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ABSTRACT

Runoff disposal through dry wells in Tucson, Arizona was

studied to determine its effect on ground-water quality. Approximately

149 dry wells are used at residential, commercial and industrial sites.

Industrial sites contained potential pollutants in the watersheds.

Potential sources at commercial and residential sites were generally

ubiquitous in the urban environment. Dry-well settling chamber sedi-

ments were analyzed for priority pollutants within each land-use

category. Each category contained polyaromatics, phthalates, metals,

and pesticides. One industrial site contained xylenes. One site

representing the greatest threat to ground-water quality within each

category was identified. Ground-water samples near these sites showed

no evidence of contamination from the dry well. Low metal concentra-

tions in vadose zone sediments detected during soil boring at the

industrial site will not affect ground-water quality because of exten-

sive silt/clay strata. No organic pollutants were detected in the

vadose zone at the industrial site.
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CHAPTER ONE

INTRODUCTION

Stormwater drainage wells, or "dry wells", are used to dispose

of local runoff by injecting the stormwater into permeable vadose zone

sediments. Dry wells are commonly used in municipalities experiencing

stormwater drainage problems resulting from rapid growth and develop-

ment.

The increase in runoff from paved areas of new developments,

combined with inadequate stormwater sewer systems, has prompted many

communities to adopt drainage ordinances requiring on-site retention

and disposal of increased stormwater runoff from new developments. Dry

wells are often used to satisfy these requirements becatise their cost

is low compared to sewer systems and the areal space required is small

compared to detention/recharge basins. Also, dry wells can be used to

drain areas with impermeable surfaces, allowing the use of parking lots

as detention basins during storms.

In addition to flood control, dry well disposal of stormwater

runoff can augment water supplies by recharging local aquifers. If the

vadose zone is capable of removing contaminants from the stormwater

injected through dry wells, then ground-water recharge resulting from

dry well use would be a valuable conservation measure, especially in

the arid Southwest where water supply often falls short of demand.

Dry wells are most often used to drain paved and unpaved

parking areas, landscaped areas, and rooftops. They have been used in

a variety of circumstances including residential subdivisions, apart-
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ment complexes, and in commercial and industrial areas. They are

normally used in new developments, but have also been used to correct

drainage problems in existing developments.

Dry Well Design and Operation

Dry wells are designed to facilitate the movement of stormwater

runoff from the land surface into permeable vase zone sediments by

by-passing zones of low permeability in the soil and upper layers of

sediment. The basic design of most dry wells in Arizona is shown in

Figure 1. The settling chamber receives surface runoff and removes a

portion of the suspended sediment from the stormwater, an overflow pipe

transfers water from the settling chamber to the lower part of the dry

well, and an injection screen allows water to discharge to the gravel

pack and vadose zone sediments. The settling chamber is separated from

the gravel pack by a filter fabric, which prevents sediment from pene-

trating and clogging the gravel pack. The filter fabric, along with

weep holes in the settling chamber wall, allows the dry well settling

chamber to drain when the water level in the well falls below the top

of the overflow pipe. A filter screen at the top of the overflow pipe

prevents leaves and other debris from clogging the injection screen.

Typically, the dry well settling chamber is four feet in diam-

eter and 15 to 25 feet deep. It is set in a six-foot diameter hole

which allows for a 12-inch gravel pack in the annular space between the

settling chamber wall and the side of the borehole. Below the settling

chamber a gravel pack is set in a four-foot diameter borehole. The

actual depth of the hole depends on the depth of permeable subsurface
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Figure 1. Typical Dry Well Design in Tucson, Arizona. Patterned after
the Maxwell(DIII, Designed by McGuckin Drilling, Inc.
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sediments. The minimum penetration into permeable sediments recom-

mended by a manufacturer is ten feet (MdGudkin Drilling, Inc., 1984).

Dry wells are normally dug using a bucket auger.

Dry Wells and Water Quality

Inasmuch as dry wells provide a direct link between the land

surface and permeable vadose zone sediments, the normal filtration and

sorption processes that would occur if the stormwater percolated

through the soil horizons are bypassed. It is possible that pollutants

commonly found on the land surface are being transmitted to the vadose

zone via the dry well. In addition, when dry wells are used in areas

where industrial chemicals are used, the risk of vadose zone and

ground-water contamination from accidental spills or intentional

dumping could increase significantly.

Pollutants in the vadose zone can be attenuated by sorption and

filtration, undergo microbial or physical degradation, and/or be trans-

mitted vertically to the water table or horizontally along a zone of

low permeability. Dissolved pollutants and pollutants sorbed on non-

filterable particles may migrate with the plume of water as it travels

through the vadose zone. Water transmitted horizontally may intersect

well casings or other conduits allowing rapid percolation to the water

table. Therefore, a major concern with the use of dry wells is that

pollutants in runoff water, and other waste fluids discharged into

these units, may degrade ground-water quality. The concern is substan-

tiated by studies which have documented the presence of various pollu-

tants in urban runoff.
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Previous Studies

Studies conducted for the Fresno National Urban Runoff Program

(NURP) identified the presence of both inorganic and organic priority

pollutants in urban runoff. In fact, 33 of the 129 pollutants in EPA's

list of priority pollutants were detected in runoff samples in the

Fresno area (Table 1).

In his dry well studies for the Mricopa Association of Govern-

ments, Schmidt (1985) found lead, iron and manganese, as well as low

levels of two commonly used landscaping pesticides, Diazinon and

Dachal, in stormwater entering a dry well. Resnick, DeCook and

Phillips (1983) reported the presence of excessively high concentra-

tions of total coliform, fecal coliform, fecal streptococci and

suspended sediment in runoff in the Tucson area.

A few studies have been conducted to identify the extent that

pollutants in stormwater runoff have migrated in the subsurface follow-

ing disposal in retention facilities. Schmidt (1985) conducted a study

in the Phoenix area to monitor pollutant migration as stormwater from a

commercial parking lot drained through a dry well. This particular dry

well terminated within shallow ground water underlying the site. Three

monitor wells were drilled about 20 feet from the dry well to permit

sampling the shallow ground water. None of the pollutants detected in

the surface runoff (mentioned earlier) were detected in the monitor

wells. In fact, Schmidt (1985) found that dilution effects from storm

runoff improved the inorganic quality of ground water at the monitor

well immediately down gradient from the dry well. Background water

quality in this area is high in total dissolved solids.
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Table 1. Priority Metals and Organics Detected in Fresno NURP Project

Metals
	

Orgarxlcs
	 Organics

Aldrin

Anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

alpha-BHC

gamma-BHC (lindane)

Butylbenzylphthal ate

Chlordane

Chrysene

DDE

DDT

Dieldrin

Di-n-octyl phthalate

Ehdosulfan

Ehdrin

Fluoranthene

Heptachlor

Heptachlor epoxide

4-nitophenol

Total PCB

Pentachlorophenol

Phenol

Pyrene

Antimony

Arsenic

Cadmium

Chromium

Copper

Cyanide

Lead

Mercury

Nickel

Zinc

Brown and Caldwell (1984)
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Wilson and others (1985) conducted five injection tests on an

experimental dry well at Tucson, Arizona to determine the attenuation

of urban runoff pollutants (metals, microorganisms and organic matter)

during lateral flow of ground water in the vadose zone and during

mixing with native ground water. Chemical solutions were injected via

the dry well at concentrations well above that normally expected in

runoff. The injection rate for the tests was approximately 500 gallons

per minute. Samples were collected from a vadose zone monitor well at

a depth of 25 feet approximately 50 feet from the dry well.

During injection of metals, the maximum iron and copper concen-

trations at the monitor well were 40 percent and 20 percent, respec-

tively, of the injected concentrations with breakthrough times of

approximately 2.5 hours and 4 hours, respectively. The biological

tracer studies, using E-coli, fecal streptococci and the bacteriophage,

f2, showed a significant reduction in microorganisms during lateral

flow in the vadose zone. Fecal streptococci and f2 were attenuated to

a greater extent than E-coli. The tracer test using organic matter

simulated the "first flush" of stormwater injection into a dry well,

where elevated concentrations of total organic carbon (TOC) are

expected. TOC concentrations of the first injectate to reach the

monitor well were 58 percent of the injected concentration. The tests

of Wilson et al. (1985) showed significant, but certainly not complete,

attenuation of pollutant analogs, especially when concentrated slugs of

pollutants were injected.
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The studies cited above suggest that the subsurface environment

at the study areas was capable of attenuating pollutants in storm

runoff injected through dry wells to levels that ground-water pollution

did not occur. The wells studied by Schmidt, which are not actually

"dry" wells because they terminate below the water table, did not

transmit organic pollutants and actually improved inorganic ground-

water quality. However, the hydrogeology of his study area is suffi-

ciently different from the Tucson area that the results may not be

transferable. Similarly, the studies of Wilson and others were con-

ducted on an experimental well using pollutant analogs, rather than

actual pollutants. In particular, the fate of actual organic pollu-

tants could not be simulated.

Regulation

Concern over the potential effect of dry wells on water quality

has resulted in federal, state and local regulation. Stormwater injec-

tion wells represent one of over 30 different types of Class V injec-

tion wells identified by the Environmental Protection Agency (EPA).

They are therefore governed by Part C of the Safe Drinking Water Act

(PL 93-523) which calls for the development of regulations at the state

level for underground injection control (U1C) programs. In states

where acceptable UIC programs were not developed, the EPA implemented

regulations (Title 40 of the Code of Federal Regulations, Parts 124 and

144 through 147). Class V wells in these states are authorized under a

rule which allows construction and operation of all Class V wells until

such time as regulations are developed and implemented to the contrary.
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Arizona has recently enacted the Environmental Quality Act and

House Bill 2229 (both effective in 1986), which require inventorying

and permitting of all dry wells and the development of rules governing

location, construction, maintenance and closure of dry wells to protect

ground-water quality. These statutes and subsequent rules will enable

Arizona to obtain primacy for the federal UIC program.

Dry well use in Pima County is regulated under the Interim Dry

Well Policy, implemented in 1986. Tucson has adopted the same policy

for dry well use within the city. The dry well policy includes

requirements for siting, operation and maintenance of new dry wells.

It prohibits new dry wells in industrial and landscaped areas, requires

75 feet and 125 feet of vertical separation between the dry well and

water table in residential and commercial areas, respectively, and

requires 300 feet and 500 feet of horizontal separation from cased and

non-cased water supply wells, respectively. Design and operation

requirements call for an upstream sediment trap in or near each well to

remove suspended sediment and time requirements for drainage (for

mosquito control). Annual maintenance, including removing the accumu-

lated sediment, and detailed record keeping by the owners are also

specified in the policy.

Purpose of Research

The concern over the possible effect of dry wells on the

quality of undelyiound sources of drinking water and Tucson's reliance

on ground water as the sole source of drinking water led to recognition

of the need for a detailed evaluation of the effect of dry well use in
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the area. The city of Tucson responded to this need by funding this

study. The purpose of the study, therefore, is to determine whether

water quality problems exist due to the use of dry wells. Specifi-

cally, the study tests the hypothesis that dry-well use results in

actual or potential ground-water contamination of the Tucson aquifer.

The study also provides useful information for evaluating the

appropriateness of the Interim Dry Well Policy adopted by Pima County

and the city of Tucson. On a wider scale, the information in this

study should be transferable to other parts of the Southwest with sim-

ilar geologic and hydrologic conditions. The information will also

contribute to the UIC program by filling voids in the current data

base. In particular, a detailed inventory of dry wells in Tucson and

vicinity will contribute to the federal inventory requirement for state

UIC programs. Additional data on the quality of urban runoff will be

useful in developing canprehensive management plans for urban drainage,

which incorporate water-quality considerations.

Objectives

The specific objectives of this study are as follows:

(1)Survey dry well use in the Tucson metropolitan area;

(2)Identify potential sources of contaminants and factors

affecting the introduction of contaminants into dry

wells;

(3) Identify the types and distribution of pollutants near

selected dry wells by collecting pollutant concentra-

tion data for runoff entering the dry well, dry well
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settling chamber sediments, vadose zone sediments

between the dry well and water table, and ground water

below the dry well and in nearby water supply wells;

(4)Evaluate existing or potential ground-water pollution

due to the use of dry wells;

(5)Identify trends between land use (residential, commer-

cial and industrial) and ground-water pollution

potential with respect to dry well use.

Thesis Organization

The theoretical basis for the movement of water and pollutants

in the vicinity of dry wells is discussed in Chapter I. Basic prin-

ciples of flow and a summary of literature dealing with the injection

of water into the unsaturated zone from cylindrical sources, including

computer simulated dry well injections, are presented. This is

followed by a brief description of the fate and transport processes

likely to degrade or retard pollutants as they migrate to and from dry

wells.

Chapter Three describes the overall strategy and specific

methods used to satisfy the purpose and objectives of the research,

which are stated in the preceding sections.

The results are presented and discussed in Chapters Four, Five,

and Six. Overall dry-well use in the Tucson metropolitan area is

summarized in Chapter Four and then described for three types of land

use: residential, commercial, and industrial. The general descriptions

and comparisons in Chapter Four are followed in Chapter Five by
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detailed descriptions of eight dry-well sites. The eight sites are

believed to represent the greatest potential for degrading ground-water

quality due to dry-well use within each land-use category. Pollutant

levels in the settling chamber sediment were determined at each of

these sites and used to identify one site within each land-use category

assumed to represent the "worst case" for the category. In Chapter

Six, the analytical results of the monitoring program in the vicinity

of the three "worst case" sites are presented and discussed.

Chapter Seven and Eight state the conclusions and recommenda-

tions followed by Appendix A and literature citations.
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CHAPTER 'IWO

THEORETICAL MOVEMENT OF WATER AND POLLUTANTS
IN THE VICINITY OF DRY WELLS

•

An understanding of the theoretical movement of water and

pollutants as they migrate from the dry well through the vadose zone is

required to evaluate the potential for ground-water pollution

associated with the use of dry wells. The migration of pollutants in

this type of system is dependent on interactions between the design and

construction features of the dry well, hydraulic properties of the

vadose zone, physical properties of individual pollutants and the chem-

ical, physical and microbial interactions between the pollutants and

the soil/air/water environment.

The vadose zone is comprised of the geologic material and

fluids between the land surface and the regional water table. In the

Tucson basin, which is part of the Basin and Range physiographic

province of the United States, the vadose zone is comprised of alluvial

sediments ranging in thickness from less than ten feet along parts of

Tangue Verde and Rillito washes to greater than 400 feet in the foot-

hills along the margins of the basin, with an average thickness of

about 200 feet (Babcock et al., 1986). The alluvial strata consist of

a variety of material including dense clays, well-graded sands and

poorly graded mixtures of clay, sand and gravel. The deposits include

laterally extensive strata, linear channel deposits and small lentic-

ular beds. Both saturated and unsaturated conditions are possible in

the vadose zone.
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In this chapter, a literature review and summary of the

principles of water movement in the vadose zone is first presented.

Bandeen's (1984, 1987) work on simulated flow regimes in the vicinity

of a dry well using various simplified hydrologic conditions expected

in the Tucson basin is summarized. The movement of conservative com-

pounds, those which do not react with the environment, can be approx-

imated simply by evaluating the movement of water through the system.

The vadose zone, however, is capable of some degree of attenuation and

degradation for most, if not all, pollutants. The second part of this

chapter briefly summarizes the dominant fate and transport mechanisms

which are believed to affect the attenuation and degradation of pollu-

tants as they move from the dry-well drainage area through the vadose

zone.

Water Movement in the Vadose Zone

Water in the vadose zone is present under saturated conditions

within zones of perched water and below surface impoundments, and under

unsaturated conditions where the pore-water pressure in the porous

material is less than atmospheric. The exception is the region known

as the capillary fringe, which is saturated to nearly saturated and

slightly below atmospheric pressure. The region surrounding a dry well

will normally be unsaturated; however, at the onset of a storm of

sufficient volume a saturated envelope will develop around the lower

part of the dry well and persist until drainage and redistribution of

water have reduced the pore-water pressure to the air entry value of

the sediments (slightly below atmospheric pressure).
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Principles of Flow in the Vadose Zone

The basic principles of the movement of water in porous media

are well developed in theory and are readily accessible in textbooks,

treatises and journal articles in the fields of ground-water hydrology,

petroleum engineering, soil science and agricultural engineering. The

following paragraphs briefly describe the basic principles of flow

through porous media.

The movement of water in saturated and unsaturated zones occurs

when a difference in potential energy of the water exists between two

points. The potential energy at a given point is a function of eleva-

tion, pressure, chemical composition and temperature. The effects of

chemical composition and temperature, however, are generally negligible

relative to elevation and pressure. Therefore, the potential energy,

expressed as the energy per unit weight of water, or hydraulic head, is

the sum of the elevation head and pressure head.

