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FOREWORD

The standards presented in this report are issued as guides

to good practice for those engaged in the construction of water wells

or in the regulation of water well construction and the destruction of

abandoned wells in California. They fulfill the need for a basic set

of standards that are satisfactory under most conditions and which can

be modified or expanded to accommodate local variations in geologic or

groiind water conditions. As work is completed, the Department of

Water Resources will issue its recommendations for supplemental or

different standards for use in various areas in the State. The Department

recommends that counties and cities which have not already done so give

consideration to enacting water well construction ordinances to protect

the quality of ground water supplies in their areas.

Whereas the standards presented in this report are as final as

they can be at the present time, the Department will revise them from

time to time. We recognize that, as with other published standards, to

be effective and useful they must be revised and updated in light of both

changes in practice and the degree of success achieved in their application.

William R. Gianelli, Director
Department of Water ResoiJirces

The Resoixrces Agericy

State of California

December 16, 196?
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AUTHORIZATION

The Water Well Standards Program \mder which this report

was prepared is authorized by Section 231 of the Water Code,

State of California which reads:

"231. The department, either independently or in cooperation
with any person or any county, state, federal or other agency,

shall investigate and survey conditions of damage to quality of
underground waters, which conditions are or may he caused by
improperly constructed, abandoned or defective wells through
the interconnection of strata or the introduction of surface
waters into vmderground waters. The department shall report
to the appropriate regional water qixality control board
its recommendations for minimum standards of well construction
in any parti cvilar locality in which it deems regulation
necessary to protection of qua]J.ty of imderground water, and
shall report to the Legislature from time to time, its
recommendations for proper sealing of abandoned wells."
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ABSTRACT

About one half of the fresh water used in California is obtained from underground. There are some 500jOOO
water we2J.s scattered throxighout California. Each year about 10,000 wells are constructed or rehabilitated,
and numerous wells are abandoned. / If not properly constructed or if Inadequately destroyed, a

well may contribute to the impairment of the quality of ground water in the area. A properly constructed
or adequately destroyed well should maintain the sxibsurface conditions that existed before the well was
constructed. / Chapter 1522, Statutes of 19't9, now Section 231 of the Water Code of the State of
California, directs the Department of Water Resources to fonnulate recommendations for standards of water
well construction and sealing. Standards for the construction of water wells and for the destruction
of abandoned wells can be a significant factor in the protection of ground water quality. / The State
Department of Public Health has a concurrent interest in these standards. The Department of Public Health
must determine that all water intended for pub3j.c use will not endanger the health or life of the user. /
/ The responsibility of the Department of Water Resources is to advise the Legislature and appropriate
State agencies on the maintenance of good quality water as it occurs in underground formations, including
protection against adverse effects caused by improper well construction or absmdoument . This responsibility
applies to all wells regardless of purpose.
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CHAPTER I. IMTRODUCTION

Approximately one-half of the 33.6 million acre-feet of fresh water

used in California in I965 came from underground. These waters were ohtained

primarily from wells. It is estimated that there are roughly 500,000 water

wells (irrespective of condition or whether used or idle) scattered throughout

the State. Most are situated in the more than 250 larger ground water basins

in California. They range from the hand dug wells more familiar in years past

to carefully designed large production wells drilled hundreds and even thousands

of feet.

Currently, around 10,000 water wells are constructed or rehabilitated

each year throughout the State, and numerous wells are "absuidoned" . If these

wells are not properly constructed initially, or are not satisfactorily recon-

structed when defective, or if they are inadequately destroyed when they no

longer seive a useful purpose, they may permit impairment of the qviality of

ground waters detrimental to one or several intended uses. A properly con-

structed or adequately destroyed well should maintain, as far as practicable,

those subsurface conditions which existed prior to construction of the well and

which prevented the entrance of waters of unsanitary and inferior mineral quality

into usable ground water supplies.

If we are to develop groiind water supplies to their maximum capa-

bility, including use in conjxmction with surface water to provide for Cali-

fornia's needs, we are obligated to protect their quality for this arid future

generations. Standards for the construction of water wells and for the des-

truction of so-called "abajidoned" wells can be a significant factor in the pro-

tection of ground water quality and shoiild contribute to the betterment of the

health ajid welfare of the people of the State.
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Impairment of the quality of groxind waters of the State through

improper construction or abajidonment of wells Is only one aspect of the water

pollution problem In California. Concern over water pollution caused the

Legislature to conduct extensive public hearings on the problem during the

late 19^' s. Subsequently, a number of water pollution control acts were

adopted. Among these was legislation directing the Department of Water

Resoxorces to formulate recommendations for standards of water well construc-

tion and sealing. This legislation was enacted as Chapter 1552, Statutes of

1949, now Section 231 of the Water Code, State of California.

IXirlng, and In the period between the 1965 and 1967 General Sessions,

the Legislature reviewed the matter of steuidards for water well construction

once more. As a result, they established a procedure for Implementing standards

developed under Section 23I by enacting Chapter 323, Statutes of ISSl, which addec

Sections I38OO through I3806 to the Water Code. In Section I38OO, the Department

of Water Resources' reporting responsibility is enlarged upon:

"13800. The department, after such studies ajnd Investiga-
tions pursuant to Section 23I as it finds necessary, on deter-
mining that water well constiniction, malntensince , abandonment,
and destruction standards are needed In an area to protect the
quality of water used or which may be used for any beneficial
use, shall so report to the appropriate regional water quality
control board suad to the State Department of Public Health. The
report shall contain such recommended standards for water well
construction, maintenance, abandonment, and destruction as, in the
department's opinion, are necessary to protect the qxwility of suay

affected water."

In addition to the Department of Water Resotirces, the State Depart-

ment of Public Health has a concurrent interest in problems caused by Improperly

constructed, defective, or "absuidoned" wells. This Interest is evidenced in

the "Pure Water Act" (Chapter 7 of Part 1 of Division 5 of the Health sind

Safety Code, State of California, added by Chapter 992, Statutes of 19^7),

which deals with the health aspects of public water supplies. Under this

authorization, the State Board of Public Health, in granting permits to water

-2-



purveyors for supplying water for domestic (public) purposes, must find that

under all circtmistances it is pure, wholesome, and potable and does not endanger

the lives or health of hvmian beings. Further, the State Board of Public Health

may adopt iniles and regulations for the State Department of Public Health to

use in the execution of its duties. Proposed well construction standards have

been drafted by the Department of Public Health but their stsuidards have not

been formally adopted as regulations.

In broad terms, the responsibility of the Department of Water

Resources is to advise the Legislature and the appropriate state agencies with

regard to the maintenance of the quality of water as it occurs in underground

formations, including protection against adverse effects caused by improper

well construction or abandonment. This responsibility applies to all wells

irrespective of purpose. The responsibility of the State Department of Public

Health is to investigate, evaluate, and approve water supplies serving the

public. When approving supplies utilizing well sources, consideration is given

to the design and construction of the wells in order to preclude containination

by upper formation water or sewage hazards which may exist or develop in the

future

.

This report was prepared as part of a continuing program of the

Department of Water Resources for discharging its responsibilities under the

provisions of Section 231 of the Water Code, and in cooperation with the State

Department of Public Health.

Statement of the Problem

Wells per se do not cause ground water quality impairment. Rather,

Lnadeqixacies in their construction, or their improper destruction when they

10 longer serve a useful p\irpose, may result in the deterioration of the quality

)f groirnd water. The deterioration in quality, depending on various conditions,
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may be local and confined to the water supplying a single well, or may be (

more extensive, as in the instance of sea water intrusion, perhaps effecting

a sizable segment of a ground water basin.

While the latter condition is more encompassing, the deterioration

of the quality of water supplying an individiml well, or groups of closely

adjacent wells, is the most common and the most significant from the stand-

point of public health. Underground sources of supply have been responsible

for a sizable portion of the outbreaks of the water-borne diseases reported in

the United States. Most of these outbreaJcs occurred where shallow wells were

so poorly constructed that they allowed contaminants to enter the well. The

contaminants entering improperly constructed wells are not limited to disease

organisms or, for that matter, are not related to health problems alone. Liter-

ature on the subject is replete with examples of \mdesirable chemicals, both

toxic and nontoxic, which gained access to the ground water, with the results

that water in wells a short distemce away was adversely affected.

The mechanism of water quality impairment caused by faulty wells in

larger portions of a ground water basin or in an entire basin is not so well

defined. In those instances where the quality of water in a segment of ground

water basin has been impaired, a number of factors have been involved, and the

wells served primarily to facilitate the impairment. The most noteworthy exam-

ples in California of deterioration of water quality in a sizable portion of

a ground water basin are those coastal ground water basins which have been

intruded by that massive source of degradation -- the ocean.

So far as is known, inadequately constructed or improperly "abandoned"

wells have not yet been foiind to be sole cause of water quality degradation,

where a sizable portion of California ground water basin has been involved.

Nevertheless, even a small quantity of certain contaminants or pollutants

entering a well may have far-reaching effects. In any event, the construction
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of thousands of additional wells in California each year, coupled with the

fact that many of them are becoming more closely spaced, and an increase in the

number of wells which can be expected to fall into a state of disrepair or

indiscriminately abeindoned, indicate that the potential for impairing the quality

of segments of, or even entire, basins continues to grow. Then, when actual

movement of the degrading substance along the lines of natural water movement

occurs, the effects are generally long-lasting and difficult, if not impossible,

to remedy owing to the extremely slow movement of ground water.

There are four principal ways in which inadeqiiately constructed or

improperly abandoned wells facilitate the impairment of ground water quality.

These are:

1. When the surface portion of the well is constnacted without pror

tective features so that if it is overtopped by contaminated or polluted waters,

they are permitted to flow directly into the well through one or more of several

possible openings. Under these circumstances, only the water within or adjacent

to the well is usually affected.

2. When the annular space, that is, the space between the outside of

the casing and the wall of the hole, lacks an adequate vertical seal and unde-

sirable surface or shallow, subsurface water flows laterally into the well along

the outside of the casing. This type of defective well is particularly hazardous.

3. When, during well construction (or desti\iction), aquifers that

produce water of undesirable quality are ineffectively sealed off such that

interchange of water, if allowed to taJce place, will result in a significant

deterioration of the qviality of water in one or more other aquifers. The well

now provides a physical connection between aquifers.

k. When the well is used intentionally, accidentally, or carelessly

for the disposal of waste. Such disposal may or may not be operating under

requirements prescribed by law.
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Irrespective of the probability of occurrence and which form of

deterioration takes place, California's ground v/ater supplies must be preserved

and protected to meet the increasing demands which are being made on them. More-

over, while the well construction industry, advisory groups, and regulatory

agencies obviously intend to prevent any impairment of the quality of the State's

ground water supplies which might result from improperly constructed or "abandonee

wells, there appears to be no broad, \iniforra approach to the development of the

means of such prevention in California. It follows then that the resolution of

this dilemma requires the development of standards for water well construction

and destruction, which will, if followed, assure the protection of the quality

of the State's groimd waters as they exist in the ground or as they pass through

the well for use. In addition to providing for the protection of the quality

of ground water, these standards should be capable of execution by the average

competent well driller using commercially available equipment and materials,

without imposing \mdue finsjicial burden on the owner of the well or the driller.

Scope of Program and Report

The purpose of the Department of Water Resources' Water Well Stsindards

program is to formulate recommendations for minimvmi standards to protect the

quality of the State's ground water resources from impairment that might result

from inadequately constructed, defective, or improperly abandoned wells. It is

further intended that these standards be met with the construction methods com-

monly employed in California and at reasonable cost.

It was almost immediately apparent at the start of the parogram that

many standards could, in general, be applied practically anywhere in the State.

As an example, locating a house well a short distance from a septic tank is as

bad as practice in Del Norte County, at the northwest comer of California, as
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it is in San DLego County. Similarly, sealing off waters from one or more zones

or aq.\iifers, so as to prevent their migration to other zones or aquivers, may

be just as desirable at Merced as it is at Oxnard, although it may not be neces-

j^ Bary at Merced as is the case at Oxnard. The above examples illustrate the
i

importance of the proper application of stajidards.

Consequently, the program vas divided into two activities: (l) studies

leading to the formulation of Statewide Standards and (2) studies of various sub-

areas of the State where it is felt that supplemental standards are needed and

desirable. The general statewide standards form a basis on which supplemental

or more stringent ajid specific standards can be developed for application in

particular areas in the State.

Recommended statewide standards for water well construction and seal-

ing were first presented in the preliminary edition of this bulletin issued in

1962.* Investigations have been made, and are being conducted in certain areas

of the State, to formulate standards for water well construction similar to

those in this report, but designed specifically for these localities. In the

future, these local or area standards will be based on the general statewide

standards presented herein, modified and augmented in accordance with local

conditions. The status of reports for areas of study in various parts of the

State is sijmmarized in the following table:

* Titled "Recommended Minimum Well Construction and Sealing Standards for
Protection of Ground Water Quality State of California", Preliminary
Edition, July I962.
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STATUS OF REPORTS
UNDER WATER WELL STANDARDS PROGRAM
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During the sttuiies leading to this publication, information relating

to various factors which might influence well standards were compiled and

evaluated. For the purposes of this report, these factors have been grouped

into the following hroad categories: (l) ground water geology and hydrology

(2) impairment to gro\jnd water quality and (3) water well construction

practices including laws and regulations pertaining to ground water and

water wells.

Numerous publications related to construction of water wells and

to development , vise, and protection of grotmd waters have been reviewd in

preparation of this report. They are listed in Appendix J in alphabetical

order by author.

Many technical teims concerning gro\md water and water well

construction are frequently misvinderstood and misinterpreted. The term

"seal" or "sealing" for example has several meauaings in the jargon of the

well driller, geologist, and engineer, depending on what part of the well

installation is under discussion. Every effort has been made in this report

to insult that the technical tenns used are \inderstandable . A list of

definitions is presented in Appendix I. Certain definitions are made a part

of the standards presented in Chapter II.

Studies leading to the development of statewide standards for con.-

struction of water wells and for sealing of abandoned wells began in 1952

with a comprehensive survey of existing laws and regulations governing well

construction and abemdonment in the then ^7 other states and in the counties

and cities of California. This survey culminated in the publication of

"Water Quality Investigations Report No. 9 - Abstracts of Laws and Recom-

mendations Concerning Water Well Construction and Sealing in the United States",

April 1955 (24-)*. Report No. 9 contains, in addition to the standards

* Reference to publication in Appendix J.
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of the varioi:is aforementioned political subdivisions, standards promulgated

by other public agencies and private organizations. Althoiigh the information

in the report is over 10 years old, it still remains useful. The Department

has continued to keep informed of practices in other states, particularly

those in which stamdards have been established or are under active con-

sideration.

Infoimation relating to the occurrence and nature of groxmd water

in California was obtained from reports prepared by the Department (and its

predecessors), as well as from reports of other agencies. The information

was reviewed with particxlLar attention to conditions which relate to the

construction of water wells or the closure of "abandoned" wells.

Similarly, information regarding ground water quality and its impair-

ment was gathered from departmental or other agency studies and publications.

Specific cases involving quality deterioration were reviewed.

Information, suggestions, and recommendations regarding methods and

materials used were obtained fiX5m correspondence and interviews with represen-

tatives of state and federal agencies, steel companies, casing fabricators,

pump manufacturers, water well drilling contractors, and other organizations "^

and individuals associated with the development and use of grotind -v/ater

supplies. Included in these are replies to inquiries sent, in 1956, to the 766

water well drillers known to be operating in the State at that time. A 35

percent response was received. In addition, logs of water wells submitted

by well drillers have from time to time been reviewed.

Legislation in California was reviewed concerning the powers and

limitations that govern state and local agencies with respect to regulation

of the construction and destruction of water wells. In November 1958^ mionicipal

ities in California wejre polled again to update Information obtained in 1952'^^)
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regarding local regulation. Since publication of the preliminary edition of this

report in I962, the Department has kept informed of changes in the status of

California county ordinances pertaining to well construction.

Public Hearings on the Preliminary Edition

In the Preface to the preliminary edition of this bulletin, the Depart-

ment stated that:

"After sufficient time has elapsed so that interested state and
local agencies and members of the water veil drilling industry may
consider and comment upon the recommended standards presented in
this report, the Department of Water Resources vill conduct hearings
prior to issuing these standards in final form. This procedure shovild

take approximately two years . . .

.

"

The edition was distributed in December 1$62; in March and April 19^5^

a series of hearings was held in conjunction with the Department of Public Health

at six cities in the State. Discussion at each meeting centered aroiond two

major areas: (l) the standards recommended and (2) meams of implementation.

Written comments were also received.

The nijmber of comments and questions on application of the standards,

\inder various conditions, to differing uses of wells, and to different areas

within the State demonstrated that the standards, as written, were too general.

Accordingly, it was decided that the standards would be revised and redrafted eind

that an opportunity to comment on the revision would be made available.

Based on a review of all prior material and comments received at the

hearings as well as during the period 1963-I966, an Intertm Edition of the chap-

ter containing the standards was prepared. Issued in February 1967, this version

of the standards included revised provisions pertaining to community water sup-

ly wells which appeared in the preliminary edition in an appendix. Hearings

on the Interim Edition were held in May 19^7^ and wri-tten comments were received

as part of the record. These were also joint hearings with the Department of

Public Health.
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The eight hearings produced correspondence and an extensive file of

transcripts containing information, opinions, sind sioggestions, which would fill

several large volumes, if published. Since verbatim publication is impractical,

a digest of what transpired has been prepared as Appendix A.
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CHAPTER II. STANDARDS

Q?he standai^is presented in this chapter are intended to apply-

to construction (including reconstruction) or destruction of wells

throughout the State of California. Under certain circvimstances, adeqiiate

protection of ground water quality may require more stringent standards

than these presented here; under 'other circumstances, it may be necessary

to deviate from the standards or substitute other measures which will

provide protection equal to that provided by these standards. Since it

is impractical to jarepare standards for every conceivable situation,

provision has been made in the succeeding material for deviation from the

standards as well as for addition of appropriate supplementary standards.

The need to deviate from general recommendations and to apply additional

standards are the principal reasons that the Department is also inves-

tigating the development of different or supplemental water well

construction standards for various subareas within the State. However,

the Department believes that zhe standards presented in this report are

satisfactory \mder most conditions for the construction and destruction

of water wells in all areas of this state.
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Part I. General

Section 1. Definitions .

A. Well or Water Well . As defined in Section 13710 of the

Water Code, well or water well:

" ... means giny artificial excavation constructed by ajiy method

for the pitrpose of extracting water from, or injecting water into,

the underground. This definition shall not include: (a) oil

and gas wells, or geothermal wells constructed \inder the jxiris-

diction of the Department of Conservation, except those wells

converted to use as water wells; or (b) wells used for the

purpose of (l) dewatering excavation during construction, or

(2) stabiliziiag hillsides or earth embankments."

B. Community Water Supply Well . A water well used to supply

water for domestic purposes in systems subject to Chapter 7 of Part 1 of

Division 5 of the California Health and Safety Code. (This definition

includes wells commonly referred to as "Mvmicipal Wells" or "City Wells".)

C. Individual Domestic Well . A water well used to supply

water for domestic needs of an individual residence or commercial establishment

such as an apartment hotise, cstfe, gas station, etc.

D. Industrial Wells , Water wells vised to supply indvistxy on

an individual basis (in contrast to supplies provided throvigh community

systems )

.

E. Agricultural Wells. Water weHs used to supply water for

irrigation or other agricultural purposes, including so-called "stock wells".

F. Recharge or Injection Wells . Wells constructed to introduce

water into the giound as a means of replenishing ground water basins or

repelling intrusion of seawater*.

* Injection wells are also used to dispose of xmusabl^ waste water into
unusable ground water bearing foimations or dry, nonproductive for-
mations. These wells caja penetrate usable grovmd water zones; however.
Water Code and Divisiraa 5 of the Health and Safety Code), such wells are not
permitted to open into usable waters.
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H G. Air-conditioning Wells . Wells constructed to rettim to

the ground, water which has been used as a coolant in air conditioning

processes. Because the water introduced into these wells is degraded

(from the standpoint of temperature), these wells have been construed

as waste discharges and are therefore subject to the water quality control

laws (Division 7 of the Water Code and Division 5 of the Health and Safety Code),

H. Horizontal Wells . Water wells drilled horizontally or at

an sjigle with the horizon (as contrasted with the common vertical well).

This definition does not apply to horizontal drains or "wells" constructed

to remove subsurface water from hillsides, cuts, or fills (such instal-

lations are vised to prevent or correct conditions that produce land slides )

.

I. Enforcing Agency . An agency designated by duly authorized

local, regional or state government to administer laws or ordinances

pertaining to well construction.

Section 2. Application to Type of Well .

Except as prescribed in Sections 3 and k (following) these

standards shall apply to all types of wells described in Section 1.

Before a change of use is made of a well, compliance shall be made with

the requii-ements for the new use as specified herein.

Section 3. Exemption Due to Unusual Conditions .

If the enforcing agency finds that compliance with any of the

requirements prescribed herein is impractical for a particular location

because of unoisual conditions and wovild result in construction of an

unsatisfactory well, the enforcing agency may prescribe alternative

requirements which are "eqtial to" these standards in terms of protection

obtained.
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Section h. Exclusions .

The standards prescribed in Part II, "Construction", do not

apply to test holes, observation wells, exploratory holes, salt-water

(hydraulic) barrier injection or extraction wells. Note however that.

Part III, "Well Destruction", does apply to these wells or holes.

