-level indicator; carpenters chalk 

or water-indicating paste i f a tape is used to measure water levels; 

d i s t i l l e d water and wash bottles, steam cleaner, paper towels or clean 

rags, plastic sheeting, a bottom-filling PVC, teflon or stainless steel 

bailer; a submersible pump with appropriate attachments to enable purging 

the well; a graduated bucket; a hose to direct pump discharge away from 

the well; sample containers with the appropriate volume of preservatives 

added to the containers by the laboratory; waterproof marking pen; pH 

meter; thermometer; specific conductivity meter; fi e l d sample log book; 

pen; ice and ice chest for samples; strapping tape and shipping labels. 

A.1.2 Sampling Techniques 

A 1.2.1 Water Level Measurement 

Prior to collecting any ground water samples, the depth to water in the 

well bore is measured and recorded in the fi e l d log book. An example of 

the f i e l d log form is shown in Figure A-1. The procedures to be used in 

measuring water levels are as follows: 

1. Plastic sheeting is placed around the well to protect sampling 

equipment from possible contamination. 

2. I f the casing cap is not vented, the well must be allowed to 



1 ^ 
Consultants. U 

S 3 S S S W ^ C o p p e r Avenue N.W. 

Albuquerque, New Mexico 87102 

CLIENT 
LAB 

DATE RECEIVED 
DATE ANALYZED 

WATER QUALITY ANALYSIS 

Sample Location 
Date Time Collected By 

Samp. Type 
Color 

Odor/Taste 
Water Level 

Datum 

SAMPLING CONDITIONS 

pH 
Cond 

. Temp 
Flow Rate 
Elevation 

Remarks on sampling and preservation 

WATER CHEMISTRY 

[] Ca 
[ ] Mg 
[ ] K " 
[ ] Na • 
[ ] ST • 
[ ] TDS" 

[ ] N03 

[ ] NH4: 

1 l i t e r plastic cool to 4° C 
_mg/l 
_mg/l 
_mg/l 
mg/l 
_mg/l 
mg/l 

[ ] HC03_ 
[ ] C03 

[ ] Cl 
[ ] F 
[ ] S04 

[ ] TSS 

500 ml plastic H2SO4 to pH 2 
mg/l [ ] TOC mg/l 
mg/l [ ] TKN 

250 ml glass TOX 
(use 6.25 mg NaS04 i f free 

Cl is present) 

Remarks on Analyses: 

mg/l 

mg/l 

c 
mg/l 

IJ 
500 ml 

As 
plastic HNO3 to pH 2 
mg/l [ ] Ag mg/l 

mg/l [] Ba mg/1 [] Se mg/l 
mg/l [] Cd mg/l [] Fe mg/l 
mg/1 [] Cr mg/l [] Mn mq/l 
mg/l [] Pb mg/l [] Hg mg/l 
mg/l 

VOA bottles 
[ ] Benz mg/l [ ] Tol 
[ ] Xyl mg/1 [ ] SCAN" 

250 ml glass H3PO4 CuS04 
n~Phenol mg/l 

[ ] Gr Al _mg/l [ ] Gr Bet 

mg/l 
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stand open for about 10 minutes to equilibrate to atmospheric 

pressure. 

3. The sounder or tape is cleaned with d i s t i l l e d water and dried 

with a clean paper towel, and coiled on the plastic sheet. 

4. I f a tape is used, the bottom 2 feet of the tape is coated with 

chalk or paste and the tape is lowered into the well until i t 

encounters water. The tape is held at the top of the casing and 

the measurement recorded ("hold"). The measurement where the 

water level cuts the chalk or paste is also recorded ("cut") and 

subtracted from the "hold" measurment to obtain the depth to 

water. Because the elevation of the casing top is known, the 

water level elevation is determined by subtracting the depth to 

water from the casing top elevation. 

An electronic sounder is used in a similar manner. When the 

sounder contacts ground water, a circuit is closed resulting in a 

"beep" from the sounder or a strong reading on a ammeter. The 

"hold" measurement is the depth to ground water. After deter

mining the depth to water, the measuring device should be lowered 

to the bottom of the well, and the total depth (TD) below the 

casing top recorded. 

A 1.2.2 Well Evacuation 

At least three casing volumes of standing water must always be removed 

from the well bore prior to collecting ground water samples. The 

following two methods may be used to calculate the volume of water which 

must be removed from the well prior to sampling: 



METHOD 1 

1. Measure the true inside diameter of the well casing (annulus) 

with a tape, and convert to "gallon per foot of casing" (Figure 

A-2) 

2. Multiply the appropriate "gallons per foot of casing" by the 

standing water height (depth to water) - (total depth) 

3. Multiply the resulting number of gallons in the casing by 3 

(for 3 casing volumes). This is the number of gallons to be 

removed for purging. 

METHOD 2 

1. Measure the time diameter of the well bore, and convert to feet 

and find the radius by dividing by 2. 

2. Volume (cubic feet) = 3.14 x (radius)^ x [(depth to water)-

(total depth)] 

3. Volume (gallons) = Volume (cubic feet) x 7.48 gal/cubic foot 

A submersible pump w i l l be employed to evacuate the wells prior to 

sampling. The pump w i l l be thoroughly rinsed with d i s t i l l e d water or 

steam cleaned prior to use on each well. A graduated bucket w i l l be used 

to measure the volume of water removed. By timing the interval required 

to f i l l the graduated bucket, the pump discharge rate in gallons per 

minute may be calculated by dividing the quantity measured (gallons) by 

the time required to f i l l the bucket (minutes). The time required to 

purge 3 casing volumes is calculated by dividing the volume of the well 

in gallons by the rate of discharge in gallons per minute. 
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A 1.2.3 Sample Collection, Preservation and Field Analysis 

Ground water samples w i l l be collected with a teflon bailer which has 

been thoroughly cleaned with laboratory soap and rinsed in d i s t i l l e d 

water or steam cleaned. Prior to sample collection, the bailer w i l l be 

rinsed with ground water by withdrawing three bailer volumes from the 

well. A 1500 ml glass flask which has been cleaned with laboratory soap, 

rinsed with d i s t i l l e d water and rinsed three times with well water w i l l 

be f i l l e d for f i e l d determination of specific conductance, pH and temp

erature. The values are recorded in the log book and the sample discard

ed. 

Sample containers w i l l be rinsed three times with ground water except for 

those which contain a chemical preservative. Samples w i l l be transferred 

from the bailer to sample containers using the apparatus shown in Figure 

A-3. This device reduces aeration and minimizes spillage. The bailer 

emptying device is cleaned in the same manner as the bailer. Table A-1 

shows the volume of sample to be collected for each analysis and the 

volume and type of preservative used for each aliquot. Sample containers 

for volatile organic constituents must be f i l l e d in VOA glass containers 

so that no air space or bubbles are present in the sample 

Selected samples for metals analysis w i l l be f i l t e r e d (0.45 micron) prior 

to preservation and analysis. Unfiltered samples w i l l be collected from 

a l l sampling points. Samples of wastewater or surface water w i l l be 

collected with a f u l l y cleansed and rinsed dipper. 
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Figure A-3 Bailer Emptying Device 
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Figure A-4 Chain of custody tape 
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A.2.0. SOIL SAMPLING PROCEDURES 

A.2.1. Sampling Equipment 

Necessary equipment for soils sampling includes: 

o A detailed plat of the land farm and background-sample areas 

o A methodology for random selection of sampling sites within 
the land farm and background areas 

o Surveying equipment adequate for locating the selected sample 
locations 

o Hand tools or a small backhoe, as necessary to clear the sample 
site to below the level of waste application 

o Hand auger, powered auger or small d r i l l r i g with hollow-stem 
auger, as dictated by soil hardness and depth of required samples 

o Split-spoon or other appropriate soil-coring device, with a 
diameter smaller than the auger used to advance the hole 

o Steam cleaner (necessary for d r i l l rig and backhoe) or laboratory 
soap and d i s t i l l e d water i f hand tools and auger are used, 
brushes, clean rags or paper towels for clean-up 

o Wyoming bentonite for r e f i l l i n g auger holes 

o Plastic sheeting, steel tape measure, wash bottles with d i s t i l l e d 
water, 1-liter beaker, appropriate sample containers, stainless 
steel spoons, marking pens, sample log forms, chain-of-custody 
tapes, ice chest and ice, strapping tape and shipping labels. 

A.2.2. Sampling Techniques For Land Farm Monitoring 

A.2.2.1. Sample Site Location 

Using the plat map of the land farm and background sample areas and the 

random location program, select three sample sites in the land farm, and 

one site in the background area. Reject any sites within five feet of a 

previous site. Locate the proposed sites on the plat, and stake these 

locations in the f i e l d , using appropriate surveying techniques and 

equipment. Record sample site coordinates on the f i e l d log form (Figure 

A-5), and note date and amount/density of last v/aste application in the 

site area. 



A.2.2.2. Sampling Procedures 

After locating the sampling site, carefully steam-clean a l l shovels, 

augers, etc. or wash tools with laboratory soap and rinse three times 

with d i s t i l l e d water. Then proceed as follows: 

1. Excavate a small (2 1 x 2') hole to the bottom of the plowed zone 
of the land farm (about 1 or 2 feet); also dig to a similar depth 
in background areas, record depth on the log form. Spread plastic 
sheet around hole to protect tools and samples. 

2. Using a clean stainless steel spoon, remove about one tablespoon 
of soil at each inch of depth from the side of the shallow hole, 
and put these samples in the cleaned 1-liter beaker. 

3. Thoroughly mix the soil in the beaker with the sampling spoon. 

4. F i l l and seal appropriate number of VOA bottles with soil from 
the beaker, attach chain-of-custody tapes. 

5. With a clean auger, advance the sample hole (from the bottom of 
the hole dug in step 1) to a depth of 1.0 feet below the depth of 
the disturbed (treatment) zone and log the depth. Never add 
water to the hole. 

6. Drive the soil-core device into the soil at the bottom of the 
auger hole, and remove the barrel with core. 

7. Remove the soil core from the coring device, and discard the 
upper and lower 1/4th of the core. 

8. With a clean spoon; f i l l , seal and label appropriate number of 
VOA bottles with soil from the core, as in step 4. 

9. Clean a l l tools. 

10. Advance auger hole to 3.0' below the base of the treatment zone, 
and repeat steps 6-9. 

11. Backfill the auger and surface holes with alternate layers of 
native material and bentonite, 1 or 2 shovels per layer. Compact 
the dry material firmly with hand tools. 

12. Check that a l l samples are properly labeled and sealed, and store 
with ice in ice chest. 

13. Clean al l tools before moving to the next site. 



A.2.3. Sampling Techniques for Regional Background 

On a one-time basis, background samples should be collected from repre

sentative soils and outcrops in areas adjacent to but not involved in 

refinery operations. These samples should be taken from areas which are 

geologically and pedologically similar to the land treatment area. A 

qualified geologist should assist in selecting these sample sites, and 

should prepare a detailed map showing the location and geological 

environment of each site. 

Where practical, samples should be collected, labeled and handled 

according to the procedures described in A.2.2.2. Any exceptions from 

the sampling procedures of that section should be clearly noted on the 

sample log form. 



A.3.0. CHAIN OF CUSTODY 

All samples are to be promptly labeled at the time and point of 

sampling. Labels include the following information: 

o name of collector(s) 

o year, month, date and military time (YYMMDDHHHH becomes the 
unique identification number) 

o point of collection 

written with a waterproof marker directly on the container. The informa

tion may need to be covered with transparent tape to prevent smearing, 

etc. The above information is also recorded in the sample log book with 

other information concerning the sampling. 

Each sample w i l l be sealed at the time and point of collection with a 

chain of custody tape (Figure A-4) which has been f i l l e d out by the 

sample collector. The original of the fi e l d form with the chain of 

custody information w i l l accompany the sample to the laboratory. A copy 

of the fi e l d form w i l l be retained by the collector. 