The elevation head is simply the vertical distance from an

arbitrary datum. The pressure head is a measure of the pore-water

pressure at the point of interest, expressed in terms of the height of

water above or below an arbitrary pressure datum. Atmospheric pressure

is generally used as a convenient datum. The pressure head is normally

positive with saturated conditions and is negative with unsaturated

conditions.

The flux of water in both the saturated and unsaturated zone is

directly proportional to the hydraulic head gradient. The expression

relating hydraulic head gradient and flux is the well-known Darcy's

Law. The constant of proportionality in Darcy's Law is referred to as
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hydraulic conductivity. For saturated sediments, the hydraulic conduc-

tivity in isothermal systems is constant for a particular fluid and

sediment. For unsaturated sediments, the hydraulic conductivity is

also a function of water content, reaching a maximum when the sediment

is fully saturated and decreasing as water content decreases.

When describing unsaturated flow systems the relationship

between water content and pressure head is used to develop a soil-

moisture characteristic curve. Water content and hydraulic conduc-

tivity are determined as a function of pressure head. Unsaturated flow

systems, however, are complicated by the hysteretic nature of the

soil-moisture characteristic curve in which the pressure head for a

given water content depends on whether the system is wetting or drying

and also on the water content at which a reversal from wetting to

drying, or vice versa, occurred.

Literature Review

Richards (1931) is credited with developing the first general

differential equation to describe the movement of water in both satu-

rated and unsaturated porous media. Richards derived his equation by

combining Darcy's equation relating flux and hydraulic gradient with

the continuity equation for fluid flow.

Several researchers have studied infiltration in the

unsaturated zone under specific conditions. Among others, Philip

(1957, 1958, 1966, 1967, 1968, 1969) has studied infiltration and

percolation in one, two and three dimensional systems, from sources

with a variety of geometric shapes and in heterogeneous media.
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Fitzsimmons (1970) developed a mathematical model for horizontal

imbibition based on a study of unsteady radial flow from a cylindrical

source into a partially saturated porous media. The movement of water

in the vicinity of a dry well, however, includes a significant vertical

component induced by gravitational forces.

Stephens and Neuman (1980), Stephens (1979) and Philip (1985)

studied the use of uncased borehole permeameters in homogeneous unsat-

urated soil. Except for differences in size, the physical conditions,

and hence the injection of water to the unsaturated zone from borehole

permeameters and dry wells, are comparable. The conclusions based on

uncased borehole permeameter studies should therefore be applicable to

dry wells. Stephens and Neuman (1980) compared classical free surface

models, which ignore unsaturated flow, to models that include unsat-

urated flow components. They concluded that borehole permeameter tests

which do not consider unsaturated flow do not adequately describe the

flow system and can lead to significant errors in calculating saturated

hydraulic conductivities. Philip (1985), in addition to supporting the

conclusions of Stephens and Neuman (1980), developed a method for esti-

mating constant head infiltration to the unsaturated zone from a bore-

hole under positive pressure resulting from a column of water.

Philip's (1985) method treated vertical and horizontal movement

separately and used several simplifying assumptions regarding the

borehole geometry.

Watson and his co-workers have studied the effects of

hysteresis during infiltration and redistribution of soil moisture

(Perrens and Watson, 1977; Jones and Watson, 1987; Diment and Watson,
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1985; Lees and Watson, 1975; Curtis and Watson 1984). Perrens and

Watson (1977) developed a model to evaluate infiltration and redistri-

bution in an unsaturated two-dimensional profile under a variable flux

from the surface.

Simulated Case Studies of Flow Through Dry Wells

Six scenarios of dry-well drainage were simulated by Bandeen

(1984, 1987) to determine the maximum lateral and vertical migration of

water (and conservative pollutants) expected under the lithologic and

hydrologic conditions existing in the Tucson basin. The simulations

were performed using the ground-water flow model UNSAT 2, which is a

numerical solution to Richards (1931) equation for saturated and

unsaturated flow. In each simulation, flow was assumed to move

axisymmetrically from the dry well into the vase zone. This enabled

the use of a two-dimensional grid system, which, when rotated about the

vertical dry well axis, will define the flow system in three dimen-

sions.

The lithologic system Bandeen (1984) modeled in Cases 1, 2, and

3 (numbered la, lb, and 2a, respectively, by Bandeen) is based on

actual subsurface conditions in the vicinity of a dry well in northwest

Tucson at the University of Arizona Water Resources Research Center's

field experiment station. Bandeen (1984) regards the site as typical

of conditions in the vicinity of a flood plain with channel deposits in

the Tucson basin, but not representative of conditions in other parts

of the basin. A lower-permeability zone at a depth of about 32 feet is

overlain by sandy alluvium. The average saturated hydraulic conduc-
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chamber and surface sediment drain and high negative pressure heads

near the wetting fLuilt in the low-permeability zone.

Case 3 assumes a totally impermeable layer at 32 feet and an

inflow regime that approximates the maximum design rate of inflow for a

dry well for a period of 27 hours. This scenario represents dry-well

drainage from a detention basin. This type of basin is currently used

in at least three residential subdivisions and several other areas on a

smaller scale (see Chapter Four). The simulated 27-hour drainage time

was determined by limitations of the computer model grid; however, this

time frame is comparable to the maximum dry well drainage time per-

mitted by Pima County regulations (either 24 hours or 36 hours depend-

ing on land use).

Figure 4 shows the progression of the saturated front at dif-

ferent times. Clearly, this is the worst possible scenario for lateral

movement of water and contaminants. Bandeen (1984) calculated the

injection volume in this case to be 49,000 cubic feet, all injected

into permeable sediments above a shallow impermeable zone. It is also

a scenario which is representative of actual conditions, except for the

totally impermeable zone, for a number of sites in the Tucson basin

(see Chapter Four).

Cases 4, 5, and 6 (numbered 1, 2, and 3 by Bandeen, 1987)

simulate three more realistic lithologic conditions representative of

the Tucson basin. For each case, simulated runoff from multiple

convective storms, representing summer storms in Tucson, was injected

through the dry well at the design intake rate. Specifically, runoff

from two five-year, one-hour storms frun a one-acre paved lot was



GROUND SURFACE

rum- • 1721 HOURS

PERCHING LAYER

94	 131	 220	 VO	 320	 370	 CO	 490	 550	 CO	 650

DISTANCE FROM DRY WELL AXIS OW

GROU/VD SURFACE

Z• :
et

(.3
-• .1

'42
C3	 0

O 1162 23.6 na 353 41.65	 M	 64	 131	 170

DISTANCE FROM DRY WELL AXIS

--GROUNO SURFACE
30

to

b .

TIME • 15.14 HOURS

o  	 PERCHING LAYER

▪ 131	 220	 270	 320	 370	 430	 420

0/STANCE FROM DRY WELL AXIS (II)   
o 11.12 I 25.11 323

Figure 4. Extent of Saturated Plume Follcwing Dry-Well Injection for
Case 3 Following Apgroximately 4, 9, 15, and 27 Hours of
Continuous Injection (Bardeen, 1984).

33



34

injected at a rate of 0.5 cubic feet per second during the simulation

with 24 hours between storms. The initial water table elevation was

set at a depth of 100 feet for each of the following cases. Bandeen

(1987) also estimated the surface area of the sediment within the 80

percent saturation contour for each of these cases. The degree of

pollutant attenuation by sorption is related to the amount of contact

between the percolating water and sediment.

Case 4 assumed a homogeneous gravelly-sand sediment with a

saturated hydraulic conductivity of 6.7 feet per hour for the entire

vadose zone. This condition is the "worst case" scenario for vertical

water movement. The movement of the zone of saturation, illustrated by

the 95 percent saturation curve, is shown for the first storm in Figure

5. The saturated front reached the water table in les's than two hours.

The saturated plume dissipated sometime between zero and two hours

after injection ceased. Drainage from the second storm was somewhat

faster due to higher initial moisture contents. The saturated plume

dissipated within 0.5 hours after the second storm. Within 24 hours

after injection from the second storm ceased the degree of saturation

had been reduced below 80 percent for the entire flow region. The

percolating water within the 80 percent saturation curve contacted

approximately 56 billion square meters of sediment surfaces.

Case 5 assumed a gravelly sand layer (Case 4 material) to a

depth of 30 feet underlain by sandy clay loam (saturated hydraulic

conductivity = 0.29 feet/hour). The movement of the saturated plume,

illustrated by the 95 percent saturation curve, is shown in Figure 6.

The low-permeability zone prevented saturated conditions below a depth
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of about 60 feet. Water moving under unsaturated conditions reached

the water table five to ten days after the second storm. The percola-

tion water contacted approximately 500 billion square meters of

sediment surfaces.

Case 6 assumed a gravelly-sand layer (Case 4 material) to a

depth of 30 feet underlain by sandy loam (saturated hydraulic conduc-

tivity = 1.0 feet per hour). This simulation represents condition

intermediate between Case 4 and Case 5. The movement of the saturated

plume, illustrated by the 95 percent saturation curve, is shown in

Figure 7. Injected water reached the water table under unsaturated

conditions five to six hours after the first storm. The percolation

water contacted approximately 160 billion square meters of sediment

surfaces.

Fate and Transport Mechanisms

The extent to which pollutants will migrate in the subsurface

depends on several mechanisms. Fate mechanisms, those that physically

destroy the original compound resulting in the formation of one or more

products, include photolysis, oxidation, reduction, hydrolysis and

biodegradation. Transport mechanisms, while not destroying the

compound, will affect its movement through the environment. Liquid

transport, volatilization and sorption are the dominant mechanisms

affecting pollutant transport in the vicinity of dry wells.

The remainder of this chapter will briefly describe the

dominant fate and transport mechanisms mentioned above. Details

concerning specific chemicals are available in several references and
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handbooks. A report by Callahan et al. (1979), prepared for the U. S.

Environmental Protection Agency, contains summaries of existing infor-

mation on the water-related fate and transport of the 129 "priority"

pollutants. Verschueren's (1983) Handbook of Environmental Data on

Organic Chemicals, Second Edition provides existing data on the

physical properties, occurrence, fate and environmental significance of

over 1300 chemicals. Hazardous Chemicals Information Annual (Sax,

1986) provides handling and other regulatory requirements, in addition

to physical properties and toxicity information, for over 200 environ-

mentally significant industrial compounds.

Liquid Transport

The movement of water in the vadose zone has already been

discussed. The simultaneous movement of pollutants dissolved in water

or the movement of free product (spills, illegal dumping, etc.) are the

most important transport mechanisms by which ground-water contamination

from dry-well use could occur. In fact, the lateral and vertical

extent of water movement from a dry well can be viewed as a limiting

value beyond which migration of pollutants introduced from the dry well

is unlikely. However, it is possible that volatilization, subsequent

vapor transport and condensation could contribute to ground-water con-

tamination. The remaining fate and transport mechanisms all tend to

oppose water-borne pollutant transport by either degrading pollutants

or retarding their movement.
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Volatilization

Volatilization is the process by which chemicals are trans-

ferred from a liquid or solid to the atmosphere. Generally, volatili-

zation will result in the transfer of pollutants from either the

surface runoff or liquid phase of the vadose zone to the atmosphere,

hence removing them from the system and eliminating their threat to

local ground water. In a broader sense, volatilization and subsequent

vapor transport can be an important source of water pollution if

redeposition occurs near water bodies or as rainfall. Vapor transport

of volatile compounds in the vadose zone following dry well injection,

however, is expected to result in the compounds' removal from the

system.

The degree of volatilization for a particular chemical depends

on its vapor pressure and ability to diffuse from the liquid or solid

surface to the atmosphere. Chemicals with a high vapor pressure, low

solubility, and low sorptive tendencies are likely to volatilize and

are not likely to persist in soil and water systems. Diffusion is

enhanced during turbulent flow conditions; hence, volatilization during

surface transport and injection will occur more readily than during

subsurface transport. Volatilization is an important mechanism for

most halogenated aliphatic compounds, halogenated ethers, and the

monocyclic aromatics used as additives in unleaded fuels (Callahan et

al., 1979).
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Sorption

Sorption is a general term which includes each of the mecha-

nisms resulting in a chemical being either absorbed or adsorbed to

sediment. Adsorption of nonpolar organic molecules by organic matter

can significantly reduce the dissolved concentration of these

substances and cation exchange processes can effectively retain most

positively charged metal complexes. The degree of sorption for indi-

vidual pollutants is measured by the soil/water partition coefficient

or the cation exchange capacity, both of which are unique properties of

a particular soil or sediment. The octanol/water partition coeffi-

cient, which is not soil dependent, can be used to compare the relative

importance of sorption for different organic compounds.

Sorption onto suspended sediments prior to dry-well injection

could be an important factor in preventing the introduction of con-

taminants to the vadose zone because of the high concentration of

organic matter and the dry well's ability to remove sediment from the

incoming runoff. Pollutants sorbed in this manner are periodically

removed when the dry well settling chamber is cleaned. Similarly,

pollutants sorbed on finer suspended matter may be filtered and

retained in the vadose zone. For dissolved pollutants reaching the

vadose zone, the sorptive capacity of the vadose zone may significantly

reduce the concentration of chemicals with high sorptive properties.

Sorption is a significant process for retarding the movement of

metals and most metal complexes, polychlorinated biphenyls (PCB's),

some phenols and most phthalate esters and polyaromatic hydrocarbons

(Callahan et al., 1979).
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Photolysis

Photolysis is a chemical transformation induced by a flux of

solar energy. Sunlight, considered in terms of a photon energy flux,

excites a chemical causing a chemical transformation. Inasmuch as dry-

well injection normally occurs under cloudy skies and the runoff is not

usually ponded for long periods, photolysis is not considered a signif-

icant fate process for most dry well applications. Photolysis could be

a factor, however, where large detention basins store water for as long

as 36 hours. Short summer storms followed by sunny skies are not

uncommon in the area. Photolysis may contribute to the degradation of

polyaromatic hydrocarbons (Callahan et al., 1979).

Oxidation-Reduction

Redox (oxidation - reduction) reactions are chemical changes

resulting from electron transfers. The significance of redox reactions

in the dry-well environment is difficult to generalize. Redox condi-

tions depend primarily on the concentrations of oxidants and reductants

in the system. However, other factors such as the microbial composi-

tion and presence of photo-excited oxidants can significantly affect

the kinetics of redox reactions (Stumm and Morgan, 1981). The redox

conditions are characterized by the redox intensity (pE), which is the

negative log of electron activity when the system is at equilibrium.

Redox conditions within dry wells will vary depending on

whether the system is aerobic or anaerobic and on the microbial compo-

sition of the system. Organic carbon compounds are generally unstable

under aerobic conditions (Stumm and Mbrgan, 1981); however reaction
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rates can be slow. Microorganisms, if present, will act as catalysts

for some reactions.

Hydrolysis

A hydrolysis reaction, in which water participates in the

reaction, is a significant process in the breakdown of many organic

chemicals. Normally, hydrolysis of organic molecules results from the

introduction of a hydroxyl ion (OH-) in the chemical structure and the

loss of another radical (Callahan et al., 1979). Hydrolysis reactions

are important factors in the degradation of many pesticides,

particularly the organophosphorous pesticides.

Biodegradation

Biodegradation, as the term implies, is the transformation or

complete breakdown of chemicals resulting from the action of micro-

organisms. In the dry-well environment, microorganisms in runoff, the

dry well, and the vadose zone could play a significant role in reducing

contaminant levels. Biodegradation is dependent on the types of

microorganisms present, mineral salt concentrations, types and concen-

trations of contaminants and other nutrients, oxygen concentration,

temperature, and pH (Howard, 1978).

Biodegradation has been shown to be significant for degrading

most polyaromatic hydrocarbons, phenol, and several chlorinated pesti-

cides (Callahan et al., 1979).
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Conclusion

The movement of water and pollutants through the environment in

the vicinity of a dry well depends on many complex interactions within

the environment. Bandeen's (1984, 1987) flow models for dry-well

injection under various geologic and hydrologic conditions typical of

the Tucson basin serve to establish boundaries beyond which significant

pollutant migration is not expected. His surface area estimates also

show that differences in vadose zone sLiatigraphy, such as low-per-

meability zones which cause lateral spreading, can significantly affect

pollutant attenuation.