Springs are excluded from these standards*.

Section $. Special Standards .

A. In locations where existing geologic or grovind water conditions

require standards more restrictive than those described herein, or in

addition to them, such special standards may be prescribed by the enforcing

agency.

B. Special standards are necessary for the construction of

injection wells, horizontal wells and other unusual types of wells,

including gaUeries ajid other similar excavations. Design of these wells

is subject to the approval of the enforcing agency.

Section 6. Well Drillers .

Wells shall be constructed by contractors licensed in accoiniance

with the provisions of the Contractors License Law (Chapter 9, Division 3,

of the Business and Professions Code) unless exempted by that act.

Section 7. Reports .

Reports concerning the construction of water wells shall be filed

in accordance with the provisions of Sections 13750 throiigh 13755

(Division 7, Chapter 7, Article 2) of the Water Code.

* Methods which can be used to protect water supplies furnished by
springs are described in "Manual of Individual Water Supply Systems",
United States Public Health Service Publication No. 2k, I962.
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PART II. Well Construction

Section 8. Well Location with Respect to Contaminants and Pollutants .

A. All wells shall be located em adequate horizontal distance

from potential soixrces of contamination and pollution. Most of the factors

involved in deteimning safe distemces are iisually not known. However,

the following horizontal distances, which are based on past experience

and general knowledge, are safe where dry upper \inconsolidated foimations,

less permeable than sand, are encountered:*

Sewer, watertight septic tank, or pit privy

Subsurface sewage leaching field

Cesspool or seepage pit

Where in the opinion of the enforcing agency adverse conditions

exist, the above distances shall be increased or special means of protection,

parti c\ilarly in the construction of the well, shall be provided.

B. In addition, if possible, the well shall be up the ground

water gradient (upstream) from the specified sources of contamination.

C. V/hen possible, the top of the casing shall teiminate above

any known conditions of flooding by drainage or runoff from the surrotinding

land.

D. Where a well is to be near a building, it shall be far enough

from the building to be accessible for repair, maintenance, etc.

Commxinity



Section 9. Sealing the Upper Annvtlar Space .

The space between the well casing sjid the wall of the drilled

hole (the ann\alar space) shall Toe effectively sealed to protect against

contamination or pollution by surface emd/or shallow, subsurface waters

as set forth below.

A. Depth of Seal . Following is the minimum depth of seal below

ground surface for various uses of wells:

Type Depth of Seal (below groimd surface )

Community Water Supply V/ells 50 feet

Individual Domestic Wells 20 feet l/

Industrial Wells 50 feet l/ 2/

Agricultural Wells None 3/

Air-Conditioning Wells 20 feet

17 Exceptions are shallow we3J.s where the water to be developed is at
a depth less than 20 feet. In this instance, the depth of seal may
be reduced but in no case less than 10 feet and special precautions
shall be taken in locating the well with respect to possible sources
of contamination.

2/ This requirement is necessary only where the water is used intentionally
or incidentally for domestic purposes (drinking, washing, etc.) or
the water must meet strict quality requirements for its intended uses.

3/ The Eumular sjiace shall be sealed a minimxim depth of 20 feet from
the surface of the ground when the well is close to individual
domestic wells or 50 feet when the well is close to so\irces of
contamination or pollution described in Section 8. Local conditions,
such as the existence of shallow, subsurface waters of undesirable
qioality, may warrant consideration of sealing the anntuLar space
around agrictiltural wells.
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B. Sealing Conditions .* Following are requirements to be

observed in sealing the ajinular space:

1. Wells that are fiilly situated, or at considerable depth,

in \inconsolidated, caving material.

a. Where the cable-tool method of drilling is used, an

outer casing (conductor casing), may function as the seal provided the

length of the conductor casing corresponds to the depth of seail specified

in Part A of this section. (See Figure l)

.

b. Where the rotary method of construction is vised, the

annular space shall be filled with sealing material to the depth specified

in Part A of this section. When a temi)orary conductor casing is used to

hold out the caving material dviring placement of the seal, it may be left

in place or withdrawn as the sealing material is placed. (See Figure l)

.

2. Well s that penetrate stratified formations. If an imper-

viovis (consolidated) foimation is encoimtered within 5 feet of where the

bottom of the seal described in Part A of this section should tenninate,

the seal should be extended into the impervious formation. (See Figure l)

.

3. Gravel packed wells. In we3JLs constructed without a

conductor casing, the gravel jack shall terminate at the base of the seal.

Gravel fill pipes may be installed in the seal. In we]J.s constructed with

a conductor casing (which allows the gravel pack to extend to the top of

the well), the annular space between the conductor casing and the wall

of the drilled hole shall be sealed to the depth specified in this section.

(See Figure l)

.

k. Wells that are fully situated in consolidated rock. (Open-

bottom wells ) , An over-sized hole must be constructed to the depth and

diameter required for the seal and casing installed to retain the sesil

(See Figure l).

* Methods of sealing are described in Appendix G.
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C. Conductor Casing . For conmiunity vater supply wells, the

minimum thickness of steel conductor casing shall be "L/k inch for single

casing or a minimum of No. 10 U. S. Standard Gage for double casing. Steel

used for conductor casing shall conform to the specifications for steel

casing described in Section 12.

D. Sealing Material. The sealing material shall consist of

neat cement, cement grout, puddled clay, or concrete.* The neat cement

mixture shall be composed of one bag of Portland Cement (9^ pounds) to 5

to 7 gallons of clean water. Cement grout shall be composed of not more

than two parts by weight of sand and one part of cement (per bag of cement)

to 5 to 7 gallons of clean water. Quick-setting cement, retardents to setting,

and other additives, including hydrated lime to make the mix more flioid

(up to 10 percent of the volvmie of cement), and bentonite (up to 5 percent)

to make the mix more flviid 6ind to reduce shrinkage, may be used. Concrete

used shall be "Class A" (6 sacks of Portland Cement per cubic yard) or

"Class B" (5 sacks per cubic yard).

E. Thickness of Seal . The thickness of the seal shall be at least

two (2) inches, and not less than three (3) times the size of the largest

coarse aggregate used in the sealing material.

F. Placement of Seal . The seaJdng material shall be applied,

if possible, in one continiiovis operation from the bottom of the interval

to be sealed to the top.

* Clay in the form of. a mud-laden flviid is similar to and has the ad-
vantages of neat cement and cement grout. There is a disadvantage
in that clay may separate out from the fluid. A bentonite-gelatenoios
mud is recommended. Concrete is useful in sealing large diameter
wells, particularly where the width of annular ring is several inches
or more. However, unless care is exercised during placement, the
coarse aggregate may become separated from the cement.
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Section 10. Surface Construction Features .

A. Openings , Openings into the top of the well which are not

constructed to provide access to the well shall be sealed. Openings

designed to provide access into well casings for making measurements,

adding gravel, etc. shall be protected against entrance of surface waters

by installation of watertight caps, and against entrance of foreign matter

by installation of caps, plugs, screens, or downtumed "U" bends.

1. Where the pump is installed directly over the casing, an

euanular watertight seal shall be placed between the pimp head and the pump

base (slab), or a watertight seal shall be placed between the pump base and

the rim of the casing, or a seal or "well cap" shall be installed to close

the annular opening between the casing and the p\Mp column pipe.

2. 'v/here the pimp is offset from the well or where a sub-

mersible pump is used, the opening between the well casing ajid any pipes

or cables which enter the well shall be closed by a watertight seal or

"well cap".

3. AH. holes in the base of the pump which open into the well

shall be sealed.

k. If the pimp is not installed immediately upon completion

of the well, or if there is a prolonged interruption in construction of the

well, a watertight cap shall be provided at the top of the casing.

5- Pump discharge piping shall be located above the grovind

where possible; however, in the event of a below-groxond discharge (below

pump base), there shall be a watertight seal or gasket between the discharge

pipe and well casing.

6. If a concrete base or slab (sometimes called a pump block

or pimp pedestal) is to be constructed aroutd. the top of the ciaeing, it shall
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be free from cracks or other defects likely to detract from its watertightness

.

7- Where the well is to he gravel packed, a watertight cover

shall be installed between the conductor pipe and the inner casing (if

a conductor pipe is vised) or between the casing and the well of the drilled

hole, at the top of the well.

B. Well Pits . Becaiise of their susceptability to contamination

and pollution, the use of well pits should be avoided whenever possible.

However, when a pit is necessary, the following requirements must be observed:

1. " The bottom of the pit shall not extend below the water table.

2. The casing shall extend at least six inches above the

pit floor.

3. The pit shall be constructed and protected so that rain,

flood, or seepage waters cannot enter it.

k. The pit shall be provided with a drainage sump and an

automatic sump pump (or, if topography permits, a "gravity" discharge).

The discharge pipe from this s\mp shall not be connected to any sewer or pipe

drain. The outlet of the discharge pipe shall not be below ground level,

shall be above known conditions of flooding and parotected against entry of

small animals.

5. The top of the pit shall be provided with a watertight

cover such as a concrete slab, metal cover, or house of equivalent watertight

construction.

6. Each pit shall have easy access for proper operation,

maintenance, and inspection of the eq\iipment, and shall have a locked door

or hatch to insure the public safety.
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C. Enclosure of Well and Appurtenances . For community water

supply wells, the well and pump shall be located in a locked enclosure to

exclude access by tinauthorized persons.

D. Pump Blowoff . When there is amy blowoff or drain line from

the pump discharge, it shall be so located that there is no hazard to the

safety of the water supply by reason of flooding, back siphonage, or back

pressvire. The blowoff or drain line shall not be connected to any sewer.

Section 11. Disinfection and Other Sanitary Requirements .

A. Disinfection .* All commimity water supply, individual domestic,

and industrial wells shall be disinfected following construction, repair,

or when work is done on the p\mp, before the well is placed in service.

B. Gravel . Gravel used in gravel-packed wells shall come from

clean sources and, except for agricultural wells, should be thoroughly

washed before being placed in the well. Gravel purchased from a supplier

sho\ild be washed at the pit or plant prior to delivery to the well site.

C. Lubricants . Mud and water used as a dialling lubricant shaJJ.

be free from sewage contamination. Oil and water used for lubrication

of the pump and pump bearing shall also be free from contamination.

Section 12. Casing .

A. Casing Material . Reqviirements pertaining to well casing are

to insure that the casing will perform the functions for which it is

designed, i.e., to maintain the hole by preventing its walls from collapsing,

to provide a channel for the conveyance of the water, and to provide a

measure of protection for the quality of the water pumped.

* A procedure for disinfecting a well is described in Appendix E.

-2k-



1. Well casing shall te strong and tough enough to resist

the forces imposed during installation and those forces which caji normally

he expected after installation.

2. Steel is the material most frequently used for well casing,

especially in drilled wells. There are three principal classifications of

steel materials used for water well casing, and all are acceptable for use

so long as they meet the following conditions.

a. Standard and line pipe.-* This material shall meet

one of the following specifications, including the latest revision thereof:

(1) API Std. 5L, "Specification for Line Pipe".

(2) API Std. 5LX, "Specification for High-Test
Line Pipe".

(3) ASTM A53, "Standard Specification for Welded
sind Seamless Steel Pipe"

.

(^4-) ASTM A120, "Tentative Specifications for Black
and Hot-Dipped Zinc-Coated (Galvanized)
Welded and Seamless Steel Pipe for Ordinary Uses"

.

(5) ASTM kl3k, "Standard Specifications for Electric-
Fusion (Arc) -Welded Steel Plate Pipe (sizes l6
inches and over)".

(6) ASTM A135, "Tentative Specifications for Electrlc-
Resistsuice-Welded Steel Pipe"

.

(7) AS1M A139, "Standard Specifications for Electric-
Fusion (Arc) -Welded Steel Pipe (sizes k inches
and over)".

(8) ASTM A211, "Standard Specifications for Spiral-
Welded Steel or Iron Pipe"

.

(9) AWWA C201, "AWWA Standard for Fabricated
Electrically Welded Steel Pipe"

.

(10) AWWA C202, "Tentative Standard for Mill Type
Steel Water Pipe"

.

Abbreviations used are: API-American Petroleum Institute; ASTM-American
Society for Testing and Materials; AWWA-Ameilcan Water Works Association.
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l3« Structuial Steel. This material shall meet one of

the following specifications of the American Society for Testing eind r>te.terials,

including the latest revision thereof:

(1) ASTM A36, "Tentative Specification for Struct\iral
Steel"

.

(2) ASTM A2k2, "Tentative Specification for High
Strength Low A]_Loy Structural Steel"

.

(3) ASTM A2k^, "Standard Specification for Flat-RolLed
Carbon Steel Sheets of Structviral Quality".

{k) ASOM A283, "Standard Specification for Low and
Inteimediate Tensile Strength Carbon Steel Plates
of Structural Quality (Plate 2 inches and under
in thicloiess)"

.

(5) ASTM kW), "Tentative Specification for High-
Strength Structural Steel".

(6) ASTM Aii-i<-l, "Tentative Specification for High-
Strength Low Alloy Structural Manganese Vanadium
Steel"

.

c. High strength carbon steel sheets referred to by their

manufacturers and fabricators as well casing steel. At present, there are

no standard specifications concerning this material. However, the major

steel producers market products whose chemical and physical properties are

quite similar. Each sheet of material shall contain mill marking which will

identify the mantifacturer and specify that the material is well casing steel

which complies with the chemical and physical properties published by the

mantifacturer.

d. The thickness of steel \ised for well casing shall be

selected in accordance with good design practice as applied to conditions

enco\antered in the area where the well is located. However, the thick-

nesses selected shall not be less than those set forth in the following table:
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RECO^MENDED MINIMUM THICKNESSES
for

STEEL WELL CASING*
(single casing)

Diameter (inches)

6
8
10
12
Ik
16
18
20
22
2k
30

Thickness (inches)

0,10k6 (



3- Other materials*, except as 3J.sted in No. k below, may-

be used as casing for vraiter wells, subject to the approval of the enforcing

agency.

Concrete pipe should confoim to the following specifications,

including the latest revision thereof:**

(a) ASTM Cl4, "Standard Specifications for Concrete
Sewer, Storm Drain, and Culvert Pipe".

(b) ASTM C76, "Tentative Specifications for
Reinforced Concrete Culvert, Stoim Drain,
and Sewer Pipe"

.

(c) AWWA C3OO, "AWWA Standard for Reinforced
Concrete Water Pipe-Steel Cylinder Type,
Not Prestressed"

.

(d) AWWA C3OI, "AWWA Standard for Reinforced
Concrete Water Pipe-Steel Cylinder Type,
Prestressed"

.

h. Galvanized sheet metal pipe ("downspout"), or natural

wood shall not be used as casing.

B. Installation of Casing . All casing shall be placed with

sufficient care to avoid damage to casing sections and joints. Where casing

is driven, (as is generally the case when the cable tool method of construction

is used), the casing shall be eq\iipped with a drive shoe at the lower end.

All joints in the casing above perforations or screens shall be watertight.

The uppermost perforations shall be at least below the depth specified in

Section 9, Part A, "Depth of Seal".

* Such as stainless steel, wrought iron, asbestos cement pipe, plastic pipe,
fiber-glass pipe and synthetic vroods, all of which have been successfully
employed as casing in California or elsewhere. Their present use has

been limited to special cases. Specifications for most of these
materials are published by either ASTM or AWWA.

** ASTM - American Society for Testing and Materials.
AWWA - American Water Works Association.
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Section 13. Sealing-off Strata .*

In areas where a well penetrates more than one aquifer ajid any of

the aqxiifers contain water of a quality such that, if allowed to mix in

sufficient quantity, will result in a significant deterioration of the qtiality

of water in the other aquifer(s) or the quality of water produced, the strata

producing such water shall be sealed off to prevent entrance of the water

into the well or its migration to other aquifer( s )

.

A. The producing stsrata shall be sealed off by placing impervioxis

material opposite the strata and opposite the confining formations for a

s\ifficient vertical distance (but no less than 10 feet) in either direction,

or, in the case of "bottom" waters, in the upward direction. Sufficient

sealing material shall be applied to fill the annular space between the

casing and the wall of the drilled hole in the interval to be sealed, and

to fill the voids which might absorb the sealing material. The sealing

material shall be placed from the bottom to the top of the interval to be

sealed.

B. Sealing material shall consist of neat cement, cement grout,

or other suitable impervious material. (See Section 9, Part D)

.

C. Sealing shall be accomplished by a method approved by the

enforcing agency.*

Section 1^. Vfell Development.

Developing, redeveloping, or conditioning of a well shall be done

with care and by methods which will not cause damage to the well or cause

adverse subsurface conditions that may destroy barriers to the vertical

movement of water between aquifers.

S\iggested methods for sealing-off strata are presented in Appendix F.
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The following methods used in developing, redeveloping, or

conditioning a well when done with care are acceptable: (a) overpvunping,

(h) surging by use of a plunger or compressed air, (c) backwashing or

surging by alternately starting and stopping the pump, pouring water in

the well or jetting with water, (d) introduction of chemicals designed

for this purpose, and (e) a combination of the above.

Methods which produce an explosion are not prohibited; however,

they should be used with care particularly where two or more distinct

aqviifers have been penetrated.

Where chemicals or explosives have been used, the well shall be

pumped until all trace of these agents has been removed.

Section 15 » Water Q\3ality Sampling.*

The requirements to be followed with respect to water quality

sampling are:

A. Community Water Supply Wells and Certain Indxistrial Wells .

The water from all community water supply wells ajid ind\istrial wells which

provide water for vise in food processing shall be sampled immediately

following development ajcid disinfection, and appropriate analysis shall be

made. Approval of the enforcing agency must be obtained before the well

is put into xise.

1. Sample Tap. Except where there is free discharge from

the pimip (that is, there is no direct connection to the water delivery system),

a sample tap shall be provided on this discharge line so that water

representative of the water in the well may be drawn for laboratory analysis.

Tlhe collection of water qixality samples is described in Appendix G.
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.

Latoratory Analysis . The appropriate analysis shall be

perfoimed by a laboaratory certified by the California Department of

P\iblic Health. A copy of the laboratory analysis shall be forvrairded to the

California Department of Public Health or to the Local Health Department.

3. Bacterial Qioality. Where the vater is to be lised for

domestic purposes, samples shall be collected for bacteriological analysis

(presence of coliform organism) atfter all traces of development and

disinfectant chemicals have been removed from the well.

4. Chemical (Mineral) Quality. Where the vrater is to be

used for domestic p\irposes or for food processing, samples shall be

collected for chemical analysis.

B. Other Types of Wells . To deteimine the quality of garoimd water

>rtiich will be available from the well and its suitability for intended Mses,

the water in all wells shotild be sampled immediately following construction

and development, and appropriate emalyses based upon the intended \ises shoTOld

be made. Where the water is to be used for domestic purposes, samples

shotild be collected for bacteriological analysis (presence of colifoim organism)

after all traces of developaent or disinfectant chemicals have been removed

from the well. Determination of the mineral qxjality of the water produced

by the well is desirable from the standpoint of all uses.

Section l6. Special Provisions for Large Diameter Shallow Wells .

A. Use as Gommxinity Water Supply Wells . The use of bored or

d\)g wells, or wells less than 50 feet deep, to provide camnunity water

supplies shall be avoided vmless there is no other feasible means for

obtaining water. When used for this puipose, these wells shall be located

at least 25O feet from emy imdergroxind sewage disposal facility.
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B. Bored Wells . All bored wells shall be cased with concrete

pipe or steel casing whose joints are watertight from 6 inches above surface

to the depths specified in Section ^, Part A. The space between the wall

of the hole and the casing shall be filled with concrete to the depths

specified in Section 9^ Part A. The minimTjm thickness of the surrounding

concrete seal shall be 3 inches.

C. Dug Wells . All dug wells shall be "curbed" with a watertight

curbing extending from the surface to the depths specified in Section 9^

Part A. The curbing shall be of concrete poured-in-place or of casing

(either precast concrete pipe or steel) surrounded on the outside by concrete.

If the curbing is to be made of concrete, poured-in-place, it

shall not be less than six inches thick. If precast concrete pipe or steel

casing is used as part of the curbing, the space between the wall of the

hole and the casing shall be filled with concrete to the depths specified

in Section 9> Part A. The minimum thickness of the surrounding concrete

shall be four inches

.

D. Casing Material . Either steel or concrete may be used for

casing bored or dug wells.

1. Steel used in the manufacture of casing for bored and

diig wells sho\ald confona to the specifications for casing material described

in Section 10. Minimum thickness of steel casing for dug wells shall be

in accoixiance with the following table:

MINIMUM THICKNESS OF STEEL
CASING FOR BORED AND DUG WELLS

Diameter, U. S. standard gage
in inches or plate thickness

l8 8 gage
2ij- l/k inch
30 1/4 inch
36 l/k inch
i*2 l/k inch
kQ l/k inch
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2. Concrete casing can consist of either poured-in-place

concrete or precast concrete pipe. Poured-in-place concrete shoiild be

sufficiently strong to withstand the earth and water pressures imposed on

it. It shoiold be properly reinforced with steel to furnish tensile strength

and to resist cracking, and it should be free from honeycombing or other

defects likely to impair the ability of the concrete structure to remain

watertight. Aggregate small enough to insxire proper placement without

"bridging" shoiild be used.

Precast concrete pipe is usually composed of concrete ilngs

from 1 to 6 feet in diameter and approximately 3 to 8 feet long. To serve

satisfactorily as casing, these rings should be free of any blemishes that

would impair their strength or serviceability. In the portion of the well

that is to be sealed (see paragraphs B and C of this section), the joints

shall be made watertight. Concrete pipe shall confonn to the specifications

listed in Section 12, Part A, item 3.