Samples w i l l be packed with ice and shipped to the laboratory to arrive 

at the laboratory on the next day. Samples w i l l be collected early in 

the week to permit the laboratory to immediately analyze those samples 

with short holding times. 
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A 4.0 ANALYTICAL PROCEDURES 

A.4.1 ANALYTICAL METHODS 

Table A-1 shows the method to be employed for each water or soil analy

sis. Samples w i l l be analyzed by one or both of the following laborator

ies: 

Assaigai Analytical Laboratories in Albuquerque, New Mexico 

Rocky Mountain Analytical in Denver, Colorado 

A.4.2 QUALITY ASSURANCE/QUALITY CONTROL 

Laboratories which perform analyses w i l l conform to the following minimum 

quality standards: 

For water or soil samples, at least 5% or 1 sample per lot 
(whichever is larger) w i l l be selected at random for 
duplicate analysis 

Blanks w i l l be included at 5% or 1 per lot , as above 

A quality assurance analysis w i l l be run with each lot, and a 
report of the results w i l l be made available to the client 

All samples, including quality controls, w i l l be processed 
"blind", and processed in an identical manner 

Laboratory standards w i l l be derived from EPA standards 

EPA standards w i l l be run quarterly, and results shall be 
made available to the client 

The laboratory shall designate a quality control/assurance 
officer, who shall be responsible for compliance with a l l 
quality control proceedures 

I t is understood that the above standards are considered to be adequate 

minimums for analyses for regulatory submissions. Higher levels of 

quality control and assurance may be specified, although such specifica

tions w i l l entail higher costs. Each laboratory w i l l provide a "spiked" 

sample for each analytical parameter, at a concentration approximately 



equal to the groundwater standard for that parameter, and include an 

analysis of the spike. Spikes w i l l be exchanged between laboratories. 
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1.0 EXECUTIVE SUMMARY 

Giant Refining Company has installed a ground water monitoring system 

at the Ciniza Refinery land treatment unit which is f u l l y consistent with 

40 CFR 264.92, 264.97 and 265.91. Four ground water monitor wells (three 

down gradient and one upgradient from the f a c i l i t y ) are completed in the 

uppermost aquifer (Sonsela Sandstone). Between the uppermost aquifer and 

the treatment zone are 80-100 feet of saturated and unsaturated shales of 

the Chinle formation. The extremely low vertical and horizontal permea

b i l i t y of the shale (5.1 x 10"9 to 1.3 x 10-8 f t / sec) and the strong 

upward hydraulic gradient between the Sonsela Sandstone and the overlying 

shale form a very effective natural barrier between the treatment zone 

and the uppermost aquifer. This natural barrier is, in effect, a liner 

for the land treatment f a c i l i t y . The thickness of the aquitard, the high 

sorptive capacity of the shale and the hydrodynamic containment due to 

strong upward gradients combine to make this natural barrier more 

effective than engineered liners. 

Although the natural barrier (aquitard) is saturated and could yield 

measurable quantities of water to a well, on July 26, 1982 EPA indicated 

that such barriers to leachate migration should not be subject to ground 

water monitoring as aquifers (47 Federal Register 32274). 

Giant concurs with EPA's 1982 opinion which supports the determination of 

the Sonsela Sandstone as the uppermost aquifer at the site because: 

o The Chinle shale cannot yield siqnificant quantities of 
water to wel1s 
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o The saturated portion of the Chinle shale is an aquitard which 
acts as an effective natural barrier to potential downward 
migration of leachate from the treatment unit 

o The Chinle shale has never been developed as a water resource 
in the southern San Juan Basin 

o The Chinle shale could never effectively be developed as a 
water resource 

o The Sonsela is recognized by a l l New Mexico state agencies as 
an aquifer utilized extensively for domestic, agricultural and 
industrial purposes. 

The demonstration of the above points is presented in sections 2.0 and 

3.0 of this document with supporting data and regulatory references 

included as Appendices A-F. 

To insure that the natural barrier continues to be effective, the un

saturated zone monitoring system has been re-designed for increased 

effectiveness. Because lysimeters are not suited for the fine-grained, 

unsaturated portion of the aquitard, a soil and soil pore-fluid sampling 

program which is f u l l y consistent with 40 CFR 264.278. is proposed for 

characterizing the pore-fluid chemistry immediately below the land 

treatment unit. Section 4.0 describes the proposed soil and soil 

pore-fluid sampling system. 
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2.0 REGULATORY BASIS FOR COMPLIANCE 

RCRA regulations (40 CFR 264 Subpart F and 40 CFR 265 Subpart F) require 

the monitoring of ground water in the uppermost aquifer to characterize 

the ground-water quality in that unit and to ensure that hazardous 

constituents listed in 40 CFR 264.93, which may enter the ground water 

from the regulated unit at the Ciniza Refinery (land treatment area), do 

not exceed the concentration limits under 40 CFR 264.94 in the uppermost 

aquifer underlying the waste management area. 

Giant has installed monitoring wells, has sampled ground water and has 

analyzed ground water samples from these wells which are located in the 

uppermost aquifer pursuant to the above-cited regulations. This response 

to item 3 in Mr. Olschewsky1 s (EPA Region VI, Chief Technical Section) 

letter of December 4, 1984 w i l l clarify the apparent confusion which has 

developed regarding the hydrogeology at the Ciniza site, and the adequacy 

of the existing ground water monitoring system pursuant to the reg

ulations cited herein. 

2.1 DEFINITION OF AQUIFER AND COMPLIANCE WITH 40 CFR 264 SUBPART 260.10 

For purposes of land-treatment f a c i l i t y monitoring under the Resource 

Conservation and Recovery Act ("RCRA"), the term "aquifer" is defined in 

40 CFR 260.10 (Appendix A) as follows: 

"aquifer means a geologic formation, group of formations 

or part of a formation capable of yielding a significant 

amount of groundwater to wells or springs." 

EPA's definition of "aquifer" was issued without discussion on May 2, 

1980. This definition is similar to the proposed definition issued on 
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December 11, 1978, (40 CFR 250.41, December 18, 1978) (Appendix B) which 

stated: 

"Aquifer" means a geologic formation, group of formations, 

or part of a formation that is capable of yielding use

able quantities of groundwater to wells or springs. 

In the preamble to this proposed definition, EPA noted that i t had 

received numerous inquiries about what constitutes a "useable quantity" 

of ground water, as used in the proposed definition. EPA stated that i t 

had not yet decided how this quantity was to be determined, in light of 

the fact that relatively low yield aquifers can be "useable" in certain 

circumstances. The Agency suggested that a possible standard might be 

600 gallons per day, which is enough water for a single household of four 

people. Comments on how the term "useable quantity" should be defined 

were specifically requested by EPA in 43 Fed. Reg. 59892-93 (December 18, 

1978) (Appendix C). 

Although the meaning of the term "aquifer" was not discussed in the 

preamble to the final definition adopted by EPA on May 2, 1980 (Appendix 

A), this issue was discussed in a subsequent Federal Register notice 

published on July 26, 1982, which added several definitions to 40 CFR 

260.10 (47 Fed. Reg. 32274; July 26, 1982) (Appendix D). In the notice, 

EPA pointed out that the term "significant amount" used in the final 

d e f i n i t i o n is imprecise. According to the Agency, this concept is 

site-specific, depending on the demand for ground water. For example, 

the Agency stated that comments on the definition had suggested that the 

600 gallons per day standard discussed in the preamble to the proposed 
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definition is only applicable to municipal, public water-supply systems 

and that an individual demand of between 5 and 50 gallons per person per 

day would be appropriate for a family of four in a rural area relying on 

water from a single ground water supply well. Normal use of water for an 

individual for domestic purposes depends on l i f e s t y l e , plumbing type and 

other factors which are very d i f f i c u l t to quantify. However, the amount 

of water usually required for various domestic functions has been well 

established. Typical consumption rates which must be considered in 

arriving at a realistic number include: 

o 5-10 minute shower 15 - 30 gallons 
o Direct consumption 0.5 - 1.0 gallons 
o Cooking 0.5 - 1.0 gallons 
o 1 flush of a t o i l e t 4.0 - 7.0 gallons 

TOTAL 20 - 39 gallons 
Given these values i t is d i f f i c u l t to imagine individual water usage to 

be much less than 20-40 gallons per day per person even for relatively 

frugal water users. 

Also in the July 26, 1982 clarification (Appendix D), EPA cited comments 

stating that: 

" Many land disposal f a c i l i t i e s are sited in areas where 

saturated upper clay layers are available to serve as 

a natural barrier to the migration of leachate into the 

groundwater in the actual uppermost aquifer." (emphasis 

added) (Appendix D) 

This situation is exactly the case at Giant's Ciniza Refinery. The land 

treatment area at the refinery is sited on low permeability clays and 

shales of the Chinle Formation which are saturated approximately 15 feet 

below the land surface. These shales serve as a natural barrier (aqui

tard saturated from below) which confines and protects the Sonsela 
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Sandstone (uppermost aquifer at the site) from any potential downward 

migration of land treatment-area leachate, i f such leachate exists. 

These characteristics of the hydrogeologic environment are f u l l y demon

strated and quantified in Section 3.0 of this submission. 

Furthermore, in the July 26, 1982 clarification i t is stated that: 

"...any saturated soil material can yield quantities of 

groundwater to wells even at an extremely low rate..." (emphasis 

added) (Appendix D) 

According to the c l a r i f i c a t i o n , one extreme interpretation of the 

definition of aquifer could require the monitoring (pursuant to 40 CFR 

264 Subpart F) of these natural barriers or even water-saturated l a n d f i l l 

liners made of clay. This is followed by a definitive statement by EPA 

that affirms that: 

" I t was never the Agency's intent to consider saturated 

clay l a n d f i l l liners to be subject to ground water monitoring 

as an aquifer." (emphasis added) (Appendix D) 

I t is obvious through this line of reasoning that ground water monitoring 

requirements should not apply to the aforementioned "saturated upper clay 

layers" cited in the preceeding paragraph of the clarification. Section 

3.0 clearly demonstrates that the Chinle shale is the hydrogeologic 

equivalent of a clay liner, and would exceed the performance criteria of 

any such liner due to i t s thickness (80-100' at Ciniza). 

In the July 26, 1982 Federal Register notice (Appendix D), EPA announced 

that i t intended to define the term "aquifer" more precisely at a 

subsequent time, in a manner consistent with both the RCRA program and 

2-4 



the Safe Drinking Water Act program. 

Even though further clarification on this issue has not yet been pub

lished by EPA, the Safe Drinking Water Act protects "Underground Sources 

of Drinking Water" (USDW, see 40 CFR 144.3) which are defined as an 

aquifer or i t s portion: 

"(a)(1) Which supplies any public water system; or 

(2) Which contains a sufficient quantity of ground water to 

supply a public water system; and 

( i ) Currently supplies drinking water for human consumption; or 

( i i ) Contains fewer than 10,000 mg/l total dissolved solids; and 

(b) Which is not an exempted aquifer." 

This definition clearly excludes a saturated-clay unit like the Chinle 

shale which overlies the Sonsela aquifer because: 

o i t does not currently supply a public water system 

o i t does not contain sufficient ground water to supply a 
public water system 

o i t does not currently supply drinking water for human 
consumption due in part to naturally elevated TDS con
centration. 

Unlike the Chinle shale, the Sonsela Sandstone meets a l l of the technical 

and regulatory definitions of an aquifer. This aquifer, which lies a a 

depth of less than 100 feet throughout the refinery area, can yield 

usable quantities of good quality water at a reasonable cost. Even i f 

development of the Chinle aquitard as a water source in this area was 

technically possible, i t would require a substantial and questionable 

investment of time and funds. 
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3.0 SITE HYDROGEOLOGY 

3.1 INTRODUCTION 

The Giant Refining Company land-treatment unit is directly underlain by 

two distinct hydrogeologic units. Beginning at the land surface and 

proceeding deeper, these units are: the Chinle Formation shales (clay 

aquitard), and, at a depth of 80-100 feet, the Sonsela Sandstone (upper

most aquifer). At the Ciniza Refinery, wastes are treated in the 

uppermost 12 inches of soils developed on the shales of the Chinle Forma

tion. As seen in lithologic logs of MW-1, MW-2, MW-3 and MW-4 (Appendix 

E), approximately 80-100 feet of clayey shales separate the treatment 

zone from the uppermost aquifer (Sonsela Sandstone). Although the lower 

portion of these Chinle shales is saturated with ground water, the 

evidence presented in the following sections w i l l demonstrate that this 

saturated clay shale is not an aquifer but rather an extremely effective 

"natural barrier" to any potential downward migration of contaminants 

from the treatment zone to the uppermost aquifer (Sonsela Sandstone). 

3.2 POTENTIOMETRIC SURFACES OF THE SONSELA SANDSTONE AND CHINLE SHALES 

Artesian aquifers, such as the Sonsela, contain confined ground water 

under pressure. I f a well is completed into an artesian aquifer, the 

water level in that well w i l l rise above the upper surface of the 

aquifer. Figure 3-1 is a structure contour map showing the elevation of 

the upper surface of the Sonsela. Figure 3-2 is a potentiometric surface 

map showing the elevations of the water levels in wells completed only in 

the Sonsela. The difference between these two surfaces is the artesian 

pressure or head (Figure 3-3). This pressure acts to isolate and protect 

the confined ground water in this uppermost aquifer from any potential 
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downward migration of contaminants which might escape from the treatment 

zone. 