Physical, chemical and biological fate and transport processes

in the vadose zone are expected to restrict pollutant movement to some

degree. It is beyond the scope of this research to evaluate specific

fate and transport processes. The interactions and interferences

inherent in natural systems make it difficult, at best, to study fate

and transport mechanisms in the field. However, the total combined

effect of the fate and transport mechanisms operating in the dry-well

environment are ultimately responsible for the distribution of pollu-

tants in the vicinity of dry wells, which is the subject of this

research.
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CHAPTER THREE

METHODOLCGY

The purpose of this study, as stated in Chapter One, is to

evaluate the ground-water pollution potential associated with the use

of dry wells in the Tucson metropolitan area. A summary of the overall

method of accomplishing this goal is presented in this chapter,

followed by a list of specific tasks and detailed descriptions of the

methodology used to accomplish each task.

Overview

The overall strategy for accomplishing this research was to

evaluate in detail the current use of operational dry wells in the

Tucson metropolitan area. First, a list of dry wells in the area was

prepared followed by site investigations and collection of existing

data for each site. Hydrologic, geologic and anthropologic factors

thought to have the potential to affect ground-water quality were iden-

tified for each site during this phase. Based on this information, dry

wells were classified according to land use and two to three dry wells

from each class were selected for further study.

The selection criteria, described fully in the next section,

were established such that the sites selected are representative of the

class with respect to dry well design and drainage area layout, and

have the greatest perceived potential for degrading the quality of

water resources. The reasoning for these criteria is three-fold.

First, representative dry wells and drainage areas are required to



46

facilitate generalizations based on a limited number of study sites.

Second, conclusions based on an evaluation of the "iL case" within

each classification facilitate development of standards for future dry-

well use that adequately protect water quality for the complete range

of current uses for dry wells. Lastly, of practical concern, it was

assumed that "worst case" sites would contain the greatest degree of

pollutants. These were selected to facilitate tracking the migration

of pollutants.

The ultimate objective in the selection process was to select

one dry well within each land-use category that was believed to repre-

sent the greatest threat to ground-water quality. The final selection

was based on the pollutant concentrations in the dry well settling

chambers. Samples were collected from each of the sites initially

selected for further study. The site with the greatest degree of

pollutants in the settling chamber sediment was selected for inclusion

in a detailed drilling and monitoring program designed to determine

pollutant concentrations in runoff entering the dry well, vadose zone

sediments, and ground water in the vicinity of the dry well.

The ground-water pollution potential from the use of dry wells

in the Tucson area was then evaluated based on the information col-

lected as part of this research and the results of the related studies

described in Chapters One and Two.
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Specific Tasks and Methodologies

Because of the broad scope of this research, it was useful to

identify specific tasks and develop a detailed methodology for each

task. The major tasks are outlined below and described in the follow-

ing paragraphs.

I. Dry Well Survey

- Inventory

- Existing information

- Site investigations

- Land-use classification

H. Initial Screening for Selection of "Worst-Case" Sites

III. Settling Chamber Sediment Sampling

IV. Final Selection of "Worst-Case" Sites

V. Pollutant Distribution at "Worst-Case" Sites

- Water supply wells near the dry well

- Vadose zone sediments

- Ground water from monitor wells

- Storm runoff entering the dry well

Dry Well Survey

Inventory. A list of existing dry wells in the Tucson area was

compiled from information provided by the city of Tucson, Pima County

Department of Transportation and Flood Control District, MbGuckin

Drilling Company, WACO Drilling Company, and Marco Contracting, Inc.

In addition, telephone inquiries were made to all other injection well

drillers listed in the Tucson and Phoenix telephone directories.
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Existing information. Design and construction details for most

dry wells, in particular the type and depth, were obtained from

drillers. The depth to ground water at each dry-well site was esti-
•

mated from maps prepared annually by Tucson Water (Babcock et al.,

1986), and the distance to productions wells was estimated fium a map

of city water wells, also provided by Tucson Water. Drilling logs were

obtained from the driller for most dry wells and from Tucson Water for

nearby production wells in order to characterize the vadose zone in the

vicinity of the dry well. Preliminary land-use information was

obtained from zoning records.

Site investigations. Each dry-well site in the Tucson metro-

politan area was visited at least once to verify the inventory and,

when possible, the existing information. The drainage area was evalu-

ated to identify factors associated with the dry well that could affect

the quality of runoff.

Each dry-well drainage area was inspected to identify potential

sources of pollution, such as autcmobiles, trash receptacles, ferti-

lizer and/or pesticide applications, chemical storage, and automobile

maintenance areas. In addition, the overall layout of each drainage

area was examined to identify the types of surfaces contributing to the

drainage and features that could exacerbate or mitigate the movement of

pollutants to the dry well. For example, upstream sediment traps,

grass, and cobbled raceways would reduce entrance velocities and act as

a prefilter for removing suspended sediment and sorbed pollutants.

Site classification. The general type of activity at each site

--residential, ommercial or industrial--was noted during the site
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visit and later compared to the city or county zoning classification.

Each site was classified according to the actual site use. Apartment

complexes, which are classified as commercial sites under Pima County's

dry well policy, were designated as residential in this study to

achieve a more balanced distribution of sites between the three land-

use classifications. At the University of Arizona, where the diversity

of activity prevents a general classification of land use for the

entire complex, the specific activity in the dry well drainage area was

compared to appropriate zoning descriptions. The dry well site was

then classified accordingly.

Initial Screening

Dry wells were selected for additional study based on the

information obtained during the dry-well inventory and site charac-

terization. Representative sites were identified within each of the

three land-use classifications that meet the following criteria: (1)

design and construction details are representative of a majority of dry

wells within the class; and, (2) dry well drainage areas are represen-

tative of the class in terms of size and drainage surfaces. Inasmuch

as the next step in the research was to collect sediment samples from

the dry well settling chamber, the accumulation of sufficient sediment

was a practical requirement for further consideration of a site.

The selection of "iL case" sites was achieved by screening

the representative sites within each classification according to the

following criteria: depth to water, distance to production wells,

vadose zone lithology, presence of potential pollutant sources in the
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drainage area, length of service time and evidence of actual contam-

ination at the site. These factors were qualitatively assessed to

identify sites with the greatest perceived threat to ground-water

quality. Final selection was also subject to the practical requirement

of receiving the landowner's permission to enter the well and collect

sediment samples.

Settling Chamber Sediment Sampling

Procedures for sample collection were developed prior to enter-

ing the field to ensure a standardized method, to prevent cross-con-

tamination of the samples, and to ensure compliance with EPA quality

control and chain of custody requirements. The procedures also

included safety precautions relevant to entering confined spaces.

Sampling procedures were modified in the field, as necessary, to handle

specific situations.

Access to the settling chamber was accomplished by removing the

inlet grate and lowering a ladder to the bottom of the chamber. Protec-

tive disposable coverings on the ladder feet and on the feet of the

person collecting the sample prevented carry-over of sediment from one

chamber to the next. In addition, the sample area was chosen to ensure

that the sampler and ladder did not contact the sample area, thus mini-

mizing the possibility of collecting contaminants introduced during the

collection process.

Samples were composite samples of approximately the upper four

inches of accumulated sediment in the dry well settling chamber. Nor-

mally, they were collected by scooping sediment with clean glass
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beakers and filling laboratory supplied wide-mouth, glass jars equipped

with teflon-lined plastic caps. At one site, a steel, auger-type soil

sampler was used to collect the sample in order to penetrate approxi-

mately two feet of standing water, saturated with fats and oils, and

two to three inches of caked fats floating on the surface. In this

case, the ladder was secured from above to prevent gross contamination

of the laddPr with oil and grease. The ladder was visually inspected

following sampling at each site and, when necessary, steam cleaned

using ordinary tap water. Attempts to minimize sample disturbance were

generally unsuccessful due to the sandy texture of most of the sedi-

ments.

Samples were refrigerated immediately following collection and

remained refrigerated during temporary storage and shipment to a

commercial analytical laboratory. All samples were received by the

analytical laboratory within 48 hours of collection, with the exception

of one sample which was collected on a Friday, shipped on Monday and

received on Tuesday.

Sediment samples were analyzed by a commercial laboratory using

the methods listed in Table 2. The methods used for pollutant analyses

are those approved by the EPA and described in Test Methods for Evalu-

ating Solid Waste: Physical/Chemical Methods, Second Edition (SW-846) 

(U.S. Environmental Protection Agency, 1982). Analyses conducted after

November 1986 used the third edition of the same reference. Specific

parameters and the minimum detectable concentration for each parameter

determined by each method of pollutant analysis are listed in Appendix

A.



Table 2. EPA Approved Methods of Analysis for Sediment Samples

Extraction*
Method

Analytical
Method

Volatile Organic 5030 (1) 8240 (1)
Compounds

Base/Neutral and 3550 (1) 8270 (1)
Acid Compounds

Chlorinated Pesticides
and PCB's

3550 (1) 8080 (1)

Organophosphorous 3550 (1) 8140 (1)
Pesticides

Chorophenoxy Herbicides 3550 (1) 8150 (1)

Priority Metals 3050 (1) 7000 (1)

Oil and Grease 413.2 (2)

52

(1) EPA, 1982	 (2) Federal Register, 44:233
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Following receipt of the initial sample results, five of the

eight wells originally sampled, which had measurable concentrations of

several pollutants, were resampled to confirm the initial results. In

addition to the parameters listed in Table 2, the backup samples were

analyzed for major ions and total organic carbon (TOC).

Final Selection of "Worst-Case" Sites

One dry-well site from each land-use classification was

selected for a detailed evaluation of the movement of pollutants into

and through the dry well and in the subsurface environment. The

criterion for this selection was the pollutant concentration in the

dry-well settling chamber sediment. The dry well with the greatest

degree of pollutants, within each classification, was selected.

Pollutant Distribution at "Worst-Case" Sites

Water wells near dry wells. Because of the proximity of four

city water wells to dry wells containing measurable concentrations of

pollutants (based on the original results of settling-chamber sediment

samples), Tucson Water collected ground-water samples from the four

wells. The samples were analyzed by a commercial laboratory for

priority pollutants.

Vadose zone sediments. Sediment samples were collected and

analyzed from a borehole near the dry well at the "LL case" indus-

trial site to determine the extent to which pollutants had migrated

from the dry well. Similar sampling bLLategies were developed for a

residential and commercial site; however, permission to study these

sites was withdrawn by the landowners. Access to the residential and
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commercial site may be obtained at a future date through the acquisi-

tion of easements by Tucson and Pima County.

A hollow-stem auger advanced the borehole at the industrial

site to the desired sampling depths. Samples were collected from a

vertical borehole three feet from the dry-well settling chamber wall.

The three-foot separation between the borehole and settling chamber

wall was the minimum recommended by the dry-well manufacturer to

prevent drilling into the gravel pack around the dry well.

Hollow-stem augering allowed drilling with minimal addition of

drilling fluids and foreign material to the borehole and collection of

relatively undisturbed samples. Appmcximately 7.5 gallons of demin-

eralized water were added to the borehole In 2.5 gallon increments

during drilling to remove clayey sediments. The water was poured down

the outside of the auger flights. Gasket material (paper hand towels)

was used in the joints between auger flights to reduce borehole drift

and wear and tear on the joints. Augers and sampling equipment were

steam-cleaned on site prior to each use. No grease or oil was used on

the augers in the borehole.

Samples for pollutant analyses were collected at 15, 20 and 25

feet, every 2.5 feet beyond that to 40 feet, and at 45, 50, 60, 65, 80,

100, 120 and 140 feet. The 2.5-foot sampling interval between 25 and

40 feet corresponded with the injection zone of the dry well at the

industrial site. The distance between samples increased as the

distance (depth) from the dry well increased; however, samples for

lithologic descriptions were collected at least every five feet for the

entire 140-foot depth of the hole.



55

Samples were collected by driving a soil sampler ahead of the

auger. Two types of samplers were used depending on the purpose of the

sample. Samples for Chemical analyses were collected using a solid

ring sampler equipped with three six-inch brass liners for each sample

interval. At five-foot intervals when chemical analyses were not

required, samples were collected using a split-spoon sediment sampler.

The middle and bottom sample-filled liners from each solid ring

sample were immediately sealed with teflon-lined plastic caps and elec-

trician's tape. The middle sample was Shipped to a commercial analyti-

cal laboratory for analysis. Twenty percent of the bottom samples were

sent to a different analytical laboratory for quality control. Four

bottom samples were used for bulk density determinations. The remain-

ing bottom samples were refrigerated and stored. A portion of the

sediment fiat the top liner was used in the field for lithologic

descriptions. The top liner was then sealed and later used to deter-

mine moisture content and grain-size distribution.

Split-spoon samples were used for lithologic descriptions in

the field and then bagged and later used to determine grain-size

distribution.

Each of the sediment samples sent to the analytical laborator-

ies was analyzed for volatile organic compounds (EPA Method 8240), acid

and base/neutral compounds (EPA Method 8270), and extractable priority

pollutant metals (California Adminstrative Code, Title 22, Section

66700). The extraction procedure for the metals analysis was modified

by using deionized water as the extraction solution, rather than sodium

citrate. Water is more representative of the system than sodium
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citrate, which is intended to simulate hazardous waste leachate. These

three methods are those that measure the pollutants detected in the

settling chamber sediment.

Sediment samples at 20, 30, and 40 feet were analyzed for a

complete suite of pollutants. This included the methods listed above,

plus chlorinated pesticides and PCB's (EPA Method 8080), organophos-

phorous pesticides (EPA Method 8140), and chlorophenoxy herbicides (EPA

IvIthod 8150). In addition, oil and grease (EPA 413.2) and percent

organic carbon (ASTM 90) were measured every ten feet to a depth of 60

feet and thereafter every 20 feet.

Samples were collected over a two-day period. They were

refrigerated immediately following collection and remained refrigerated

during storage and shipment to the laboratory. The samples were

received by the laboratory approximately 75 hours after the first

sample was collected.

Ground-water monitoring. Strategies for collecting ground-

water samples, including specifications for monitor wells, were devel-

oped for each of the three dry-well sites. Plans for ground-water

monitoring at the industrial site were cancelled after reviewing the

lithologic logs and results of sediment analyses (described in Chapter

Six). Mbnitor well construction at the commercial and residential site

is on hold pending the outcome of the City's efforts to obtain access

to those sites. If access is obtained, the methodology and results of

the ground-water monitoring program will be published by the Water

Resources Research Center in a final report on the project to the city

of Tucson.
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Storm runoff monitoring. Runoff entering the dry well during

summer storms in 1987 was sampled at the industrial and residential

site. A sample of standing water was collected from the dry well at

the commercial site. The sample from the commercial site was runoff of

potable water used to irrigate plants and wash down the asphalt floor

at an outdoor garden supply center.

At the residential site, the sample was collected during the

early stages of the first major storm of the season. The sample was

collected by removing the inlet grate and filling the containers as

runoff cascaded into the dry well. At the industrial site the sample

was collected from ponded water above the dry well at the conclusion of

the second major storm of the season. The sample was collected by

dipping the bottles and skimming the surface of the ponded water. At

the commercial site the sample was collected by lowering a stainless

steel bucket into standing water in the well. Sample bottles were

subsequently filled by pouring water from the bucket.

Samples were collected in laboratory supplied containers. The

samples were refrigerated within 20 minutes of collection and remained

refrigerated during storage and shipment to the analytical laboratory.

The samples were received by the analytical laboratory within 48 hours

of sampling. General mineral and dissolved priority pollutant metals

samples were filtered immediately upon receipt by the analytical

laboratory. Following filtration, the metals sample was preserved with

nitric acid.

Samples were analyzed for a complete suite of pollutants using

the methods shown in Table 2, in addition to determining the general
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mineral ccmposition of the water. Bromide concentrations were also

determined for the samples from the residential and industrial site.

The chloride/bromide ratio of the runoff compared to the same ratio in

the ground water might provide insights into the degree of mixing

between surface runoff and ground water (Koglin, 1984).
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CHAPTER FOUR

RESULTS OF THE DRY-WELL SURVEY

The results of the dry-well inventory and site investigations

and a discussion of the factors which potentially affect the quality of

runoff in dry-well drainage areas are presented in this chapter.

Overall dry-well use in the Tucson metropolitan area is described for

each land-use category--residential, commercial, and industrial. Simi-

larities and differences between the land-use categories, with respect

to factors affecting water quality, are identified and discussed.

Site-specific information is generally not provided, except to

highlight particularly significant or unique situations. Detailed des-

criptions of the sites determined to represent the greatest potential

for ground-water contamination within each land-use category are given

in Chapter Five.

Dry-Well Inventory

At least 149 dry wells are currently in operation in the Tucson

area: 17 in industrial areas, 55 in commercial areas, and 77 in

residential areas. The numbers include engineered dry wells for which

some form of record exists. They do not include unreported wells and

wells for which records could not be found, nor do they include "do-it-

yourself" drainage wells, which are dug or augered holes backfilled

with gravel.