E. Covers. All bored and dug wells shall be provided with a

structurally so\md, watertight, cover made of concrete or steel.

Section 17. Special Provisions for Driven Wells .

A. If the well is to be used as em indi-vidual domestic well, an

oversize hole with a diameter at least three inches greater than the diameter

of the pipe shall be constructed to a depth of six feet and the annular

space around the pipe shall be filled with neat cement, cement grout, or a

bentonite mud.

B. The minimum wall thickness of steel dilve pipe shall be not

less than 0.l40 inches.

33-



Section l8. Repair or Deepening of Wells .

A. All casing used in the deepening or repair of wells shall

meet the req\iirements of Section 12, "Casing", of these provisions.

B. If the old casing is removed, the well shall be recased

and sealed in accordance with the requirements of Section 9, Part A.

Section 19 » Temporary Cover .

Whenever there is an interruption in work on the well such as

overnight shutdown, dvuring inclement weather, or waiting periods required

for the setting up of sealing materials, for tests, for installation of the

pump, etc., the well opening shall be closed with a cover to prevent the

introduction of vmdesirable material into the well and to insure the public

ssifety.

During interruptions of one week or more, a semipermanent cover

shall be installed. For wells cased with steel, a steel cover, tack-welded

to the top of the casing, is adequate.

Part III. Destruction of Wells

Section 20. Purpose of Destruction .

Proper destruction of a well that is no longer useful serves two

main purposes:

1. To assure that the ground water supply is protected and

preserved for further tise.

2. To eliminate the potential physical hazard that exists.
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Section 21. Definition of "Abandoned" Well .

A well is considered "abandoned" when it has not been vised for a

period of one year, vmless the owner declares his intention to use the well

again for supplying water or other associated ptirpose* (such as an

observation well or injection well). As evidence of his intentions for

continued use, the owner shall properly maintain the well in such a way that:

1. The well has no defects which will facilitate the

impairment of qusility of water in the well or in the

water-bearing foimations penetrated.

2. The well is covered with em appropriate locked cap.

3. The well is marked so that it can be clearly seen.

4. The area surrounding the well is kept clear of brush

or debris.

If the pvimp has been removed for repair or replacement, the well

shall not be considered "abandoned", provided that evidence of repair can

be shown. During the repair period, the well shall be adeq\aately covered

to prevent injury to people and to prevent the entrance of undesirable

water or foreign matter.

Observation wells used in the investigation or management of grovind

water basins by governmental agencies or other appropriate engineering or

research organizations are not considered "abandoned" so long as they are

maintained for this purpose. However, such wells shall be covered with

Although it should be obvious, the reader is reminded that em "abandoned"
well should never be used for the disposal of trash, garbage, sewage
(except where sewage is reclaimed for recharging the ground water basin,
and then only in accordance with the provisions of Section 4^58 of the
California Health and Safety Code), etc.
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an appropriate csap, bearing the label, "Observation Well", and the name of

the agency or organization, and preferably shall be locked when measurements

are not being made. When these wells are no longer used for this piirpose or

for supplying water, they shall be considered "abandoned"

.

Section 22. General Requirement .

All "abandoned" wells shall be destroyed in such a way that they

will not produce water or act as a channel for the interchange of waters,

when such interchange will result in significant deterioration of the quality

of water in any or all water-bearing formations penetrated, or present a

hazard to the safety and well being of people and of animals.

Destruction of a well shall consist of the complete filling of

the well in accordance with the procediires described in Section 23 (following),

Section 23.. Reqtiirements for Destaxiying Wells .

A. Objective . The objective of the requirements described in

this section is to restore as nearly as possible those subsurface conditions

which existed before the well was constructed talcing into acco\jnt also

changes, if any, which have occixrred since the time of construction. (For

example, an aquifer which may have produced good quality water at one time

but which now produces water of inferior quality, such as a coastal aqtiifer

that has been invaded by seawater.)

B. Preliminary Work . Before the hole is filled, the well shall

be investigated to determine its condition, details of construction, and

whether there are obstructions that will interfere with the process of

filling and sealing.
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1. If there are any obstructions, they shall be removed,

if possible, by cleaning out the hole or by redrilling.

2. Where necessaiy, to insure that sealing material fills

not only the well casing but also any ann\ilar space or nearby voids, the

casing should be perforated or othervd.se punct\ired.

3. In drilled wells, it may be necessary or desirable to

remove some of the casing. However, in some cases this can be done only as

the well is filled. In dijg wells, as much of the lining as possible should

be removed prior to filling.

C. Filling and Sealing Conditions . Fo3JLowing are requirements

to be observed when certain conditions are encountered:

1. Well wholly situated in unconsolidated material in an

unconfined ground water zone. If the ground water supplies are within 50

feet of the surface, the upper 20 feet shall be sealed with impervious

material and the remainder of the well shall be filled with clay, sand,

or other suitable inorganic material.

2. Well penetrating several aquifers or formations. In

all cases the upper 20 feet of the well shall be sealed with impervioTos

material

.

In areas where the interchange of water between aquifers

will result in a significant deterioration of the quality of water in one

or more aquifers, or will restilt in a loss of artesian pressure, the well

shall be filled and sealed so as to prevent such interchange. Sand or

other stdtable inorganic material may be placed opposite the producing

aquifers (or formations) and other formations where impervious sealing

material is not required. Impervious material must be placed opposite
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confining formations for a sufficient vertical distance (but in no case

less than 10 feet ) in either direction to prevent the vertical movement

of water from the producing formation. The formation producing the dele-

terious vater shall be sealed by placing impervio'us material opposite the

formation, and opposite the confining formations for a sufficient vertical

distance (but no less them 10 feet ) in either direction, or, in the case

of "bottom** waters, in the upward direction.*

In locations where interchange is in no way detrimental, suitable

inorganic material may be placed opposite the formations penetrated.

When the boundaries of the various formations are unknown, alternate layers

of impervioiis and pervious material shall be placed in the well.

3. Well penetrating creviced or fractured rock. If creviced

or fractured rock formations are encountered just below the surface, the

portions of the well opposite this formation shall be sealed with neat cement,

cement grout, or concrete. If these formations extend to considerable depth.

Determining the significance of interchange of waters whose qvialities

vary and of the loss of artesian pressiires, requires extensive
knowledge of the groxmd water basin in question. The Department of
Water Resources has over the years, and frequently in cooperation with
agencies such as the United States Geological Survey, undertaJcen
a number of ground water studies and amassed considerable information
and data about the subject. Although much is known about the State's
ground water supplies, detailed studies sufficiently accurate to
define interchange problems have been made only in certain areas.
In still other areas, there is only i)artial definition of the problem.
Example of areas where definition has been made are the coastal plain
of Los Angeles Coimty and the eastern part of the Seinta Clara Valley
in Alameda County. Recommendations for water we3J. stajidards for these
areas have been published by the Department. (Alameda County^ Bui 1 etin
No. 7^-2; Central, Hollywood, and Seinta Monica Basins, Los Angeles
County, Bulletin No. ik-k; and West Coast Basin, Los Angeles Coimty,
Biilletin No. 10?) . An excellent example of a "bottom" water is the
saline connate water underlying the Central Valley at varying depths.
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alternate layers of coarse stone* and cement grout or concrete may be used

to fill the well. Fine grained material shall not be vised as fill material

for creviced or fractured rock formations.

k. Well in noncreviced, consolidated formation. The upper 20

feet of a well in a noncreviced, consolidated formation shall be filled

with impervious material. The remainder of the well may be filled with

clay or other suitable inorganic material.

5. Well penetrating specific aqviifers, local conditions.

Under certain local conditions, the enforcing agency may require that

specific aquifers or formations be sealed off during destruction of the well.

D. Placement of Material . The following requirements shall be

observed in placing fill or sealing material in wells to be destroyed:

1. The well shall be filled with the appropriate material

(as described in item E of this section) from the bottom of the well up.

2. Where neat cement, cement grout, or concrete is used,

it shall be poured in one continuoiis operation.

3. Sealing material shall be placed in the interval or

intervals to be sealed by methods that prevent free fall, dilution, and/or

separation of aggregates from cementing materials.

k. Where the head (pressure) producing flow is great,

special care and special methods must be used to restrict the flow while

placing the sealing material. In such cases, the casing must be perforated

opposite the area to be sealed ajid the sealing material forced out under

pressure into the sxirrounding formation.

5. In destroying gravel-jacked wells, the casing shall be

The limiting dimensions of coarse stone are usvially considered to
range between ^ and 3 inches.
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perforated or otherwise piinctiired opposite the area to be sealed. The

sealing material shall then he placed vithin the casing, completely filling

the portion adjacent to the area to he sealed and then forced out voider

pressvire into the gravel envelope.

6. When pressvire is appJaed to force sealing material

into the emnular space, the pressure shall "be maintained for a length of

time sufficient for the cementing mixtu3re to set.

7. To assure that the well is filled and that there has been

no jamming or "bridging" of the material, verification shall be made that

the volume of material placed in the well installation at least equals the

volume of the empty hole.

E. Materials . Requirements for sealing and fill materials are

as follows:

1. Impervious Sealing Materials. No material is completely

impervious. However, sealing materials ishall have such a low permeability

that the volume of water passing through them is of small consequence.

Suitable materials include neat cement, cement grout, concrete,

bentonite clays (muds), silt and clays, well-proportioned mixes of silts,

sands, and clays (or cement), and native soils and natural material that

have a coefficient of permeability of less than 100 feet per year.* Used

drilling muds are not acceptable.

A neat cement mixture shall be composed of one bag of Portland

Cement to 5 to 7 gallons of clean water. Cement grout shall be composed of

not more than two parts of sand and one part of cement (per bag of cement)

to 5 to 7 gallons of clean water. Concrete used shall be "Class A" (6 sacks

Examples of materials of this type are: very fine sand with a large
percentage of silt or clay, inorgajiic silts, mixtures of silt and
clay, and clay. Native materials should not be used when the sealing
operation involves the use of pressure,
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of Portland Cement per cubic yard) or "Class B" (5 sacks per cubic yard).

2. Fill Material. Many materials are s\iitable for use as

a filler in destroying wells. These include clay, silt, sand, gravel,

crushed stone, native soils, mixt\ires of the aforementioned types, and those

described in the preceding paragraph. Material containing organic matter

shall not be xised.

F. Additional Requirements for Wells in Urban Areas * In incorpo-

rated areas or unincorporated areas developed for miiltiple habitation, to

make fvirther use of the well site, the following additional requirements

mixst be met:

1. A hole shall be excavated arovmd the well casing to a

depth of six feet below the grovind surface and the well casing removed to

within six inches of the bottom of the excavation.

2. The sealing material used for the upper portion of the

well shall be allowed to spill over into the excavation to foim a cap at

least one foot thick.

3. After the well has been properly filled, including

stifficient time for sealing material in the excavation to set, the ex-

cavation shall be filled with native soil.

G. Temporary Cover . During periods when no work is being done

on the well, such as overnight or while waiting for sealing material to

set, the well and surrounding excavation, if any, shall be covered. The

cover shall be sufficiently strong and well enoiogh anchored to prevent the

introduction of foreign material into the well euid to protect the public

from a potentially hazardoiis situation.
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CHAPTER III. FACTORS INVOLVED IN
FORMULATING STANDARDS

The standards for the construction of water wells and destruction

of abajadoned wells recommended in this rejxsrt were based on consideration

of: (l) ground water geology and hydrology, (2) impairment to grovind

water quality, and (3) water well construction practices. Their

significance to the determination of well standards for California is

described in this chapter.

Ground Water Geology and Hydrology

Occurrence of Ground Water in California

Ground water in California occurs in a variety of rock types,

emd under diverse conditions. Most of the readily available water occurs

in ground water reservoirs consisting of unconsolidated alluvial fill

materials which \mderlie valley floor areas throvighout the State. In

coastal areas, the alluvial fill materials are frequently interbedded

with unconsolidated marine sands emd gravels with silt and clay interbeds.

In most cases, the valley and coastal areas are surrounded and xinderlain

at depth by virtually impermeable rocks. In many areas, the unconsolidated

sediments are underlain aaid bordered by extensive deposits of older,

generality more consolidated, sedimentary materials . These deposits are

also water-bearing and function, in part, as recharge areas for the ground

water reservoirs.

Of less significance with respect to the production of ground

water in the State, but often of local importance, are sedimentary

materials which were deposited in lakes or lagoons, or as sand d\mes, marine

terrace deposits, glacial deposits, shallow water marine sediments from



which sea vater has been flushed, and Recent and Pleistocene volcanic rocks.

The remainder of the rock types in California are considered to he

essentially nonvater-bearing, althoiigh they may yield limited quantities

of water to wells from fractures, joints, faults and weathered zones.

A more detailed description of the occ\irrence of ground water

in California is presented in Appendix B.

Sviibsurface Hydrologic Conditions

Aquifers are those permeable strata which will yield sufficient

quantities of ground water to wells to be of significance as a source of

water supply. One or more aquifers may be contained within a ground water

basin or subsurface water storage reservoir. In the coastal plain of

Los Angeles County, for example, water is being obtained from a sequence

of 11 aquifers. Aq\iifers and the grovind water contained in them may occvir

under tinconfined or confined conditions. Figure 2 is a diagrammatic cross

section illustrating these subsurface hydrologic conditions.

Unconfined aquifers consist of strata of water-bearing materials

that are not overlain by impervious materials. The groxmd water they contain

is usually never under pressure. An unconfined aquifer may be tmderlain by

aquifers that are confined. Elevation of water stirface in a nonpiauping well

penetrating an tinconfined ground water body corresponds approximately to

the elevation of the water table (See Figure 2).

Perched ground water is a special case of unconfined water.

Perched grotind water occurs in aquifers that are suspended above the principal

zone of saturation by imperviovis, general clayey layers (Figure 2).

Confined aqvdfers consist of strata of water-bearing materials

that are overlain, and generally underlain, by material sufficiently
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impervioxis to sever free hydraulic connection with other aqvilfers or

ground water todies or the ground surface. Ground water in a confined

aquifer normally is under pressiire, hut if this pressure has been

stifficiently reduced by pvmping to lower the static water level below

the bottom of the overlying impervious stratum, the water is no longer

imder pressure. A confined aquifer visually cajinot be recharged by the

vertical movement of water frcau the ground surface (Figure 2)

.

A confined aqvdLfer under pressure may be compared to a large

capacity pipeline conveying water. Water in such a conduit would move

under the influence of the pressure head differential between the intake

and discharge points. Similarly, under ordinary conditions of supply

and demand, ground water under pressure in a confined aqtoifer moves from

the intake or forebay area of the aquifer to the discharge area. The

pressiire at any point within the confined aquifer is the elevation to which

water would rise in a nonpumping well penetrating the particular aqtiifer.

Elevation of the pressure (piezometric) sxxrface of a particular confined

ground water body is independent of water surface elevations of other

overlying or underlying ground waters. Under some conditions, the pressxire

svirface may be above the ground svirface, in which case water would flow

from a well penetrating the confined aquifer. Such a well is termed a

flowing or artesian well (Figure 2).

As is to be expected, in many locations in California there is

much variation from these ideal conditions of confined eind unconfined

aquifers. The alluvial deposits, from which most water is pvmiped, are

generally composed of lenses and stringers of sand and gravel with dis-

continuovis layers and lenses of less permeable materials high in fines

-k6-



such as clay. Even extensive confining layers can leak in the direction

of the vertical hydraxilic gradient. In some cases, the permeability of the

layer of fine material is significant enovigh that the underlying aqmfer

is called a semiconfined or partially confined aqiiifer.

Confined aquifers often occur in the central area of inland

ground water basins and in the seavra,rd portions of coastal basins . Fine-

grained, relatively impermeable lake beds ajid marine sediments may overlie

more permeable strata in these areas, causing confinement of water beneath

them.

Openings in volcamc rocks may be of significant size, giving

the rocks high permeability and pennitting little filtering of water. If

such volcanic rocks are overlain by impeimeable materials, the volcanic

aquifer is confined.

Characteristics of Ground Water Quality

The quality characteristics of ground water are categorized as

biological, physical, and mineral.

Biological . Bacteria are involved in the production of carbon

dioxide, the oxidation of nitrogen, and the reduction of sulfate, iron,

and nitrate as part of the decomposition process and are found in ground

waters under certain conditions. Their presence is derived from soil and

rock particles in which they grow. Most of these bacteria have little or

no effect on beneficial uses of water, except for some industrial processes.

A few, however, such as iron and siilfur bacteria, are detrimental for

domestic and indtistrial purposes and may cause well screens, perforations

gravel packing, and voids in the surrounding formation material

to become clogged. Sulfur bacteria also contribute to the corrosion of



metal siirfaces axid concrete, and iron bacteria will augment the corrosion

of iron and steel.

Of most concern, however, are the pathogenic, or disease-producing,

"bacteria. These Taacteria are not normally fo\md in grotind water,

consequently their presence is indicative of contamination in and aroxmd

the well (or wells).

Occasionally viruses have been found in well waters. As with

pathogenic bacteria their presence indicates contamination. So far as is

known, altho\igh other types of viruses are found in water, only infectious

hepatitis viruses have been associated with waterbome disease outbreaks.

Physical . The principal physical characteristics of grovuad water

of interest to domestic tosers are taste, odor, color and temperature.

Taste, odor, and color, which relate to esthetic values, are dependent on

such factors as temperatuore, kinds and abundance of bacteila, and type eind

concentration of minerals in the water. Some groiand waters- by nature

possess disagreeable tastes and odors and are not crystal clear. Most

familiar are those containing significsmt aunounts of iron and manganese

in solution (which impart a metallic taste and reddish stain) and hydrogen

sulfide (which imparts a "rotten egg" odor)

.

The temperature of ground water remains relatively constant,

seldom changing more than 3 or ij- degress Fahrenheit during a year, a

characteristic very desirable for water used for cooling. At depths of 30

to 60 feet the temperature of ground water is about 2 or 3 degrees

Fahrenheit higher than the mean euinual air temperature. The temperature

of giovmd water increases naturally with depth about one degree Centigrade

for each 100 feet.
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Mineral . The mineral qioality of native grotmd water is a

variable characteristic and is influenced to a great degree by the amount

of precipitation and the geologic conditions fotmd in each area. In

general, the concentration of mineral constituents in ground water is

governed by: (l) the quantity of infiltrating water, (2) the surface area

of the rock and soil particles with which the water comes in contact,

(3) the time of contact between the -v/ater and the soil particles, and

(4) the kind and proportion of mineral constituents in the composition

of the rocks and soils.

Mneral quality of native grovind waters may also reflect the

characteristics of surface streams tributary to the groiond water basin.

Grotmd waters in areas of plentiful precipitation, or in areas underlain

by igneous rock materials, generally contain the least amount of soluble

minerals. On the other hand, grovmd waters in areas of light precipitation,

of restricted subsurface drainage, of poorly consolidated marine deposits,

or combinations thereof, are generally characterized by substantial con-

centrations of mineral constituents . Although there is norma3_Ly a regional

or areal similarity in the mineral quality of grotmd water, there may be

localized or even extensive variance of mineral quality within an area,

which is the result of natural conditions or of man's activities. Similarly,

there may be vertical variation in minei«.l quality as is often the case

where there are multiple aqtiifers or zones

.

Under certain conditions, dissolved minerals and gases in water

(as well as the previously described bacteria) of sufficient kinds and

concentrations tend to foster corrosion and clogging problems in wells.

When the balance of dissolved substaaices in water is upset, some minerals



come out of solution and are deposited as incrustations on well casings,

screens ajnd perforations, and pump assemblies. The most common mineral

incrustations involve the precipitation of the carbonates and sulfates of

calcivm and magnesiiam. Such incrustations lead to a marked decrease

in the productivity of wells, and if heavy enoiogh, may eventually result

in shut-down for repair, cleaning or replacement.

Results of bacteriological, physical, and mineral analyses of

ground water indicate whether the water is stiitable (or safe, as the case

may be) for domestic purposes and for some industrial uses. Similarly,

restilts of physical and mineral analyses will determine the sviitability

of ground water for other ind\xstrial uses. In the case of irrigation,

where the use of sewage is not involved, only mineral analyses are considered.

Impairment to Groxond Water Quality

To preserve the iisefvilness of this valuable water supply, the

quality of ground water must be maintained at a level suitable for a wide

variety of beneficial uses, each of which has individiial requirements.

In order to maintain s\xitable qiiality in our grovind waters, we must consider

water quality criteria, and the sources of quality impairment to these

waters, with partictilar inference to the ways in which water wells may

contribute to qviality impairment.

Quality requirements for various beneficial uses are not

necessarily rigid; they may be influenced by nimeroxis factors which vary

from one area to another. Irrigation water qtiality requirements, for

example, are affected by climatological conditions, type of crop, soil

conditions, and other variables. Criteria commonly used for evaluating
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suitability of vra.ter for domestic, industrial, and irrigation uses are

presented in Appendix H.

To help clarify the problem of ground water quality maintenance,

a discussion of the major sources of impairment to the quality of ground

water follows.

Surface Water

S\irface waters can cause impairment of the quality of water in

wells, or to the quality of ground water, both directly and indirectly.