Because the confining unit or "natural barrier" (Chinle shale aquitard) 

has slight vertical permeability, the upward hydraulic gradient between 

the Sonsela and Upper Chinle shales has resulted in saturation of the 

lower portion of the aquitard (Chinle Shale) over geologic time. This 

upward gradient also prevents the downward movement of any leachate into 

the uppermost aquifer (Sonsela Sandstone). This strong upward gradient 

is demonstrated by water levels in MW-1 and MW-2 (completed in the 

Sonsela) which are approximately 20 feet above water levels in the 

aquitard (as measured in nearby OW-24, completed in the shales). 

Combined mapping of these two distinct water surfaces in previous sub

missions has generated some confusion about the hydrogeology at Ciniza. 

Some earlier Giant submissions to the EPA Region VI u t i l i z e the terms 

water level, water table, and potentiometric surface interchangeably. 

These reports combine data from wells completed in the Sonsela with data 

from much shallower wells completed in the overlying Chinle shales and 

label the result a "water table map". This confusion is corrected to 

some extent in the Part B application, but continued references to the 

"water table" in the shales gives the impression that single unconfined 

"water table" aquifer exists beneath the refinery site. This is defi

nitely not the case at Ciniza. 
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Upward gradients within the Chinle shale aquitard are maintained by 

evapotranspiration. Because lake evaporation at the site is approxi

mately 5 times the annual average precipitation, net pore-water movement 

in the soils and the unsaturated portion of the shale is upward (towards 

land surface). 

The horizontal hydraulic gradient of the Sonsela Sandstone is shown in 

Figure 3-2. In the area of the land treatment unit, ground water flows 

to the northwest, and the gradient is calculated to be 0.10. The 

hydraulic gradient in the Chinle shale aquitard can be calculated from 

water levels measured in three piezometers (OW 3, 7, and 24) completed 

only in this unit. Figure 3-4 shows that the calculation yields a 

gradient of 0.013 in a northeast direction in the Chinle shale aquitard. 

3.3 HYDRAULIC PROPERTIES OF THE SONSELA SANDSTONE AND CHINLE SHALE 
AQUITARD 

The strong upward hydraulic gradient between the Sonsela and the over

lying shale aquitard demonstrates a lack of a good hydraulic connection 

between the two units. This is due to the extremely low permeability of 

the Chinle shales. 

3.3.1 Slug Test Results 

Because the duration of a slug test is very short, the observed hyd

raulic conductivity determined from the test w i l l be representative only 

of the water-bearing material close to the well. A slug test is a good 

method for estimating the hydraulic conductivity of relatively low 

permeability units. However, caution must be exercised in the interpre-
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& Gradient = 20/1556 = 0.013 

FIGURE 3-4 
Determination of Hydraulic Gradient in Chinle Shale Aquitard 



tation of results due to the significant difference between the hydraulic 

conductivity of the gravel pack (or the developed portion of the well) 

and the water-bearing unit i t s e l f . Because the hydraulic conductivity of 

the gravel pack surrounding OW-4 is orders of magnitude greater than that 

of the aquitard, a slug test of OW-4 w i l l yield maximum values. Although 

slug tests are not recommended for unconfined units, the high anisotropy 

of the aquitard w i l l approximate confined conditions over short test 

duration. Therefore, the slug test of OW-4 w i l l yield reliable data to 

use in estimating the maximum horizontal hydraulic conductivity. 

Slug-testing of OW-4 (see December, 1984 Part B Application, Delta 

H. Engineering, Ltd.) indicates a maximum horizontal permeability of 

about 1.3 x 10 - 8 ft/sec, or 1 x 10 ~3 ft/day in the Chinle shales. 

Vertical permeabilities of consolidated shales are typically up to an 

order of magnitude less than horizontal permeabilities (Freeze and 

Cherry, 1979). The vertical permeability would therefore be s i g n i f i 

cantly less than the value of 1.57 x 10~8 ft/sec (1.3 x IO"3 ft/day) 

required for clay-pond liners in the New Mexico Water Quality Control 

Commission Regulations (3-109.C.b.1). 

In contrast to the extremely low permeability of the shale, the slug test 

data of the confined Sonsela Sandstone aquifer indicate a hydraulic 

conductivity of about 3.93 x 10~6 ft/sec, or 0.35 ft/day. This permea

b i l i t y contrast of approximately 3 orders of magnitude permits the 

Sonsela to yield significant quantities of ground water to wells or 

springs throughout the region. 
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3.3.2 Test Pumping of the Chinle Shale 

A low-discharge test of OW-24 was planned for early February, 1985. 

Significant delays in manufacturing and obtaining a low-discharge 

pump capable of pumping relatively turbid water forced delay of the test 

until February 20, 1985. This test was designed to accurately determine 

the hydraulic characteristics of the Chinle shale aquitard. 

Recent pumping during sampling of the OW series indicated that wells 

completed in the aquitard could not sustain long-term pumping at rates 

greater than 0.5 gallons per minute. Testing the aquitard by rapid 

evacuation of the well using a standard submersible pump would have the 

same restrictions as slug testing because calculated hydraulic conduc

t i v i t y values would be influenced primarily by to gravel-pack drainage. 

Therefore, low-discharge pump testing was the preferred alternative. 

Unexpected problems encountered during the test pumping necessitated the 

cessation of the test after 5 hours of pumping. Although OW-24 had 

been properly developed as an observation well after the completion of 

d r i l l i n g , extremely turbid water was produced throughout the test. The 

low discharge rate caused the suspended solids to accumulate in the pump 

housing and in the discharge valve (Appendix F). After 5 hours of 

pumping, the pump discharge became unstable and pumping was ceased to 

prevent significant damage to the pump. 

Following cessation of pumping, the water level's recovery was monitored 

u n t i l approximately 90 percent of the original level was regained. 
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Time-drawdown and time-recovery data are presented in Appendix F. In 

order to compensate for the time-length of the test and well-bore 

effects, an analytical method developed by Shafer was employed (Appendix 

F). Based on this analysis, the Chinle shale has a maximum trans

missivity of 0.110 gallons per day per foot, or a conductivity of 8.3 x 

10 - 9 ft/sec. This value is in excellent agreement with the slug-test 

value of 1.3 x 10 - 8 ft/sec. This indicates that the observed con

ductivity from the pump test performed on February 20 is also a maximum 

value, and may be strongly biased by borehole and gravel-pack storage. 

Although Shafer recommends rapid evacuation of the well bore, a slower 

evacuation is more appropriate for OW-24. The gravel pack is con

siderably longer than the screen, so rapid evacuation would allow the 

recovery to be strongly influenced by gravel-pack drainage. By slowly 

evacuating the well, a l l or most of the water stored in the gravel 

pack is allowed to drain into the well. When pumping stops and recovery 

begins, water is produced only from the shale formation, and well-bore 

effects are minimized. Cessation of pumping prior to complete dewatering 

of the gravel pack and the developed portion of the unit w i l l result in 

maximum apparent permeability values. 

The calculations of hydraulic conductivity (Appendix F) are based on a 

formation thickness (b) of 20 feet which is the length of the screen. I f 

water is derived throughout the length of the gravel pack (32.5 feet) in 

OW 24, then the calculated hydraulic conductivity is 5.17 x 10~9 ft/sec 

or 1.7 x 10 ~10 cm/sec. 
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3.4 NATURAL MOVEMENT OF GROUND WATER IN THE SONSELA AND CHINLE SHALE 
AQUITARD 

Using the data calculated in the slug-test and the pump test, the rate of 

ground water movement beneath the land treatment unit can be calculated. 

Table 3-1 presents the calculation of ground water pore velocity (v), 

which determines the rate at which a contaminant particle in water could 

migrate by advection i f no retardation occurred. This calculation is 

based on gradients taken from water-level surveys and on the slug test 

data presented in the original Part B application. Slug tests character

i s t i c a l l y yield maximum values for horizontal permeability and hence tend 

to greatly overestimate the calculated vertical pore velocity. 

3.5 WATER RESOURCES OF THE SONSELA SANDSTONE AND CHINLE SHALE 

Throughout much of the southern San Juan Basin, the Sonsela Sandstone is 

used as a source of ground water for domestic, agricultural and indus

t r i a l purposes. Extensive development of the Sonsela is re s t r i c t e d 

to the Bluewater area where the unit provides large quantities of water 

to irrigation wells. West of Bluewater to Ciniza and Gallup, the Sonsela 

is used primarily for stock wells or for limited domestic use. 

The shales of the Chinle have not been developed as a source of water 

anywhere in the San Juan Basin nor, to the best of our knowledge, 

anywhere in the state of New Mexico. All wells which penetrate the 

Chinle shales derive their water from underlying aquifers such as the 

Sonsela or San Andres/Glorieta. Throughout New Mexico the Chinle shales 

are recognized as an important aquitard. Uranium tailings-ponds and 

disposal sites have been located in the Chinle shales to prevent migra-
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TABLE 3-1 
CALCULATIONS OF PORE VELOCITIES 

CHINLE SHALE AQUITARD AND SONSELA SANDSTONES AQUIFER 
(BASED ON SLUG-TEST DATA) 

Pore velocity is defined as: 

v = k dh 
n dl 

Where: 

v = Pore velocity 

k = Hydraulic conductivity 

n = Porosity 

dh = hydraulic gradient 
dl 

The following is based on data from Dames & Moore (1981) and Appendix 
of the Giant Part B Application prepared by Delta H. Engineering, Ltd 
Shale porosity is from Freeze and Cherry, Groundwater, 1979, p 37.) 

Chinle Shale Sonsela Sandstone 

n .10 .13 

k 1.3 x 10~8 ft/sec 3.94 x 10~6 ft/sec 

dh .01 f t / f t .01 f t / f t 
dl 

v 1.0x10-9 ft/sec 3.94 x IO"7 ft/sec 

(.032 ft/year) (12.4 ft/year) 
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tion of toxic metals and radioactive contaminants into underlying 

aquifers. Unlined disposal sites in the Chinle shales for radioactive 

and heavy metal wastes from two uranium mills have been approved by the 

State of New Mexico. 

Recognized (and protected) aquifers in the Ciniza area include the 

Sonsela, and the San Andres/Glorieta (Permian age). These aquifers are 

discussed in detail by Shomaker (1973) and Stone, et al (1983). Neither 

of these authors consider the Chinle shales an aquifer, and Shomaker 

states that the rocks above the Sonsela are "Not known to yield water 

to wells within the study area." 
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4.0 UNSATURATED-ZONE MONITORING: LYSIMETERS AND ALTERNATIVES 

The regulations for unsaturated-zone monitoring (40 CFR 264.278) require, 

among other things, the monitoring of soil and soil-pore liquids "to 

determine whether hazardous constituents migrate out of the treatment 

zone" (40 CFR 264.278 (a)). This section addresses the concerns of EPA 

Region VI regarding the inab i l i t y of currently-installed suction or 

collection lysimeters to produce soil-pore f l u i d , and proposes an 

alternative to lysimeters for unsaturated-zone monitoring which f u l l y 

meets the intent of 40 CFR 264. 278. 

4.1 PERFORMANCE OF CURRENTLY INSTALLED LYSIMETERS 

The su i t a b i l i t y of suction lysimeters for monitoring soil water in the 

unsaturated (vadose) zone is strongly influenced by several c r i t e r i a : 

o Design, materials and construction of the device 

o Soil properties, such as moisture content, soil-water 
tension head, grain size and permeability 

o Methods, materials and practices of lysimeter 
installation such as bore-hole conditions, depth of 
installation and the nature of the silica-flour packing 
around the lysimeter bulb 

o Sample collection operating procedures and techniques 

Lysimeter performance and efficiency is highly dependent on a l l of the 

above mentioned factors. Information presented in recent publications 

shows that failure to carefully consider these factors when choosing and 

i n s t a l l i n g a lysimeter may render the device useless (see Giddings, 

1983 and Everett, L.G., 1984). When the lysimeters were installed at the 

Ciniza Refinery these data were not available, therefore, the failure 

to recognize the importance of these variables may have contributed to 

the failure of the lysimeters to operate properly. 
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Recent investigations suggest that soil conditions at the Ciniza Refinery 

site do not favor the adequate performance of most typical lysimeters. 

The soils are sparsely distributed, thin, dry and clay-rich, and are 

mostly derived from i_n situ weathering of the shales and mudstones of the 

Chinle Formation. In order to gain further information on soil moisture 

conditions in the land treatment area. Giant has excavated several test 

pits (collection lysimeters) to a depth of 12 feet west of the land farm 

area. No soi 1 moisture or leachate has ever been observed in these 

pits. I t is unlikely that even a well-designed and properly-installed 

suction lysimeter or collection lysimeter would reliably produce the 

volume of soil water necessary for representative analysis of the f l u i d 

immediately below the treatment zone. 