Drainage wells consisting of holes back-filled with gravel

represent a potentially large number of wells. At least 15 wells of
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this type are used at an apartment complex where holes the size of 55

gallon drums, some lined with 55 gallon drums, were hand dug and back-

filled with gravel. At another site, an anecdotal account by an

unidentified maintenance person indicated that a large number of

similar wells were augered and backfilled to drain a playing field in

Tucson. Window wells, for draining the area around basement windows,

are another example. These types of wells are probably shallow and

lower capacity than engineered dry wells, and if so, would not repre-

sent a serious threat to ground-water quality. However, the inventory

and subsequent evaluation in this chapter should not be construed to

apply to these wells.

Unreported and forgotten wells are those for which no record

could be found or for which for some reason the record was withheld.

In Tucson, the number of unreported and/or forgotten wells is thought

to be small because of the current permitting and record keeping

requirements and because wide-scale use of dry wells in the area is a

relatively recent phenomenon.

The first six engineered dry wells in Tucson were installed at

a site in March 1976. The number of dry wells installed annually in

the area for 1976 to 1986 is shown in Table 3. The temporary morator-

ium on approving new plans for dry-well construction (September 1985 to

early 1986) and current restrictions of the Interim Dry Well Policy

have only recently affected the rate of dry-well installation. Fourteen

dry wells were installed in the area during the first seven months of

1987.
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Table 3. Dry- Wells Installed Annually in the Tucson Metropolitan Area

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986

6 2 0 0 1 4 1 8 24 37 52



62

Site Characteristics According to Land Use

Table 4 and the following paragraphs summarize the information

obtained from existing data and during the site investigations for each

of the three dry-well site classifications--residential, commercial,

and industrial. Potential sources of pollution that are common to the

majority of sites are oil and gasoline from automobiles, metals from

automobiles and other metal objects, and pesticides and fertilizers

from landscaped areas. Trash disposal bins, which might contain a

variety of common household pollutants, are also present in a number of

dry-well drainage areas. Potential sources of pollution that are

unique to specific dry-well drainage areas include: (1) a retail

garden center with outdoor storage of pesticides and fertilizers; (2)

animal pens (sheep and swine) used by a high-school animal laboratory;

(3) an outdoor trash compactor used by a restaurant; (4) a 55-gallon

diesel fuel drum in an outdoor storage area; and (5) a partially

underground fuel storage tank.

The vertical separation between the bottom of the dry wells and

the ground-water table ranges from 50 to 280 feet. The distance to

production wells ranges from 150 to over 6000 feet.

Residential Sites

Dry wells in residential areas include 49 dry wells at 18

apartment complex or condominium sites and 28 dry wells in nine housing

subdivisions. Dry wells that service single homes are not known to

exist in Tucson.
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Table 4. Summary of Information on Dry Wells in Tucson and Vicinity
(Updated July 1987)

Residential Commercial Industrial

Total (# of wells) 77 55 17

Drainage Area (# of wells)

Private Driveways
and Parking Areas

60 31 13

Roof Tops 72 39 13

Public Streets 27 3 0

Loading Docks 0 10 4

Landscaping 72 27 2

Chemical Storage 0 1 2

Vehicular Servicing 0 0 0

Livestock Pens 0 1 0

Trash Receptacles 23 27 9

Separation Between Dry-Well Invert and Ground Water (feet) 

<75

75 - 125

10

36

9

22

0

11

>125 31 24 6

Distance to Nearest Production Well (feet)

<300 1 4 1

300 - 500 0 3 1

>500 76 48 15
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Dry well drainage areas at apartment and condominium complexes

are fairly consistent with respect to potential pollutant sources and

the types of surfaces contributing drainage. Mbst of the drainage

areas consist of varying amounts of grass, desert landscaping, side-

walks, rooftops, and paved parking lots and driveways. Slightly over

half of the dry wells in these areas are installed in grassed or land-

scaped areas that also receive drainage from paved areas. The dry

wells installed in paved areas typically also receive drainage from

landscaped areas. The drainage areas range in size from a small

stairwell to the entire complex.

The dry wells in residential subdivisions are situated In

retention basins, which, in most cases, receive drainage from a large

part of the subdivision. A total of eleven basins are in use with one

to three dry wells in each basin. Generally, local streets are used as

collectors that route the runoff to the basin. In fact, 26 of the 27

dry wells listed in Table 4 as receiving drainage from public streets

do so in this situation. This type of application is similar to Case 3

modeled by Bandeen (1984), as previously described in Chapter Two.

No facilities for chemical storage, livestock confinement, and

vehicular servicing were observed in these complexes and subdivisions.

However, it is likely that these activities occur on a small scale.

For example, household chemicals stored in private garages or on

outdoor shelves, family pets and self-servicing of vehicles are fairly

common in residential areas, all of which contribute to the pollutant

load in the environment.
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Commercial Sites

Fifty-five dry wells are in use at 30 commercial sites in and

around Tucson. The commercial establishments using dry wells include

grocery and building-supply stores, small shopping centers, garden cen-

ters, medical centers, self-storage lockers, office complexes, banks,

schools, and a church, hotel, restaurant, golf course, and miniature

golf course.

Most of these dry wells are installed in paved areas such as

driveways, parking areas, or loading docks which receive drainage from

the paved area, rooftops, and generally minor amounts of landscaped

areas. Two notable exceptions to this are three dry wells at a hotel

that drain an extensively landscaped inner courtyard, and a dry well

that receives drainage from the grassed areas and artificial ponds of a

miniature golf course.

Chemical storage within the dry-well drainage area was observed

at one retail outlet, where fertilizers and pesticides were shelved in

an outdoor retail garden center. On a subsequent visit, the pesticides

were shelved indoors. (According to the store manager, the chemicals

were moved indoors to prevent fading of the brown plastic containers).

Livestock pens were in one dry-well drainage area at a combined agri-

cultural retail outlet and high school animal laboratory.

Industrial Sites

Seventeen dry wells are used in industrial areas, including

three at sites with actual industrial activity and twelve in industrial

areas containing building shells or plans for future buildings. One
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dry well is used for research and one has been sealed with asphalt. It

is not known if the settling chamber of the sealed dry well was

backfilled.

The operating industrial sites include an electronics firm that

manufactures hard discs for ccuputers; a business park with a variety

of small shops, including a wood refinishing shop, print shpp and

plastics machine shop; and a teaching and research center for electri-

cal and computer engineering. The sealed dry well is at a site used to

store construction equipment; however, the dry well is in a parking lot

for autcnobiles, which may or may not receive drainage from the storage

yard.

An outdoor storage area at the electrical and computer engi-

neering research center contains a 55-gallon diesel fuel drum, com-

pressed gas cylinders and numerous small motors and generators in

various states of assembly. Chemical storage was also observed at the

business park, where a partially underground fuel storage tank on an

adjacent property is within the drainage area. Due to the nature of

the businesses, indoor chemical storage is likely at the electronics

manufacturing site and business park. Both of these sites, and eight

sites with only building shells, have large garage-type doors opening

into the drainage area. It is not known if indoor spills in these

areas would drain or be washed into the dry well. Trash receptacles

were present within the dry-well drainage area at each of the three

operating industrial sites.
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During the site investigations solvent odors were noted in the

dry-well sediment at the electronics manufacturing site and in a trash

receptacle at the business park.

Discussion

Residential Sites

Drainage areas at different apartment and condominium residen-

tial sites are fairly comparable. The characteristics of apartment

complexes are basically the same, regardless of the site. Similarly,

dry-well applications at different housing subdivisions are remarkably

similar. The major difference between these sites is the size of the

drainage areas.

The extent to which pollutants will migrate in the subsurface

depends in part on the extent of the saturated plume of water in the

vadose zone. It is reasonable to expect a greater degree of pollutant

migration from dry wells that drain a relatively large volume of water,

if pollutant concentrations in the storm runoff are similar. The

volume of water injected through dry wells in detention basins receiv-

ing drain age from large subdivisions is considerably greater than that

injected in dry wells in apartment complexes. However, it is probably

not reasonable to expect pollutant concentrations in the storm runoff

to be similar at apartments complexes and subdivisions.

The pollutant concentrations of the runoff are affected by the

degree to which pollutants have accumulated in the drainage area prior

to being flushed into the dry well. Parking areas at apartment com-

plexes usually have many cars in a small area, which results in a
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potentially large buildup of oil and grease over a small area. The

larger pollutant buildup, as compared to residential subdivisions,

combined with considerably less dilution, should result in higher

pollutant concentrations in the runoff.

Commercial Sites

The pollution potential for commercial dry-well sites is not

easily categorized. The most common point sources within dry-well

drainage areas at commercial sites were trash receptacles. Except for

the trash receptacles and three unique situations—animal pens, pesti-

cides stored outdoors, and a trash compactor—no identifiable point

sources for pollutants were present. The remaining commercial sites

primarily drain paved parking areas containing pollutants which, if

present, are ubiquitous in the urban environment.

Mast of the trash receptacles observed in dry-well drainage

areas, if operated correctly, would not discharge leachate to the

drainage area. They were covered and generally in good condition and

appeared to be leak-free. Spills, however, are possible, especially

during loading and unloading. Variability in the types of pollutants

in refuse from different areas would also affect the pollution poten-

tial from trash receptacles.

The trash compactor at a restaurant site, the animal pens, and

the outdoor pesticide storage area represent unique situations with

respect to their potential effect on water quality. Dry wells at

commercial sites in general are used in a variety of situations making
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generalizations regarding the pollution potential at commercial sites

difficult and perhaps inappiopiiate.

In contrast to the diversity of dry well applications between

different commercial sites, the drainage area within any specific

commercial site is generally fairly uniform. For example, most commer-

cial dry wells drain paved areas with little or no landscaping. Dry

wells in loading docks, for example, drain only the loading dock.

Similarly, commercial dry wells in landscaped areas generally do not

receive drainage from parking areas. Exceptions to this generalization

include dry wells at Shopping centers, when not associated with a

particular store, and dry wells at office complexes. Drainage areas at

these sites are usually similar to that of an apartment complex.

Industrial Sites

The survey of operating industrial sites clearly shows the

potential exists for introducing pollutants to the subsurface via dry

wells. Chemical storage is present at two of three sites, in the form

of a fuel drum at one site and a partially undeLground fuel tank at

another site, and solvent odors were also noted at two of three sites.

Accidental spills while transferring fuel or other chemicals could

result in free product draining into the dry well. It is, in fact,

probable that the solvent odor in the dry well sediment at one site was

the result of some type of spill. These factors alone suggest that a

potential for ground-water pollution exists and special restrictions on

or total exclusion of dry wells in industrial areas are warranted.
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Conclusions

Dry wells in industrial sites in the Tucson metropolitan area

generally contain identifiable sources of pollutants within the dry-

well drainage area. Potential sources of pollution at most commercial

and residential dry-well sites are ubiquitous in the urban environment.

However, the diversity of dry-well applications in commercial areas may

result in unique situations, such as the animal pens and outdoor chemi-

cal storage noted during this survey, which could adversely affect

ground-water quality.
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CHAPTER FIVE

DESCRIPTIONS OF SITES SELECTED FOR ADDITIONAL STUDY
AND RESULTS OF ShaTLING CHAMBER SEDIMENT ANALYSES

In the preceding chapter the overall use of dry wells within

each land-use category was evaluated to determine potential sources of

contamination and make general comparisons between the different cate-

gories. In this chapter, specific dry-well sites within each land-use

category are described in detail. The sites selected for this phase of

the study are those within each category with the greatest perceived

potential for adversely affecting ground-water quality, particularly

ground-water in the vicinity of public water supply wells. The factors

considered in selecting these dry-well sites were presented in Chapter

Three. Briefly, they were: representativeness of dry-well construction

and drainage area layout, presence of potential pollutant sources in

the drainage area, depth to water, proximity of production wells,

vadose-zone lithology, length of service time, and size of the drainage

area.

Other factors which were prerequisite to selection were the

presence of sediment in the dry-well settling chamber, necessary for

collecting sediment samples, and the cooperation of dry-well owners.

In most cases the absence of sediment was due to recent installation of

the dry well, making the dry well an undesirable candidate for addi-

tional study. However, sediment accumulation was also negligible in

most of the dry wells that are situated in grassy areas, which, with

one exception, prevented the selection of a dry well from these areas
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for additional study. Further study of a dry well in a loading dock

area would have been desirable because ten of the 55 commercial dry

wells are in loading docks. Unfortunately, the landowners did not

grant permission to study these areas.

Based on a comparison of factors affecting the potential for

pollution of ground-water and water supply wells, eight dry wells were

selected for this phase of the study: three residential, three commer-

cial, and two industrial sites. The site-numbering system is as

follows: R-1 for the first Residential site, C for Commercial sites

and I for Industrial sites.

The results of the pollutant analyses on the settling chamber

sediment for these sites are presented in the last section of this

chapter. The final selection of the "worst-case" sites, within each

land-use category, is based on these sediment analyses.

Residential Site Descriptions

R-1 (Apartment Complex)

The dry well at this site is in an asphalt parking area which

receives drainage from extensive grassed and landscaped areas and from

rooftops in the complex (Figure 8). A trash receptacle is in the park-

ing lot within the drainage area. Runoff used to irrigate lawns at the

complex was observed entering the dry well during two of three site

visits. The dry well was installed In May 1984, to correct a drainage

problem at the site. The apartment complex was built in 1980.

Depth to water at the site is approximately 250 feet, and the

nearest production well is 700 to 800 feet west of the dry well. The
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log for the production well is given in Table 5. The driller's log for

the dry well is given in Table 6. The dry well is completed at 25

feet. The silt and clay percentages in the vase zone sLLata are

fairly uniform at 10 to 20 percent. The s LLata are primarily sand and

gravel layers, with possibly a layer of conglomerate between 130 and

150 feet.

R-2 (Apartment Complex)

Three dry wells at this site were installed during the initial

construction of the complex in June 1985. The site is shown in Figure

9. The dry well in the northeast corner of the complex was selected

for additional study. It is in an asphalt parking area that receives

drainage from landscaped areas and rooftops. A portion of the runoff

from the southern part of the drainage area is intercepted by a second

dry well in the drainage area. A trash receptacle upstream from the

second dry well may contribute drainage to the dry well under study.

Depth to water at the site is approximately 100 feet, and the

nearest production well is about 3000 feet from the dry wells. The dry

wells are 30, 35, and 45 feet deep. Driller's logs for each of the dry

wells at the site are shown in Table 7. No information was available

to match the correct log and dry well at the site.

R-3 (Housing Subdivision)

The dry well at this site is one of three in a retention basin

that receives drainage from 27 private homes. The drainage is routed

along a public sLieet to a concrete canal and then into the basin

(Figure 10). The drainage area includes grass lawns, crushed granite



Table 5. Log of Production Well West of Dry Well at R-1

Depth (ft)	 Description

0-3	 Brown clay
3-7	 Caliche
7-12	 Brown clay and some rock
12-20	 Sandy clay and gravel
20-60	 Sand, clay, gravel, some boulders
60-70	 Sand and gravel
70-170	 Sand, gravel, rock and some clay
170-220	 Sand, gravel and clay
220-240	 Sand and gravel
240-245	 Sand, gravel and clay
245-265	 Sand, gravel and some clay
265-270	 Clay, some rock
270-290	 Sand, gravel and some clay
290-302	 Sand and gravel
302-310	 Clay, some gravel
310-325	 Hard sand and gravel, little clay
325-330	 Sand and gravel
330-355	 Hard sand and gravel, little clay
355-370	 Sand, gravel, little clay
370-410	 Hard sand and gravel, little clay
410-425	 Cemented sand and gravel
425-430	 Sand and gravel
430-455	 Cemented sand and gravel
455-470	 Hard sand and gravel, little clay
470-495	 Cemented sand, gravel, little clay
495-520	 Sand, gravel, some clay
520-550	 Hard sand, gravel, clay
550-595	 Cemented sand, clay, some gravel
595-610	 Cemented sand, gravel, clay
610-640	 Cemented sand, gravel, some clay
640-650	 Sand, gravel, rock - hard
650-725	 Hard sand, gravel, clay
725-740	 Cemented sand, gravel, clay
740-750	 Cemented sand, clay, rock
750-765	 Hard sand, gravel, rock, little clay
765-800	 Conglomerate - Hard

Source: Tucson Water
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Table 6. Driller's Log for the Dry Well at R-1

Depth (ft)	 Description

	0-4	 Clay

	

4-10	 Candle

	

10-25	 Sand - hard

76

Source: McGUckin Drilling, Inc.
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Table 7. Driller's Logs for the Dry Wells at R-2

Depth
	

Description
(ft)

Hole #1

	0-13	 Silty clay
	13-18	 Tight granite boulders
	18-45	 Decomposed granite

Hole #2

	0-12	 Dry sand and gravel
	12-35	 Decomposed granite

Hole #3

	0-12	 Dry sand and gravel
	12-30	 Decomposed granite
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Source: MbOlUckin Drilling, Inc.
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Figure 10. Map Showing the Location of the Dry Well and Drainage Area
at R-3 (T12S, R13E, S30, NE/4, SW/4, NE/4, Tucson, Arizona).
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lawns, driveways, the roadway and rooftops. A vacant lot to the east

may also contribute some runoff to the basin. The dry well was

installed in October 1984.