S\irface waters which represent direct sources of degradation are

flood waters, drainage from barnyards and city streets, aind runoff from

irrigated fields that, more likely than not, have been fertilized or sprayed

with insecticides. By their very nature, these waters contain the waste

products of man's activities and as such are potential sources of con-

tamination or pollution to water in wells. Sewage as a sotirce of impairment

is discussed later. Svirface waters gain access to groxmd water through

wells either by overtopping the casing, or by flowing do\mward in the channel

between the casing and the wa3J. of the drilled hole.

Natural leaching, the process by which water removes soluble

material from soils and geologic formations, also can contribute to ground

water quality degradation. This degradation takes place when precipitation

and runoff, on infiltrating the soil or formation on the way to the zone

of saturation, pick up excessive soluble mineral constituents of the soil.

This excessive concentration of soluble salts when added to the ground

water body may alter and degrade it.

Another foim of leaching takes place in the process of irrigation.
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Part of the water applied diiring irrigation is consumed by evapotranspiration

of p3jant life, part runs off, and i)art infiltrates the soil. The percolate

carries practically all the salts contained in the applied vater, as only a

small portion of the total salts is utilized in plant growth. The percolate

also has a tendency to "become more highly mineralized by leaching minerals

from the soil or those applied to the soil such as fertilizers or soil

conditioners

.

Concentrated waters restiltlng from leaching may enter aquifers

and degrade the quality of fresh waters; or they may accumxilate on

impermeable layers of clay as perched ground waters and thereby be restrained

from entering the main water body. Poorly constructed water wells,

penetrating both perched aqtiifers and vinderlying aquifers, may remove this

restraint and permit flow of the inferior qviality perched waters into the

principal aquifers.

The increase of nitrates in gro\md water supplies at various

locations in California illustrates the effects of leaching. Nitrates in

sufficient concentration are contaminents in drinking water and are

detrimental to certain industrial processes. Their presence in the soil is

derived from natural decomposition of organic matter, chemical fertilizers,

manures euad other livestock waste, and sewage emd industrial wastes (via

ponds, sewer farms, septic tanks, etc). Generally, most native ground

waters of California contain only small amounts of nitrates. Through the

process of leaching and percolation, nitrates from the soil have reached

the underlying grovind waters more readily in some locations than others.

Public awareness that nitrates in ground water are a potential problem in

certain areas of California is only of recent origin. Particular attention
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has been given to areas of Southern California (^0) (29) (45) and the

San Joaquin Valley ( 53 )

.

The leaching of waste materials disposed of in dumps, pits, etc.,

is discussed in a succeeding section.

Sewage and Indtistrial Wastes

Improper disposal of sewage or industrial wastes onto or below

grovmd sxirface presents a potential source of impairment to the quality of

groiind water and could harmfully affect public health as well as adversely

siffect other beneficial uses.

Impairment of groxmd water quality by domestic sewage is primarily

in the form of bacteilal or viral contamination, althoiigh, as discussed

later, the presence of synthetic detergents in these wastes has presented

a problem. Further, industrial wastes discharged either in combination

with domestic sewage or separately may also significantly impair ground water

quality. Information is available which indicates that bacterial con-

tamination is restricted to a localized area around the sotirce of con-

tamination and does not ordinarily affect extensive areas, particularly

when the discharge is into granular materials. This generalization does

not hold true for limestone, lava, or fractured rock formations where large

\mderground solution caverns, tubes, or fractures may exist.

Studies have also indicated that bacteria will travel in the

direction of ground water flow. In an investigation of travel of pollution

conducted at the Richmond Field Station of the University of California

and completed in 195^ (32)^ researchers foimd that, vmder the soil

conditions at the station, coliform bacteria traveled laterally a maximum

distance of about 100 feet when sewage was introduced iinder pressure
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directly into a vater-tearing formation. Other researchers have found that,

vmder different conditions, bacteria traveled up to 232 feet from the source

of pollution when introduced into the water-bearing formation.

Disposal of sewage to coarse-grained, imiform-sized gravels,

channelized or creviced rock formations, such as some limestone deposits

or lava flows, or disposal directly to coarse-grained water-bearing

materials thro\;igh recharge wells, may permit ready access of bacteria

to ground water and allow the bacteria to travel greater distances than

in less porous formations. Surveys of epidemics catised by ground water

contamination indicate that in many cases, bacteria have traveled

considerably greater distances than those reported in experiments described

above

.

Although it has been amply demonstrated that viruses are carried

in sewage and that epidemics of infectious hepatitis have been caused by

contaminated ground waters, field tests have not been made to determine

the travel of viruses in ground water. This is because the viral test is

not easily accomplished.

Proper construction techniques can minimize the possibility of

bacterial or viral contamination of a well. This matter, althoiigh it is

an extremely important public health problem, does not present a q.ug,lity

problem which involves the basin-wide protection of the quality of gro\ind

waters

.

While of less significance from the standpoint of public health

and safety than bacterial contaimination, pollution of groxind water by

synthetic detergents has been an important problem although it is

becoming less severe with time. Synthetic detergents, particularly those
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in which ABS* is the surface active agent, in domestic water supplies caiise

foaming, lonpleasant tastes, and other undesirable esthetic effects. This

is because ABS and similar compounds do not break down biologicalj^ in

water. Their appearance in sewage is rather recent, having occurred

in significant amotmts only over the past 19 years, the .period since they were

introduced for public use. Of particular interest is that their presence

in water is evident before the presence of bacteria is detected. Thus,

they serve as an early indicator of pollution by sewage.

Industry believes it has tovnd the answer to the detergent problem

in IAS-)«^ which replaced ABS in late I965. The structxire of LAS is such that

detergent wastes containing it should decompose readily by bacterial

action. However, the conversion to LAS has been too recent to detennine

the degree of success achieved so far as groimd waters are concerned.

The movement (distance and direction of travel) and persistence

of synthetic detergents in ground water is the subject of much study and

research in California as well as elsewhere (°5).

Industrial wastes present a sovirce of more lasting impairment of

quality than domestic sewage because they are likely to contain substances

in more harmful concentrations and more toxic or deleterious chemical

constituents than those usvially found in domestic sewage. Whereas move-

ment through soil or sand removes bacteria, such percolation has little or

DO effect on many constituents. Examples of chemicals traveling hundreds

of feet to several miles through poixDus fonnations have been recorded.

Once the quality of water in a portion of a ground water basin is degraded

by mineralized waters, restoration of the basin to its natuiB.1 condition

* ABS - Alkyl benzene sxilfonate
** LAS - Linear alkylate siilfonate

-55-



is very diffictilt and often economically or technically xinfeasitle.

An example of impairment due to industrial wastes occurred

near Denver, Colorado '°5) (72). Chemical contamineints , which were dis-

charged to waste disposal ponds, infiltrated to the underlying free ground

water zone over a l4-year period. Although corrective measures were

applied in 1955^ the toxic effects of these chemicals on crops irrigated

with ground water were still evident in some areas in 19^2, even though the

affected ground water had not been used for irrigation for about six years.

The ground water is \infit as a source of domestic water supply. The total

area affected amounts to approximately 6-g- square miles. The chemical

front, which has migrated as much as five miles from the waste ponds,

continues to be a serioxas problem to water \isers in the affected area.

Unfortunately, fiim supplies of diluting water are not available in this

area. The condition will persist until the pollutants are flushed naturally

out of the basin, or are siifficiently mixed with the ground water to the

point where they are no longer a problem.

It is interesting to note that, in the few instances where these

chemicals were reported as being present in a deeper, confined zone, their

presence is attributed to places "where old wells have been abandoned, or

where damaged or improperly sealed well casings have locally peiroitted

infiltration of the toxic water through the confining layers". '72/

A number of such incidents involving the movement of "slvigs"

of industrial waste waters in California, as well as many other states

have been reported (^) (65).

Th4.s discxission is not intended to imply that the infiltration

or introduction of any or all waste waters to ground water is to be avoided.
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On the contrary, there are a nimber of instances particularly in Southern

California where nontoxic, treated vaste waters of reasonably good mineral

quality have been used to recharge dwindling ground water supplies.

Injection of waste water into the ground for recharge is subject to control

by the appropriate Regional Water Quality Control Board and requires approval

by the State Board of Public Health (Section kk^d of the Health and Safety

Code).

Where ground water is vinconfined, waste waters can reada the zone

of saturation by moving in a generally vertical direction through permeable

materials . Where gro\xnd water is confined, waste waters are prevented

from moving directly downward by the overlying confining strata. However,

waste waters can gain easy access to either undonfined or confined aquifers

when defective or poorly constructed wells provide clear channels.

Solid Wastes

The disposal of solid wastes in refuse dvimps, pits, and the like

(in itself a growing problem in the metropolitan areas of the world) can

contribute to the impairment of ground water q\iality. This is because

infiltrating waters dissolve the decomposing matter (inorganic as well as

organic) and carry the solutes with them as they percolate to the water

table. Worsi yet, the water table may actually intercept, or be inter-

cepted by, the dump, resulting in direct dissolution of the material and

subsequent movement of the concentrate downstream. Such a situation can

be aggravated when dump sites are selected without consideration of their

relation to underlying waters. For this reason the location of new d\imp

sites is subject to approval by the appropriate Regional Water Quality Board.

Unfortunately there are many individvially operated dump sites, including

unused water wells, that have not yet come \mder the scrutiny of control

agencies

.
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Solid vastes or refiise include gaibage, rubMsh, ashes, dead

suiimals, etc. Approximately fovir poxinds of refxise per person per day-

is produced ir; the United States ("5), it follows that for California

around 80,000,000 pounds of refiise must be disposed of each day. What

is not "burned or salvaged is dumped somewhere. Ravines, canyons, old

excavations such as gravel pits, etc., tisually are the location.

Compaction and decomposition take place and with the introduction of water

(rainfall, runoff, etc.) leaching occurs. Where near-anaerohic conditions

exist, the decomposition of organic matter restilts in the formation of

gases, pilncipally methane, carbon dioxide, ammonia and hydrogen sulfide.

Carbon dioxide when combined with water foims carbonic acid, whida dissolves

iron from tin cans and lime from calcereous deposits.

An interesting case recorded at Krefield, Germany is an example

of the effects of refuse disposal on gro\md water. Refuse was dumped

in an empty gravel pit from 1913 to 1929* Water was standing on the

bottom of the pit. Deterioration in qtiality appeared in wells one mile

downstream in I923 and in wells five miles away four years later. Total

hardness ranged between 6OO and 9OO parts per million compared with 225

parts per million in the native water. The maximtmi chloride measxired

was 263 parts per million as compared with 40 parts per million in the

native water. No contamination with coliform bacteria took place. In

wells nearest the dump the pollution lasted I8 years.

Similar incidents in California prompted the State and Regional

Water Quality Control Boards to sponsor several studies concerning the

leaching of dimps and their effect on grovind water quality (31) (32) (33).

The disposal of household wastes on farms ajid ranches has seldom

been a problem, but farmers have waste disposal problems qviite similar
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to those in urban areas. Solid agricviltxiral vreistes inclixde crop residues,

dead smimals and livestock manures.

Professor Samuel Hart, University of Califoniia at Davis, states

that "... For every pound of food that gets to a store to "be sold, between

two and five pounds of crop residues are left in the field and packing

shed...." v71). Most crop residues are combined with the soil as part

of the nonnal farming practice. But when crop residues are piled or

dumped, their effects are comparable to those of other d\mps, although

much less severe.

Of more serious consequence is the disposal of dead animals,

particularly poultry because "the random dead cow, horse or sheep is

disposed of by scavengers or other means. Referring again to Professor Hart:

" There is one significant and serious exception however.
Large poviltry farmers always have a sizable death loss of chickens.
Poioltryraen figure their laying flock mortality is about 1^
per month—a 100,000 hen flock will average 35 dead chickens every
day. Disposing of these birds is often quite a problem. One
rather common solution is to dig a cesspool or pit—about k feet
in diameter and 20 or 30 feet deep. This is covered with a
slab with a 6-inch hole. Each day's dead birds are merely
dropped in this hole. As you can well imagine, pollution of
the underground waters can and probably often does occur." (Tl)

Some persons have used old water wells for this purpose. Mr. Fred Hanssler

of Ramona, California at the public hearing on the preliminary edition of

this bulletin, in San Diego, March 31, I965, stated:

" ... I know of instances in the poultry industry where
abandoned water wells are used as disposal pits for poultry.
That may or may not be dangerous, but certainly until somebody
proves it to me differently I believe it is dangerous, that
if this dead po\altry is allowed to rot and go into water
strata it is dangerovis . . .

.

"

From the standpoint of effect on ground water quality, the
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most significant agricultural waste is livestock manure. Professor

Hart states:

" ... Each povmd of meat results in 8 to 25 pounds of
manure being left on field or feedlot, each quart of milk is
accompanied by two quarts of manure. Today we have beef feedlots
of 5,000 to 30,000 animals confined on 20 to 100 acres. The
fanner slopes the corral area so that when it rains his animals
will not be standing in mire. Rvmoff picks up a large amount of
manure making the water badly polluted, often many times as
strong as domestic sewage...." ''^'-^

The leachate from feed lots, pens, manoire piles, manxire lagoons, etc.,

contains salt ajid organic material, in very heavy concentrations which,

on percolating, certainly degrade underlying waters. Considei«,ble effort

is being made to resolve pjxiblems of manure management. In this regard,

A. F. Lenain reported a particularly repulsive incident at AnaJieim, California

involving a well:

"... Another well, upon being abandoned on a dairy site,

was filled with dairy manure. This prompted an ordinance in
the late 1950 's by the City of Anaheim on the backfilling of
wells " (^5)

Sea Water

In many gixjund water basins bordering the California coast and

inland salt water bays, sea water has intruded into both unconfined and

confined aquifers containing fresh water. Qtiite often, coastal areas

subject to intrusion Of sea water are underlain by more than one aqiiifer.

Producing zones with good qviality water that are physically separated from

the Intruded zone ( or zones) will remain of good qtiality unless favilty wells,

or other breaks in the restricting layer, permit the interchange of water.

In sevearal coastal areas where sea water has intruded and degraded fresh

water, the degradation has migrated from one aquifer to another through

defective wells.

Intrusion of sea water, caused by lowering of the elevation of
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the ground vater table to a point below sea level, is due primarily to

overdraft of these coastal grovind water basins. This drop in grovind water

table reverses the natural seaward hydra\ilic gradient and enables the saline

water to move landward into the gro\md water basin. Problems of sea water

intrusion along the south coast of California in Ventiira, Los Angeles, and

Orange Counties are quite well known. The problem also occurs in parts of

the San Francisco Bay area, around Monterey Bay, and in other smaller

coastal ground water basins.

An example is an Orange County vrell which was perforated in a

deeper aquifer and suddenly yielded water similar to sea water. The

portion of the casing passing through the intruded upper aquifer had rusted.

The difference in water levels between the two aqviifers was I9 feet, favoring

the transfer of water from the upper, intruded aquifer to the lower aquifer.

During the Department's investigation of saJ-t water intrusion in

Southern Alameda Cotmty (I957-60), out of 100 possible problem wells, 20

were allowing interchange of saline water between aquifers. In addition, 17

other wells were in poor condition. All 37 wells were eventtially sealed or

repaired voider supervision of the Department (2^).

The status of sea-water intrusion into gir)und water basins

in California is s\anmarized in Department of Water Resotirces Bulletin

No. 63 v^"'. Additional data and information concerning intrusion in

publications (27) (28) (30).

Deep-seated Waters

Deep-seated connate waters underlie fresh water-bearing aqtiifers

in many of the ground water basins of California. The great Central Valley

-61-



is a notable example. It can "be said with a fair degree of certainty

that the entire length of the valley, from the Redding Basin on the north

to the Southern edge of the Saji Joaq\iin Valley, is ijnderlain by waters

of this type.

Such waters are generally confined under pressxire by overlying

imperviovis formations. Originally they were ocean waters or lake waters

which were entrapped in the sediments at the time of deposition. The

qiiality of these connate waters has undergone changes since the time of

deposition. In some localized areas, saline connate waters may have been

diluted by mixing with flusher waters, and the resulting waters may be

of satisfactory mineral quality. Unless they are thoroughly diluted,

however, most connate waters are saline and vinsuitable for most uses.

Under some conditions, relatively deep-seated connate waters may

migrate upward into bodies of fresh water through natural channels such as

faults, or through permeable zones; or they may migrate upward into fresh

waters as a result of heavy pumping draft and the accompanying reduction

of the water levels in the overlying pumping zoiie. Saline connate ira,ters

can also invade fresh water aquifers directly through wells which extend

into the underlying strata containing these saline waters.

A limited amount of highly mineralized water is derived from

molten rock at considerable depth below the surface of the earth. Some

of the "mineral" or "hot" springs in California contain waters of this

type. Because such waters are so highly mineralized, they degrade the

quality of fresh ground waters with which they come in contact.

Other So\irces ,

In addition to degradation of ground water by those discussed

above, degradation of water in individual wells caji come from other sources.
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These inclvide: (l) drippage of pump lubricants (depths of oil up to 50 feet

have been found floating on the water within the well casing), (2) introduction

of water of vindesirable qiiality during construction or repair of wells, smd

(3) entrance of small animals, insects or other foreign material into wells.

Water Well Construction Practices

In preparing the standards presented in this report, present

water well construction and destruction practices were considered. These

practices are not limited to construction featvires alone, but include

existing regulations and the recommendations of vailous agencies, organizations,

and indivldvials recognized as authorities on water supply and consei-vation,

public health protection, emd water well construction.

Construction

rfater wells are constructed by a variety of methods in California.

The method employed depends upon such factors as the occxirrence and nature

of ground water in the area, formations encovintered, availability of

materials axid equipment, and q\xantity and qviality of water desii^d. In

relation to methods of construction, there are five fundamental classifications

of water wells; drilled, dug, bored, driven, and jetted. Various handbooks

and text books describe these methods of construction (^O) (^) (5^) (57) (6?)

The basic principles involved are presented in Appendix c.

It is estimated that about 95 percent of the water wells constructed

in California by commercial drillers are drilled wells. The remaining five

percent are installed by drillers who specialize in the construction of

bored, driven, or jetted wells in their particular locale. Dvig wells and

some bored wells are constructed predominantly by indiArLduals for their

own use, or by businesses engaged in excavating, post hole digging, etc.

-63-



In a sense, all wells, except those that have heen excavated by

digging, are "drilled" wells; i.e., some mechanism for penetrating the earth

other than a scoop or shovel was used in their construction. However,

as commonly used, drilling refers to one or the other of two principal

methods of construction or a variation of them. They are: (l) the cable

tool method and (2) the rotary method. The most sxiitable drilling method

(or variation) to use often depends on the physical properties of the

foimations to be penetrated. Under most conditions in California, either

the cable tool or rotary method of drilling is satisfactory. All deep wells

in the State are drilled wells

.

To prevent the impairment of ground water quality by the entrance

of foreign material, and of contaminated or other undesirable water into

well casings, special attentinn should be given to certain aspects of water

well construction. These include: (l) location of the well, (2) surface

features of the well, (3) subsurface features of the well, {k) methods

of well development and (5) disinfection. These features will not in

themselves, preclude impairment to water qviality. Their purpose is to

merely prevent, either partially or completely, impairing agents from entering

and mingling with the water in the well or aquifer. Invariably, it is

poor location or the lack of some featiires, or inadeqioacies in their

construction, that result in problems of ground water qiiality impaiiment.

Details regarding these aspects of well construction are presented in

Appendix D.

Maintenance and Reconstixiction

As with any other type of constructed installation, maintenance

8md reconstniction of wells are important so far as their continued utility

is concerned* It is reasonable to expect that eventually a well's produotivity



will decrease substantially. When this time comes depends on several factors.

Some of these are directly related to maintensmce whereas others, such as

general lowering in the water table, involve extensive construction activity

if production is to be restored to a level comparable to when the well was

first constructed.

A principal cause of decreased productivity is clogging of the

openings in the casing or screen or of the pore spaces in the water-bearing

formation in the vicinity of the hole. This incrustation results from the

deposition or acctnnvilation of extraneous material in the openings or pore

spaces. Incrustations are produced chemically as with the precipitation of

carbonates (a hajrd water scale); by the development of slime (produced by

iron bacteria for example); or by deposition of sloughing or suspended

matter such as silt or clay. These incinistations can be removed with

chemicals in conj-unction with developnent methods that produce agitation.

(The process is sometimes called "redevelopnent") . A variety of chemicals

are marketed for this purpose including muriatic acid (hydrochloric acid),

sulfamic acid, chlorine in solution, polyphosphates (dispersing agents)

ajid others. These agents should be used carefully and in accordance

with instructions issued by the maniifacturer so that the well will not

be damaged. Where incrustation is unavoidable it can be minimized by early

maintenance. Selection of the proper chemicals depends on deteimination of

the type of incrustation.

Reconstruction may involve minor repairs, deepening, more

extensive redevelopnent than that described in the preceding paragraph, or

replacement of casing or screen, all of which are handled by the methods

and procedxires described in Appendix C.
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Well Abandonment and Destruction

Althoiigh the term "abandoned we3J." is almost universally used

to describe a well that is no longer in use, and is used in this manner in

the California Water Code, it is a vague term. It is generally agreed that

whether or not a well is abandoned depends on the intent of the well's

owner, a factor which plays an important part in the definition of the

term. Thus, some wells are "temporarily abandoned" or left idle with the

ptimp removed. In this instance, the owner intends to use the well again

at some future date. Conversely, when the owner never intends to use

the well again it should be destroyed.