The i n a b i l i t y of most suction or collection lysimeters to produce 

fluids indicates that neither device, installed immediately below the 

treatment zone, is likely to be capable of effectively monitoring the 

unsaturated zone in the arid, clay-rich soils at Ciniza. 

4.2 UNSATURATED-ZONE MONITORING OPTIONS AT CINIZA LAND FARM 

Two options exist for determining whether hazardous constituents are 

migrating below the treatment zone: 

1) Soil core monitoring below the treatment zone 

2) Installation of lysimeters several feet above the 

saturated zone 

Due to the fine-grained nature of the unsaturated zone at the Ciniza 

Refinery, lysimeters would be effective only in zones of relatively high 
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moisture contents. A high moisture zone w i l l only be encountered at a 

level several feet above the saturated zone in the Chinle shale aquitard, 

which underlies the treatment zone. This level w i l l be over 25 feet 

below the land surface. Lysimeters could probably collect samples of 

pore-fluid in this zone (approximately 25ft depth). Although this type 

of a sampling program would satisfy 40 CFR 264.278(b) i t would not 

accomplish the objectives of monitoring immediately below the treatment 

zone (40 CFR 264.278(d)). 

The purpose of unsaturated zone monitoring is to provide an "early 

warning" for contaminant migration below the treatment zone. The Ciniza 

Refinery has defined the background soil chemistry at the land farm and 

wi l l continue to collect soil samples from a "background" site at the 

refinery. By a careful statistical comparison of the chemistry of the 

background soils with the chemistry of the soils below the treatment 

zone, the migration of hazardous constituents below the treatment zone 

can be determined. Bulk soil analysis using EP Toxicity extraction 

procedures w i l l be employed. 

4.3 RECOMMENDED ALTERNATIVE TO CURRENTLY INSTALLED LYSIMETERS 

The current regulations (CFR 40. 264. 278 (b)) specify unsaturated-zone 

monitoring by "... soil cores and soil-pore monitoring devices such as 

lysimeters to yield samples that: 

1) Represent the quality of background soil-pore liquid 

and ... 

2) Indicate the quality of soil pore liquid... " 

(emphasis added). The observed non-performance of currently installed 
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lysimeters, and the likely i n a b i l i t y of any lysimeter to collect meaning

ful samples from below the treatment zone in this type of hydrogeologic 

environment, requires an alternative approach to soil-pore liquid mon

itoring in the unsaturated zone beneath the land farm. 

Given the geologic conditions and waste management practices at Ciniza, 

Geoscience Consultants, Ltd. believes that soil-core analysis (as 

described below) is an environmentally sound and effective means of 

monitoring which is f u l l y consistent with 40 CFR 264.278. 

4.3.1 Sampling Methodology 

Soil samples w i l l be collected according to procedures outlined in 

Appendix A of our February 14, 1985 submission to EPA on TOX and metals 

levels at the Ciniza Refinery. Sample sites w i l l be randomly selected 

from both the land farm area and a geologically similar "background" area 

where no refinery wastes have ever been applied. In accordance with the 

requirements of 40 CFR 264.278(c)(1), background values w i l l be based on 

at least 1 year of quarterly sampling in the background plot. Soil 

samples w i l l be analyzed according to the methods outlined in Appendix 

A of the February 14, 1985 submission. 

Although frequency and timing of soil sampling may be modified by the 

Regional Administrator in accordance with 40 CFR 264.278(d), Giant 

proposes to continue the present system of collecting 6 soil cores every 

6 months ever the 3 active 2.6-acre treatment sections. These core 

sampling locations w i l l be randomly selected, as described in Section 

29.7.2 of the December 1, 1984 Part B permit application. Samples w i l l 
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be collected from 1 foot below the base of the treatment/soil zone, 

and from 6 feet below the base of the treatment zone (and from equivalent 

soil zones in the background area). 

Collection of soil samples for analysis w i l l be conducted in the follow

ing manner: 

1) Samples w i l l be collected from various depths 

2) A sample to be used for moisture content analysis 

w i l l be put into a plastic whirlpack and immediately 

sealed. The sealed whirlpack w i l l be inserted into a second 

whirlpack and sealed. This method w i l l prevent moisture loss 

from samples. 

3) Samples for metals, organics and other parameters w i l l be 

collected and put in glass VOA bottles. 

4.3.2 Analytical Methodology 

Samples w i l l be s p l i t , labeled, sealed and analyzed according to Appendix 

A of our February 14, 1985 submission and shipped to 2 EPA-certified 

laboratories. As specified in part 29.7.5 of the Part B application, 

samples w i l l be analyzed for: 

pH 
Oil content 
Moisture Content 
Lead 
Chromi um 
Mercury 
Electrical Conductance 
Sodium Absorbtion Ratio 
TOC 
TOX 

Moisture contents of the whirlpack samples, which were collected for 

unsaturated zone monitoring, w i l l be determined by weighing the samples 

prior to and after evaporation. The double-bagged, sealed samples w i l l 
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be weighed and then opened to dry. The sample and container w i l l be 

evenly distributed on a tray, and allowed to dry at 100 degrees Fah

renheit in a dessicating oven for 48 hours. The sample and container 

w i l l then be re-weighed and moisture content calculated by subtraction. 

The EP Toxicity method for extraction w i l l be employed for the analysis 

of lead, chromium, mercury, TOX, TOC. Other parameters w i l l be analyzed 

as specified in the Part B permit application. 

Analytical results w i l l be interpreted according to statistical methods 

specified in 40 CFR 264 Appendix IV. I f regional background data on lead 

and mercury (see Section 3.0 of the February 14, 1985 submission) 

indicates high natural levels of these metals. Giant w i l l propose an 

alternative statistical methodology which is more appropriate to the high 

variance in background data (see 40 CFR 264.278(f)(3)). 
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APPENDIX A 
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• 5 ^ ? * ^ ...btaace-LImlfcd technological 

^ ^ • ^ • r - b e ' A g e n c y has also established an 
Industry assistance program tn the 
OlT.ce of Solid Waste The staff of this 
nroaram have been charged with (1) 
Identifying Industry and community 
RCRA compliance problems and seeking 
•olutlons to them. (2) coordinating 
assistance activities with the States, 
other parts of EPA. and other Federal 
agencies (e.g.. the Small Business 
Administration and the Economic v 

Development Administration). (3) 
planning and conducting seminars, and 
(4) coordinating production of written 
material designed to assist those least 
able to cope with the regulatory burden. 

The Agency would ideally like to 
provide this assistance to anyone who 
wants it. However, because the industry 
assistance program may receive more 
requests for help than it can initially 
respond to, it may be necessary to 
establish priorities to determine which 
requests should be answered first. If this 
is the case, the program wil l concentrate 
first on the following industry sectors, 
which the Agency believes most need 
this help: chrome pigments, chlorine, 
electroplating (job shops), woven fabric 
finishing, felt fabric finishing, sheepskin 
tanneries, vegetable tanners, primary 
and secondary aluminum, primary and 
secondary copper, primary and 
secondary lead, primary tungsten, 
primary zinc petroleum rerefining, 
pesticides, plastics, and 
pharmaceuticals. EPA plans to meet 
with the trade associations of these 
industries in order to define specific 
assistance responses. 

Anyone having suggestions on how 
the Agency can help industry comply 
with these regulations should contact: 
Michael Barclay, RCRA Industry 
Assistance Coordinator. Office of Solid 
Waste (WH-565). U.S. Environmental 
Protection Agency, Washington. D.C. 
20460 (202) 755-9190. 

Dated: May 2.1980. 
Douglas M. Costle, 
Administrator. 

Title 40 CFR Part 260 is revised to 
read as follows: 

PART 260—HAZARDOUS WASTE 
MANAGEMENT SYSTEM: GENERAL 

Subpart A—General 

Src. 
260 1 Purpose, 6cope and applicability. 
260.2 Availability of information, 

confidentiality of information 
260 3 Use of number and gender. 

Subpart B—Definitions 

260.10 Definitions. 

Subpart C—Rulemaking Petitions 

280-20 Ceiwral - i " - » 
280.21 Petition* for equivalent letting or 

analytical methods. 
260.22 Petitions to amend Part 281 to 

exclude a waste produced at a particular 
facility. 

Appendix I—Overview of Subtitle C 
Regulations 

Authority: Sees. 1006, 2002(a). 3001 through 
3007. 3010. and 7004. of the Solid Waste 
Disposal Act. as amended by the Resource 
Conservation and Recovery Act of 1976. as 
amended (42 U.S.C. 0905. 6912(a). 6921 
through 6927. 6930. and 6974). 

Subpart A—General 

5 260.1 Purpose, scope, and applicability. 

(a) This part provides definitions of 
terms, general standardSsand overview 
information applicable to Parts 260 
through 265 of this Chapter. 

(b) In this part: (1) Section 260.2 sets 
forth the rules that EPA wil l use in 
making information it receives available 
to the public and sets forth the . 
requirements that generators, 
transporters, or owners or operators of 
treatment storage, or disposal facilities 
must follow to assert claims of business 
confidentiality with respect to 
information that Is submitted to EPA 
under Parts 280 through 265 of this 
Chapter. 

(2) Section 280.3 establishes rules of 
grammatical construction for Parts 260 
through 265 of this Chapter. 

(3) Section 260.10 defines terms which 
are used in Parts 280 through 265 of this 
Chapter. 

(4) Section 260.20 establishes 
procedures for petitioning EPA to 
amend, modify, or revoke any provision 
of Parts 280 through 265 of this Chapter 
and establishes procedures governing 
EPA's action on such petitions. 

(5) Section 260.21 establishes 
procedures for petitioning EPA to 
approve testing methods as equivalent 
to those prescribed in Parts 261. 264. or 
265 of this Chapter. 

(6) Section 260.22 establishes 
procedures for petitioning EPA to amend 
Subpart D of Part 261 to exclude a waste 
from a particular facility. 

§ 260.2 Availability of Information; 
confidentiality of information. 

(a) Any information provided to EPA 
under Parts 260 through 265 of this 
Chapter will be made available to the 
public to the extent and in the manner 
authorized by the Freedom of 
Information Act, 5 U.S.C. section 552. 
section 3007(b) of RCRA and EPA 
regulations implementing the Freedom 
of Information Act and section 3007(b). 
Pari 2 of this Chapter, as applicable. 

(b) Any person who submits 
information to EPA in accordance with 

Parts 260 through 285 of this Chapter, 
may assert a'claiin of buslnew ' . . . 
confidentiality covering part or all of 
that information by following the 
procedures set forth ln ( 2.203(b) of this 
Chapter. Information covered by such a 
claim will be disclosed by EPA only to 
the extent, and by means of the 
procedures, set forth tn Part Z, Subpart B 
of this Chapter. However. If no such 
claim accompanies the information 
when it is received by EPA. it may be 
made available to the prfblic without 
further notice to the person submitting 
it. 

{ 260.3 Use of number and gender. 
As used in Parts 260 through 265 of 

this Chapter. 
(a) Words in the masculine gender 

also include the feminine and neuter 
genders; and 

(b) Words in the singular include the 
plural: arjd 

(c) Words ln the plural include the 
singular. 

Subpart B—Definitions 

J 260.10 Definition*. 
(a) When used in Parts 260 through 

265 of this Chapter, the following terms 
have the meanings given below: (1) 
"Act" or "RCRA" means the Solid 
Waste Disposal Act, as amended by the 
Resource Conservation and Recovery 
Act of 1976. as amended. 42 U.S.C. 
section 8901 et seq. 

(2) "Active portion" means that 
portion of a facility where treatment, 
storage, or disposal operations are being 
or have been conducted after the 
effective date of Part 261 of this Chapter 
and which is not a closed portion. (See 
also "closed portion" and "inactive 
portion".) 

(3) "Administrator" means the 
Administrator of the Environmental 
Protection Agency, or his designee. 

(4) "Aquifer" means a geologic 
formation, group of formations, or part 
of a formation capable of yielding a 
significant amount of ground water to 
wells or springs. 

(5) "Authorized representative" 
means the person responsible for the 
overall operation of a facility or an 
operational unit (i.e.. part of a facility), 
e.g.. the plant manager, superintendent 
or person of equivalent responsibility. 

(6) "Closed portion" means that 
portion of a facility which an owner or 
operator has closed in accordance with 
the approved facility closure plan and 
all applicable closure requirements. (See 
also "active portion*' and "inactive 
portion".) 

(7) "Confined aquifer" means an 
aquifer bounded above and below by 

I 
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impermeable beds or by beds of 
distinctly lower permeability than that 
of the aquifer itself: an aquifer 
containing confined ground water. 