Depth to water at the site is approximately 130 feet and the

nearest production well is approximately 2000 feet to the southeast.

The dry well, the deepest known to exist in the area, is 89 feet deep.

The driller's log for the dry well is shown in Table 8.

Commercial Site Descriptions

C-1 (Retail Building and Home Supplies)

Seven dry wells on this property drain the parking area, lumber

yard and garden center associated with the store. The dry wells and

drainage area associated with this study are shown in Figure 11. The

dry well selected for study is immediately south of the store's outdoor

garden supply center. Potential sources of pollution identified during

the initial site visits include plastic jugs of Dursban (chloropyrifos)

and paper bags of Diazinon, both pesticides, and paper bags of ammonium

phosphate and sulfate. (The pesticides have since been moved inside

the store.) A few of the ammonium sulfate bags were broken with the

dry product exposed on the shelf. At the time of the visit, runoff

from the watering of plants in the garden center was entering the dry

well. Although the dry well is in a parking area, the area is suffi-

ciently far from the store's main entrance that it is not usually used

for customer parking. The dry well was installed in March 1984.

The depth to ground water in a production well 150 feet east of

the dry well is approximately 96 feet. According to the well log for



Table 8. Driller's Log for the Dry Well at R-3

Depth (ft)	 Description

	0-9	 Sandy gravel with cobbles and a
little clay

	

9-25	 Silty clay

	

25-35	 Sandy gravel with enough silty
clay to hold together

	

35-78	 Slightly silty sand

	

78-85	 Silty clayey sand, brown

	

85-89	 Gravelly cobbly sand, gray
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Source: MicGuckin Drilling, Inc.
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the production well (Table 9), the vsdose zone consists of a silty

layer with 70 to 75 percent silt and clay to a depth of 25 feet,

followed by a medium to fine-grained sand that extends into the water

table. The driller's logs for the dry wells on the site (Table 10)

show variability in the depth of the silty clay layer and the presence

of sand and clay lenses.

C-2 (Restaurant)

The drainage area for the dry well at this site includes a

trash compactor in the rear of the restaurant and part of the parking

lot (Figure 12). At the time of the initial site visit a greasy,

greenish-gray liquid was seeping from the compactor into the dry well

and a pungent grease-trap like odor emanated from the dry well. During

a subsequent visit, approximately two feet of standing water covered

with two to three inches of floating, caked fats and oil were noted in

the dry-well settling chamber.

The depth to water at the site is approximately 250 feet. The

dry well is 30 feet deep. The driller's log is given in Table 11. A

dry wash is 150 feet west of the dry well. The nearest production well

is approximately 3700 feet from the dry well. The dry well was

installed in October 1985.

C-3 (Shopping Center)

The dry well at this site receives drainage from the parking

lot, buildings and landscaped areas associated with the shopping center

(Figure 13). The shopping center consists of several specialty shops

such as boutiques, restaurants, and office space. Drainage is routed
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Table 9. Log for Production Well 150 Feet East of the Dry Well at C-1

Depth (feet)	 Description

0-25	 Clay soil, 70-75 % fines

25-105	 Sand - fine sand

105-163	 Fine sands, some clay and gravel

163-190	 Sand and gravel. Mostly gravel at the top
then mostly coarse, medium sand below 170', no
clay

190-220	 Less gravel, mcstly medium sand

220-295	 Sand and gravel. Mbstly coarse sand and fine gravel

295-300	 Large sUbangular gravel

300-333	 Coarse sand and subangular gravel

333-339	 Subangular large gravels and boulders

339-350	 Sandy clay lenses in the gravel

350-400	 Subangular coarse gravel, little sand.

Sandy clay lenses present from 333', increase at
373'

Source: Tucson Water



Table 10. Driller's Logs for the Dry Wells at C-1

Soil
Description 1

Hole Number

2	 3	 4	 5
Depth Intervals (feet)

6 7

Silty clay 0-17 0-25 0-28 0-9 0-18 0-16 0-16

Sugar sand None None None 9-15 None None None

Silty clay None None None 15-17 Noue 	 None None

Sand, gravel
and cobbles

17-22 25-30 28-33 17-22 18-23 16-22 16-22
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Source: Mbalckin Drilllng, Inc.
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Figure 12. Map Showing the Location of the Dry Well and Drainage Area
at C-2 (T14S, R14E, S12, NE/4, NE/4, NW/4, Tucson, Arizona).



Table 11. Driller's Log for the Dry Well at C-2

Depth (feet)	 Description

0-12	 Clay with sand and gravel

12-30	 Decomposed granite
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Source: MtGUckin Drilling, Inc.
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to narrow, grassed retention ditches via culverts, cobbled and grassed

raceways, and pipes that drain an interior courtyard. The retention

ditch is drained by the dry well. The dry-well inlet stands three

inches above the land surface and is surrounded by cobbles to enhance

removal of sediment from the stormwater before it enters the dry well.

The dry well was installed in March 1985.

The depth to ground water at the site is approximately 120 feet

and the nearest production well is over 3000 feet from the dry well.

The dry well is 40 feet deep. The driller's log is given in Table 12.

Industrial Site Descriptions

I-1 (Electronics Manufacturer)

Hard disks for computers are manufactured at this establish-

ment. The dry-well drainage area for this site consists of the parking

lot, the roof of the building, and minor amounts of landscaping along

the north and east edges of the parking area. Minor amounts of drain-

age from the vacant lot to the east and public s Li eet to the north also

enter the dry well. The northernmost loading dodk (shown in Figure 14)

is drained via a sump pump into the parking lot within the dry-well

drainage area. The dry well was installed in June 1985.

The driller's log for the dry well is given In Table 13. Depth

to ground water in the production, well 350 feet east of the dry well is

132 feet. The driller's log for the production well (Table 14) shows a

low-permeability zone at a depth of about 100 feet. Well cuttings

analyses for this well (unpublished data from Tucson Water) list silt

and clay percentages ranging from 50 to 90 percent, taken at 10-foot



Table 12. Driller's Log for the Dry Well at C-3

Depth (feet)	 Description

0-8	 Clay

8-35	 Sandy gravel, slight cementation

35-40	 Larger rounded rock mixed with
decomposed granite - moist
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Source: McGuckin Drilling, Inc.
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Figure 14. Map Showing the Location of the Dry Well and Drainage Area
at I-1 (T15S, R14E, S8, SE/4, SE/4, SW/4, Tucson, Arizona).



Table 13. Driller's Log for the Dry Well at I-1

Depth (feet)	 Description

0-11	 Tight clay

11-24	 Decomposed granite

24-35	 Sand, gravel and cobbles, dry
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Source: McGuckin Drilling, Inc.



Table 14. Log for Production Well 350 Feet East of I-1

Depth (feet)	 Description

0-30	 Cemented clay, sand and gravel

30-90	 Sand and gravel

90-100	 Cemented clay, sand and gravel

100-220	 Sand, gravel and clay

220-230	 Cemented clay, sand and gravel

230-350	 Sand, gravel and clay

350-360	 Cemented clay, sand and gravel

360-500	 Sand, gravel and clay

500-530	 Yellow sticky clay

530-700	 Red clay, sticky, some gravel
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Source: Tucson Water
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intervals between 90 and 500 feet. The massive low-permeability zone

underlying the entire area, which includes the vicinity of the dry

well, extends for several miles to the south and west (Babcock et al.,

1985).

I-2 (Small Businesses and Shops)

This dry-well site is a business park consisting of several

small retail outlets and light manufacturing activities. It includes a

plastics machine shop, wood refinishing shop, electronics shop, print

shop, and plumbing, pool supply, and janitorial supply shops. The dry-

well location and drainage area are shown in Figure 15. The dry well

is in a driveway and parking area on the northern edge of the property.

A sand and gravel operation north of the site includes a partially

underground fuel tank that is within the drainage area, approximately

50 feet from the dry well. A growth of shrubbery visually separates

the property from the sand and gravel operation. A leaky drip-irriga-

tion system that waters the shrubbery appears to be a continual source

of water to the dry well.

The depth to ground water in a city well 150 feet east of the

dry well is approximately 204 feet. The driller's log for the produc-

tion well (Table 15) and well cuttings analyses performed by Tucson

Water indicate a fairly uniform particle-size distribution in the

vadose zone s LLata, consisting of 20 to 30 percent fines, 55 to 65

percent sand, and 10 to 20 percent gravel. The dry well is 28 feet

deep. The driller's log for the dry well is given in Table 16.
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Table 15. Log of the Production Well 150 Feet East of the Dry Well at
I-2

Depth (feet)	 Description

0-16	 Brown sandy top soil

16-46	 Brown clay, fine sand and gravel with boulders

46-108	 Yellow (light) clay, fine sand and gravel

108-144	 Light brown clay, fine sand and gravel

144-191	 Light yellow clay, fine sand, very little

gravel

191-234	 Light brown clay, fine sand, some gravel

234-258	 Brown clay, fine sand - cemented, no gravel

158-285	 Brown clay, coarse sand and gravel

285-338	 Pink clay, coarse sand and gravel to fist size

338-354	 Red clay, coarse sand and gravel

354-389	 Hard pink clay, coarse gravel

389-411	 Pinkish brown clay, coarse sand and gravel

411-425	 Brown clay, very coarse sand and gravel

425-445 	Pinkish gray clay, coarse sand and gravel

445-466	 Gray clay, coarse sand and gravel

466-469	 Gray clay, coarse cemented sand and gravel

469-494	 Gray clay, medium sand and gravel

494-507	 Gray clay, coarse sand and gravel

507-542	 Very little gray clay-coarse gravel

Source: Tucson Water



Table 16. Driller's Log for the Dry Well at I-2

Depth (feet)	 Description

0-9	 Silty clay

9-20	 Sand and gravel, slightly cemented

20-28	 Sand, gravel and cobbles
Started belling out @ 23'
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Source: MbGuckin Drilling, Inc.
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Although the zoning for this site (B-2a) is for commercial

uses, the site has been classified as industrial for this study because

light manufacturing occurs on site, and because of the industrial

activity at the sand and gravel operation north of the site which

contributes drainage to the dry well. The dry well was installed in

March 1985 to correct a drainage problem at the site.

Settling Chamber Sediment Analyses

Sediment samples from each of the sites described in this

chapter were collected from the dry-well settling chamber to determine

the type and degree of pollutants present at each site. Pollutants in

the settling chamber sediments have been retained by the dry well and

are not a measure of pollutant migration from the dry well. However,

it is reasonable to expect a greater degree of pollutant migration from

a settling chamber containing greater concentrations of pollutants.

Using this reasoning, the pollutant concentrations in the settling

chamber sediments were also used to select one site, with the greatest

degree of pollutants, from each land-use category for detailed analysis

of the distribution of pollutants in the vicinity of the dry well. The

sites selected are assumed to have the greatest potential for causing

ground-water quality problems within their particular land-use

category.

The pollutants detected in the dry-well settling chambers of

the eight wells are given in Tables 17, 18 and 19 for residential,

commercial and industrial sites, respectively. A complete listing of

the parameters analyzed and the minimum detectable concentrations for
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Table 17. Pollutants in Settling Chamber Sediments at Residential
Sites

R-1
	

R-2	 R-3

Compound 7/22/86 9/23/86 7/22/86 6/19/87

Base Neutrals and Acids

naphthalene 2.4 3.4 ND ND
acenaphthylene 0.4 3.7 ND ND
acenaphthene 21 27 ND ND
fluorene 18 32 ND ND
phenanthrene 120 180 ND ND
anthracene 26 28 ND ND
di-n-butylphthalate ND 0.9 ND ND
fluoranthene 190 360 ND ND
PYrene 190 360 ND ND
benzo(a)anthracene 94 170 ND ND
bis-(2-ethylhexyl)phthalate 1.7 3.5 ND ND
chrysene 102 200 ND ND
di-n-octylphthalate ND 0.3 ND ND
benzo(b)fluoranthene 180 220 ND ND
benzo(k)fluoranthene ND 130 ND ND
benzo(a)pyrene 91 160 ND ND
indeno(1,2,3-cd)pyrene 70 80 ND ND
dibenzo(a,h)anthracene 26 11 ND ND
benzo(ghi)perylene 45 57 ND ND

Organophosphorous Insecticides

Diazinon ND ND ND 0.02
ethyl-parathion 0.6 ND ND ND
stirophos 6.2 ND ND ND

Organochlorine Pesticides

ND 0.09 ND ND4,4'-DDT

Oil and Grease 6600 13000 1300 790

Units: mg/kg (wet weight)
ND = Not detected
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Table 18. Pollutants in Settling Chamber Sediments at Commercial Sites

C-1
	

C-2	 C-3

Compound	 7/22/86 9/23/86 7/22/86 7/22/86

Purgeable Organics

toluene 2.1 1.0 ND ND

Base/Neutrals and Acids

0.6 ND ND NDpentachlorophenol
naphthalene 0.2 ND ND ND
phenanthrene 0.34 ND ND ND
di-n-butylphthalate 37 1.5 ND ND
fluoranthene 0.58 ND ND ND
pyrene 0.6 ND ND ND
benzylbutylphthalate ND 17 ND ND
bis(2-ethylhexyl)phthalate 31 4.9 260 ND
chrysene ND ND 3.2 ND
di-n,octylphthalate 38 6.2 4.2 ND

Organophosphorous Insecticides

0.38 ND ND NDchloropyrifos
ethyl-parathion ND ND ND 0.01

Oil and Grease 5800 3200 41000 8300

Units: mg/Kg (wet weight)
ND = not detected
NS = not sampled
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Table 19. Pollutants in Settling Chamber Sediments at Industrial Sites

I-1

Canpound	 7/22/86 9/23/86

I-2

7/22/86 9/23/86

Purgeable Organics

chloramethane ND 0.1 (ND) ND ND
1,3-dichlorobenzene ND ND (3) ND ND
ethyl benzene 9.2 ND (ND) ND ND
xylenes 172 ND (21.5) ND ND

Base/Neutrals and Acids

ND ND (ND) ND 0.2phenol
naphthalene 0.74 0.36 (0.26) ND ND
acenaphthylene 2.1 0.22 (0.17) 0.54 0.2
acenaphthene ND 0.55 (0.66) ND 0.4
fluorene 2.5 0.83 (0.85) 0.92 0.6
phenanthrene 23 7.4 (8.3) 18 11
anthracene 5 1.6 (1.4) 2.8 0.8
di -n-butylpthalate ND ND (0.41) ND 0.3
fluoranthene 33 16 (18) 32 29
pyrene 35 16 (19) 27 20
benzylbutylphthal ate ND ND (ND) 1.5 0.6
benzo(a)anthracene 16 12 (10) 16 9.8
bis(2-ethylhexyl)phthalate 3.2 2.7 (16) 42 9.5
chrysene 15 16 (15) 19 14
di -n -octylphthalate 1.4 ND (6.9) 4.8 12
benzo(b)fluoranthene 42 12 (12) 49 12
benzo(k)fluoranthene ND 10 (8.4) 4.0 9.7
benzo(a)pyrene 12 11 (9.3) 16 7.6
indeno(1,2,3-od)pyrene 9.4 7.1 (7.1) 10 4.8
dibenzo(a,h)anthracene 2.6 1.3 (1.4) 3.1 0.6
benzo(ghi)perylene 6.0 5.2 (5.4) 6.2 3.8

Organophosphorous Insecticides

diazinon ND ND (ND) 0.07 ND
chloropyrifos ND ND (ND) 0.2 ND

Oil and Grease	 8300	 6600	 8300	 7400

Units: mg/Kg (wet weight)
ND = None Detected
*duplicate for 9/23/86 sample is shown in parentheses
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each parameter are tabulated in Appendix A. For four sites, namely

R-1, C-1, I-1 and I-2, a second set of samples was collected to verify

the initial results. These results are also given in the tables.

Table 19 lists two analyses for the sample at I-1 taken on September

23, 1986. The values in parentheses are the results of the duplicate

analysis of the same sample.