However, a real problem exists in the case where the owner

indicates his intent to again use a particular well and never does, nor does

the succeeding owner or heir. Under these circumstances the well is

technically, although perhaps not legally, "abandoned" . Such wells are

xinquestionably the most troublesome, since, as so often happens, their

existence is ignored or forgotten. Once forgotten, it is too late to take

any corrective action; furthermore, as time goes by, there will be more

and more wells which are no longer used.

An idle or "abandoned" well which is left open is recognized as

a public hazard. Such a well also presents a potential threat to the

quality of ground water even when properly covered. Open wells provide

a channel for the flow of s\irface water into grovmd water, and easy access

for small animals and insects (which invariably fall into the well and

die, with the carcass decomposing), as well as other foreign material.

In addition, , casing eventually deteriorates and permits the movement of

waters, formerly separated, from one aquifer to another. Where such
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interchange of waters must "be avoided, the fact that there is no operating

pump to remove a portion of the undesirable water makes the "abandoned"

well an even more critical problem. Old wells, in which upper waters

can actually be heard falling into the well, have been encountered a

ntmiber of times in investigations of the department. P\irtheniiore, there

is no assui-ance that the random collapse of the walls of the hole will

ever occur, or, if it does occur, that an adeqviate barrier to the transfer

of water has been formed.

Consequently, if the owner intends to use the well again ia the

future, it sho\ild be kept in good repair. Conversely, if the well is to

be destroyed, (as eventually every well must be, at the end of its useful

life), it shoiold be destroyed in such a manner that the qviality of the

grovmd water around it will not be impaired. "Destruction" means

purposely filling the well with material in such a way that the well

will not (l) produce water, (2) act as a conduit for the interchange of

poor-and good-qusility water, or (3) present a safety hazard.

Presumably, if a well is constructed properly to begin with,

there would be little need for additional work on the well for many years,

perhaps even to the time when the well is no longer useful.

The American Water Works Association states that:

"The basic concept of proper sealing of abandoned wells
is the restoration, as far as feasible, of the control-
ling geological conditions that existed before the well
was constructed." ^-^^^

This concept is almost universally endorsed (•'-5) (o7) (73). where vincon-

fined ground water conditions exist, the sealing operation should prevent

the vertical movement of surface, or sha3J.ow, subsurface waters to the
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water table throvigh the original well opening or in the annxjlar space

outside of the casing. Under confined groxrnd water conditions, the sealing

operation should resxilt in water being confined to the aqxiifers in which

it occvirs. This prevents loss of artesion pressiire and provides protection

against interchange. Each sealing problem shoxild be considered as an

individvial case.

There have been a number methods devised for sealing wells, seme

of which, such as the careless filling of the well with trash, garbage,

and the like, are more detrimental than if the well had been left completely

open. However, there is only one sure way to close a well v/-hich is no

longer to be used; this is to completely fill the well, including probable

void spaces.

In addition to completely filling the well, most authorities

recommend that: (l) the well be checked for obstructions prior to filling,

(2) casing "liners" be removed if possible, (3) as much lining as possible

be removed from dug eind bored wells, {k) the upper portion of casing in all

wells be removed, and (5) the upper portion of all wells be sealed with

impervious material. They also recommend the use of cement grout, concrete,

or clays with sealing properties similar to cement as the impervioxis

material, eind that such material be placed from the bottom up to assure a

continuous seal and to avoid segregation or dilution of material. (For

more details see references (15) (57) (6?) (68).

Gravel envelope wells are especially difficult to seal, and

several authorities recommend that to obtain an adeqxiate seal, they be

filled with cement or clay introduced under pressure and in sufficient

-68-



q\iantity to fill the gravel envelope as well as the interior of the casing.

Drillers in the State who undertake destruction of wells are evenly divided

as to the use of cement grout or clay for sealing materials.

Legal Powers and Limitations of the State and Local Agencies With Respect
to Ground Water and Water Wells

Although state laws regarding the licensing of water well drillers,

the capping of artesian wells, and the protection of water quality, have

existed for sometime, it was only dtiring the past (I967) legislative session

that a statute was enacted which authorizes the State to adopt minimum

water well standards as a meeins for protecting the quality of groimd water

in critical areas if cities and counties fail to do so. This legislation,

which establishes a procedure for the implementation by local governmental

agencies (or the appropriate regional water quality control board) of

standards developed under Section 231 of the California Water Code, is

contained in Chapter 7 of Division 7 of the Water Code (Sections I37OO-

13806), added by Chapter 323, Statutes of I967. A detailed discussion of

existing state legislation is presented in Appendix D.

Twelve of California's 58 Covinties have ordinances regulating

the construction, abandonment, or destrxiction of water wells. They range

in scope from simple endorsements of the "Kathy Fiscxis Law" (Section 2^1-400

of the Health and Safety Code, which requires the filling, covering, or

fencing of excavations) to requirements covering construction featiires and

materials. The content of these ordinances is sxjmmarized in Table 1.

These ordinances are administered by the respective county health departments,

In addition, several coimty health departments have standards which they

apply to the construction of community water supply wells in systems imder

their jurisdiction. Notable among these are San Bernardino sind San Diego
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Counties. While it has been some time since they were polled, em

estimated 10 percent of the cities in California also have such ordinances.

Clearly, the state and local governments have the power to enact

additional laws and ordinances if, and where, necessary to protect ground

water basins from pollution and contamination.

mBLE 1 (a)

SUMMARY OF ORDINANCES IN CALIFORNIA COUNTIES
PERTAINING TO WATER WELLS



APPENDIX A

SUl^MARY OF HEARINGS AND DIGEST OF COMMENTS
RECEIVED ON PRELIMINARY AND INTERIM EDITIONS
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APPENDIX A

SUMMARY OF HEARINGS AND DIGEST OF COMMENTS
RECEIVED ON PRELIMINARY AUD INTERIM EDITIONS

Where a 'bulletin is of general interest or its subject is one

on which there can he a diversity of opinion, it is the policy of the

Department of Water Resources' to issue the bulletin in preliminary form

and solicit comments from all interested individuals and agencies and from

the general public. The preliminary edition of this bulletin was released

in December I962 and comments were requested. Public meetings or hearings

(sLLthough much less formal than the \isual "hearing") were held in March

and April I965.

Legislation concerning water well standards was introduced in

the Legislatvixe on April 20, I965 (Assembly Bill 2707), but subsequently on

June k, this portion of the bill was amended but, and pursuant to Hotise

Resolution ^86 the subject matter was referred to the Assembly Interim

Committee on Water for sttidy. The Committee held two hearings

(September 23, I965 smd September 28, I966) and althovigh attention was

focused on this bulletin much of the time, it shoiild be pointed out that

the Committee hearings were independent of those described in this appendix.

An Interim Edition of the portion of the Bulletin containing the

standards was issued in February I967 an^ public meetings were held in

May 1967.

A sxamnary of the Department's hearings and a review of the comments

(both oral and written) received are presented in this appendix. Transcripts

of the hearings emd copies of the written comments are available for in-

spection in the Department's file in Sacramento.

The Preliminary Edition

In 1965, six public meetings were held in conjimction with the

^ -
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Department of Public Health to hear comments on the Preliminary Edition.

The dates, locations, and attendance for these meetings are listed in

Table 2.

TA3LE 2

MTE, LOCATION AND ATTENDANCE
AT HEAEINGS

Date



TABLE 3

ORGANIZATIONS COMMENTING
ON BULLETIN NO. 7^

Prelimlnaiy Edition

Organization

Alameda County-

Water District
Ivan Alexander Well Drilling
Anza

American Water Works Association
California Section

Areata Pump and Electric Co.
Associated Drilling Contractors

Sacramento
Bakersfield Pump Co.
Ballard & Foote Drilling

Sevastopol
Berkeley Pump Co.

C & N Pump & Well Co.
Salinas

City of Albany-

Department of Public Health



T/VBLE 3 (Cont'd)

ORGANIZATIONS CCMffiNTING

ON BULLETIN NO. 7^

Prelimioary Edition (Cont'd)

Organization

Coimty of Alameda
Department of Public Works

Co\mty of Butte
Department of Public Health

Cotinties of Htimboldt-Del Norte
Department of Public Health

County of El Dorado
Department of Public Health

County of Fresno
Natural Resovirces Coordinator

County of Los Angeles
Deja-rtment of Public Health

County of Orange
Water District

County of Riverside
Department of Public Health

County of Sacramento
Department of Public Health

County of San Diego
Department of Public Health

County of Semta Clara
Department of Public Health

County of Shasta
Department of Public Health

County of Stanislaus
Co-unty of Yolo
Department of Public Health

H. E. Crabtree
Drilling Contractor

DeLucchi Well & Pump Co.
Hayward

Di Giorgio Fruit Corporation

Diversified Exploration Co.

Eaton Drilling Co.

W. W. Frame
Selma

Fresno County Farm Bvireau

and James Irrigation District
Fred W. Heuissler

Ramona



TABLE 3 (Cont'd)

ORGANIZATIONS COMMENTING
ON BULLETIN NO. 74

Preliminary Edition (Cont'd)

Organization

Hennings Bros. Drilling Co.

N. R. Jessee
Drilling Contractor

Kaiser Steel Corporation
Oakland

R. R. Kemp
Kerman

Kern County Farm Bureau
KLrby-Schramm Pump & Supply
Layne and Bowler Pump Co.

Los Angeles County Flood
Control District

Los Angeles Regional Water
Quality Control Board

McKinleyville Drilling Co.
Merced Irrigation District
Modesto Irrigation District
Montague Pipe and Steel Co.
Roscoe Moss Company

Los Angeles
National Water Well
Association

Northern California Swimming
Pool Association

A. F. Peterson
Consulting Geologist

Rassmvissen Well & Pump Service
Fresno

San Joaquin County Flood
Control & Water Conservation
District

Santa Clara County Flood
Control & Water Conservation
District

anith & Staith Inc.
State of California

State Water Rights Board
Tanko Well Drilling

Sonora
C. A. Thompson Well Drilling

Santa Rosa



TABLE 3 (Cont'd)

ORGANIZATIONS COMMENTING
ON BULLETIN NO. T^f

Preliminary Edition (Cont'd)

Orgaillzation

Triangle T Ranch Inc.
Tulare Lake Basin Water

Storage District
Turlock Irrigation District
United Water Conservation

District

United States Department
of Agriciilture Forest Service

United States Department
of Health Education & Welfare,
Public Health Service

United States Department
of the Interior, Bureau
of ReclEimation

United States Steel Corporation
Valley Equipment Company
Redding

Westlands Water District

Fred Williams
Drilling Contractor

Glen A. Williams
Lyle B. Williams



TABLE 3 (Cont'd)

ORGANIZATIONS COMMENTING
ON BULLETIN NO. 7^+

Interim Edition** (Cont'd)

Organization

City of Santa Monica
Department of Public Works

Clark Well. Drilling CcMnpajiy

Corps of Engineers
Sail Francisco District

Counties of Sutter & Yuba
Department of Public Health

County of Alameda
Department of Public Health

County of Butte
Department of Public Health

County of Contra Costa
Department of Public Health

County of Lake
Board of Supervisors

County of Los Angeles
Department of Public Health

Cotinty of Mendocino
Department of Public Health

County of Placer
Department of Public Health

Cotinty of Riverside
Department of Public Health

CouQty of Sacramento
Department of Public Health

County of San Bernardino
Department of Public Health

County of San Diego
Department of Public Health

Co\inty of Santa Clara
Department of Public Health

Cotinty of Shasta
Department of Public Health

Coxmty of Yolo
Department of Public Health

Di Giorgio Fruit Corporation

William G. Dunn
Consulting Engineer

Fresno County Farm Bureau
and James Irrigation District

Hennings Bros. Drilling Co.

Representative



TAELE 3 (Cont'd)

ORGANIZATIONS COMMENTING
ON BULLETIN NO. 74

Interim Edition^* (Cont'd)

Organization

Kaiser Steel Corporation
Kings River Water Association
Lahontaji Regional Water

Quality Control Board

Merced Irrigation District
Modesto Irrigation District
Montague Pipe & Steel Co.

Roscoe Moss Company
Los Angeles

National Water Well
Association

Noack, Inc

.

Nicholas H. Russo Co.

San Jose
San Jose Water Works
San Luis Obispo County Flood
Control & Water Conservation
District

Shasta County
University of California
Agricultural Extension Service

State of California
Department of Conservation
Division of Forestry

State of California
State Water Rights Board

State of Nevada
Department of Conservation
and Natural Resources

Turlock Irrigation District
United States Steel Corporation
United Water Conservation

District
Upper San Gabriel Valley

Water Association
Westlands Water District

Representative



As might be expected, almost all comments pertained to either

(l) the standards as published in the Preliminary Edition or (2) means for

their implementation. A few chose to comment about technical points in

other sections of the publication (for example, gro\md water quality-

conditions and methods of sealing) . Consequently only those comments

concerning the standards are included in this discussion.

The Interim Edition

From a complete review of all comments, the Department concluded

that the standards as presented were too general and in need of elaboration.

The Department further concluded along with the Dei)aii2aent of Public Health,

that a uniform set of standards (within the limits of practicability) for

use by both departments could be produced. Accordingly, the standards were

revised along these general lines:

1. A presentation resembling a model ordinance was chosen

over the modified prose used in the preliminary edition.

With this style there is less possibility of mistaking

intent and most explanatory material ajtid methods emd pro-

cedures can be relegated to footnotes or appendixes.

2. Detailed provisions pertaining to community water supply

wells were incorporated into the various sections of the

standards (in the preliminary edition such provisions

appeared in an appendix)

.

An Interim Edition of the standards was issued in February 19^7^

and two public hearings were held to hear comments relating to its content.

The dates, location and attendance at these hearings are presented in

Table 2.
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The persons attending the hearings represented 82 organizations,

"both private and public. Written conments were also received from 31

organizations of which 22 were not represented at the two public meetings.

Agencies and individijals who commented on the Interim Ekiition are listed

in Table 3.

Summary eind Disexission of Ccamnents

While almost all commenters endorse the hypothesis that standards

concerning the construction and destruction of weJJLs are necessary in

California, there is a diversity of opinion as to their applicability.

Opinions range from that of the local health official who feels that all

wells should be treated alike (and thus insure {)rotection for one and all);

to the agriciilturalist who abhors restriction and can see no need for

standards for his well since it is in no immediate or foreseeable danger

of becoming polluted, contaminated, or a means for deteriorating his

neighbor's supply. There is of course some validity in each point of view

and these form the basis for compromise. Standards can be neither too

rigid nor too ineffective.

Discvission of the comments received parallels the listing of the

various sections in the standards published in this edition. For the

reader's convenience, the section nvunber (and title, if different) used

in the Inteilm Edition appear in parenthesis following the present title.

Section 1. Definitions and Section 2. Application to Type
Of Well. Comments on these sections can be placed in three categories.

First, several observed there was a "gap" between the definitions of:

(1) Community Water Supply Well, (2) Individual Domestic Well, and (3)

Indvistrial Well, and that wells serving apartment houses, gas stations.
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and other commercial establishments were not covered. This oversight has

been corrected.

Second, many coramenters believe standards should be applied to

exploratory holes, geophysical test holes, and a variety of excavations.

The point of view that such excavations should be controlled as another

means of ground water protection is appreciated. The Legislature

defined the meaning of water well during the 1967 session (it is quoted

in Section 1 of the Standards); it is clear that excavations other than

those constructed for the purpose of extracting water from or injecting water

to the underground are not inclvided.

Third, a question on the incidental use of agricultural wells

to supply domestic water was raised; i.e., such wells were to be categorized

as individual domestic wells. The problem is, what constitutes incidental

use? Anyone who has worked outdoors in the siimmer has, at one time or

smother, taken a drink of water that is being discharged from an irrigation

well. While this is incidental use, it is far different from the farmer

who gets his domestic water from his irrigation well year rotind. It

is the Department's opinion that in the latter situation the well is

a dual-purpose well. To remove any doubt as to the possibility of con-

tamination, such a well should be constructed in accordance with standards

for domestic wells or some provision shovild be made for treating the water.

On the other hand, if such domestic use is made only during the heavy

irrigation season, uiere is doubt as to the benefit to be derived from

incorporating additional protective features in the construction of the well.

We believe that the degree of incidental use is best determined by the

enforcing agency.
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Fotirth, many agricultural people felt that wells "way off" from

problem areas or from people shotild not conform to standards. On the other

hand, it was frequently pointed out that what is agricultural Ismd today

becomes a subdivision tomorrow with the wells usually abandoned, and that

agricultural wells are often converted to individioal domestic wells or

commxinity water supply wells. Still others see various types of agri-

c\iltural wells as special purpose wells which should be set apart, and

exempt from all standards. It is the opinion of the Department of

Water Resources that regardless of the use to which a well is put, the

important factors are the geologic and ground water conditions encovintered.

It is these factors more than anything else which govern the standards

that shovild be applied to a particular well.

A fifth point broiight out by the Lake County Health Officer

concerned application of the standards to infiltration galleries, "Ranney

wells", etc., since they come vuader the purview of the definition of water

well. Because it is impractical to apply the standards to these kinds

of "wells". Section 3, "Exemption Due to Unusual Conditions", and Section 3f

"Special Standards", were added to the standards.

Section 3. Exemption Due to Unusixal Conditions, Section k.

Exclusions, ajid Section $. Special Standards . A few comments were

received concerning the use of the term "observation well" in Section k.

We believe the teim adequately describes a well used for the pvirpose of

making hydrologic observations. No coments were received on Sections 3 and 5

Section 6. Well Drillers . From the number of comments and

questions asked, it is apparent that many are unfamiliar with the pro-

visions of the Contractors License Law concerning exemptions.
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Persons constructing or altering wells for their own Mse are exempt

(Section 7026. 3 Business and Professions Code). Authorized representatives

of the United States Government, the State of California, incorporated

towns, cities, coomties, irrigation districts, or other political

subdivisions are exempt (Section 70^0) fiom licensing reqtiirements .

Several instances of unlicensed "fly by night" drillers who did

not follow accepted good drilling practices were cited. Local agencies

as well as drillers brought out this point. There is strong feeling on

the part of drillers that all wells shovild be constructed by licensed

drillers. Many well drillers are of the opinion that the owner shoiild

share the responsibility or be entirely responsible. Others believe the

driller ought to assume responsibility for following standards because

tmless the owner is doing his own work, he can't be expected to know what

should be done.

Section "J. Reports . Comments on this section were few and

dealt with the present provisions of the law. Some commenters learned

for the first time that there was such a law even though it has been in

effect since 19^9' There were pros and cons on the desirability and reasons

for the confidential nature of these reports. The Department wishes to

reiterate that the required reports are available to any governmental

agency and only for the purpose specified in the law, i.e., for the purpose

of making studies.

Section 8. Well Location with Respect to Contaminants and

Pollutants . Several agencies cited conflicts with Federal Housing Authority

requirements and distances listed in the Unifonn Plumbing Code. This
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issue was raised in connection vith both editions and althovigh a change

was made in the Interim Edition, further clarification was apparently

necessary. The distances listed in the two steuidards cited (Federal

Housing Administration and Uniform Plumbing Code) apply only to individxial

domestic wells. Other agencies favor the establishment of longer distances,

definition of adverse conditions, and specification of minimum lot size

where individual domestic wells are concerned. The standards have been

revised to eliminate conflict with other requirements for individual

domestic wells. Requirements for community water supply wells have not

been changed. In addition, the standards allow the enforcing agency

considerable leeway in establishing reqxiirements. The Placer County Health

Department, for example, (if it is the enforcing agency) may specify 100 feet,

rather than 50 feet, as the distance between a well and a septic tank in 99

of 100 cases if conditions warrant the increased distsince. In such a case,

the agency wo^^ld still be acting within the scope and intent of all three

publications. Community water supply wells are already the perogative of

the State and local health departments.

Section 9. Sealing the Upper Annular Space, (formerly titled
Sanitary Requirements)"^ The subject of Section 9 remains one about which

there is much debate. Agencies such as the Lahontan Regional Water Quality

Control Board and the Health Departments of Sacramento, Santa Clara, and

Riverside Counties, maintain that all wells be sealed. Agriculturally

oriented agencies generally feel that no agricultural well need be sealed.

However, most commenters are willing to concede that there are exceptions.

Increased probability of exposiire to contamination or poJJLution
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becaiise of location near existing ajid potential sources of impairment,

coupled with proposed vise of the water, are the controlling factors in

establishing standards for sealing the upper annular space. Consequently,

we believe that an agricultural well located miles from suiy source of

impairment requires no seal. However, if the well is next to a pig-pen,

or 50 feet from a cesspool, or penetrates a near surface formation containing

highly mineralized waters, it makes good sense to install a seal. (Or

an alternative solution is needed such as situating the pig-pen or the

well somewhere else.) On the other hand, where a house well is involved,

there should be no doubt as to the desirability of sealing regardless of

location or conditions.

There is some disagreement over how deep the seal should extend.

The Associated Drilling Contractors recommend 30 feet for all wells. Others

call for lesser or greater depths, generally without specifying a value.

The State Department of Public Health, Bureau of Sanitary Engineering,

firmly believes that 50 feet is necessary for community water supply wells.

The Department of Water Resources believes that the depths listed in

Section 9 sire adeqviate.

Other sviggestions covered methods and procedures employed londer

various conditions. An example is a method used by the City of Los Angeles,

Department of Water and Power for constructing their wells . We do not

recommend any particular method so long as it accomplishes the objective.