(8) "Constituent" or "hazardous waste 
constituent" means a constituent which 
caused the Administrator to list the 
hazardous waste in Part 281, Subpart D, 
of this Chapter, or a constituent listed in 
Table 1 of § 281.24 of this Chapter. 

(9) "Container" means any portable 
device in which a material is stored, 
transported, treated, disposed of. or 
otherwise handled. 

(10) "Contingency plan" means a 
document setting out an organized, 
planned, and coordinated course of 
action to be followed in case of a fire, 
explosion, or release of hazardous waste 
or hazardous waste constituents which 
could threaten human health or the 
environment 

(11) "Designated facility" means a 
hazardous waste treatment, storage, or 
disposal facility which has received an 
EPA permit (or a facility with interim 
status) in accordance with the 
requirements of 40 CFR Parts 122 and 
124 of this Chapter, or a permit from a 
State authorized in accordance with Part 
123 of this Chapter, that has been 
designated on the manifest by the 
generator pursuant to § 262.20. 

(12) "Dike" means an embankment or 
ridge of either natural or man-made 
materials used to prevent the movement 
of liquids, sludges, solids, or other 
materials. 

(13) "Discharge" or "hazardous waste 
discharge" means the accidental or 
intentional spilling, leaking, pumping, 
pouring, emitting, emptying, or dumping 
of hazardous waste into or on any land 
or water. 

(14) "Disposal" means the discharge, 
deposit, injection, dumping, spilling, 
leaking, or placing of any solid waste or 
hazardous waste into or on any land or 
water so that such solid waste or 
hazardous waste or any constituent 
thereof may enter the environment or be 
emitted into the air or discharged into 
any waters, including ground waters. 

(15) "Disposal facility" means a 
facility or part of a facility at which 
hazardous waste is intentionally placed 
into or on any land or water, and at 
which waste Will remain after closure. 

(18) "EPA hazardous waste number" 
means the number assigned by EPA to 
each hazardous waste listed in Part 261, 
Subpart D, of this Chapter and to each 
characteristic identified in Part 261, 
Subpart C, of this Chapter. 

(17) "EPA Identification number" 
means the number assigned by EPA to 
each generator, transporter, and 
treatment, storage, or disposal facility. 

(18) "EPA region" means the states 
and territories found in any one of the 
following ten regions: 

Region I—Maine. Vermont. New Hampshire. 
Massachusetts. Connecticut, and Rhode 
Island. 

Region II—New York. New Jersey, 
Commonwealth of Puerto Rico, and the 
U.S. Virgin Islands. 

Region III—Pennsylvania. Delaware. 
Maryland. West Virginia. Virginia, aod the 
District of Columbia. 

Region IV—Kentucky, Tennessee. North ' 
Carolina. Mississippi. Alabama. Georgia, 
South Carolina, and Florida. 

Region V—Minnesota. Wisconsin. Illinois. 
Michigan. Indiana and Ohio. 

Region VI—New Mexico, Oklahoma, 
Arkansas, Louisiana, and Texas. 

Region VII—Nebraska, Kansas, Missouri, and 
Iowa. 

Region VIII—Montana. Wyoming. North 
Dakota, South Dakota, Utah, and Colorado. 

Region IX—California, Nevada, Arizona, 
Hawaii, Guam. American Samoa, 
Commonwealth of the Northern Mariana 
Islands. 

Region X—Washington. Oregon, Idaho, and 
Alaska. 

(19) "Equivalent method" means any 
testing or analytical method approved 
by the Administrator under §5 260.20 
and 260.21. 

(20) "Existing hazardous waste 
management facility" or "existing 
facility" means a facility which was in 
operation, or for which construction had 
commenced, on or before October 21, 
1976. Construction had commenced if: 
(i) The owner or operator has obtained 

all necessary Federal State, and local 
preconstruction approvals or permits; 
and either 

(ii) (a) A continuous physical, on-site 
construction program has begun, or 

[b] The owner or operator has entered 
into contractual obligations—which 
cannot be cancelled or modified 
without substantial loss—for 
construction of the facility to be 
completed within a reasonable time. 
(21) "Facility" means all contiguous 

land, and structures, other 
appurtenances, and improvements on 
the land, used for treating, storing, or 
disposing of hazardous waste. A facility 
may consist of several treatment 
storage, or disposal operational units 
(e.g., one or more landfills, surface 
impoundments, or combinations of 
them). 

(22) "Federal agency" means any 
department, agency, or other 
instrumentality of the Federal 
Government any independent agency or 
establishment of the Federal 
Government Including any Government 
corporation, and the Government' 
Printing Office. 

(23) "Food-chain cropa" means 
tobacco, crops grown for human 

consumption, and crops grown for feed 
for animals whose products are 
consumed by humans. 

(24) "Freeboard" means the vertical 
distance between the top of a tank or 
surface impoundment dike, and the 
surface of the waste contained therein. 

(25) "Free liquids" means liquids 
which readily separate from the solid 
portion of a waste under ambient 
temperature and pressure. 

(26) "Generator" means any person, 
by site, whose act or process produces 
hazardous waste identified or listed in 
Part 2Q1 of this Chapter. 

(27) "Ground water" means water 
below the land surface in a zone of 
saturation. 

(28) "Hazardous waste" means a 
hazardous waste as defined in § 261.3 of 
this Chapter. 

(29) "Inactive portion" means that 
portion of a facility which is not 
operated after the effective date of Part 
281 of this Chapter. (See also "active 
portion" and "closed portion".) 

(30) "Incinerator" means an enclosed 
device using controlled flame 
combustion, the primary purpose of 
which is to thermally break down 
hazardous waste. Examples of 
incinerators are rotary kiln, fluidized 
bed, and liquid injection incinerators. 

(31) "Incompatible .waste" means a 
hazardous waste which is unsuitable 
fo r 
(i) Placement in a particular device or 

facility because it may cause 
corrosion or decay of containment 
materials (e.g., container inner liners 
or tank walls); or 

(ii) Commingling with another waste or 
material under uncontrolled 
conditions because the commingling 
might produce heat or pressure, fire or 
explosion, violent reaction, toxic 
dusts, mists, fumes, or gases, or 
flammable fumes or gases. 

(See Part 265. Appendix V. of this 
Chapter for examples.) 
(32) "Individual generation site" 

means the contiguous site at or on which 
one or more hazardous wastes are 
generated. An individual generation site, 
such as a large manufacturing plant 
may have one or more sources of 
hazardous waste but is considered a 
single or individual generation site if the 
site or property is contiguous. 

(33) "In operation" refers to a facility 
which is treating, storing, or disposing of 
hazardous waste. 

(34) "Injection well" means a Well 
into which fluids are injected. (See also 
"underground injection".) 

(35) "Inner liner" means a continuous 
layer of material placed Inside a tank or 
container which protects the 
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,XJ).• Bringing enforcement actions 
against a facility that: . . .*'.. -J ' . 

'v (1) Has a 8tate Issued permit or l i 
cense pursuant to authority under 
8ubpart P. but where there Is evidence 
that compliance with such permit or 
license will not provide compliance 
with the standards of this Subpart, or 
' (11) Does not have a permit o r . a 
pending permit application. . 

(e) The requirements contained In 
these regulations do not apply to the 
following: 

(1) Solid or dissolved materials ln do
mestic sewage; 

(2) Solid or dissolved materials In Ir
rigation return follows; 
-<3) Industrial discharges which are 

point sources subject to permits under 
Section 402 of the Clean Water Act; 

(4) Source, special nuclear, or by
product material as defined by the 
Atomic Energy Act of 1954, as amend
ed; 

(5) Point source air emissions regu
lated under the authority of Sections 
111 and 112 of the Clean Air Act. as 
amended; 

(6) The disposal of hazardous waste 
via underground Injection pursuant to 
Safe Drinking Water Act (SDWA) reg
ulations; or 

(7) The disposal of hazardous waste 
via ocean disposal pursuant to Marine 
Protection. Research, and Sanctuaries 
Act (MPRSA) regulations. 

{250.41 Definitions. 
(a) When used ln this Subpart, the 

following terms have the meanings 
given tn the Acf 

(1) "Administrator"—Sec. 1004(1) 
(2) "disposal"—Sec. 1004(3) 
(3) "Federal Agency"—Sec. 1004(4) 
(4) "hazardous waste manage

ment"—Sec. 1004(7) 
(5) "open dump"—Sec. 1004(14) 
(6) "person"—Sec. 1004(15) 
(7) "resource recovery"—Sec. 

1004(22) 
(8) "sanitary landfill"—Sec. 1004(26) 
(9) "sludge"—Sec. 1004(26A) 
(10) "solid waste"—Sec. 1004(27) 
(11) "solid waste management"—Sec. 

1004(28) 
(12) "solid waste management facili

ty"—Sec. 1004(29) 
(13) "State"—Sec. 1004(31) 
(14) "storage"—Sec. 1004(33) 
(15) "treatment"—Sec. 1004(34) 
(b) Other terms used ln this Subpart 

have the following meanings: 
(1) "Act" means the Resource Con

servation and Recovery Act of 1976, 
Public Law 94-580. 

(2) "Active Fault Zone" means a 
land area which, according to the 
weight of the geologic evidence, has a 
rea-sonable probability of being affect
ed by movement along a fault to the 
extent that a hazardous waste facility 
would be damaged and thereby pose a 

threat to human health and tha envi
ronment, - ••-» •» -

(J) **Active Portion" means that por
tion of a facility where treatment, 
storage, or disposal operations are 
being conducted. I t includes the treat
ed area of a landfarm and the active 
faoe of a landfil l , but does not Include 
those portions' of a facility which have, 
been closed ln accordance with the fa
cili ty closure plan and all applicable 
closure standards. 

(4) "Annular Space"- means the 
space between the bore hole and the 
casing. A bore hole Is the man-made 
hole in a geological formation for In
stallation of a monitoring well. 

(6) "AquifeK* means a geologic for
mation, group of formations, or part 
of a formation that Is capable of yield
ing useable quantities of groundwater 
to wells or springs. 

(6) "Attenuation" means any de
crease ln the maximum concentration 
or total quantity of an applied chemi
cal or biological constituent In a fixed 
time or distance traveled resulting 
f rom a physical, chemical, and/or bio
logical reaction or transformation oc
curring ln the zone of aeration or zone 
of saturation. 

(7) "Basin" means any uncovered 
device constructed of artificial materi
als, used to retain wastes as part of a 
treatment process, usually with a ca
pacity of less than 100,000 gallons. Ex
amples of basins Include open mixing 
tanks, claiifiers, and open settling 
tanks. ~ 

(8) "Cell" means a portion of waste 
ln a landfill which Is isolated horizon
tally and vertically from other por
tions of waste ln the landfill by means 
of a soil barrier which meets criteria 
specified ln Section 250.45-2(b) (14). 

(9) "Chemical Fixation" means the 
treatment process Involving reactions 
between the waste and certain chemi
cals, resulting in solids which encapsu
late, immobilize or otherwise tie up 
hazardous components in the waste so 
as to minimize the leaching of hazard
ous components and render the waste 
nonhazardous or more suitable for dis
posal. 

(10) "Close Out" means the point ln 
time at which facility owners/opera
tors discontinue operation by ceasing 
to accept hazardous waste for treat-
ment. storage, or disposal. 

(11) "Closed Portion" means that 
portion of a facility-which has been 
closed ln accordance with the facility 
closure plan and all applicable closure 
requirements in this Subpart. 

(12) "Closing Date" means the date 
which marks the end of a reporting 
quarter or reporting year. 

(13) "Closure" means the act of se
curing a facility pursuant to the re
quirements of Section 250.43-7. 

(14) "Closure Proceduros" means the 
measures which must be taken to 

effect closure in accordance with the 
requirements orsect lon » 0 ^ J - 7 by -a -
facility owner/operator who no longer" 
accepts hazardous waste for treat
ment, storage, or disposal. 

(18) "Coastal High Hazard Area" 
means the area subject to high veloc
ity waters. Including, but not limited 
to, hurricane wave wash or tsunamis 
as designated on Flood Insurance Rate 
Maps (FIRM) aa zone VT-30. 

(16) "Combustion Zone" means that 
portion of the Internal capacity of an 
Incinerator where the gaa-' tempera
tures of the materials being burned 
are within 100*C of the specified oper
ating temperature. 

(17) "Common Code" means the 
unique code assigned by the Chemical 
Abstract Services to each EPA hazard
ous waste and to each DOT hazardous 
waste material listed ln Section 250.14 
of Subpart A. 

(18) "Container" means any portable ' 
enclosure in which a material can be 
stored, handled, transported, treated, 
or disposed. 