Residential Areas

A comparison of the data in Table 17 for the two residential

sites at apartment complexes, R-1 and R-2, shows a significant differ-

ence in the organic pollutant load at each site. Nb organic pollutants

were detected at R-2, but high concentrations of many polyaromatic

hydrocarbons as well as three insecticides were detected at R-1. Both

of these dry wells are situated in parking lot/driveway areas with

comparable drainage areas. The major difference between the sites is

the length of time each has been in operation. The dry well at R-1 has

been in operation since May 1984; at R-2 since June 1985. In addition,

the dry well at R-1 was installed in an existing parking lot, in which

pollutants had been accumulating prior to installation of the dry well.

The degree of oil spotting in parking areas from leaky crankcases was

considerably more noticeable at R-1 than at R-2. The dry well at R-2

was installed in a new development.

This comparison suggests that pollutants in the source area and

settling chamber sediment will accumulate over time. Inasmuch as the

average dry-well life expectancy is 20 to 30 years, according to a dry-

well manufacturer (personal communication, D. MbOuckin, 1987), and the
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dry wells at R-2 and R-1 had operated approximately one and two years,

respectively, at the time of sampling, it cannot be assumed that the

measured pollutant concentrations are representative of settling

chamber sediment. As develogrents age, pollutant levels in the

dry-well settling chambers are likely to increase, at least for the

first few years, as shown by the samples taken at R-1 and R-2.

Commercial Areas

The data in Table 18, for commercial sites, show a situation

similar to that found at the residential sites. That is, a number of

organic pollutants were detected at one site, C-1, with markedly fewer

pollutants detected at C-2 and C-3. The dry well at C-1 has been in

service longer than C-2 and C-3; however, the physical layouts of the

drainage areas at the three commercial sites are not comparable as they

were for the residential areas. The drainage area at C-2 is fairly

small, and the dry well at C-3 is in a grassed retention basin.

Industrial Areas

Dry-well sediments at both I-1 and I-2 contained a large number

of measurable pollutant concentrations. In addition to the polyaro-

matic hydrocarbons, phthalates, and metals, which were also detected in

residential and commercial areas, the dry well at I-1 contained high

concentrations of volatile compounds.

Quality Control

Duplicate analysis. The duplicate analysis performed on the

September sample at I-1 points out an important consideration in the
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evaluation of the data shown in Tables 17, 18, and 19. The duplicate

analyses consisted of performing two identical, but independent,

analyses from the sample container to verify the reproducibility of the

results. For the purgeable organics and for di-n-butylphthalate,

di-n-octylphtha late, and bis-(2-ethylhexyl) phthalate, the agreement

between the duplicate analyses is poor. McKesson Laboratories (now

Clayton Environmental Consultants) attributed this to heterogeneities

in the sample (personal carmunication, M. Brouwer, 1986); however,

small differences in analytical techniques, especially during the

extraction procedures, can also affect the analytical results.

Holding times. Maximum holding times specified in SW-846 (EPA,

1982) were exceeded for several of the analyses. Specifically, holding

times were exceeded by one to two weeks for the following samples:

Method 8140, all samples; Method 8150, all samples; and Method 8080,

all samples collected in July 1986. Exceeding holding times can result

in degradation of pollutants, which would negatively bias the analyti-

cal results. In adaition, pollutants at, or near, the lower detection

limit may not be detected.

In consideration of the problems regarding reproducibility and

holding times, the data presented should be considered semi-quantita-

tive. Inasmuch as guidelines and regulations specifying limits for

pollutant concentrations in sediment could not be found, precise

quantitative data are not essential to this study. However, it is

possible that easily degradable contaminants, such as organophosphorous

pesticides (Method 8140), were present and not detected, in which case

the results of the study would be biased.
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Metals. The metals concentrations reported by the laboratory

for all settling-chamber sediment samples except R-3 are total metals.

The analyses included metals dissolved in the water phase, metals

sorbed onto the sediment and, most inortant1y , metals which are part

of the crystalline structure of the minerals in the sediment. Inasmuch

as the natural mineralogical component of trace metals and immobile

metals sorbed to sediment surfaces will normally overwhelm the dis-

solved or mobile fraction, the metals detected in these samples cannot

be interpreted to be contaminants. Therefore, the results of these

analyses are omitted.

Final Site Selection

Based on the settling chamber sediment samples, the following

sites are believed to represent the greatest potential for affecting

ground-water quality within each land-use category: R-1, C-1 and I-1.

The results of the monitoring program to identify the distribution of

pollutants in the vicinity of these wells are presented and discussed

in the next chapter.
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CHAPTER SIX

POLLUTANT DISTRIBUTION AT "WORST-CASE" SITES

The results of the sediment samples from the dry-well settling

chambers were used to select the one site from each land-use category

believed to represent the greatest threat to ground-water quality. The

sites selected are R-1 (apartment complex), C-1 (retail building and

home supplies) and I-1 (electronics manufacturer).

The results of the runoff monitoring, vadose zone sampling and

ground-water monitoring at these three sites are presented and

discussed in the next three sections, followed by a discussion of the

potential sources of pollutants identified during the course of this

study and a summary of the pollutant distribution at each site.

Runoff Quality

Runoff samples were collected during summer storms in July,

1987 at R-1 and I-1 and from standing water in the dry-well settling

chamber at C-1 in June, 1986. The organic pollutants detected in these

samples are given in Table 20. The general mineral composition and

priority pollutant metals detected in the samples are shown in Table

21.

The sample at R-1 was collected at the beginning of the first

storm of the season at the site. At I-1, the sample was collected from

ponded water above the dry well following the second major storm of the

season. The standing water at C-1 consisted of runoff used to irrigate
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Table 20. Runoff Composition at Selected Residential, Commercial, and
Industrial Dry-Well Sites--Organic Analyses
(Units: ug/L, except where noted)

R-1 C-1 I -1

CanPound 6/25/86 7/26/87 8/2/87

Volatile Organic Compounds

ND 2.4 NDmethylene chloride (b)

Base/Neutral and Acid Compounds

2-chlorophenol (a) ND 1.1 ND
2,4-dichlorophenol (a) ND 2.3 ND
4,6-dinitro-o-cresol (a) ND 21 ND
4-nibirophenol (a) ND 1.8 ND
fluoranthene ND ND 2.00
pyrene ND ND 1.00
phenanthrene 28.00 ND ND
anthracene 21.00 ND ND
benzo(a)anthracene 4.00 ND ND
chrysene 9.00 ND ND
benzo(b)fluoranthene 310.00 ND ND
benzo(k)fluoranthene 240.00 ND ND
benzo(a)pyrene 220.00 ND ND

Organophosphorous Pesticides

7.6 ND NDdioxathion

Oil and Grease (mg/L) 6.0 2

(a)C-1 analyzed by Method 8040, R-1 and I-1 by Method 8270
(b)C-1 analyzed by Method 8010, R-1 and I-1 by Method 8240
ND = Nor DEThUltD
- = NOT ANALYZED
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Table 21. Runoff Composition at Selected Residential, Commercial, and
Industrial Dry-Well Sites—Inorganic Analyses
(Units: mg/L, except where noted)

R-1 C-1 I-1

Canpound 6/25/86 7/26/87 8/2/87

Priority Pollutant Metals

0.010 ND NDcadmium
chromium 4.2 0.027 ND
lead 0.10 ND ND
mercury 0.0030 ND 0.0014
nickel 1.5 - ND
thallium 0.22 - ND
zinc 0.18 ND 0.067

General Mineral Cbmposition

alkalinity 64 162 52
chloride 15 50 3.2
sulfate 150 130 3.2
nitrate-N 0.061 2.4 0.28
bromide 3.8 - <0.10
fluoride 0.16 0.4 <0.05
sodium 10 82 3.1
calcium 40 72 9.2
magnesium 3.0 7.1 0.33
iron 15 0.37 0.12
manganese 0.70 ND ND
strontium 0.18 - -
hardness 370 209 31
total dissolved solids
specific conductance

(umhos/cm)

640

590

470

-

100

100
pH (no units) 5.7 8.0 7.3
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plants and wash down the pavement of an outdoor retail garden center at

the site.

Vadose Zone Monitoring

Soil boring was done at the industrial site (I-1) to determine

the extent to which pollutants have migrated from the dry well into the

vadose zone sediments. In addition to determining pollutant concentra-

tions at various depths, the vadose zone stratigraphy at the site was

described in detail.

Vadose Zone Stratigraphy

Sediment samples were collected at five-foot intervals to

describe the vadose zone stratigraphy. Moisture content was determined

for each depth at which samples for chemical analyses were collected.

Figure 16 shows the percentage of silt and clay for each five-foot

interval and the volumetric moisture content at various depths.

The silt and clay percentage was determined by wet sieving.

The silt and clay fraction is composed of the particles passing a 0.061

millimeter screen plus an estimate of the silt and clay fraction

retained in the sand and gravel sieves as clots and agglomerates.

Volumetric moisture content was determined from the moisture

content, determined as percent weight, bulk density, which was deter-

mined at four depths representing different lithologies (Table 22), and

the density of water. Moisture content on a weight basis was deter-

mined by oven drying the sample at 105°C for 18 hours and calculating

the change in weight per dry sample weight. Bulk density was calcu-

lated by dividing the dry weight of a sample by its known sample
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Table 22. Bulk Densities for Four Vase Zone Sediments at I-1

Depth
(ft)

Lithology Bulk Density

25 Well-sorted fine-and 1.50

32.5 Medium to coarse sand 1.64

40 Fine to coarse sand 1.59

140 Silt and clay 1.51
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volume, according to the procedure described by Blake (1965). Sample

volumes were not corrected for possible canpaction. Compaction during

sample collection could bias the calculated values of bulk density,

resulting in the reported values being higher than actual values.

The vadose zone in the vicinity of I-1 is comprised of inter-

bedded sands, and silt and clay layers. Two thin beds of fine-grained

material at 35 and 45 feet probably limit the vertical movement of

water injected through the dry well. The dry well is completed at 35

feet, just above the first clay layer. The water content, however, is

distributed fairly evenly within zones of similar lithology throughout

the entire depth of the hole. According to the driller, the water

content at this site is noticeably higher than normally expected in the

Tucson basin.

Pollutant Distribution in Vadose Zone Sediments at I-1

The analyses performed at each particular depth are Shown in

Table 23. Volatile organics, acid and base/neutral organics and prior-

ity pollutant metals were determined for each sample because these

parameters were detected in the settling chamber sediment. A complete

,suite of analyses was performed at 20, 30 and 40 feet, the vicinity of

the injection screen, to detect pollutants which may have been missed

in the settling chamber sediment. The parameters measured for each

analytic method shown in Table 23 are given in Appendix A.

No organic pollutants were detected in the sediment samples.

Minor amounts of cadmium, lead, nickel, copper and/or silver were

detected (Table 24) at each of the fine-grained layers and at 65 feet



Table 23. Analyses Conducted on Sediment Samples at I-1

EPA Method Numbers

Depth (ft) 8240 8270 7000 8080 8140 8150 413.2

15 YES YES YES NO NO NO YES

20 YES YES YES YES YES YES NO

25 YES YES YES NO NO NO YES

27.5 YES YES YES NO NO NO NO

30 YES YES YES YES YES YES NO

32.5 YES YES YES NO NO NO NO

35 YES YES YES NO NO NO YES

37.5 YES YES YES NO NO NO NO

40 YES YES YES YES YES YES NO

45 YES YES YES NO NO NO YES

50 YES YES YES NO NO NO YES

60 YES YES YES NO NO NO YES

65 YES YES YES NO NO NO NO

80 YES YES YES NO NO NO YES

100 YES YES YES NO NO NO YES

120 YES YES YES NO NO NO YES

140 YES YES YES NO NO NO YES
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Table 24. Pollutants Detected in Vadose Zone Sediments at I-1
(milligrams per liter)

Depth (feet) Cadmium Lead Nickel Copper Silver

35 0.13 0.56 0.69 <0.50 <0.10

45 <0.10 0.58 <0.50 <0.50 <0.10

65 <0.10 <0.50 <0.50 0.74 <0.10

80 <0.10 <0.50 <0.50 0.77 <0.10

120 <0.10 <0.50 <0.50 0.86 0.21

140 <0.10 <0.50 0.90 0.56 0.24
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at concentrations slightly above the minimum detectable concentrations.

The metals are "extractable" metals. They were determined by agitating

an anaerobic, 1:10 sediment:demineralized water mixture for 48 hours

and analyzing the filtered extract.

Quality Control

Twenty percent of the 17 sediment samples collected were split

and analyzed for the same parameters by independent laboratories. The

split consisted of sending the lower six-inch core to one laboratory

and the midele six-inch core from the same sample interval to another

laboratory. Samples selected for quality control were not selected at

random. Rather, sample intervals expected to contain similar litho-

logic compositions were selected from the cores in which total sample

recovery was achieved (i.e., no voids were present within the sample

container). Despite this selection process, some spatial variation

within the sediment is to be expected. The results of the independent

analyses are shown in Table 25. Analyses for which no data are given

were not analyzed at that particular depth. Data for the quality

control laboratory are given in parenthesis.

Several quality contol problems were noted during the soil

boring and sample collection pertaining to the introduction of foreign

material into the borehole. None of the problems discussed below are

believed to have biased the sample results; nevertheless, they did

occur. They serve to exemplify the variety of problems which are

likely to occur during field investigations in general, and hollow-stem

augering in particular.



Table 25 ÇaiAlity Control Data for Sediment Samples at I-1

Method/Parameter 27.5

Depth (feet)

30	 80 120

8240 ND (ND) ND (ND) ND (ND) ND (ND)

8270 ND (ND) ND (ND) ND (ND) ND (ND)

8080 - ND (ND) - -

8140 - ND (ND) - -

8150 - ND (ND) - -

Metals

ND (ND) ND (ND) 0.77 (ND) 0.86 (ND)copper

silver ND (ND) ND (ND) ND	 (ND) 0.21 (ND)

others ND (ND) ND (ND) ND	 (ND) ND	 (ND)

ND = NOT DETECTED

- = NOT ANALYZED

116



117

Gasket material in sample slough. Gasket material was used

between auger flights to prevent borehole drift and wear on the joints.

The material consisted of a stack of paper hand towels approximately

one-eighth inch thick. Some of the material extended into the hollow

auger-stem. Repeated penetrations by the sampler detached some of this

material, which fell to the bottom of the borehole. The samples at 100

and 120 feet contained fragments of the material in the slough within

the barrel of the ring sampler at the top of the sediment sample.

Inasmuch as the slough was easily distinguished from the undisturbed

sample and contaminants in the paper wculd have to penetrate six inches

of sediment in the top core to reach the middle core which was

analyzed, it is unlikely that the paper affected the analytical

results. In the future, prefabricated gasket material is recommended

so as not to extend into the hollow auger-stem.

Leaf debris in sample slough. Lengths of hollow A-rods were

used as extenders to lower the sampling device into the borehole. Mbst

of the rods were disconnected in 20-foot lengths and suspended above

the ground in front of the drill rig. When shorter lengths were used,

they were returned to a platform on the rig. Apparently, some leaf

debris got into an A-rod and fell to the top of the 45-foot sample

during collection. This is not expected to have contaminated the

middle core for the same reason stated above for the gasket material.

Grease spots on top of samples. A problem similar to the leaf

debris was encountered at 85 feet when grease spots were noted on the

top of a split-spoon sample. After considerable investigation, the

source was determined to be drops of asphalt which had accumulated in
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the center of the hollow A-rod and subsequently fallen to the top of

the sample. Instead of putting the odd length of A-rod on the rig,

which collected leaf debris, the driller left the odd length connected

to its cable and leaned it against the rig. Its base rested on the

asphalt which had softened in the afternoon heat. With slightly less

certainty, the same argument is given regarding the potential for

sample-bias in the middle core. In any case, no asphalt constituents

were detected in the sediment samples.

Contaminants in drilling fluid. Two and one-half gallons of

demineralized water were added to the hole on three occasions. Because

the driller had expected to need over 200 gallons of water for drilling

fluid, the water was transported to the site in new, steam-cleaned, 55-

gallon drums. Water was added to.the borehole by dipping a five-gallon

metal bucket, painted on the outside, into the drum containing demin-

eralized water and then pouring the water down the outside of auger

flights. A sample of the drilling fluid contained 42.0 ug/L of toluene

and 1.0 ug/L of xylenes. The source of the contamination is unknown;

however, the paint on the five-gallon bucket is suspected.

No toluene or xylenes were detected in the sediment samples,

and it is unlikely the drilling fluid reached the bottom of the hole

because it was added when silt and clay in the hole were sticking to

the auger flights. Two and one-half gallons of water would be readily

absorbed by the silt and clay on the auger flights before reaching the

bottom of the hole. However, the uncertainty in interpreting the

results, had xylenes or toluene been detected, might have jeopardized

the validity of the results. Extreme caution is warranted when
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considering the use of drilling fluid, despite the likelihood of

antagonizing the driller.