After consTjilting vrLth the State Department of Public Health, -under whose

purview the Los Angeles wells fall, we believe the method advanced by the

Los Angeles Department of Water and Power is satisfactory.
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Section 10. Sui-face Construction Features (formerly i)art of
Section 9)

•

Several suggestions were offered regarding the design of

concrete pimp bases (slabs); some felt that all wells should have a pump

base, whereas others felt no pump base or slab was needed under certain

conditions . We have concluded that although a p\jmp base is desirable and

is beneficial to the structural stability of the well, it may not be

necessary provided that the requirements of Sections 9 and 10 are fully

complied with.

Section 11. Disinfection and Other Sanitary Reqiiirements
(formerly portion of Section §y. The suggestion at one of the I965 hearings

that all wells be disinfected produced considerable discussion at the time

and a succeeding inflvtx of written comment on the subject particularly by

those whose chief interest is agricviltural wells. To set the record

straight, the Department of Water Resources has always maintained that it

is not necessary to disinfect agricultural wells.

Section 12. Casing (formerly Section 10) » Althoiogh of less

importance to the protection of ground water them several other sections

in these standards, this section received more discussion (but not as

many comments) than any other section. Over UO percent of the 1967 hearing

time was spent discussing steel well casing. Eight of the 3I letters

received in I967 contained comment on well casing.

There are differences of opinion between steel producers,

fabricators and drillers as to what constitutes acceptable steel casing.

So much confusion surrounds this issue that a few moments of discussion

can result in heated arguments. It is partictilarly disappointing that

after ten years no attempt has been made by these industries to resolve

the matter.
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In the preliminary edition, suggested thicknesses for various

diameters and depths of steel casing were listed in much the same manner

as the Associated Drilling Contractors, the major steel producers, and

many fabricators have done. However, this type of presentation has at

least three disadvantages: (l) No consideration is given to the type of

material, (2) The user, if bound to this approach, must chajige the thickness

of casing at exactly the depth specified. For example, if the table called

for 10-gage material above 100 feet and 8-gage material between 100 and 200

feet and a driller constructed a 105 foot well, he could be required to

install 5 feet of 8-gage material instead of 105 feet of 10-gage casing.

(3) No allowance is made for a reduction in diameter with material of the

same thickness as the depth is increased as an alternative to changing to

a thicker casing.

Consequently, another approach was taken in preparing the

Interim Edition. The principal types of materials were specified and rec-

ommended thickness for these types for various diameters were presented

in tabular form. Unforttinately all producers, fabricators and drillers

misinterpreted the table as a comparison of the parti c\ilar product they

favor with the other types.

A third approach is to specify the material and recommend one

minimum thickness irrespective of type. This approach is used in this

edition.

The issue is not really resolved. The Department of Water Resources

does not favor any particular steel product over another, particularly since

there is insufficient evidence forthcoming to demonstrate that any shoxild be

be favored. On the other hand, there is no reason to penalize a product

which appears to be satisfactory. The Department believes that elaborate
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testing on our part to prove or disprove claims is going beyond the intent

of the legislation authorizing the development of standards. However,

we do believe that indiistry-oriented organizations have a responsibility

and an obligation to resolve this dilemma.

Section 13 . Sealing-Off Strata (foimerly Section ll) . Comments

were similar to those received for Section S, to which the reader is referred.

Sections 1^, 1$, l6, 17, l8, and 19 (formerly Sections 12

through 177^ Minor comments were made concerning sections 14 eind 15 . No

comments were received for Sections 17, l8 and 19

.

The suggestion that Section l6, "Special Provisions for Large

Diameter Shallow Wells" (formerly "Special Provisions for Dug Wells") be

expanded to include bored wells was accepted.

Part III. Destruction of Wells (Sections 20 - 23) (formerly Part II ).

Comment on the destruction of wells covered two areas: gaieral applicability

ajad details of the requirements for destroying wells.

The Department of Water Resources maintains that as long as a well

serves a useful pturpose , or is maintained so that it could be used, it need

not be destroyed. However, some believe that certain wells, regardless of

condition, shoiild be forever exempt from destruction. These are not really

opposite views becaiose those who take the latter view always attach a

condition of use to their comment and in effect are reluctantly agreeing.

Our particvilar concern is for those wells that are indiscriminately

abandoned and pose a threat to the. public safety and the preservation of the

ground water supplies of the State. We believe the owner of the well has

a responsibility to demonstrate that the well is, or can be, used regardless

of whether it is used next year or ^5 years from now. If this is not done,
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.ere should be no alternative but to properly fill it up ("destroy" it).

We believe our requirements for pixjper maintenance, i.e., keeping the well

in a state of good repgdr, keeping it covered, keeping its location clearly

visible, keeping its surroundings clean, are not iinreasonable . Such

measures are simply good housekeeping.

What constitutes useful purpose mvist receive reasonable interpre-

tation. Keeping the well in reserve status, as a great many cities do, is

a useful purpose; using the well as a place to dispose of dairy manure

is not. Where doubt exists as to appropriate use, the burden of proof

must fall on the one who intends to make that use.

Most other comments pertained to refinements of the specific

requirements listed. Some were incorporated into the present edition;

others, such as specifying the thickness of alternative layers of materials

and inclusion of bridge-plvigging as an alternative to complete filling of

the well, were not. We have no values for the thickness of alternate layers

nor is there any to be foiond in the literature reviewed in preparation of

this rei)ort.

We are not convinced that bridge-pliigging would be a successful

alternative to filling. There is no assurance that the "bridge" formed

wovild remain in place. With complete filling (with filler material most

of the depth of well and impervious material at the top and at appropriate

levels) there is a great deal more chance of success.
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APPENDIX B

GENERAL OCCURRENCE OF
GROUND WATER IN CALIFORNIA
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APPENDIX B

GENERAL OCCURRENCE OF
GROUND WATER IN CALIFORNIA

California geology is complex with large numbers of rock types

covering a great span of geologic time. Major geologic forces shaping the

California Ismdscape ajid affecting the occurrence and movement of its ground

waters include faulting, folding, uplift, subsidence, volcanic activity, glacia-

tion, weathering, deposition of sediments, and gravitational movements of the

land surface. The occurrence of ground water in California is summarized in

this Appendix.

Because of these complexities it is impossible to describe California's

ground water geology in great detail. Accordingly, this Appendix presents such

information only in summary form. For detailed information about geologic

conditions in a particular area, the reader should refer to publications of the

United States Geological Survey and the California Department of Conservation,

Division of Mines and Geology. Information about groiond water conditions will

be found in publications of the California Department of Water Resources and the

United States Geological Survey, Water Resources Division.
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Water-bearing Materials

The properties of water-bearing materials depend, to a large extent,

upon the geologic conditions under which they were deposited or formed. A

brief discussion of the significant water-bearing materials occurring in Cali-

fornia is presented in the following paragraphs.

Recent and Pleistocene Sediments

The Department of Water Resources has identified over 25O areas in

California that are underlain by water-bearing sedimentary materials of Ptecent

and Pleistocene age. These areas of Quaternary sediments are designated as

gro\ind water basins emd range in size from that of the great Central Valley

(about 17,800 sqiiare miles on the surface) to very small but locally significant

valleys. These materials are permeable, ranging from moderate to high, have

moderate to high specific yields, ajid contain about one billion acre-feet of

ground water storage capacity. The sediments have great capacity to absorb,

transmit and store large quantities of ground water. A large variety of water-

bearing geologic materials are included in these Quaternary sediments, such as

alluvial fan and flood plain deposits, lake deposits, nonmarine terrace deposits,

lagoonal deposits, and marine deposits.

Alluvial deposits of continental origin are made up of materials that

were laid down by streeims as stream channel, flood plain, and alluvial fan deposH

The permeability of these deposits is variable eind depends upon the size of the

particles, degree of sorting, amount of consolidation, and related items. Stream

channel deposits are usually composed of sand, gravel, and boulders which were

transported by streams axid subsequently deposited in the channels. Flood plain

deposits, usiially finer-grained than stream chsmnel deposits, are composed of c

silt, and sand. They were laid down adjacent to stream channels when the streamff^

overflowed their banks, and often overlie older, coarse-grained stream channel
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deposits. Alluvial fan deposits occ\ir where streams emerge from an upland area

ajid debouch upon a valley or plain. The coarser-grained material, in general,

is deposited at the upper portion of the fan, near the mouth of the canyon, and

the finer-grained material progressively outward toward the lower portion, or toe,

of the fan.

The largest bodies of alluvium in California are found in the two major

valleys, the Sacramento and San Joaquin Valleys. Tremendous quantities of ground

water are stored in and extracted from these alluvial deposits. An estimated

60 percent of the gross storage capacity of the groimd water basins in California

is contained in the two valleys alone, and approximately 75 percent of all ground

\ia.teT used in California is pumped from them.

In the central portions of valleys, alluvial sediments often merge into,

and are interbedded with, relatively fine-grained lake deposits. Sediments depos-

ited in lakes are generally finer-grained and more homogeneous than those deposited

as alluvium. They characteristically consist of clay, silt, and fine-grained sand.

However, coarser materials may occur in places. Permeability of lake sediments

is usually low. Consequently, they are generally poor water-producing deposits.

Ebctensive lake deposits are found in the Modoc Plateau area of northeastern

California. In this region, thick bodies of lake sediments occur in isolated

basins surrounded by volcanic rocks. In arid or semiarid regions fine-grained

lake sediments are deposited in playa lakes^ which are broad, shallow, intermit-

tent temporary lakes situated in low, flat portions of valleys. Such lakes

generally have no outlets; and, when inflow ceases, evaporation of the water

leaves a residue of salts incrusted upon the surface of the lake and in mud cracks.

Playa lake sediments often are interbedded with alluvial deposits in areas of

California where arid climates existed in the past. The Alkali Lakes ajid Honey

Lake in northeastern California, and Searles, Rogers, and Bristol Lakes in the

Mojave Desert are exanples of playa lakes.
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Along the coast of California, alluvial sediments in the valley areas

interfinger with relatively fine-grained lagoonal deposits and moderately coarse-

grained shallow water marine sediments. Lagoonal deposits, which were deposited

in quiet bodies of brackish or saline water, consist of relatively fine-grained

materials. Permeability of lagoonal deposits is generally low. Marine sediments

deposited in near- shore areas of the coast consist of sajid, gravel, silt, ajid

clay. Permeability of these marine deposits is generally greater than that of

the lagoonal deposits. For example, the marine deposited Silverado water-bearing

zone of Pleistocene age in Los Angeles County contains extensive beds of sand and

gravel which are as permeable as many of the inland coarse-grained alluvial

sediments.

Older Quaternary emd Late Tertiary Sediments

Flanking aind iinderlying some of the extensive valley fill and coastal

areas are extensive bodies of continental and marine sediments of Plio-

Pleistocene age. These deposits are generally not as permeable as the uncon-

solidated Quaternary sediments. With the i)assage of time since their deposition,

the percentage of voids for storage of water has been reduced by compaction due

to the weight of overlying materials. Weathering has developed widespread clay

pans and hard pans which restrict the vertical movement of water, and uplift,

folding suid faiilting have further restricted the vertical and lateral movement

of ground water and in some areas has reduced the permeability. Despite their

reduced water storage and transmissibility characteristics, these older sediments

such as the Santa Clara formation, Livermore gravels and Paso Robles formation

are significaait water-bearing materials in California in that they fimction as

importaint recharge areas to the basin and as areas of potential ground water

development.

In addition to the extensive bodies of older Plio-Pleistocene sediments

which flank and \mderlie the valley-fill areas, small qviantities of ground water^

-98-



occur in isolated areas such as: the uplifted, dissected and. thin discontinuous

marine terrace deposits which occur in the coastal areas; the isolated glacial

deposits in the Sierra Nevada and North Coast Ranges; and isolated bodies of

residuum from crystalline rock largely in Sgm Diego County. The occurrence of

water in these rocks is extremely variable, primarily due to their heterogeneous

nature, generally low permeability, and thinness of section.

Volcanic Rocks

The water-bearing properties of volcanic rocks are highly variable,

depending on degree of jointing, fracturing, fa\ilting, weathering, presence of

lava tubes, and character of interbedded materials such as sand and gravel, and

scoria. Where volcanic rocks are highly fractured and jointed such as the Recent

and Pleistocene basalts in the Modoc Plateau and in other areas of northeastern

and, northcentral California, appreciable qxoantities of ground water cein be stored

in and moved through vertical and horizontal openings. Additional quantities

of ground water can be stored in the volcajnics over the amount contained in

joints and fractures if lava tubes are present as in the Modoc Plateau and Cascade

Range, if scoria and gravel beds are interbedded as in the Bishop-Lone Pine area

in Inyo County, or if t\iffs and sandy tuffs are present as in the Sonoma volcanics

in Napa and Sonoma Counties where water is contained in the intergranular spaces

like sandstones.

Nonwater-bearing Rocks

Rocks considered to be essentially nonwater-bearing include all rock

tjrpes which have negligible primary porosity and permeability. Rock types would

include broad categories such as: granitic (granite, diorite, gabbro); meteimorphic

(slate, schist, gneiss, amphibolite, quartzite, marble, serpentine); sedimentary

(shale, sandstone, limestone, dolomite); and volcanic (basalt, rhyolite, tuff and

agglomerate).
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V/here these rocks have developed secondary porosity and permeability

due to Jointing, fracturing, folding, faulting or veathering, small quantities

of ground water may be stored in and moved through the rock mass. In general,

yields to wells is quite limited. The nonwater-bearing rocks occupy a large

percentage of the surface area of the State, principally in the mountainous areas;

and they underlie all water-bearing rocks at depth.

Some of the sedimentary rocks classified as nonwater-bearing were

deposited in ancient seas, sind they still contain saline water. In some areas,

primary or secondary permeability may be sufficiently high to allow movement of

the saline water through the rock mass; and under certain gixiund water conditions

of heavy pumping with changes in hydraulic gradients, migration of these connate

waters may cause Impairment of the quality of water in overlying or adjacent

water-bearing materials

.

Ground Water in California Hydrographic Areas

Ground water in California occiors in seven major hydrographic areas

(Figure 3). Circumstances in each area are described in the following paragraphs.

North Coastal Area

Area underlain by very old igneous, metamorphic and sedimentary rocks, the

Franciscan assemblage of sandstone, shale and serpentine, and some Tertiary
volcanic flows. The only important ground water supplies are those of basins
that contain valley-fill sediments. Groimd water occurs in l8 alluvial-filled
valleys, with an estimated gross storage capacity of about 2,100,000 acre-feet,

or less than 1 percent of the total estimated gross ground water storage capa-

city in California.

San Francisco Bay Area

Area \inderlain largely by Tertiary sedimentary and volcanic rocks with some

outcrops of older Franciscan assemblage rocks. Recent and Pleistocene alluvium,

the Plio-Pleistocene Santa Clara formation and Livermore gravels, and the Plio-

cene Sonoma volcsjiics are important ground water storage areas. Ground water

occurs in 11 alluvial-filled valleys, with an estimated gross storage capacity

of about 3,000,'000 acre-feet, or less than 1 percent of the total estimated

gross ground water storage capacity in California.
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Central Coastal Area

Area underlain largely "by Tertiary sedimentary rocks with some outcrops of
older igneous and metamorphic rocks ajid the Freinciscaxi assemblage of rocks.
Recent and Pleistocene alluvium, and the Plio-Pleistocene Paso Rohles formation
are importsuit ground water storage areas. Ground water occurs in 19 alluvial-
filled valleys, with an estimated gross storage capacity of about lU, 000, 000 acre-
feet, or about 1.5 percent of the total estimated gross ground water storage capa-
city in California.

South Coastal Area jM

Area underlain largely by Tertiary sedimentary rocks and some older metamorphic
rocks in the northern and central portions, and by very old granitic and meta-
morphic rocks in the southern portion. Quaternary alluvium and marine sediments
deposited in geologically recent structural basins are important ground water
storage areas in Ventura, Los Angeles and Orajige Counties. In San Diego Co\uity,

alluvial basins are smaller and shallower, haAring developed in geologic stable

blocks. Ground water occurs in U3 alluvial-filled valleys, with an estimated
gross storage capacity of about 57,000,000 acre-feet, or about 6 percent of the

total estimated gross ground water storage capacity in California.

Central. Valley Area

Area underlain by an extensive and thick layer of Tertiary and Quaternary sedi-
mentary rocks, flanked on the east by very old igneous and metamorphic rocks in
the Sierra Nevada, sind on the west by Tertiary and older sedimentary rocks in
the Coast Ranges. The alluviated Central Valley (Sacramento and San Joaquin
Valleys) is the largest, most extensively and intensively developed ground water
reservoir of any area of comparable size in the United States. Ground water in
the entire drainage area of the Great Valley occurs in 29 alluvial-filled valleys;

with an estimated gross storage capacity of about 6o8,000,000 acre-feet, or
about 60 percent of the total estimated gross gound water storage capacity in
California.

Lahontan Area

Area \inderlain by very old igneous etnd metamorphic rocks comprising extensive
mountain ranges, alternating with desert basins filled with Quaternary and Tertii

sedimentary deposits. Recent and Pleistocene alluvium and lake bed sediments,
glacial moraines, and permeable volcanic rocks are important ground water storage;

areas. Ground water occurs in 58 alluvial-filled valleys, with an estimated grodp
storage capacity of about 148,000,000 acre-feet, or about 15 percent of the tot;

estimated gross ground water storage capacity in California.

Colorado Desert Area

Area underlain by very old igneous and metamorphic rocks comprising extensive
mountain ranges, alternating with desert basins filled with Quaternary and
Tertiary sedimentary deposits. Recent and Pleistocene alluvium and laice bed
sediments are important ground water storage areas. Ground water occurs in
45 alluvial-filled valleys, with an estimated gross storage capacity of about
135^000,000 acre-feet, or about 1*4- percent of the total estimated gross groimd
water storage capacity in California.
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APPENDIX C

WATER WELL CONSTRUCTION
METHODS AND FEATURES

Well Constnictlon Methods

Basically, a water well is constructed by excavating a hole in the

earth's crust and lining the opening with an appropriate material so that the

wall of the hole will not collapse. The well is then made operative by placing

a mechanism inside the lining which lifts water to the svirface of the ground,

i.e., the pump. However, there are a number of structural and geological factors

which must be recognized and dealt with before a well becomes operative.

Although wells are usiially thought of as being constructed vertical to

the plane of the earth's surface, there are, however, instances where wells have

been constructed horizontally into the face of hills and mountains. Horizontal

wells, generally of small diameter, have been installed for a number of years to

assist in the stabilization of slopes in highway and railroad cuts, and occasionally

they have been drilled to supply small qiiantities of water for domestic use and

stock watering in moxxntainous areas.

The principal types of water wells are: drilled, dvig, bored, driven,

and jetted. For more details concerning these methods of construction see ref-

erences (16, 39, ^0, hk, kQ, 3h, 37, 58, 6l, 70, 75).

Drilled Wells

The cable tool or percussion method of drilling is perhaps the oldest

known method of well construction which does not involve digging. Its invention

is attributed to the Chinese and dates back to the time of Confucius (600 B.C.)

The method employs a "string of tools" suspended from a cable. A heavy bit on

the end of the cable is alternately raised and dropped, thus breaking (or loosening)
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and crushing material at the bottom of the hole into small fragments. The

reciprocating motion of the drilling tools operating in water mixes the

loosened material into a "sludge" This sludge is removed from the hole

periodically by a scow, bailer, or sand pvimp. Normally, the casing is forced

(by hydraulic jacks) or driven down as the drilling progresses.

An innovation of this method developed in California around I89O and

which bears its name, is the California stovepipe method. A heavy mud scow is

used as the drill bit as well as the bailer. Short lengths {h feet) of steel

casing composed of two layers of tubing fitted tightly over one another so that

the outside section overlaps the inside section by one-half its length are used.

The butted joints are staggered every 2 feet, hence the name "stovepipe". The

short lengths of casing satisfy the stroke of the hydraulic jacks used in this

method. The California stovepipe method of cable tool drilling has undergone

modification since it was first developed. Cable tool drill hole diameters

usually range between k and I8 inches although larger diameter holes have been

drilled by this method.

The rotary method , as its name implies, is based on rotation of the

cutting tool or bit coupled with the application of bit pressure against the

material being cut. As drilling proceeds, water containing mud additives is

usually circulated through the drill pipe and out through an opening in the bit.

The mud-laden fluid then rises to the surface through the space between the driU

pipe and the walls of the hole carrying the drill cuttings from the hole. V/hen

water wells are drilled by the rotary method, it is usually not necessary to

install casing until drilling is completed because the mud-laden fluid forms a

coating on the walls of the hole, which temporarily prevents caving. Drill hole

diameters usually range from k to 2k inches.

Reverse -ci rctilation rotary drilling, which is a variation of the con-

ventional rotary method, was developed kO years ago. However, commercial rigs,
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designed for this purpose, have been available only for about 20 years. In

reverse -circulation rotary drilling, mud additives are seldom use. In this

procedure, drilling fluid is circulated down the well and up throiigh the drill

pipe reverse to the direction used in the conventional rotary method. This

method is particularly adapted to the drilling of large diameter wells, ranging

from 1^ to as much as 60 inches. Because of the size of the hole and the large

volume of excavated material, a limitation on the method is that a substantial

supply of water must be available. As originally developed, reverse circulation

required the use of a vacuum system to maintain circulation, and, because of this,

the practical drilling depth was restricted to around ij-OO feet. However, the

introduction of compressed air as a means for circulating the drilling fluid has

made drilling depths up to 1,500 feet possible.