(19) "Contamination" means the 
degradation of naturally occurring 
water, air, or soil quality either direct
ly or indirectly as a result of man's ac
tivities. 

(20) "Contigency Plan" means an or
ganized, planned^, and coordinated 
course of action to be followed ln the 
event of a fire, explosion, or discharge 
or release of waste into the environ
ment which has the potential for en
dangering human health or the envi
ronment. 

(21) "Cover Material" means soil or 
other material that Is used to cover 
-hazardous waste. 

(22) "Delivery Document" means a 
shipping paper, bill of lading, waybill, 
dangerous cargo manifest, or other 
shipping document, used ln lieu of the 
original manifest to f u l f i l l the record
keeping requirement of {250.33 of 
Subpart C. 

(23) "Direct Contact" means the 
physical intersection between the 
lowest part of a facility (e.g.. the 
bottom of a landfill , a surface im
poundment liner system or a natural 
In-place soil barrier. Including leachate 
detection/removal systems) and a 
water table, a saturated zone, or an 
underground drinking water source, or 
between the active portion of a facility 
and any navigable water. 

(24) "Disposal Facility" means any 
facility which disposes of hazardous 
waste. 

(25) "Endangerment" means the In
troduction of a substance Into ground
water so as to: 

(1) Cause the maximum allowable 
contaminant levels established In the 
National Primary Drinking Water 
standards in effect as of the date of 
promulgation of this Subpart to be ex
ceeded ln the groundwater; or 
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•occurs In very large volumes, that the 
potential hazards posed by the waste 
are relatively low. and that the waste 
generally Is not amendable to the con
trol techniques developed in Subpart 
D. The Agency Is calling such high-
volume hazardous waste "special 
waste" and Is proposing to regulate It 
with special standards. 

The following table provides some 
Information about those wastes which, 
when hazardous, the Agency proposes 

A proposed rulemaking will be pub
lished at a later date regarding the 
treatment, storage, and disposal of 
special waste. The Agency will be de
veloping additional Information In 
order to write substantive standards 
for special waste, and hereby solicits 
Information and comment from the 
public which may assist the Agency ln 
developing Its proposals. For the time 
being, all facilities which handle spe
cial waste will be exempted from the 
storage standards ($250.44) and the 
treatment and disposal standards 
(}250.45). In order to provide some 
protection from special waste and to 
collect additional information on spe
cial waste streams. EPA has prepared 
special standards for each type of spe
cial waste. Many of the general facility 
standards in § 250.43 are prescribed for 
special waste. In addition, some special 
waste must meet standards which are 
designed to control potential problems 
unique to that waste. 

Dredge Spoilt 

Certain dredge spoils may prove to 
be hazardous and thus subject to these 
regulations. The Agency has li t t le in
formation regarding hazard levels and 
potential threats to human health and 
the environment associated with on-
land disposal of these wastes. Informa
tion on acceptable waste management 
techniques and associated economics ia 
also limited. Therefore. EPA Is consid
ering designating dredge spoils as a' 
special waste under Section 250.46. 

to regulate with special standards. 
With two exceptions.. EPA does not 
know how much of the total amount 
of waste generated In these categories 
Is. in fact, hazardous and thus subject 
to Subtitle C regulations. Only waste 
which Is hazardous under Subpart A 
standards, however. Is "special waste" 
under this Subpart. Any portion of the 
waste on the following table which Is 
not hazardous under Subpart A stand
ards is not regulated at all under Sub
title C and thus is not "special waste." 

thus deferring most requirements 
pending further study. As an alterna
tive, the agency is considering exempt
ing these wastes from RCRA require
ments and covering them solely via 
regulation under section 404 of" the 
Clean Water Act. Comments on how 
these wastes should be managed are 
invited. 

Infectious Waste 

EPA has received comments from 
the U.S. Army Environmental Hygiene 
Agency ( U S A E H A ) that Infectious 
waste defined as a" hazardous waste 
pursuant to Subpart A should be con
sidered a special waste and allowed to 
be disposed of at a landfill facility 
which does not meet all of the Sub
part O landfill standards. USAEHA 
also suggested that certain infectious 
waste could be adequately managed at 
facilities that meet the Section 4004 
"Criteria for Classification of Solid 
Waste Disposal Facilities" proposed 
under Subtitle D of RCRA (43 FR 
4914). The VS, Army Environmental 
Hygiene Agency agrees, however, that 
certain Infectious waste, because of 
the extreme hazard associated with It, 
should go to facilities with a demon
strated capability to manage such 
waste. 

EPA believes the above proposal has 
some merit, and is considering various 
administrative and regulatory options 
which we could employ to accomplish 
i t . Consideration is being given to des
ignating aB or certain categories of in

fectious waste which -is hazardous 
under Subpart A-is-"special-veaste." 
The Agency would then~write differ
ent Subpart D regulations for such in
fectious waste. 

The Agency invites comments from 
the public on this Issue. 

OPERATING AND DESIGN MANUALS AND 
INDUSTRY-SPECIFIC MANUALS 

To assist with the Implementation of 
these regulations, the Agency Is pre
paring a number of detailed manuals. 

The operating and design manuals 
will provide much more detailed Infor
mation on waste management technol
ogies than that given in the regula
tions. The manuals will cover accept
able practices for different types of 
treatment, storage, and disposal facili
ties. Including landfills, landfarms. 
storage facilities. Incinerators, chemi
cal, physical, and biological treatment 
facilities, and surface impoundments. 
Manuals on monitoring and training 
also are being developed. These man
uals wil l be organized to correspond 
closely with the regulations, but will 
be guidance manuals with no regula
tory effect. The Agency expects to 
issue the manuals prior to final pro
mulgation of the Subtitle C- regula
tions. 

The industry-specific guidance man
uals wil l help various Industries under
stand how the regulations apply to 
them. They will be issued as concise 
brochures. Sample diagrams and terms 
meaningful to the particular industry 
wil l be used. Eventually, manuals will 
be prepared for all major Industrial 
categories. Initially, thoughj these 
manuals will be prepared for. Indus
tries comprised primarily of small 
companies which can least afford to 
devote much effor t toward under
standing these regulations. The first 
industry-specific guidance manuals are 
being prepared for the electroplating 
and battery manufacturing industries. 

OTHER ISSUES *' 

Definition of Aquifer 
As defined in 5 250.41. an aquifer 

means any water-bearing stratum or 
unit which, due to its ability to store 
and transmit water. Is capable of yield
ing a useable quantity of groundwater 
to a well or spring. The key concept In 
this definition Is "a useable quantity 
of groundwater." EPA has received 
many inquiries about how one deter
mines a useable quantity. EPA, at this 
time, has not decided on what basis to 
make this determination (It could, for 
example, be 600- gal/day which ,1s 
enough for a single household of 4 
people) since relatively low yield 
aquifers can still be useable in certain 

Special Waste 

(Metric tons/yrl 

Quantity Possible hazard 

Cement Kiln Dust _ 12 million- Alkalinity and heavy metals 
Utility Waste <(\y ash. bottom ash. scrubber 88 million-_ _.. Heaty metals (trace) 

dude?). 
Pho»phau Minim. Beneflciation. and Processing 400 million _ Radkmclrvlty (low levels) 

Waste. 
Uranium Minlnf 150 million Radioactivity 
Olher Mlnlnj Wast* _ . ' b i l l i o n * Heavy metals, acidity 
Cat and OU Drilling Muds and Oil Production 5 million* Alkalinity, heavy meUls. tonic or-

Brlnea. can tea. tall nil y 

NOTE. — It la not yet known how much of the total guanUty of waste marked with an asterisk <*) la. In 
fact, hazardous waste. 
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-clrcumstJUiCca. Comment is requested 
o n the current definition of aquifer, 
gpeclflcally on how the Agency should 
(jcftrie a ""useable quantity" of water. *-

Test of Significance 

The term "significant" or "signifi
cantly" as used in these proposed rule* 
has not always been defined ln quanti
tative terms. A statistical test or tests 
to quantitatively define "significant" 
v i l l be developed where the Agency 
believes It Is necessary and wil l be 
cited or referenced where appropriate 
In the final rules. One method speci
fied ln these rules is the use of Stu
dent's tvtest. 

Comment and information f rom the 
public regarding appropriate statisti
cal methods or tests to apply in these 
regulations where the term "signifi
cant" is used, but no quantification is 
made would be appreciated. 

I N T E G R A T I O N W I T H OTHER ACTS 

I/nderprouTK* Injection and Ocean 
Disposal 

The disposal of hazardous waste by 
underground injection and ocean dis
posal is not covered by these proposed 
rules where these activities are regu
lated under the Safe Drinking Water 
Act (SDWA). and the Marine Protec
tion, Research, and Sanctuaries Act 
(MPRSA). Most underground injec
tion facilities, however. Involve above-
ground storage of waste prior to Injec
tion. Some of these facilities will have 
to comply with both the Subpart D 
(RCRA) standards and the Under
ground Injection Control (TJIC) regu
lations to be promulgated under the 
SDWA. The UIC regulations also wiil 
Include closure procedures for under
ground injection wells. Similarly, most 
ocean disposal operations involve on
shore facilities which must comply 
with the Subpart D (RCRA) stand
ards. 

NPDES Permitted Facilities 

These proposed rules apply to owners/ 
operators of all treatment, storage, 
and disposal facilities which receive 
hazardous waste. Accordingly, they 
may apply to some National Pollutant 
Discharge Elimination System 
(NPDES) permitted facilities, such as 
publicly or industrially owned waste 
water treatment plants which handle 
hazardous waste. The regulatory con
siderations for publicly owned facili
ties differ from those for Industrially 
owned facilities, and accordingly are 
discussed separately below. 

These hazardous waste control regu
lations apply only to the transport of 
hazardous waste directly by truck or 
rail to publicly owned treatment works 
(POTW). Once a hazardous waste, 
transported to a POTW, has been 
mixed with sewage, the resulting mix

ture Is DO longer -considered a sohd 
waste under. RCRA. However, the 
General Pretreatment Regulations (43 
FR 27738. June 26. 1978) and the spe
cific pretreatment standards (40 CFR 
Chapter I , Subchapter N) regulate 
these materials prior to their introduc
tion by Industry Into the municipal 
system, during transport to the publio-
ly owned treatment works, -and their 
treatment and disposal at the treat
ment works. The pretreatment re
quirements apply regardless of wheth
er the materials are discharged Into 
municipal sewers or are transported by 
truck or rail to the publicly owned 
treatment works. Therefore, these 
proposed hazardous waste rules are ln 
addition to the pretreatment require
ments and only apply to the handling 
of hazardous waste during delivery to 
a POTW by truck or rail and before i t 
is mixed with sewage. 

Industrially owned waste water 
treatment plants which discharge di
rectly to surface waters arc currently 
permitted under the NPDES program. 
These NPDES permits apply only to 
surface discharges to navigable waters. 
Since these facilities frequently in
volve surface Impoundments which re
ceive and treat hazardous waste, the 
possibility exists for subsurface dis
charges and/or air emissions which 
are harmful to human health and the 
environment Thus, if these impound
ments receive hazardous waste, as de
fined in Subpart A, these facilities are 
subject to these proposed rules in ad
dition to the current NPDES program. 
( I t should be noted that any hazard
ous waste (sludge) generated by such 
Industrial wastewater treatment 
plants is also subject to these regula
tions.) 

Similarly. industrially owTied 
wastewater treatment plants which 
discharge to publicly owned treatment 
works are currently regulated by pre
treatment standards. Where these 
facilities Involve surface impound
ments for hazardous waste, as defined 
in Subpart A. such facilities are sub
ject to these proposed rules in addi
tion to the pretreatment standards. 

Several commenters to previous 
drafts of these proposed rules have ex
pressed concern that It Is Inappropri
ate to apply RCRA Subtitle C techni
cal and other standards to hazardous 
waste inpoundments In an Industrial 
wastewater treatment train subject to 
pretreatment standards and/or a 
NPDES permit, especially for existing 
Impoundments which show no signs of 
leaching to groundwater or of emis
sions to the air. In response to these 
comments, tt should be noted that 
these proposed rules allow the owner/ 
operator of any existing hazardous 
waste Impoundment which docs not 
meet all the design and operating 
standards to show that such an im-

pouDOLDoent .proridel . the - H O I or 
greater degree o f performance (e.g.. 
containment) as an Impoundment 
which meets the standards. Thus, i f an 

< owner/operator of an existing hazard
ous waste impoundment can show by 
monitoring and other means that the 
Impoundment does not leak or exceed 
air emission requirements, that im
poundment may be issued a permit 
even l f i t does not-meet all the design 
and operating standards specified 
herein. The Agency solicits comment 
on this point with respect to existing 
hazardous waste impoundments/' 

Integration with BAT/Pretreatment 
Standards 

Best Available Technology (BAT) 
toxic effluent guidelines and pretreat
ment standards are being developed 
for specific industries under the Clean 
Water Act during the same time frame 
as these proposed rules. The Agency 
may review the 8ubpart D facility 
standards on a case-by-case basis for 
those Industries for which BAT and 
pretreatment standards are being de
veloped in order to -ensure that the 
two programs together provide the 
greatest environmental protection. 
Such evaluation would Include consid
eration of compliance costs. At pre
sent, however, the proposed regula
tions apply to all industries, except as 
specified ln { 250.46. 