Runoff in dry well during drilling. Approximately 150 gallons

of condensate from the steam cleaner might have drained into the dry

well during the first nine hours of drilling. The extreme scenario

that would have had to occur for this water to contaminate the sediment

samples is as follows: the water migrated through the dry well, moved

laterally along the top of the clay layer at 35 feet, and then cascaded

down the borehole shaft contaminating the sample zone with fresh

runoff.

The scenario is unlikely for a number of reasons. First, 150

gallons is the total volume of water estimated to have been used prior

to recognizing the problem. Mich of the water should have evaporated

as it was temporarily ponded in a shallow tank below the steam-cleaning

platform and in ponds on the asphalt prior to entering the dry well.

Second, the water entering the dry well did so in a small trickle over

a long period of time. Considerable opportunity existed for redistri-

bution and lateral movement of the water due to suction gradients in

the vadose zone along the length of the dry-well gravel pack. One-

hundred fifty gallons is approximately 20 cubic feet. The gravel pack

contains over 200 cubic feet surrounded by an unlimited amount of sandy

sediments. Third, if the injectate reached the clay layer at 35 feet,

the suction gradients between the overlying sand and clay would draw

the water into the clay. In order to travel down the borehole, the

clay layer in the vicinity of the borehole would have to be completely

saturated in order to reverse the pressure gradient, which is normally
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atmospheric in the shaft and negative in the unsaturated sediments.

Water could then mound on top of the clay and fall down the shaft.

Lastly, if the water managed to start migrating down the shaft, in

order to reach the bottom of the borehole, it would have to pass

through sediment on the auger flights and not be absorbed into the

borehole wall.

Well Water Samples

Water samples were collected from four city water wells, near

dry wells containing significant levels of pollutants in the settling

chamber sediment. The location of the sampled wells, in relation to

the associated dry well, is given in Table 26. The samples were

collected by Tucson Water and analyzed by a commercial analytical

laboratory. The samples were analyzed for the priority pollutants--

volatile organics, acid and base/neutral organic compounds, metals, and

pesticides.

With the exception of zinc, which was detected in the well near

C-1 (building and home supply center), no pollutants were detected.

The zinc concentration in the well near C-1 was 0.30 mg/l.

Discussion

Potential Sources of Pollutants

The pollutants detected during the course of this research can

be grouped into different classes, according to similarities in

physical and chemical behavior (Table 27). The grouping also facili-

tates the discussion of potential sources of the pollutants. In most

cases, it is not possible to link each pollutant to a specific source
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Table 26. City Water Wells Sampled Because of Their Proximity to a Dry
Well

Dry Well Site	 Water Well Location

150 feet east of I-2

I-1	 350 feet east of I-1

R-1	 750 feet west of R-1

C-1	 150 feet east of C-1



Table 27. Pollutants Detected During Study Grouped into Classes
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Metals
arsenic
beryllium
cadmium
chromium
copper
lead
nickel
zinc
mercury

Volatile Organics
chloromethane
1,3-dichlorobenzene
toluene
xylenes
methylene chloride

Organophosphorous Pesticides
diazinon
chlorcpyrifcs
ethyl-parathion
stirophos
dioxathion

Phenols
pentachlorcphenol
2-chlorophenol
2,4-dichlorophenol
4,6-dinitro-o-cresol
4-nitropheno1

Polyaromatic Hydrocarbons
naphthalene
benzo(ghi)pyrylene
acenaphththylene
acenaphthene
fluorene
phenanthrene
anthracene
fluoranthene
PYrene
benzo(a)anthracene
chrysene
dibenzo(a,h)anthracene
indeno(1,2,3-cd)pyrene
benzo(b)fluoranthene
benzo(k)fluorenthene
benzo(a)pyrene

Organochlorine Pesticides
4,4' DDT

Phthalate Esters
di-n-bytylphthalate
benzybutylphthalate
bis-(2-ethylhexyl)phthalate
di-n-octylphthalate
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in the drainage area; however, potential sources for each class can be

identified.

Volatile organics. Volatile organic compounds were detected

primarily in the settling chamber sediment at one dry well at an indus-

trial site. Toluene and methylene chloride (dichloromethane) were

detected in a dry well at a commercial retail outlet for home and

garden supplies. Ethyl benzene, toluene and xylenes are components of

gasoline and asphalt. These compounds, as well as chloromethane,

dichloromethane and dichlorobenzene are also used as solvents in paint

lacquers and for degreasing.

The solvent odor in the settling chamber sediment sample at I-1

was due to high concentrations of xylenes. Inasmuch as asphalt does

not have a similar odor, the source of the xylene is believed to be

either from a solvent or gasoline spill.

Organophosphorous pesticides. Organophosphorous pesticides

were detected at sites in each land-use category. They are commonly

used pesticides and readily available for both private and commercial

uses.

Organochlorine pesticides. DDT was detected in a residential

dry-well sediment sample. DDT, once a commonly used insecticide, is

now prohibited due to its toxicity and persistence in the environment.

The use of DDT in the past may result in residual levels of the con-

taminant in soils for as long as 30 years (Verschumm, 1983).

Phenols. Pentachlorophenol was detected in the dry-well

sediment at a commercial home supply and garden center. Four other

phenols were detected in the runoff sample at the same site.
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Pentachlorophenol is used as an insecticide for termite control and a

wood preservative, and dinitro cresol is used as an ovicidal spray for

fruit trees. Lumber is stored at this site, but not in the drainage

area for this dry well. Plants, trees and shrubs in the garden center

are probably treated with chemicals.

Polyarcmatic hydrocarbons. Polyaromatic hydrocarbons are by-

products of the combustion of organic matter. They are present in

gasoline, automobile emissions, used crankcase oil, asphalt, roofing

tar, and emissions from coal and oil-fired power plants. They were

present at each of the three classifications of dry-well sites. Likely

sources of the hydrocarbons in the dry well incl dR all the sources

listed above, but especially used crankcase oil from leaky automobile

engines, asphalt, and fallout from automobile and per plant emis-

sions. Erosion of asphalt, and subsequent deposition of tar-coated

sediments in the settling chamber might explain the high concentrations

of polyarcmatic hydrocarbons in dry-well settling chambers.

Phthalate esters. These compounds were detected primarily in

sediment samples at commercial and industrial sites. They are common

components in the manufacture and use of plastics, including plastic

bags and containers, PVC piping systems and plumbing fixtures,

adhesives, and dishes. Bis-(2-ethylhexyl) phthalate is also used as a

lubrication oil for some vacuum pumps.

Pollutant Dis LL ibutions

Tables 28, 29 and 30 summarize the results of the pollutant

monitoring at the residential site (R-1), commercial site (C-1), and



Table 28. Pollutant DibLiibution in the Vicinity of R-1

Pollutant Runoff
Dry Well	 Vase Ground
Sediment	 Zone	 Water

Well
Water

Polyaromatic Hydrocarbons

naphthalene 0 X	 -	 - 0
acenaphthylene 0 X	 -	 - 0
acenaphthene 0 X	 -	 - 0
fluorene 0 X	 -	 - 0
phenanthrene X X	 -	 - 0
anthracene X X	 -	 - 0
fluoranthene 0 X	 -	 - 0
pyrene 0 X	 -	 - 0
benzo(a)anthracene X X	 -	 - 0
chrysene X X	 -	 - 0
benzo(b)fluoranthene X X	 -	 - 0
benzo(k)fluoranthene X X	 -	 - 0
benzo(a)pyrene X X	 -	 - 0
indeno(1,2,3-cd)pyrene 0 X	 -	 - 0
dibenzo( a, h) anthracene 0 X	 -	 - 0
benzo(ghi)perylene 0 X	 -	 - 0

Phthalate Esters

? X	 -	 - 0di-n-butylphthalate
bis(2-ethylhexyl)pthalate ? X	 -	 - 0
di-n-octylphthalate ? X	 -	 - 0

Organophosphorous Pesticides

ethyl-parathion 0 X	 -	 - 0
stirophos 0 X	 -	 - 0
dioxathion X 0	 -	 - 0

Organochlorine Pesticides

0 X	 -	 - 04,4'-DDT

Metals

0 X	 -	 - 0arsenic
cadmium X X	 -	 - 0
chromium X X	 -	 - 0
copper 0 X	 -	 - 0
lead X X	 -	 - 0
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Table 28. - -Continued

Dry Well Vadose Ground Well
Pollutant	 Runoff Sediment Zone Water Water

mercury X X	 - -	 0
nickel X X	 - -	 0
thallium X 0	 - -	 0
zinc X X	 - -	 0

X = DETECTED
	

0 = NOT DETECTED	 - = NOT SAMPLED
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Table 29. Pollutant Dis	 Li ibution in the Vicinity of C-1

Dry Well Vadose Ground Well
Pollutant	 Runoff Sediment Zone Water Water

Volatile Organics

toluene
methylene chloride

Phenols

pentachlorophenol	 0	 X	 -	 -	 0
2-ch1orcphenol	 X	 0	 -	 0
2,4-dichlorophenol	 X	 0	 -	 -	 0
2-methyl-dinitrophenol	 X	 0	 -	 -	 0
4-nitrophenol	 X	 0	 -	 -	 0

Polyaromatic Hydrocarbons

naphthalene	 0	 X	 -	 -	 0
phenanthrene	 0	 X	 -	 -	 0
fluoranthene	 0	 X	 -	 -	 0
pyrene	 0	 X	 -	 -	 0

Phthalate Esters

di-n-buty1phthalate	 0	 X	 -	 -	 0
benzylbutylphthalate 	 0	 X	 -	 -	 0
bis(2-ethylhexyl )pthalate 0	 X	 -	 -	 0
di-n-octylphthalate	 0	 X	 -	 -	 0

Organophosphorous Pesticides

ch1oropyrifos	 -	 X	 -	 -	 0

Metals

arsenic	 0	 X	 -	 -	 0
beryllium	 -	 X	 -	 -	 0
cadmium	 0	 X	 -	 -	 0
chromium	 X	 X	 -	 -	 0
copper	 0	 X	 -	 -	 0
lead	 0	 X	 -	 -	 0
nickel	 -	 X	 -	 -	 0
zinc	 0	 X	 -	 -	 0
mercury	 0	 X	 -	 -	 0

X = DETECTED
	

0 = NOT DEIhCTED	 - = NOT SAMPLED



Table 30. Pollutant Distribution in the Vicinity of I-1

Pollutant Runoff
Dry Well
Sediment

Vadose Ground
Zone	 Water

Well
Water

Volatile Organics

chloromethane 0 X 0	 - 0
ethyl benzene 0 X 0	 - 0
1,3-dichlorcbenzene 0 X 0	 - 0
ethyl benzene 0 X 0	 - 0
1,3-dichlorobenzene 0 X 0	 - 0
xylenes 0 X 0	 - 0

Polyarana-tic Hydrocarbons

0 X 0	 - 0naphthalene
acenaphthylene 0 X 0	 - 0
acenaphthene 0 X 0 0
flucxene 0 X 0	 - 0
-phenanthrene 0 X 0	 - 0
anthracene 0 X 0	 - 0
fluoranthene X X 0	 - 0
pyrene X X 0	 - 0
benzo(a)anthracene 0 X 0	 - 0
chrysene 0 X 0	 - 0
benzo(b)fluoranthene 0 X 0	 - 0
benzo(k)fluoranthene 0 X 0	 - 0
benzo(a)pyrene 0 X 0	 - 0
indeno(1,2,3-cd)pyrene 0 X 0	 - 0
dibenzo(a,h)anthracene 0 X 0	 - 0
benzo(ghi)perylene 0 X 0	 - 0

Phthalate Esters

0 X 0	 - 0di-n-butylphthalate
bis(2-ethylhexyl)pthalate 0 X 0	 - 0
di-n-octylphthalate 0 X 0	 - 0

Metals

0 X 0	 - 0arsenic
cadmium 0 X X	 - 0
chromium 0 X 0	 - 0
copper 0 X X	 - 0
lead 0 X X	 - 0
nickel 0 X X	 - 0
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Table 30. --Continued

Pollutant
Dry Well

Runoff	 Sediment
Vadcse Ground Well
Zone	 Water	 Water

silver 0	 0 X	 - 0
zinc X	 X 0	 - 0
mercury X	 X 0	 - 0

X = DErECI'ED 0 = NOT DETECTED - = NUT SAMPLED
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industrial site (I-l), respectively. As previously mentioned, drilling

at the residential and commercial sites was not possible. In order to

adequately describe the pollutant disUibution and assess the potential

for ground-water contamination at the residential and commercial sites,

it is necessary to establish a monitoring program at these sites.

If additional monitoring is to be done at the residential and

commercial sites, water from the vase and ground-water zones should

be collected, rather than focusing on sediment samples. The informa-

tion obtained for pollutants in the mobile water phase would be more

useful for evaluating pollutant migration than identifying pollutants

bound in the stationary solid phase.

The importance of focusing on water samples is shown in Table

29. No organic pollutants were detected in both the runoff sample and

settling chamber sediment sample. In this case, the runoff sample is

standing water in the settling chamber which is in direct contact with

the sediment in the settling chamber. The water sample was collected

27 days prior to the sediment sample, which may account for some of the

variation; however, differences in physical properties of the compounds

which affect partitioning between the sediment and water phases is pro-

bably the major reason for the anomaly. For example, the phenols

detected at C-1 consisted of pentachlorophenol, which was detected in

the sediment, and two chlorcphenols and two nitrophenols, which were

detected in the water. Pentachlorophenol is fairly insoluble (14 mg/L

at 20 C), whereas the chlorophenols and nitrophenols detected have

solubilities ranging from 100 mg/L to 28,000 mg/L. The lack of corre-

lation between contaminants detected in sediment and runoff illustrates
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the importance of monitoring pollutants in water for evaluating

pollutant migration.

Fate and Transport of Pollutants

Several pollutants were detected in the settling chamber sedi-

ments in the dry wells at R1, C-1 and I-1. Pesticides, phthalate

esters, polyaramatic hydrocarbons, and metals were present in the dry-

well sediments at each site. Xylenes, ethyl benzene, dichlorobenzene,

and chloromethane were also detected at the industrial site, I-1.

Runoff samples at R-1 contained the organophosphorous pesticide,

dioxathion, several metals, and seven polyaromatic hydrocarbons. Four

phenols, methylene chloride, and chromium were detected in runoff at

C-1. At the industrial site, low levels of fluoranthene, pyrene, zinc,

and mercury were detected in the runoff:

One of the major objectives of this research, to identify the

extent to which these pollutants have migrated from dry wells, cannot

be addressed for the commercial and residential areas because access to

the sites for soil boring and monitor well construction was denied.

The extent to which pollutants have migrated from the dry well at the

industrial site is discussed in the following paragraphs.

No organic pollutants were detected in the vase zone sedi-

ments near the dry well at I-1. Low levels of cadmium, lead, and

nickel were present in the silt and clay layer near the base of the dry

well at 35 feet. Low levels of lead were detected in the silt and clay

layer at 45 feet. Capper was detected at 65, 80, 120, and 140 feet,

silver at 120 and 140 feet, and nickel at 140 feet.
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Fate and transport of organics at I-1. The absence of detect-

able levels of organic pollutants in the vase zone sediments,

compared to the abundance of several pollutants in the settling chamber

sediment, is likely due to a number of factors.

First, the concentration of five pollutants detected in the

settling chamber sediment was lower than the detection limit reported

for the vase zone sediment samples. Naphthalene, acenaphthylene,

acenaphthene, fluorene, and di-n-butylphthalate, which were detected in

the settling chamber sediment, could not have been detected in the

vadose zone sediments using the higher detection limits specified in

the Third Edition of Test Methods for Evaluating Solid Waste (EPA,

1986), which superceded the previous edition in November, 1986.

Second, the base neutral and acid compounds detected in the

settling chamber sediment and storm runoff are fairly immobile due to

low solubilities and high octanol/water partition coefficients. Base/

neutral and acid compounds comprise 19 of the 23 organic compounds

detected in the settling chamber sediments and both of the organic com-

pounds detected in the runoff sample. It is also possible that many of

the polyaromatic hydrocarbons detected in the base/neutral and acid

analysis of the settling chamber sediment came from tar-coated pieces

of eroded asphalt. If this is true, the mobility of these compounds

would be restricted simply by filtration of the particles in the gravel

pack and vadose zone sediments.

The fate and transport of chloromethane, dichlorobenzene, ethyl

benzene, and xylenes is difficult to evaluate because the source, in

particular the initial amount of the pollutants injected into the well,
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is unknown. In addition, the vadose zone sediment was sampled approx-

imately one year after collection of the initial settling chamber sedi-

ment samples, in which the high xylene concentrations were detected.