Air rotary drilling (frequently called the "down-the-hole-hammer"

method, "bottom-hole" method, or down-the-hole air percussion drilling) is the

nevBst method used for constructing water wells. In this method compressed air

provides the means for removing the cuttings from the hole and, at the option of

the driller, serves as the source of drilling power. The air moving at a high

velocity blows the cuttings up and out of the hole. Air as the circulating fl\iid

is used primarily for drilling in consolidated (rock) materials. Consequently,

the drilling rigs must be equipped to use mud for drilling through loose or

"caving" materials such as overburdens.

By replacing the usual drilling bit with a tool that is essentially a

pneumatic hammer and bit, it is possible to combine the percussive effect of

cable tool drilling with the rotating action of rotary drilling. This down-the-

hole-hajumer pulverizes the material being cut. Further, the rate of penetration

in rock is faster than other methods and with other types of tools. However,

large diameter bits are not yet practical and where hammers are used, well diameters
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are restricted to 9 inches euid less. The depth of drilling depends on capa-

bilities of the air compressor being used and is usually no deeper than 500 feet.

However, in experiments the method has been used at greater depths.

Dug, Bored, Driven, and Jetted Wells

Dug veils are excavated with hand tools such as a pick and shovel, or

with mechanical equipnent such as a clamshell bucket. To prevent caving, this

type of well is usuaJ-ly "curbed", or cased during construction or immediately

after the excavation is completed. Curbing usiially consists of concrete, brick,

metal^ or wood. Dug wells are generally larger in diameter than most drilled wells

seldom less than 2 feet, and are commonly from 3 to 5 feet in diameter. IXig wells

are seldom constructed to any appreciable depth below the water table because of

difficulties encountered in digging and cvirbing. However, shafts of considerable

depth have been excavated. At the March 30, 19^5^ hearing on the preliminary

edition of this bvilletin, Mr. Duncan A, Blackburn, Chief Engineer, City of

Pasadena Water Department, reported that his agency had dug well shaJfts up to

l80 feet deep. The bottoms of these shafts were above the water table and were

originally timber lined but later concrete lined. Casing was sunk, below the bot-

tom of the shaft.

The radial well, or collector well — commonly called a Ranney well —

is a xmique innovation of the dug well. It consists of a reinforced concrete shai

or caisson, from which horizontal intaJfce pipes and screens project radieilly. The

concrete caisson is about 15 feet in diameter, and the intake pipes, which are

drilledor jacked l^ydraulically into the formation through prepositioned portholes

(54)
in the caisson, are usiially 6 or 8 inches in diameter . The length of the

individual radial pipes and screens veu^ies from 100 to 450 feet depending on watea

bearing properties of the materials penetrated.
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RadiaJ. wells are generally located near rivers, with the intake

screens drawing primarily on the water infiltrating from the river. Installa-

tions on this type in CaJ-ifomia axe located in or near the cities of Areata,

Crescent City, Sacramento, and Santa Rosa . In addition, a radial collector

well is situated in San Francisco and provides filtered sea water for Steinhart

Aquarium.

Bored wells are constructed with hand-operated or power-driven augers.

Although hand-augering obviously has extremely limited application, boring with

power-driven augers has its place in the water well construction industry. There

are two methods of well boring: one is called "rotary bucket drilling" or "auger

bucket drilling", and the other employs the contin\ious-flight, or spiral, auger.

Rotaiy bucket drilling is done by rotating a cylindricaJ. bucket with auger blades

on the bottom \antil it is filled with excavated material. The auger is then

removed from the hole and emptied. This process is repeated vintil the desired

depth is reached. This method is best applied in locations where formations will

staind imtil the hole is completed and cased, or where temporary casing can be

Installed while boring at a smaller diameter continues. Diameters range up to

1*8 inches.

In continuous-flight augering the cuttings are pushed out of the hole

as the auger is rotated into the earth; the auger need not be removed each time

it is filled. Because the small diameters (usually ^ or 6 inches) restiact the use

of temporary casing, this method is limited to formations that will stand without

caving. Furthermore, when saturated sand is encountered, the auger flight cannot

push out the material (which is a fluid), and further drilling is useless.

Boring is often used where small qiiantities of water are desired, and

where water can be obtained at relatively shallow (vinder 100 feet) depths. How-

ever, small diameter wells have been sunk several hundred feet by boring.
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Driven veils are normaUy constructed by driving a series of pipe sec-

tions into water-bearing materials. A pointed screen, or "drive point", is fitted

to the end of the first pipe section to facilitate driving and to permit entrance

of water into the pipe. Tlie pipe is driven into the ground by sledge, maul, or ,

power-driven hammer. After the initial section has been driven, succeeding sec-

tions are jointed and driven until the desired depth is reaxihed, or vintil further

progress is prevented by resistance of the formations. Pipe diameters are common!;'

I-I/2 to 3 inches, but may range up to 8 inches. Depth of driven wells is limited

by the properties of the water-bearing materials encountered and by the fact that

the small diameter pipes preclude the use of lajrge-capacity pumps. Common depths

are 30 to 50 feet.

Jetted wells are constructed by the jet-percussion method, which involve

the erosive action of a jet of water. Water is fed vmder pressvire through a

hollow drill pipe and drill bit against the bottom of the hole. As the jet loosenj

the material, the cuttings are carried out the top of the hole by the water rising

in the hole. While jetting is taking place, the bit and drill pipe are raised aocl

dropped in short strokes to bresQc up the material as in cable tool drilling.

Casing is usually sunk (by driving) as the drilling proceeds, following

closely behind the drill bit. Usually, after the casing has reached the desired

depth, the well pipe with a well screen attached is inserted in the driven casing

and lowered into the well. The casing is frequently pulled, leaving the well

screen and pipe in the groxmd ready for use. Althovigh larger and deeper wells hav

been installed by jetting, the present use is limited to wells imder k inches in

diameter and less than 200 feet in depth.

Gravel-packed wells

A special type of well known as the gravel-packed or gravel-envelope

well is frequently constructed in California. Gravel is placed in the annuls^*

-110-



I
space (the space between the well casing and the wall of the drilled hole)^ thus

enclosing the casing in an "envelope" of gravel. Ifeder current practice, the

gravel envelope may extend through a single giquifer, through several aquifers,

or through the entire length of the well. This type of well is constructed to

(l) increase the effective diameter of the well, (2) prevent fine-grained sand

from entering the well, (3) protect the well from the caving of surrounding forma-

tions, auid (if) increase the yield of the well by allowing nianerous thin aquifers

to produce water. Gravel-packed wells may be constructed by either the rotaiy

or cable tool method althoxogh the rotary method is most often used. Information

derived from logs submitted by drillers indicates that about 70 percent of the

gravel-packed drilled wells in California are constructed by the rotaiy method.

Constmction Features Related to
Protection of Ground Water QuaJ-ity

Each pertinent feature of well construction, and its relation to the

protection of ground water quality^is described in the following paragraphs. Where

necessary, summary statements of existing practices, and recommendations are included.

However, these descriptions do not cover all details of well construction or enumer-

ate the variety of construction methods that can be used in each instance.

A number of the features discussed pertain primarily to the health aspects

of quality protection, and others pertain to prevention of chemical impairment.

Well Location

The location of the well is the first featiire to be considered when

pl8uming the actual facility. Authorities in the field of water supply and sani-

tation generally agree that water wells shoiild be located a "safe" distance from

potential sources of contamination or pollution. Ihey also recognize that msmy

local factors must be considered in determining safe distance. Such determination

involves evalviatlon of (l) the character and location of the sources of potential
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contamination or pollution, (2) permeability of the geologic materials between

the ground surface and the water-producing aquifer, (3) depth to ground water

and its direction of movement, (h) physical character of the water-bearing

materials, and (5) the effect of well pumping on the direction of ground water

movement

.

Greater distances from sources of contamination or pollution are requirt

in areas where permeable materials directly overlie ground waters than in areas

where there is clay or other materials of low permeability. Wells shoiild be

located up the ground water gradient from sources of contamination so that any

contaminating material that reaches the water will be carried away from the well,

Another consideration is the possible local reverseil of the areaJL grovind water

gradient in the vicinity of a well due to pumping. When water is withdrawn frcaa

a well, a drawdown cone of depression is formed in the water surface surrounding

the well; and ground water in the area of this cone flows toward the well.

Figure ^ Illustrates the effect of reversal of groimd water gradient when a welli

is located too close to a contaminant.

The Federal Housing Administration (FHA) and the United States Public

Health Seirvice (USPHS) have formxilated recommendations regarding minimum dlsteince

between water wells and sources of contamination or pollution. These recommenda-

tions are listed in Table k.
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when Pumping.

Figure 4

EFFECT OF REVERSAL OF GROUND WATER
GRADIENT NEAR A WELL DUE TO PUMPING
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TABLE k

MINIMUM RECOMMENDED DISTANCE BETWEEN
WELLS AND SOURCES OF CONTAMINATION

OR POLLUTION

(In feet)

Sources of Agency ,

Contamination or Pollution FHA^ USPHS

Septic Tank 50 50

Sewer Lines

With Permanent
f

Watertight Joints 10 10 '

Other 50 50

Sewage Disposal. Field 100° 100

Absorption Bed lOO'^

Seepage Pit 100° 100

Drywell 50 50

Cesspool — 150

Other *

(a) Data from reference '3°^
, Federal Housing Authority also requires that

wells be located at least 10 feet from property lines. §
(b) Data from reference ("T). "The distances given are suggested values to

be used as a guide. For specific recommendations contact the State or
local health agency." I

(c) "The horizontal, separation between the sewage absorption system and the
well may be reduced to 50 feet, only when the surface soil or subsoil
receiving the sewage is effectively separated from the water supply forma-

tion by an extensive, continiious Impervious strata of clay, hardpan, rock,

etc. Also the well construction shall be such as to exclude siirface water
and sewage as effectively as did the vindisturbed overlying impervious
formation." «

(d) "Recommendation of Health Authority." |
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Ihese agencies consider that their recommended distajices are generally

safe where the upper formations are dry and not more porous than sand, and that

these distances should be increased in areas where geologic and other conditions

appear to be imfavorable with respect to preventing ground water contamination.

Conversely, lesser distances may be safe where favorable subsurface conditions

exist, or where special means of protection, particularly in constioictlon of

the well, are provided.

Resxilts of the well drillers' questionnaire indicate that in California

in actual practice there is considerable variation in distances between possible

sources of contamination and location of the well drilled.

In addition to proximity to contajninants that may enter the well

a short distance below the surface of the ground, water that might enter the well

at the top must be considered. Such water as runoff from rainfall, agricultural

drainage, wash waters sind the like, readily transport contaminants or pollutants

and may flow into wells. It follows then that the well should be located and

constructed so that the top is above potential flooding and the drainage is away

from the top of the well.

Surface Features

The construction feat\ires of the surface portion of water wells are

equaJLly as important as the deeper subsurface portions. This is especially true

for wells which supply water for human consumption, since such features are more

closely associated with prevention of contamination and pollution, primarily bac-

terial, contamination, of the water produced from the well. The surface features

are particvilarly important in very shallow wells. According to most authorities

shallow wells are more frequently contaminated by material, from the surface.
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The various surface features of a well installation and their signifi-

cance are discussed in the following paragraphs. Figure 5 depicts typical surface

features of wells.

Openings into Wells at the Surface . Where a well contacts the ground

surface, there are several openings that should be sealed or so constructed that

svirface water and foreign matter are prevented from entering (Figure 5). These

openings are (l) where the casing and pump meet, (2) where holes which provide

access to the well are insta3J.ed (3) where the discharge pipe connects to the

pump, and (4) where the annular space, i.e., the space between the casing and the

side of the hole, is at the surface. The subsurface portion of the annxilar space

is considered xinder the heading "Subsurface Features" (pgige II9) •

I
The space between the pump head and pximp base (slab), or between the pum

head and casing, is the most common point of entry for deleterious materials. Th

space ceui be sealed by a gasket or by grouting. In the absence of a base, a devi(

known as a sanitaiy well seal, or cap, is fastened over the top of the casing and

around the pump column. All holes in the pimp head that lead into the casing whii

are not access openings shoiild be tightly closed. If pumps are offset from the 1

casing, the opening between the well casing and the pvmip column shoxild be closed

a sanitary well seal or cap. The latter is also applicable where submersible pupf

are used.

Access openings into the well casing are included during construction o:

a well, for sounding water levels, for air release, or for any other purpose nece

sary to properly maintain or operate the installation. Access openings should w

protected against entry of contaminating materieuLs by caps, screens, down-turned

"U" bends, or other suitable means. These openings should be rendered watertight

and should terminate above floodwater levels. Information obtained from studies

conducted throioghout the State by the Department of Water Resources indicates t'.

most access openings axe not protected against entrance of s;u^ace water or othe:

foreign material. -
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SURFACE FEATURES OF A PROPER
WATER WELL INSTALLATION
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Water may be discharged from the pump either above ground surface throug

a discharge head in the base of the pump, or below ground surface through a dis-

charge elbow. A discharge pipe is jointed to the head or elbow and should be con-

nected so that the joint is watertight. Field inspections of wells, in conjunctio

with investigations conducted throughout California by the Department of Water

Resources, indicate that discharge piping on most wells is above ground surface, ar.

that the Joint between the discharge head and the discharge pipe is generally

watertight

.

The most obvious opening at the top of a well is the annular space, i.e.

the space between the casing and the sides of the hole. A discussion of protectic

for the space below the ground surface is provided on page II9. Although protec-

tion against the influx of hamful substances into the annular space is simple anc

inexpensive, well installations without such safeguards are still found. The

required protection can be provided with the solution of another problem, that of

providing a foundation structure upon which to set the pump.

The foundation structure, called the pump base or slab, also serves to

hold the upper part of the casing in place. Usually the pump pedestal is a concr.(

slab or block which surrounds and extends out a few feet from the casing. Vertic .:

it may extend from several inches to a few feet above and below ground. Even tho;)

the pump may be offset from the well or is a submersible pump, construction of a

pedestal or slab is desirable. In addition to adequate size, pedestals should be

constructed so as to slope away from the pump and casing. Unfortunately, in thos

areas of California where subsidence is severe, the construction of pump pedestal

has little practical veaue.

Well Pits . A well pit is an installation in which the pump is placed

below ground surface. The usual reason for placing the pump below ground is to Vs

it in line with discharge lines situated underground and, in areas where freezing!

a problem, to keep the whole system below the frost line. Frequently, surface ai

other waters flow or seep into and accumulate in pits. Observations made during

field investigations indicate that many well pits are not watertight and have no
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means for automatic removal of drainage. Well pits often contain stagnant water

around the pumps. Because they are such a hazard, their use should be avoided.

The need for pits has been virtueJlly eliminated by the development over

the last 20 years of a commercial device, popvilarly known as a "pitless adapter".

This device is an imdergound discharge assembly which provides for undergound con-

nections to the well and pximp and for the extension of the casing above ground.

In addition, work can be done on the well or the -pxmp without disturbing the under-

ground discharge line. Until recently, pitless adapter luiits were available only

for small diameter wells; now they range up to 2k inches in diameter.

Pump Houses . As considered here, a pump house is an enclosed structure

in which the top of the well and the pump are located. If a well is constructed

properly, a pvmip house is not necessary to safeguard the quality of gro\md water.

However, where a pump house is installed, it should be provided with a floor drain

to remove waste water from inside the house.

Subsurface Features

Bie main part of a water well installation is the subsurface portion.

The walls must be maintained against collapse and there must be a channel for the

movement of the water up and out of the well. Installation of a lining or casing

fulfills both requirements gmd, in addition, provides protection for the quality of

water pumped. The use of casing also permits selective use of water from specific

aqxiifers

.

With the casing temporarily in place, the space between the casing,

and the wall — the annular space — may have to be dealt with. If the

space is very wide, the casing must be restrained so that it will not be moved or

tilted. At the same time, the annular space often functions as a part of the operat-

ing well as is the case in the gravel-packed well. Of more importance, however, is

the elimination of these sections of the annular space that can function as a channel

for the flow of unsanitary or other undesirable water into the well.
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Installation of the casing and disposition of the annular space are

the major subsurface construction features of a well. Both features merit carefu]

consideration because all the water produced passes through them. Accordingly,

the following discussion deals with casing material and its installation, and

the disposition of the annular space, including the upper annular space, the

sealing off of various strata, and gravel-packed wells. Figure 6 shows the

relative positions of various subsurface construction components in a well.

Casing Material . Almost all wells are cased or lined. However, if

drilled in consolidated rock material, the entire well, or a portion of it,

might nob be cased. Only under unusual circumstances should a well be completely

uncased.

The casing is under contin\ial stress resulting from forces imposed durij

installation of the casing, from static and kinematic forces imposed by soil, wati

,

and weight of pump and colxjmn pipe, and frcm seismic forces. Therefore, the cast

should be selected to withstauid such stresses. Other factors that tend to weaken

casing — metal casing in particxxlar — result from the corrosive and electrolytl

action of water and soil. ^
Although steel is the most ccamnon casing material, a variety of materia

i
are used. Other metals used for casing include stainless steels, cast iron, ana

silicon bronze, monel, and cupro-nickel alloys. Alianinum has been tried experi-

mentally. Steel pipe which has been lined with asphalt or cement-mortar, plastic

coated or galvanized, has served as casing. Among the nonmetals used are asbestc

cement pipe, plastics, particularly polyvinyl chloride (PVC) pipe, precast con'

crete pipe, synthetic wood, clay pipe, and epoxy-bound fibre glass, the newest

(76)
material to be used . Concrete, both plain and reinforced, precast concrete

rings, brick, and wood (although generally it is to be«avoided) and steel have

been used to line dug wells.
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Of the materials listed above, only steel can be driven; all the others,

including steel pipe with noncohesive brittle linings, must be set in place. How-

ever, these other materials have certain advantages: most are corrosion-resistant

or noncorrosive, and some are less expensive then steel (and conversely some are

more costly than steel). All of them merit cosideration as casing raatenal.

Casing made of wood is generally unsatisfactory for water wells. Gal-

vanized sheet metal pipe is also an unsatisfactory material because it is too

thin and the joints and longitudinal seams are not watertight.

The most commonly used lining materials are tub\aar-steel products.

Steel is particularly suited to cable tool drilling, since it is the only practia

material that can withstand driving or the pressure imposed by jacking. An esti-

mated 80 percent of the water well drillers in California use steel casing or

pipe. Unfortunately, the terms "casing and pipe" are used interchangeably and

designate a variety of tubular products; this is the source of much confusion in

the field of water well construction. There is however, a distinguishing differes

between pipe and casing. Pipe is maniifactured in cylindrical form at the product]

mill, whereas casing is made cylindrical by a fabricator from steel sheets or

plates produced at a mill. Thus, casing is essentially fabricated pipe. The rea

for the difference in manxifacture is because the demand for prefabricated pipe fo

use in the transmission of water, oil, and gas far exceeds the demand for casing.

Line pipe and standard pipe are made by processes which conform to

standards of the American Petroleum Institute (API) or American Society for

Testing Materials (ASTM) . Unfortunately, standards have not been established for

all the steels from which well casing is fabricated, and because of the relatival

small quantity produced, standards may not be established for sometime to come.

However, this is no reflection on the quality of the products produced nor on

the integrity of the producers.
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In addition to plates and sheets made in accordance with ASTM standards,

the major steel producers market steels designed specifically for use 6.s casing.

Well casing is fabricated in single or double thicknesses. The latter is con-

structed of two concentric single casings h feet long, placed together by tele-

scoping one cylindrical section halfway along another and staggering the joints.

Althoxigh it is possible to have pipe or casing made to any desired

diameter or thickness, manufacturers and fabricators produce products they con-

sider to be in common use. Pipe diameters range from k to 36 inches with thick-

nesses up to one-hfiilf inch. Steel plate thicknesses sure three-sixteenths to

five-sixteenths of an inch with fabricated diameters between 8 and 30 inches.

Sheet thicknesses produced run from 12 gage to 6 gage with fabricated diameters

of 6 to 2k inches for both single- and double-wall casing.

Perforations and Well Screens . Perforated casings and specially

designed and fabricated casing components called "screens" axe installed in

unconsolidated material to permit the water to flow freely into the well, to

prevent sand from moving into the well with the water, and to prevent caving of

the unstable material.

Perforations are made by drilling, sawing, pxinching, or cutting holes

into the casing. NonmetaJ-lic casings, such as concrete or asbestos cement, have

slotted (rectsuigular) perforations. In metallic casings, the holes may be rec-

teingiilar (slots), round or ra^ed and irregular. Some steel casings, particularly

casings that are driven, are perforated in place by means of a perforator (called

a "knife"). In commenting on slot openings as related to corrosion, T. P. Ahrens

states

:

"... The more uniform the distribution of the slot openings,
the better. Large, relatively widely placed slot openings resTilt

in head losses f3X)m convergence of the stream flow toward the slot
openings and high velocities throx;igh the slots. Slots should also
be smoothly punched, cut, or otherwise formed, as rough-torn edges
are an initial point favorable not only to corrosion attack but also
for deposition and encrustation. In addition, the slots should not
be of iiniform cross section, but shoxold increase in width towsird the
inside of the casing. ..."(2)
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Although perforated casings are satisfactory, they are less efficient

thein well screens. This is because, if properly designed, the open area of the

screen will approach or exceed the open area that exists naturally in the water-

bearing aquifer (as measured by the porosity). This minimizes the head loss in

the movement of the water through the openings.