Clean Air Act 

Owners and operators of hazardous 
waste management facilities must 
comply with all applicable standards 
promulgated under the Clean Air Act. 
Where applicable, new source per
formance standards for Industrial In
cinerators promulgated under Section 
111 of the Clean Air Act supersede 
emission standards for hazardous 
waste Incineration established in these 
Subpart D rules. 

Toxic Substances Control Act 

Final rules regarding disposal and 
marking requirements for polychlori
nated biphenyls (PCB's) were promul
gated on February 17. 1978. pursuant 
to Section 6(e) of the Toxic Sub
stances Control Act (TSCA). Those 
rules are Intended to protect the envi
ronment from further contamination 
resulting from improper handling and 
disposal of PCB's. 

The Agency Is now considering var
ious options for the Integration of the 
Subpart D standards and TSCA rules 
for disposal of PCB's and other special 
chemicals. The options w i th respect to 
Integration of the PCB regulations 
with the Subpart D standards are: 

(1) Publish two sets of rules which 
are totally independent; 

(2) Specify that the PCB rules su
persede the Subpart D regulations in 
areas of overlap: 
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owner or operator engaged In tazardous 
waits management. Within tbe facility 
there wi l l be an area where hazardous 
watte treatment, storage, and disposal 
activities occur. Tbit Is the waste 
management area. 

The waste management area Is made 
up of one or more watte management 
units. The provisions Ln the Part 264 and 
265 regulations (principally the technical 
standards ln Subparts K-N) establish 
requirements that are to be implemented 
on a unit by unit basis. A waste 
management unit is a contiguous area of 
land on or in which wasla-faTplaced. A 
waste management unit is the largest 
area in which there is a significant 
likelihood of mixing of waste 
constituents in the same area. Usually 
this is due to the fact that each waste 
management unit is subject to a uniform 
set of management practices (e.g., one 
liner and leachate collection and 
removal system]. 

Today's regulations establish specific 
requirements for surface Impoundments, 
waste piles, land treatment units, and 
landfills. Generally, each of these four 
terms is synonymous with the concept of 
e waste management unit For example, 
a surface impoundment is typically a 
single depression in the ground in which 
wastes are allowed to mix. Landfills 
may, however, present an exception to 
this general rule. Some landfills are 
•designed as a series of adjacent 
trenches that are separately lined. In 
this situation, the term "landfill" can 
refer to the entire set of trenches. Yet, 
each individual trench is a separate 
waste management unit under today's 
regulations. (The principal practical 
implication of this distinction arises in 
determining what area of the facility is 
subject to the monitoring and response 
program in Subpart F. This will be 
discussed Ln more detail in Section 
VII.D. of this preamble.) 

EPA's hazardous waste management 
regulations have also used the term 
"process" to describe a part of the 
facility. "Process" refers to general 
classes of waste management activities 
(e.g., surface impoundments, piles) and 
thus embodies a set of units that may be 
present at a facility. For example, a 
facility may contain three separate 
surface impoundments, two waste piles, 
and a single landfill. Such a facility 
contains six waste management units 
and three waste management processes 
(e.g.. surface impoundment, waste pile, 
and landfill.) 

In some parts of today's regulations 
und in this preamble, the term "facility 
permit" is used in describing a permit 
issued under Section 3005. While the 
broad term "facility" is used, this is not 
intended to mean that a permit can only 

be Issued for aD unit, at a facility. EPA 
may ittoa a pennit for some set of units 
at a facility. (Under these circumstances, 
the interim rrt a tut standards of Part 285 
continue to apply to units that are not 
covered by the Individual permit and 
have not been formally denied an 
Individual permit) 

Today's regulations also refer to 
waste management "portions." This is 
the smallest area typically referred to Ln 
these regulations. This simply means 
some area within the confines of a 
waste management unit 

Finally, today's regulations have 
clarified somewhat the terminology used 
to describe areas used for land 
treatment. In the past, EPA has used the 
term "land beatment facility" to 
describe the plot of ground on or In 
which land treatment occurs. This area 
is esentially the waste management unit 
as just described. Therefore, EPA 
Intends to use the term "land treatment 
unit" when describing these areas. This 
shift in terminology is designed to make 
the language used in the regulations 
more precise. It does not reflect a 
substantive change Ln the scope of the 
land treatment requirements. Thus, the 
term "land treatment unit" in today's 
regulations is synonymous with the term 
"land treatment facility" used in 
previously-issued regulations. 

A. Definitions (Part 260) ' 

In today's regulations, EPA is adding 
several definitions to 40 CFR Part 260 
that are used in the land disposal 
regulations. In addition, EPA is 
replacing one definition and clarifying 
the meaning of another. 

1. Aquifer. The term "aquifer" is 
defined in Part 260 (promulgated on May 
19,1980) as a geologic formation, group 
of formations or part of a formation 
capable of yeilding a significant amount 
of ground water to wells or springs. 
Public comments have suggested that 
"significant amount" is an imprecise 
term which may leave owners and 
operators in doubt as to which 
formations constitute aquifers. 
Commenters correctly pointed out that 
the concept of a "significant amount" 
was actually site-specific, depending 
upon the demand for ground water. 
Furthermore, commenters stated, the 
potential yield (amount) of ground Water 
from one well could be dramatically 
lower than the yield from a cluster or 
field of wells at the same location. In 
water-scarce areas, i l is not uncommon 
to install several wells inlo the same 
formation to collect sufficient ground 
water to feed into a public water supply 
system. The lower the yield to one well, 
the greater the number of wells 

necessary to serve the users of a given 
water supply system.. „7T 

In the preamble to the December 18, . 
1978 proposal the Agency had 
suggested 600 gallons per day as the 
minimum yield which would constitute a 
"usable quantity," bated upon the needs 
of a family of four persons. The Agency 
used the design specification of 125 
gallons per perton per day in arriving at 
this minimum yield. Commenters 
pointed out however, that this design 
specification is only appWcable to 
municipal public water supply s tre ami 
and includes allowances for washing of 
automobiles, lawn watering, central 
sewerage, minimal fire protection, etc 
Commenters suggested that. If the 
agency wished to base the minimum 
yield specification on the needs of a 
family of four in a rural area (a typical 
situation where a single, private, 
ground-water supply well would be 
used) an individual demand of between 
5 and 50 gallons per person per day, to 
satisfy health and personal hygiene 
needs, would be appropriate. 

Commenters also stated that many 
land disposal facilities are sited in areas 
where saturated upper clay layers are 
available to serve as a natural barrier to 
the migration of leachate into the ground 
water invthe actual uppermost aquifer. 
Since any saturated soil material can 
yield quantities of ground water to 
wells, even at an extremely low rate, 
one interpretation of the definition of 
aquifer could require the saturated clay 
landfill Liner to be monitored in 
accordance with the ground-water 
monitoring requirements. 

It was never the Agency's intent to 
consider saturated clay landfill liners to 
be subject to gTound-water monitoring 
as an aquifer. However, no acceptable 
criterion was suggested, nor has the 
Agency been able to produce a 
universally acceptable interpretation of 
"significant amount" which is 
appropriate in all of the various 
circumstances that may be encountered. 

The Agency wishes to define the term 
"aquifer" more precisely in a manner 
that is consistent with both the RCRA 
program and the Safe Drinking Water 
Act program, and that reflects the 
ground-water policy that EPA is 
currently developing to coordinate its 
ground-water protection programs. EPA 
is working on this issue, and will 
announce its result when the work is 
completed. 

2. Certification. The terms 
"certification", "certify", and "certified" 
are used throughout the regulations, 
including those promulgated today, to 
refer to the rendering of a professional 
opinion concerning compliance with a 
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MONITORING WELL MW-1 
SURFACE ELEVATION: 6876 FEET 

(Unsurveyed) 

=; - SYMBOLS DESCRIPTION 

f t 
*• //// 

CL RE00ISH-8R0WN SILTY CLAY, TRACE OF MEDIUM TO 
COARSE SAND AS BLEBS ANO THIN INTERBEOS 

j t WATER LEVEL 14.1 FEET B.G. 10/18/81 

/'///• 
-////.'. 

sc 
SH 

CL 

:;~3 ss 

PINKISH-PURPLE, SLIGHTLY SANOY (FINE) CLAY 

VARIEGATED SILTY SHALE. REOOISH BROWN GRADING 
TO GREEN AND LIGHT PURPLE 

RED0ISH-8R0WN SILTY CLAY. FIRM 

VARIEGATED LIGHT GREEN AND DARK RED LIMESTONE 
INTERBEDDED WITH SHALE 

REODISH-ORANGE SHALE 
LIGHT-GREEN LIMESTONE DENSE. HARD 
"LIGHT GREENISH-GRAY. MEDIUM TO FINE, LOOSELY 

CEMENTED SANDSTONE INTERBEDDED WITH LIGHT 
GRAY. LOOSE CLAY 

SH P5* REDDISH-PURPLE SHALE 

BORING COMPLETED AT 130.4 FEET ON 10/14/81. 

H SCREENE0 INTERVAL 

FIGURE 3 0 . 2 - 1 
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MONITORING WELL MW-2 
SURFACE ELEVATION: 6877 FEET 

(Unsurveyed) 

SYMBOLS DESCRIPTION 

WA 

l i 
i l 

CL RED0ISH-8ROWN SILTY CLAY. TRACE ME01UM TO COARSE 
SAND AS LOOSE TO FIRM BLEBS 

* WATER LEVEL 9.1 FEET B.G. 10/18/81 

CL 

LS/ 
^ SH 

LS 
SS 

PINKISH-PURPLE. SLIGHTLY SANOY (FINE) CLAY 
VARIEGATED REDDISH-BROWN. GREEN AND LIGHT 

PURPLE. SANDY TO SILTY SHALE 

REDDISH-BROWN SILTY CLAY. FIRM 

LIGHT GREEN TO DARK RED LIMESTONE INTERBEDDED 
WITH SHALE 

LIGHT GREEN LIMESTONE. HARD 
' | j WHITE TO LIGHT-GRAY, FINE TO MEDIUM SAND; SOME 
^ CLAY; GRADES GREENISH GRAY TO PINK, COARSE 
^ TO MEDIUM SANO 

I SH OEEP PURPLE SHALE, FIRM 

BORING COMPLETED AT 138.0 FEET ON 10/15/81. 

fy, SCREENED INTERVAL 

FIGURE 30.2-2 



LABORATORY TEST DATA 

oc oc 

O 

C K 

ttTT€R6ER£ 
LIMITS STRENGTH TEST DATA 

ac 
»>-
« • » 

ac w 

>-
oc 

oc oc 

O 

C K 

L
I
Q

U
I
D

 
L

I
M

I
T

 — ••< «_> w 

^ ac — 

C k , 

O 

>— N
O

R
M

A
L
 

O
R
 

C
O

N
F

I
N

I
N

G
 

P
R

E
S

S
U

R
E
 

I
P

S
r
i
l 

ac 
C 0 

ac 

oc 
„ 

t — * " t * _ 

a 

»— 
ac 

<_> _ 
CK "~ =• »— 
tz» 
ac 

»>-
« • » 

ac w 

>-
oc 

1 

MONITORING WELL MW-3 
SURFACE ELEVATION: 6880 FEET 

(Unsurveyed) 

SYMBOLS DESCRIPTION 

% P CL REDDISH-BROWN SILTY CLAY LOOSE GRADING TO FIRM 

GRADES SLIGHTLY SANDY 23-30 FEET ANO AT 
40 FEET 

V WATER LEVEL 32 FEET B.G. 11/10/81 

SC PINKISH-PURPLE. SLIGHTLY SANDY CLAY 

VARIEGATED REOOISH-BROWN ANO REO SILTY SHALE, 
LOOSE 
GRADES GREEN TO LIGHT PURPLE AND SANDY, 65-
75 FEET 
GRADES FIRM REOOISH-BROWN SILTY SHALE. 75-
85 FEET 

VARIEGATED LIGHT GREEN AND DARK RED LIMESTONE 
WITH INTERBEDDED REDDISH-BROWN SHALE 

H LIGHT GREENISH-GRAY, MEDIUM TO FINE SANDSTONE, 

REDDSIH-ORANGE SHALE. MODERATELY FIRM 

LIGHT BROWN LIMESTONE, BLOCKY, OENSE 

LOOSE. SOME CLAY 

S3 GRADES PINK AND COARSE TO MEDIUM 

SH REOOISH-PURPLE SHALE. MODERATELY FIRM 

BORING COMPLETED AT 129.0 FEET ON 10/16/81. 
WATER TABLE NOT MEASURED. 