Each of these compounds are volatile. During the lag between settling

chamber sediment sampling and vadose zone sediment sampling, the

compounds were probably removed through volatilization; however, the

extent to which the pollutants migrated in the vadose zone, if any,

prior to volatilization is unknown.

Fate and transport of metals at I-1. Arsenic, cadmium,

chromium, copper, lead, nickel, zinc, and mercury were detected in the

settling chamber sediment at I-1. Zinc and mercury were detected in

runoff entering the dry well. The settling chamber sediment analyses,

however, included total metals and as such do not necessarily represent

mobile, or soluble, metals. The cadmium, lead, copper, nickel, and

silver In the vadose zone sediment may have been injected through the

dry well; however, they may also occur naturally in the vadose zone

sediment. In either case, storm runoff injected through the dry well

will increase the mobility of these metals in the vadose zone.

The metal concentrations detected in water-extracts from the

vadose zone sediments are very close to the detection limits and do not

pose a threat to ground-water quality. If percolating water containing

these concentrations reached the water table, dilution would probably

reduce the concentrations to levels below the safe drinking water

limits established by the EPA. However, it is unlikely that these

metals could migrate to the water table at this site. Sorption to

mineral surfaces, metal oxides, and organic materials significantly
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retards the movement of cadmium, lead, copper, nickel, and silver. The

fine-grained layers at 35 and 45 feet at this site, and the massive

fine-grained layer below 70 feet, shaild provide adequate protection to

the mcvement of metals and pollutants at this site.
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CHAPTER SEVEN

CONCLUSIONS

The hypothesis that the use of dry wells in the Tucson metro-

politan area has resulted in water-quality problems has not been

substantiated by this research. Ground-water pollution due to opera-

tion of the dry well at the industrial site that was chosen to repre-

sent the greatest potential for ground-water pollution is unlikely

because of the silt and clay layers present in the vadose zone below

the dry well. Vadose zone and ground-water monitoring at the commer-

cial and residential sites representing the greatest potential for

pollution was not done due to problems with access to the sites.

Although the research did not identify actual water quality

problems, it is not valid to assume that the use of dry wells does not,

or will not, cause water quality problems. As mentioned, the residen-

tial and commercial sites were not studied in detail. In addition, dry

wells have been in use in Tucson for a relatively short period compared

to the expected life of a dry well, and the pollutant distribution in

the vicinity of dry wells is expected to change over time.

The research has shown that potential ground-water quality

problems exist in industrial areas due to dry-well use. The volatile

organic compounds, ethyl benzene, chloromethane, dichlorobenzene, and

xylenes were detected in an industrial area. In addition, chemical

storage was observed at two of three operating industrial sites, and a

solvent odor was noted in the settling chamber sediment at the third

operating industrial site. The potential for accidental spills, and
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subsequent contamination, is greater where chemicals are routinely

stored and handled.

The results of the dry-well survey of commercial sites show

that a potential for ground-water pollution may exist where identifi-

able sources of pollution are present. Presently, two of 55 commercial

sites fit this category, one with animal pens and one with a retail

garden center in the dry-well drainage area.

The potential for ground-water pollution at the majority of

commercial sites and at residential apartment and housing subdivision

sites is unknown. Other than trash receptacles at approximately half

of the commercial and apartment sites, the potential sources of pollu-

tion at these sites are common components of the urban environment. If

dry-well injection of ubiquitous pollutants does result in water

quality problems, then similar problems should result from the disposal

of runoff in washes in the area.
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CHAPTER EIGHT

RECCIMENDATIONS

The recommendations described in this chapter fall into two

general categories: recommendations for additional research, and recom-

mendations intended to reduce the potential for ground-water contam-

ination due to the use of dry wells.

Additional Research

Several questions remain unanswered regarding dry-well use and

its effect on ground-water quality. Foremost is the extent to which

pollutants have migrated from the dry wells at the residential and com-

mercial sites, R-1 and C-1. Second, during the site surveys, an

attempt was made to identify factors which might affect the movement of

pollutants. However, due to the limited number of sites from which

data were collected, it was not possible to quantify the significance

of these factors. Last, this study and perhaps similar work planned

for the immediate future at a residential and commercial site are

instantaneous evaluations. The research does not address the possi-

bility of problems at a site after 10 or 20 years of dry-well opera-

tion.

Completing Research at Residential and Commercial Sites

A detailed evaluation of pollutant migration at the residential

site (R-1) would be especially informative because: (1) it contains

high levels of several polyaromatic hydrocarbons, metals and a few

pesticides, and (2) the drainage area does not include identifiable
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point sources of pollution. As such, it typifies the majority of

dry-well drainage areas, and a detailed study at this site may provide

insights on the risks associated with ubiquitous pollutants in urban

runoff. Additional study at this site, or a similar site, is therefore

recommended.

Additional study at a commercial site is also recommended.

However, prior to committing considerable resources to a drilling and

monitoring program at C-1, it is recommended that several sites be re-

evaluated based on runoff quality, rather than pollutant concentrations

in settling chamber sediment. In addition to enabling selection of a

study site based on soluble pollutants, which are more likely to be

mobile, additional data will also be obtained on the quality of runoff

from various types of commercial areas.

It is also recommended that additional study be focused on

water monitoring, rather than sediment monitoring. Vadose zone and

ground-water monitoring at these sites from permanently installed

lysimeters and monitor wells would provide useful information on

pollutants migrating through particular zones. Sediment samples

provide information on pollutants retained by the environment at one

point in time.

Factors Affecting Pollutant Mbvement

Landscaping. Local dry-well regulations currently prohibit new

installations in extensively landscaped areas. Landscaped areas can

remove organics from runoff by bioaccumulation and sorption. However,

fertilizers and pesticides applied to landscaping may enter the dry
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well. Pollutants from trash receptacles, which are almost exclusively

placed on paved areas, might be attenuated by landscaping. Additional

research to evaluate the actual effect of landscaping would be useful.

Retention basins. Dry wells in retention basins that drain

residential subdivisions may inject a large volume of runoff. Inasmuch

as no runoff-quality data were obtained for these types of areas during

the study, it is recommended that the quality of runoff from these

areas be determined.

Long-Term Effect of Dry Wells

Long-term seasonal monitoring of select dry wells or an addi-

tional study similar to this one, but with a focus on water monitoring

and after 10 or 20 years of dry-well operation at a specific site, is

recommended. Due to the relatively recent installation of most dry

wells in Tucson, including those selected for detailed evaluation in

this study, it may be prudent to postpone the vadose-zone and ground-

water monitoring currently planned for residential and commercial sites

for several years, unless long-term monitoring is to be implemented.

Dry Well Use

The following recommendations are suggested to reduce the

threat of ground-water contamination from the use of dry wells.

Industrial Areas

The use of dry wells in industrial areas and areas which

receive drainage from industrial areas should be prohibited. Zoning-

based exclusions are currently used in Tucson and Pima County to
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prohibit new installations in industrial areas. However, one of the

industrial sites described in this study is zoned commercial and

receives drainage from an adjacent industial area. Restrictions on

°dry-well use should address this problem.

Commercial and Residential Areas

Specific activities within dry-well drainage areas at commer-

cial and residential sites should be prohibited. Activities identified

during this survey that might adversely affect ground-water quality

include livestock confinement and outdoor chemical storage. By

restricting specific activities, rather than merely specifying siting

requirements during planning stages, restrictions on land-use in the

drainage area could be deeded to future owners.

Source Reduction

Inasmuch as most of the pollutants identified during this

research are ubiquitous in the urban environment, the only practical

method of reducing the threat of ground-water contamination from these

pollutants is by reducing pollutant levels in source areas. Prohibit-

ing the use of dry wells will, of course, eliminate the threat to

ground water from runoff injected through dry wells, but the problem of

contaminated runoff will remain.

The following recommendations are suggested as methods to

reduce the pollutant load entering dry wells, as well as reducing the

overall level of some pollutants in the environment.

(1) Waste oil and gasoline appear to be a major source of

organic pollutants introduced into dry wells. Cur-



rently, emission testing is required to reduce the

amount of pollutants emitted from automobiles to the

atmosphere. A similar, simultaneous inspection could

be done for oil and gasoline leaks from automobiles.

(2)A related problem is the indiscriminate dumping of used

motor oil. Individuals who change the oil on their

cars should take their cars to those service stations

that provide a public service by accepting used oil.

Some individuals, however, indiscriminately dump oil on

the ground, or in the parking lot of their apartment

complex. It is recommended that the city or county

provide public waste-oil collection tanks, placed at

conspicuous places throughout the city, which may

reduce illegal dumping of waste oil. Of course, these

tanks should not be allowed in dry-well drainage areas.

(3)Periodic notices should be published in local media

presenting acceptable methods for disposal of used

waste oil and other common hazardous substances found

in households. Common household chemicals may end up

in a dry well if they are inadvertently dumped into

trash bins or otherwise disposed of within a dry-well

drainage area. As the number of dry wells in the area

increases, the possibility of pollution from this

source will also increase.
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APPENDDC A

ANALYTICAL METHODS, PARAMETERS AND MINIMUM DhihCTAHLE CONCENTRATIONS

VOLATILE ORGANIC COMPOUNDS

METHOD 8240

Minimum Detectable Concentration
Compound Soil (mg/Kg) Water (ug/L)

chloromethane 0.20 1.00
bromomethane 0.10 1.00
vinyl chloride 0.10 1.00
chloroethane 0.20 1.00
methylene chloride 0.90 40.00
1,1 dichloroethene 0.10 1.00
1,1 dichloroethane 0.10 1.00
trans -1,2 -dichloroethene 0.10 1.00
chloroform 0.10 1.00
1,2-dichloroethane 0.20 1.00
1,1,1 -trichloroethane 0.10 1.100
carbon tetrachloride 0.10 1.00
branodichlorcmethane 0.10 1.00
1,2 -dichloivpropane 0.20 3.00
trans -1,3 -dichloropropene 0.20 1.00
trichloroethene 0.50 3.00
dibromochloromethane 0.20 1.00
1,1,2 -trichloroethane 0.20 1.00
benzene 0.10 1.00
cis-1,3 -dichloropropene 0.20 1.00
bromofonn 0.20 1.00
tetrachloroethene 0.20 1.00
1,1,2,2 -tetrachlorcethane 0.30 3.00
toluene 0.10 1.00
chlorobenzene 0.10 1.00
ethylbenzene 0.30 2.00
total xylenes 0.60 6.00
1,3 -dichlorobenzene 0.30
1,4 -dichlorobenzene 0.30
1,2-dichlorobenzene 0.30
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SEMIVOLATILE ORGANIC COMPOUNDS

ACID AND BASE/NEUTRAL COMPOUNDS

METHOD 8270

Minimum Detectable Concentration
Canpound Soil (mg/Kg) Water (ug/L)

phenol 0.50 1.00
bis(2-chlcroethyl)ether 0.50 1.00
2-chlorophenol 0.50 1.00
1,3-dichlorobenzene 0.50 1.00
1,4-dichlorobenzene 0.50 1.00
1,2-dichicrobenzene 0.50 1.00
bis(2-chloroisopropyl)ether 0.50 1.00
n-nitrosc-di-n-propylamine 0.50 1.00
hexachloroethane 0.50 1.00
nitrobenzene 0.50 1.00
isophorone 0.50 1.00
2-nitrophenol 0.50 1.00
2,4-dimethy1pheno1 0.50 1.00
bis(2-chicroethoxy)methane 0.50 1.00
2,4-dichlcrcphenol 0.50 1.00
1,2,4-trichlorobenzene 1.00 1.00
naphthalene 0.50 1.00
hexachlorobutadiene 0.50 1.00
4-chloro-3-methylphenol 0.50 1.00
hexachlorocyclopentadiene 0.50 1.00
2,4,6-trichlorophenol 0.50 1.00
2-chloronaphthalene 0.50 1.00
dimethyl phthalate 4.00 8.00
acenaphthylene 0.50 1.00
acenaphthene 0.50 1.00
2,4-dinitxcphenol 2.50 5.00
4-nitrophenol 1.00 1.00
2,4-dinitrotoluene 0.50 1.00
2,6-dinitrotoluene 0.50 1.00
diethylphthal ate 0.50 1.00
4-chlorophenyl-phenylether 0.50 1.00
fluorene 0.50 1.00
4,6-dinitro-2-methylphenol 1.00 1.00
n-nitrosodiphenylamine 0.50 15.00
4-brcmopheny1-pheny1ether 1.00 1.00
hexachlorcbenzene 1.50 1.00
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Minimum Detectable Concentration
Ccmpound Soil (mg/Kg) Water (ug/L)

pentachlorophenol 2.50 1.00
phenanthrene 1.00 1.00
anthracene 1.00 1.00
di-n-butylphthalate 0.50 3.00
fluoranthene 0.50 2.00
pyrene 0.50 1.00
butylbenzylphthalate 0.50 1.00
3,3'-dichlorobenzidine 19.00 38.00
benzo(a)anthracene 0.50 1.00
bis(2-ethylhexyl)phthalate 4.50 9.00
chrysene 1.00 2.00
di-n-octylphthalate 0.50 1.00
benzo(b)fluoranthene 1.00 2.00
benzo(k)fluoranthene 1.00 2.00
benzo(a)pyrene 0.50 1.00
indeno(1,2,3-cd)pyrene 0.50 1.00
dibenz(a,h)anthracene 0.50 1.00
benzo(g,h,i)perylene 0.50 1.00



CHLORINATED HERBICIDES

METHOD 8150

arpound
Minimum Detectable Concentration
Soil (mg/Kg)	 Water (ug/L)

dicamba 1.0 100
2,4-D 0.2 20
silvex 0.1 10
2,4,5-T 0.1 10
MCPA 30 3000
MCPP 40 4000
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ORGANCCHLORINE PESTICIDES AND PCB'S

METHOD 8080

Minimum Detectable Concentration
Canpound Soil (mg/Kg) Water (ug/L)

alpha-BHC 0.07 0.50
gamma-BBC (Lindane) 0.06 0.50
beta-BHC 0.08 0.50
heptachlor 0.10 0.50
delta-BHC 0.07 0.50
aldrin 0.05 0.50
heptachlor epoxide 0.10 0.50
endosulfan I 0.10 0.50
4,4'-DDE 0.10 0.50
dieldrin 0.10 0.50
endrin 0.10 0.50
4,4'-DDD 0.10 0.50
endosulfan II 0.10 0.50
4,4'-DDT 0.10 0.50
endrin aldehyde 0.10 0.50
endosulfan sulfate 0.10 0.50
chlordane 1.0 5.0
toxaphene 5.0 25.
PCB-1016 1.0 5.0
PCB-1221 1.0 5.0
PCB-1232 1.0 5.0
PCB-1242 1.0 5.0
PCB-1248 1.0 5.0
PCB-1254 1.0 5.0
PCB-1260 1.0 5.0
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ORGANOPHOSPHOROUS PESTICIDES

METHOD 8140

Minimum Detectable Concentration
Ccmpound Soil (mg/Kg) Water (ug/L)

diazinon 0.004 0.15
disulfoton 0.003 0.15
methyl-parathion 0.01 0.10
malathion 0.008 0.20
ethion 0.004 0.10
atrazine 0.12 0.10
dioxathion 0.06 2.5
DEF 0.02 0.15
CDEC 0.20 0.30
bolstar 0.02 0.15
chloropyrifos 0.01 0.15
EPN 0.06 0.10
Fensulfcthion 0.29 3.5
fenthion 0.02 0.045
parathion 0.02 0.10
phorate 0.01 0.15
ronnel 0.03 0.20
iokuthion 0.02 0.15
TEPP 0.04 1.0
naled 1.9 0.10
dichlorvos 0.008 0.35
demeton 0.009 0.15
carbofuran 0.009 0.15
mevinphos 1.0
sulfotepp 0.10
merphos 0.20
tetrachlorovinphos 0.40
monocrotophos 0.50
coumaphos 0.50
simazine 0.15
ethoprop 0.03
DNBP 1.5
dimethoate 0.10
guthion 3.0
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PRIORITY POLLUTANT METALS

WASTE EXTRACrION TEST

Minimum Detectable Concentration
ampound Soil (mg/Kg) Water (ug/L)

antimony 1.0 0.20
arsenic 1.0 0.10
beryllium 0.10 0.0050
cadmium 0.10 0.010
chromium 0.50 0.010
copper 0.50 0.050
lead 0.50 0.10
mercury 0.010 0.0010
nickel 0.50 0.050
selenium 0.10 0.0050
silver 0.10 0.010
thallium 1.0 0.10
zinc 0.50 0.050
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