I? SCREENED INTERVAL 

F I G U R E 3 0 . 2 - 3 
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MONITORING WELL MW-4 
SURFACE ELEVATION: 6883 FEET 

(Unsurveyed) 

- SYMBOLS DESCRIPTION 

P 
CL 

2 CL 

REOOISH-BROWN SILTY CLAY, LOOSE 

REOOISH-BROWN CLAY, FIRM 
WATER LEVEL 8.7 FEET B.C. 10/18/81 

GRADES SILTY AND SANDY (COARSE) '20-25 FEET 

SH 

LS 
SH 

VARIEGATED REDDISH-BROWN, GREEN AND LIGHT PURPLE 
SILTY SHALE 
GRADES REDDISH-BROWN TO RED-ORANGE. 65-70 
FEET 

VARIEGATED LIGHT GREEN TO DARK RED SHALE AND 
THIN LIMESTONE BED 

REDDISH-ORANGE, SLIGHTLY SANDY SHALE 
| WHITE TO LIGHT GRAY, CLAYEY SANDSTONE 

SH 2 PURPLE SANDY SHALE 

SS ̂  WHITE TO LIGHT GRAY SANDSTONE, HARD 

% 
= SH % PURPLE SHALE WITH THIN LENSES OF CLAYEY SAND 

BORING COMPLETED AT 120.0 FEET ON 10/16/81. 

SCREENED INTERVAL 

FIGURE 3 Q . 2 - 4 
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APPENDIX F 
TEST PUMPING OF 
CHINLE SHALE 

METHODOLOGY AND DESCRIPTION OF THE TEST 

The test consisted of a 5 hour pumping period and a 2 hour recovery 

period. An air-driven piston pump capable of sustaining pumping rates as 

low as 10 gallons/hour (0.167 gpm) was used for the test. Water level 

measurments were taken with an electronic sounder. The well (OW-24) is 

located approximately 250 feet northwest of the land treatment f a c i l i t y 

and is completed within the Chinle shale. The lithologic and completion 

log of the well is attached (Figure F-2). 

Pumping began at 1515 hours on February 20, 1985 at a rate of 10 gal

lons/hour. The produced water was very turbid. Clogging of the pump and 

pump lines necessitated continuous monitoring and adjustment of the 

discharge. 

After 4 hours of pumping at 10 gallons/hour, the drawdown of the well 

appeared to stabilize at about 7 feet. The discharge rate was increased 

to 20 gallons/hour in order to more effectively stress the aquitard. 

After one hour of additional pumping a total drawdown of 12 feet was 

observed. However, this higher pumping rate increased the turbidity of 

the discharge and caused ins t a b i l i t y of the pumping rate. The lack of 

control of the discharge rate and the potential of diamage to the pump 

forced the termination of the test after a total of 5 hours of pumping. 

Water level recovery was observed for 100 minutes. At this time the 

water level had recovered to within 90% of the pre-pumping level. 



PUMP TEST ANALYSIS 

Field measurements are summarized in Table F-l. Due to the short pumping 

time and potential well-bore and gravel-pack effects, the final analysis 

was based on methods developed by Shafer, for low-conductivity materials. 

Partial penetration effects were neglected in the analysis because the 

low pumping rates and the expected anisotropy of the aquitard would 

prevent significant vertical flow to the well bore. The low pumping rate 

was also designed to completely drain the gravel pack in the well to 

insure accurate recovery data. 

A copy of Shafer's methodology is attached, and the data for his analysis 

is given in Table F-2. Figure F-l is a plot of the recovery data, 

according to Shafer's methods. This Figure includes calculation of T and 

K for the Chinle shales. 



TABLE F-l 

Pump Test Data, OW-24 
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DATA 

Time Since Drawdown 
Pumping Started (feet) 

(min) (s) 

317 12.0 

319 10.63 

321 9.69 

323 8.86 

325 8.21 

327 7.56 

332 6.11 

337 5.17 

342 4.38 

347 3.75 

352 3.27 

357 2.86 

362 2.52 

367 2.27 

372 2.07 

377 1.92 

387 1.66 

397 1.51 

407 1.42 

417 1.32 

TABLE F-2 

FOR SHAFER'S METHOD 

Feet of Time 
ing Filled To F i l l 
( f t ) (mi n) 

0 0 

1.37 2 

.94 2 

.83 2 

.65 2 

.65 2 

1.45 5 

.94 5 

.79 5 

.63 5 

.48 5 

.41 5 

.34 5 

.25 5 

.20 5 

.15 5 

.26 10 

.15 10 

.15 10 

.10 10 

Q S/Q 
(gpm) (ft/gpm) 

.45 23.8 

.31 31.6 

.27 32.7 

.21 38.7 

.21 35.6 

.19 32.3 

.13 42.1 

.10 42.5 

.08 45.6 

.06 52.2 

.05 53.4 

.04 56.8 

.03 69.5 

.026 79.3 

.019 98.0 

.017 97.8 

.009 154 

.009 145 

.006 202 
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LABORATORY TESl OATA 
M t C M H 

UNITS ST«(KCTK UST DATA 

BO. ./G OW-24 
SURfAC£ EIEYATIOK: 0878 FEET 

X o 
o o 
z t 
< n 

5 SYMBOLS DESCRIPTION 

HALE 

TRIASSIC PER100 
CHINLE FORMATION 
REOOISH BROWN. VERT FINE SANDY CUT, SOFT. HIGHLY 
WEATHERED 

2.4 

30 FEET: SHALE. REDDISH BROVM, 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 AHO SORING 

SEALEO WITH BENTONITE AND CEMENT TO SURFACE. 
GROUND MATER LEVEL MEASURED AT 32.5 FEET BELOW 
GROUND ON l/S/81. 

FIGURE F-2 
LOG OF WELL OW-24 

LOG OF BORINGS 
D A M N • M O O M i 
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'limping Test 
Analyses for 
Low Yield 
Formations 
b y D a v i d C . S h a f e r 

ccasionally it is necessary to 
|determine aquifer charac
teristics of very low yielding 

formations—those with transmis-
sivities less than 500 gallons per day 
per foot. Though interest in these 
aquifers is certainly not because of 
their productive capability, it may be 
desirable to determine groundwater 
flow characteristics even in these 
low yield formations in order to 
determine such things as regional 
groundwater flow patterns, effect of 
dewatering or migration of pollution 
plumes near point sources of con
tamination. 

Dif fe ren t Approach 

Conventional pumping test anal
ysis using the standard time draw
down graph often does not work 
effectively in low T (transmissivity) 
formations for two reasons. First, 
the pumped well 's low specif ic 
capacity (gallons per minute per 
foot of drawdown) may cause the 
pump to break suction during the 
test and it may be impractical to 
thrott le back the pumping rate 
sufficiently to prevent this. Second, 
even if a constant pumping rate can 
be maintained without breaking 
suction, most of the data obtained 
willjprobablv reflect casing storage 
effects_rather than true aquifer 
parameters (see "Casing Storage 
Can Affect Pumping Test Data." 

W i l l i a m F. A c h u f f 

D i r ec to r 

Jan-Feb. 1978, Johnson Dril lers 
Journal). Thus a different approach 
is required. 

The best method for analyzing 
these formations is to pump a sub
stantial portion of the casing empty, 
then shut the pump off and measure 
water levels as they recover. In 
ordinary pumping tests these mea
surements correspond to the non-
pumping portion of the test. How
ever, in the low T formations this 
"recovery period" is actually the 
"pumping period!" 

After pump shut-off, the casing 
slowly begins filling with water. This 
water comes from the aquifer and 
actually represents the water pump
ed during this so called "pumping 
period." The pumping rate is deter
mined by measuring the volume of 

Pumping rate = 10 gpm 
Pumping period = 15 minutes 

Drawdown at pump shut off = 90 ft 
Casing — 6" I.D. 

Drop pipe — VA" I.D. 

Time Vo lume f i l led s /Q 

T ime in minutes Number of in minutes d iv ided by t ime in feet 
s ince pump ing Drawdown feet of requ i red requ i red in ga l lons per gal lon 

star ted in feet casing f i l led to fill per minute • per minute 

(t) (s) <Q) 

15 90 -
( p u m p shut off) 

17 85.66 4.34 2 3.04 28.2 
20 79.7 5.96 3 2.78 28.6 

30 64.2 15.5 10 2.17 29.5 
40 51.9 12.3 10 1.72 30.2 
60 35.6 13.3 20 1.14 31.1 
80 24.6 110 20 .77 31.8 

Table 1 



Por t fo l i o £12: Pumping Test Analyses & Devices f o r Groundwater Moni to r ing -

casing filled in a given length of 
time. 

During the test, careful measure
ments are made of time since pump
ing began (t) along with drawdown 
(s) at each of these times. Then a 
calculation is made to determine Q 
for each time t and finally the ratio 
s/Q is computed for each measured 
drawdown value. The ratio is simply 
the reciprocal of the specific capacity. 

A graph is then constructed show
ing t versus the ratio s/Q plotted as 
usual on semi-logarithmic graph 
paper with t on the log scale. A 
straight line of best fit is drawn 
through the data points and T is 
calculated as follows: 

T = 
264 

A(s/Q) 

where A{s/Q) is the change in s/Q 

over one log cycle of graph paper. 
This graph has the unique advan

tage that it will accurately rpflpr.t 
aquifer transmissivity independent 
of casing storage effects. Inaddition 
it will be sensitive to nearby re
charge and/or negative boundaries 
and will reveal these conditions like 
any ordinary time drawdown graph. 

To see how this technique works it 
is best to work an example. Table 1 
shows data obtained from a 6-inch 
well pumped at 10 gpm for 15 
minutes. Drawdown after 15 minutes 
of pumping measured 90 feet. 

The next data point was recorded 
two minutes following pump shut-
off or 17 minutes since pumping 
started. At this time the pumping 
water level was 85.66 feet, indicating 
that 4.34 feet of casing had filled 
during the two minute interval. 

The annulus between the 6-inch 
casing and VA" drop pipe holds 1.4 
gallons per foot so that the volume 
of casing filled is 1.4 times 4.34, or 
6.08 gallons in two minutes. Thus. 

Q = 6.08 gallons/2 minutes 
= 3.04 gpm 

finally, 

s/Q = 85.66 ft/3.04 gpm 
= 28.2 ft/gpm 

which is plotted at a time of 17 
minutes on the graph shown here. 

This analysts is repeated for each 
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drawdown measurement. The re
sultant calculated s/Q values are 
shown in the table and plotted in the 
figure. The formation T value from 
the graph is 

264 
= A(s /Q) 

In low transmissiv i ty s i tuat ions, readings are taken after pump shut-off . In this 
method , s/Q is the rec ip roca l of the specif ic capacity and t is t ime, measured after 
shut-of f as water begins to enter the cas ing. 

= 264/5.3 
= 49 gpdM 

Conventional Analysis 

cJraracte«8tics) !of«th1s l'\vell fncft 
i nclOdetWWri^hoifvs^hatlfca'COh-
ventJonaWrTiflr<Jfawdown graph had' 

tatttoubOtt£tt£This means that data 
recorded in the first twelve hours of 
pumping would have been useless 
and longer pumping than this would 
have been required to obtain any 
usable data at all. However, data 
collected after twelve hours of 
pumping probably would be more 
influenced by boundary conditions 
than by aquifertransmissivity.^ftus, 

tecftortaoarog r̂dl̂  
"PfcWWSteSt-The value of the method 
descr ibed above becomes very 
clear; it may be the only way to 
determine T values in certain low 
yielding aquifers. 

In order to maximize the accuracy 
of this method, it is best to unload 
(empty) the casing as rapidly as 
possible. Thus it is actually better to 
use a high capacity pump than a low 
capacity pump in analyzing ex
tremely low-yielding wells! 

Another good idea is to unload the 
casing with compressed air since 
this can typically be done in one 
minute or less. 

Recorded Data Must Be 
Accurate 

An additional important consider
ation is that all data recorded for this 
type of analysis must be absolutely 
accurate. Small errors in the record
ed values of time and/or drawdown 
can result in large errors in the 
calculated values of s/Q. For best 
results, drawdown should be record
ed to the nearest hundredth of a foot 
and timed to the nearest second or 
two. 