Screens are particularly useful where sgind is a problem and where the

water-bearing formations are thin. These continuous-slot (or "id.re-wound" ) screen

in use for about 50 years in central and eastern United States, have not been used

in California \mtil Just recently. They are made of stainless steel, silicon

bronze (everdur metal) red brass, silicon red brass, monel (nickel-copper) and

steel. While they cainnot be driven, methods have been devised for their instal-

lation in wells constructed by the cable tool method. Variations of the continuou

slot screen have been made of plastic (particularly PVC); however, they are limite

to small diameter wells for reasons of strength.

Louvered or "shutter" screens might best be classed as between perfor-

ated casing and continuous-slot screens. The louver openings which may be vertica

(parallel to the suxis of the screen) or horizontal (circumferential) are produced

by stamping, which forces the metal outward. The material can be stainless steelj

steel, or iron sometimes galvanized or coated with plastic, asphalt, or aluminimi

paint, or everdur.

Installation of Casing . Proper installation of casing is a requisite

proper well construction. Damage to casing during placement should be avoided; it

must be made structurally stable and joints must be sound and watertight where

needed. In addition, although it should be obvious, the casing sections should

be in line so that the pumping equipment can function properly and not be under

stress due to bending.
,

?

More care is required in placement of casing in a well drilled by the

cable tool method than in one drilled by the rotary method, since the hole in the
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cable tool well is us\ially smaller than the casing, which necessitates driving

or jacking the casing, sometimes with considerable force. For this reason, a

device that attaches to the lead end of the steel casing called a "drive shoe" is

used in most cable tool wells. Drive shoes are made of heavier, tougher material

than the casing and are designed to cut through the formations penetrated. The

use of drive shoes \mder these circumstances is imiversally recommended.

Pipe used in driven wells is subject to bending or breaking, and the

joints may be damaged by the force of repeated blows. Concrete casing, used in

relatively shallow, large diameter wells, is subject to cracking and failure due

to foundation settlement.

Most drillers extend casing to an impervious stratum if feasible. The

reasons for seating casing in an impervious stratum are to support it against

caving of the materials above and to help stablize it. In the absence of an

impervious foxindation or when caving formations are encountered, maijy drillers

I" seat casing in cement.

Reduction in diameter of casing (telescoping) is a common practice within

the well drilling industry. Casing diameters are reduced for several reasons:

(l) to economize, (2) to permit grouting casing in place, (3) to enable the sealing-

off of imdesirable water, and (4) because of inability to drive or sink the larger

casing farther. The diameter may be reduced several times at successive depth

intervals. The United States Public Health Service recommends that, in telescoping

casing of different diameters, the anniilar space between such casings be sealed

with a packer or grout to prevent admission of undesirable water.

To prevent the entrance of undesirable water into the well, the casing

must be watertight. Of course, watertightness the full length of the casing is

not the object since portions of well casings are intentionally opened (i.e.,

perforated sections or screens). What is important, however, is watertightness

along the uppermost sections of the casing, at joints, and at those depths where

it is necessary to exclude waters yielded by certain strata.
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With regard to the mlniminn depth belov ground at which water may he

drawn into wells, and above which the casing should be completely watertight, a

common suggestion is that in unconsolidated formations, watertight casing extend

at least 5 feet below the lowest anticipated pimping level, and that in unconsoli-

dated rock formations, the watertight casing extend 15 feet into the producing

formation.

Most authorities agree that (l) joints should be made watertight;

(2) metallic casing joints should be welded or screwed together (using threaded

couplings); and (3) concrete, asbestos cement, and clay pipe joints should be

surrounded by not less than 6 inches of grout.

The Annular Space . In suay method of well construction which involves

setting the casing rather thsui driving it into place, there is invariably a

space between the casing and the wall of the hole i.e., the annular space. Even

where casing is driven as in cable tool drilling, there is some doubt as to the

complete absence of space since in most instances a drive shoe which is larger in

diameter than the casing is used. Further, there are few perfect fits between

wall and casing the full depth of the well. Formations penetrated vaiy greatly

and there are bound to be openings, pockets, or cavities in the walls of the hole.

From the standpoint of protection of the qiiEility of ground water the

annular space is the greatest problem area in well construction. This is because

it is a potential channel for the flow of undesirable water. However, the annulai

space serves a useful purpose, for it can function equally as well as a channel

for the movement of desirable water entering the well, e.g., the gravel-packed |

well. Consequently, only that portion of the annular space which permits entrance

of undesirable water into the well need be sealed. The problems axe not the same

throughout the well. "Dierefore, discussion of the dispqsition of the annular

space is divided into three topics: the upper annular space; sealing-off stra

and gravel-packed wells.
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Upper Annular Space . Undesirable water moving laterally below

the groxmd surface or water which has fovind a way around the pump base,

enters wells by flowing down the annulsur space. This unwanted water

can be kept out by sealing the upper section of the annular space for

a sufficient distance below the top of the well with an impervious

material.

Sometimes, to ensure that there is a seaJL, it may be necessary

to drill an oversize hole, install aji outer casing, and seal the space

between the two casings. Another method is to flush out a sufficiently

large space around the outside of the casing with a jet of water and

fill the space with sealing material. In addition to excluding water,

the annular seal is used to maintain the casing in a stable jKJsition

and to provide protection against corrosive subsoils.

Determination of an adequate depth of seal is dependent on the

character of the surface and near-surface formations, depth to water-

bearing zone, and the use of the well. All governmental agencies and

industry-oriented orgajiizations agree that where contamination or pol-

lution is a possibility, the upper portion of the annular space should

be filled with sealing material. However, they do not agree as to the

minimum depth below ground to which this seal should extend nor to its

thickness.

Most authorities feel that acceptable minim\aii depth is 20 feet,

that a minimum thickness of l-l/2 inches is sufficient, and that caving

formations and soft clays tend to seal themselves. However, there are

many reservations about the application of these values in every situ-

ation. The preferred sealing material is cement grout (maximim water

: content of six gallons per sack and 3 to 5 percent bentonite additive) or

clay. All authorities consider it important that the sealing material be
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placed in one continuous operation from the bottom up to preclude

separation of the material, formation of air pockets, or segregation

of eiggregates.

Sealing-Off Strata . Frequently in well construction several

aquifers or zones are penetrated. The usiial purpose is to be able to

drav on as much water as possible or to reach a particularly desirable

producing zone. However, the water from one of the zones may be of

unsatisfactory quality, and of such quantity that developing and mixing

it with the other waters would be detrimentsil to the total supply.

Therefore, such water must not be alJLowed to move through the annular

space and invade zones producing good quality water. Furthermore, the

water must not only be prevented from entering the well, but the strata

producing the water must be sealed off. When artesian aquifers are pene-

tirated, the annular space opposite the confining impermeable formations

may need to be sealed in order to both protect the q-uality of water

in the other zones and maintain the artesian pressure.

Methods and materials used for sealing-off strata dxiring construc-

tion are described in numerous publications ^ ^J ^ ^^ vPl; ^57; \o(
) ^ ^^

usvial method for sealing-off upper strata is to place impervious material

in the aJinular space between the casing smd the walls of the drilled

hole from the bottom of the zone to be sealed to ground surface. Some-

times the aqiiifer containing poor quality water lies between aquifers

producing water of good q\iality. To seaJ. off this intermediate aquifer,

eno\igh sealing material must be placed in the annular space opposite the

aquifer and adjacent materials to prevent movement of the poor quality

water into the well or into the other aquifers. Sealing off poor quality

waters that lie below good quality waters, or "bottom" waters as they

are called, entails plugging the bottom of the well both inside the casing

and in the anniilar space.
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Gravel-packed Wells . Althoiagh the aimular space (assuming

there is one) around the casing of a nongravel-packed well usually

serves no purpose, it does fimction in the operation of a gravel-packed

well sind is purposely enlarged for this reason. The principal reasons

for constructing gravel-packed wells are to increase the effective

diameter of the well, to prevent fine-grained material from entering

the well, and to increase the yield of the well by allowing nimerous

thin aquifers to produce water.

In furthering the objectives of gravel-packing, many wells in

the State are, and have been, gravel-packed from top to bottom. Thus,

the gravel envelope becomes a storage tank for all the water free to

gravitate to, or to be drawn into, the well. However, from the stand-

point of protection of gro\jnd water quality in and around the well,

gravel-packing "all the way" is \insafe. This is because a gravel enve-

lope can be an excellent conveysince channel for the movement of contam-

inants or pollutants and for intermingling of waters of various native

qualities.

Consequently, certain protective measures must be taken if

wells are to be gravel-packed. Where a conductor casing (outer casing)

is used, the annular space between the conductor and the walls of the

drilled hole are sealed. If a conductor casing is used, the gravel pack

does not extend to the top \inless the top is covered with a watertight cap.

Where it is intended that outer casing be pulled after gravel packing, the

space between the inner casing and the hole is left free of gravel and

instead is filled with sealing material for the desired depth. Sometimes

both the space between the two casings and between the outer casing and

hole are sealed.

During construction of a gravel-packed well an access opening

(sometimes more than one) is provided for addition of gravel to the
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gravel envelope. As with other openings to the well, such access holes

can be protected against the entrance of imdesirable water or foreign

materials by caps or other suitable means.

Well Development

Well development is essentially the process of removing fine-grained

materials from the water-bearing formation adjacent to the perforated (or screene<

interval of the casing. It is exceedingly important for proper development is

required to obtain the optimum yield with minimum drawdown, to reduce sanding,

and to lengthen the economic life of the well.

Development consists of some method of loosening the fine material in

water-bearing zones, drawing the fines into the well shaft, said then removing

them from the well. A variety of methods are used, including (l) overpumping

(2) surging by alternately starting and stopping the pump, (3) surging by use

of a plunger or compressed air, and (k) jetting with water or air. In addition,

chemicals and explosives are sometimes used.

Overdevelopment of a well can result in the formation of a cavity in

an aquifer due to the removal of too large a volume of fine-grained material. In

areas where ground water is confined, an overlying incompetent confining clay lay<

may collapse as a result of this cavity and allow vertical movement of water from

one siquifer to another. Under certain conditions this vertical, movement must be

prevented. Also, careless or hurried developnent practices may cause collapse of

well casing and permit interchange of water between aqviifers

.

MaJiy California drillers use a variety of methods for developing wells,

the choice of method depending upon conditions prevailing at any particular well.

The most common method is by pumping water from the well at a rate exceeding the

expected normal rate of pumping (overpumping). Introduction of dry ice, surging

the well, and the use of explosives are also development methods employed in
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California. Details regarding methods used in developing wells can be fovind

in references (^^) (57).

Well Disinfection

Equipnent and materials used in the constimetion of wells (including

development) axe easily subject to contamination. Consequently, protective

measures are necessary before the well is placed in production, particvilarly if

the water is to be used for human consumption.

Pumping will normally remove contamination introduced during the construc-

tion or repair of a well; however, safe water can be more quickly and assuredly

produced by disinfection of the well. In general, procedures used in well dis-

infection involve the following: (l) pumping the well until clear of turbidity,

(2) adding chlorine solution to the well, (3) mixing the solution with the water

in the well, (h) letting the well stand with disinfecting solution in it, and

(5) pumping the well vuatil free of the solution. The process is repeated when

necessary. A procedure for disinfecting a well is presented in Appendix E.

Chlorine solutions used for disinfecting are made by dissolving calcium

hypochlorite, sodiijm hypochlorite, or gaseous chlorine in water; however, the

latter is practical only where laj:ge quantities of disinfectant are required.

Calcium hypochlorite is a white, granular product sold under the trade names of

HTH, Perchloron or Pittchlor. Household bleaches such as Clorox and Purex are made

of sodiiam hypochlorite dissolved in water and are commonly used by drillers for

disinfecting wells.
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APPENDIX D

LEGAL POWERS AND LIMITA.TIONS

OF THE STATE AND LOCAL AGENCIES
WITH RESPECT TO GROUND WATER AJND WATER WELLS

In fomvilating recommendations for standards of water well constnic-

tion ajid sealing of abandoned wells, consideration should be given to the

scope and adequacy of existing laws and regulations governing such construc-

tion and sealing.

Althotigh there have been for several years state laws oregarding

the licensing of water well drillers, the capping of artesian wells, and

the protection of water qviality, there has been, until I967, no statewide

authority for prescribing and enforcing standards for construction or

sealing of water wells. However, local agencies do have the authority to

prescribe sind enforce such stemdards on a local basis. A number of cities

and counties have ordinances regulating water wells. These range in scope

from simply requiring a peimit to construct a well to prescribing detailed

standards relating to location, construction, and sealing of water wells.

In 1967 legislation was enacted authorizing the State to require cities

and counties to adopt satisfactory ordinajices governing well stajodards in

critical areas or itself to adopt such ordinances upon failure of the cities

and co\mties to do so.

State legislation relating to water well drillers, water wells,

emd protection of ground water, and state and local regulations pertaining

to water well construction and abajidonment, are considered in this appendix.
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state Regulation

Legal Basis

Fundamentally, the legal laasis for regulation by the State of the

use of ground water is the police power, which is inherent in our foim of

government. It is not the purpose of this appendix to discuss the nature

and extent of such power. Attention is directed, however, to the provisions

of the constitutional amendment of I928 which added Section 3 to Article 1^4-

of the California Constitution. This section provides:

"SEC. 3« It is hereby declared that because of the conditions
prevailing in the State the general welfare requires that the water
resovirces of the State be put to beneficial use to the fullest
extent of which they are capable, and that the waste or unreasonable
use or unreasonable method of use of water be prevented, and that
the conservation of such waters is to be exercised with a view to
the reasonable and beneficial use thereof in the interest of the
people and for the public welfare. The right to water or to the
use or flow of water in or from any natural stream or water
course in this State is emd shall be limited to such water as
shall be reasonably required for the beneficial use to be served,

and such right does not and shall not extend to the waste or
xinreasonable use or unreasonable method of use or unreasonable
method of diversion of water. Riparian rights in a stream or
water course attach to, but to no more than so much of the flow
thereof as may be reqviired or vised consistently with this section,
for the purposes for which such lands are, or may be made adaptable,
in view of such reasonable and beneficial uses; provided, however,
that nothing herein contained shall be construed as depriving
any riparian owner of the reasonable use of water of the stream
to which his land is riparian under reasonable methods of
diversion emd use, or of depriving ajiy appropriator of water to
which he is lawfully entitled. This section shall be self-
executing, and the Legislattire may also enact laws in the
furtherance of the policy in this section contained."

The substance of the 1928 constitutional amendment has been

codified in Sections 100 and 101 of the Water Code. In addition. Section 104

of the Water Code provides:

"104. It is hereby declared that the people of the State
have a paramount interest in the use of all the water of the State
and that the State shall determine what water of the State, surface
gind underground, can be converted to public use or controlled for
public pixDtection."
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Section 105 of the Water Code provides:

"105. It is hereby declared that the protection of the

public interest in the development of the water resoiirces of the

State is of vital concern to the people of the State and that
the State shall determine in what way the water of the State,

both surface and undergrovind, should be developed for the
greatest public benefit."

Mention shovild also be made of Section IO6, which provides:

"106. It is hereby declared to be the established policy
of this State that the xise of the water for domestic p\irposes

is the highest use of water and that the next highest vise is for
irrigation."

In Tulare Irrigation District v. Lindsay-Strathmore Irrigation

District , 3 Cal. 2d 489, ^5 P« 2d 972, the Supreme Court of California held

that the I928 constitutional amendment comprises "a reasonable exercise of

the police power, ajid, as such, constitutes a lawful abridgement of the

riparisua right." The court furtner stated.:

"Tnat the protection and conservation of the natural resources

of the State is in the general welfare and serves a public purpose,

ajid so constitutes a reasonable exercise of the police power, is now
so well settled that no further citation of authority is necessary."

In the Tulare case as well as others construing the constitutional

amendment, it is held that the doctrine of "reasonable use" applies not

only to riparian lights, but as well to all other rights to the use of water

of whatever character, including giound water. See Peabody v. Vallejo ,

2Cal. 2d 351, 40 P. 2d 486; Lodi v. East Bay Municipal Utility District ,

7 Cal. 2d 316, 60 P. 2d 439; Rancho Santa Margarita V. Vail , 11 Cal. 2d 5OI,

81 P. 2d 533; Gin S. Chow v. Santa Barbara , 217 Cal. 673, 22P. 2d 5.

It therefore follows that the police power extends to a reasonable

regulation of the use of ground water 6Uid of activities affecting beneficial

use of groxind water necessary to protect the public interest in that

vitally important nat\xral resource.
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Existing Laws

There now are State laws governing standards of construction,

repair, alteration, sealing, or alsandonment of water wells, as well as laws

which are concerned with water well drillers and protection of the

qtiality of grovmd waters. These laws are presented herein.

Water Well Investigations and Reports by the Department of

Water Resotirces . Water Code Section 231 authorizes the Department of Water

Resoixrces to Investigate conditions of damage to the quality of undergrovind

waters, which conditions are or may he caused by Improperly constructed,

alaandoned or defective wells and to report to the appropriate regional water

quality control board its recommendations for minimum standards of well

construction in any parti cvilar locality in which it deems regulation

necessary, and to report to the Legislature its recommendations for proper

sealing of abandoned wells. The full text of Section 231 follows:

"231. The department, either independently or in cooperation
with any person or any county, state, federal or other agency,
shall investigate and sxirvey conditions of damage to quality of
undergrovuad waters, which conditions are or may be caused by
improperly constructed, abandoned or defective wells throtigh the
Interconnection of strata or the Introduction of surface waters
into xinderground waters. The department shall report to the
appropriate regional water qviality control board its recommen-

dations for mlnimvim standards of well construction in any parti c\alar

locality in which it deems regulation necessary to protection of
quality of undergixjund water, and shall report to the Legislature
from time to time, its recommendations for proper sealing of
abandoned wells.

Water Well Reports and Water Well Standards . Prior to 1967> state

law concerning the filing of water well drillers' reports, first enacted in

19^9, was contained- in Chapter 7 of Division k of the Water Code, Sections

7076 through 7078. Chapter 1088, Statutes of I965, expanded these provisions,

and Chapter 323, Statutes of I967, amended and recodified these provisions

in Chapter 7 (commencing with Section I37OO) of Division 7 of the Water Code.
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Provisions governing the adoption of water well standards were added

in the new chapter.

Chapter 7 ot Division 7 of the Water Code c»ntains, in Section

13700, a declaration of policy that the people of the State have a primary-

interest in the location, construction, maintenance, abandonment and

destruction of water wells, which activities directly affect the quality

and ptirity of underground waters. Section I371O defines "well" or "water

well" as \ised in the chapter to mean any artificial excavation constructed

"by any method for the purpose of extracting water from, or injecting water

into, the underground. It excludes oil and gas wells, or geotheimal wells

constructed under the jurisdiction of the Department of Conservation,

except those wells converted to use as water wells. It also excludes wells

vised for the pxirpose of dewatering excavation dxiring construction or for

the purpose of stablizing hillsides or earth emlaankments

.

Commencing at Section 13750, Chapter 7 reqiiires every person who

intends to dig, bore, or drill a water well, or who intends to deepen or

reperforate any such well, or to abandon or destroy a water well, to file

with the Department of Water Resources a notice of intent prior to commencing

such work. Such advance notice need not be given if the work must be

accomplished immediately in order to prevent damage to persons or property

due to the loss of an existing water supply, but the notice must be filed as

soon as possible thereafter, but in any event not more than five days after

commencement of such work.

The notice of intent shall be maAe on forms furnished by the

Department and shall contain such infoimation as the Department may require,

incliiding, but not limited to:

(a) Description of the well site stifficiently exact to permit

location and identification of the well;
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(b) Proposed date of construction;

(c) The use for which the vater well is intended;

(d) The work to be done and a description of type of construction;

(e) In event of late filing, the reasons therefor.

Within the 30 days after completion of the work, a report of

completion must be filed with the Department. The report shall be made on

foims furnished by the Department and shall contain such information as the

Department may require, including, but not limited to:

(a) Description of the well site sufficiently exact to pennit

location and identification of the well;

(b) Detailed log of the well;

(c) Description of type of construction;

(d) Details of perforation;

(e) Methods used for sealing off svirface or contaminated waters.

Failure to comply with the reporting requirements, or willful

and deliberate falsification of any report, is a misdemeanor.

It is provided that completion reports, vbich include detailed

well logs, shall not be made available for inspection by the public but

shall be made available to governmental agencies for use in making stvjdies.

It is also provided that any such report shall be made available to any

person who obtains a written authorization from the owner of the water well.

Provisions for reqviiring water well standards are contained in

Sections 138OO throvigh I3806. These provisions require the Department of

Water Resovirces to report to the appropriate regional water qxiality control

board and to the State Department of Public Health the resvilts of any

study showing that water well construction standards are needed to protect

water qiiality in a given area. The report shall contain such recommended
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staxidards for water well construction, maintenance, abandonment, and destruc-

tion as, in the Department's opinion, are necessary to protect the qviality

of any affected water. The regional board must then hold a piiblic hearing

to determine if such need exists and to determine the objectives to be

attained by such standards. If the regional board finds that standards are

needed, it shall deteimine the area affected and notify each affected city

or county of the need and of the objectives deemed proper and necessary.

It shall also forwaM the Department's recommended staindards.

Each such affected county or city shall within 120 days of receipt

of the report of the regional board adopt an ordinance establishing standards

of water well construction, maintenance, abandonment, and destruction for

the area designated by the regional boai^i. Such standards shall take effect

60 days from the date of their adoption iinless the regional board, on its

own motion or on the request of any affected person, holds a public hearing

and deteimines that the standards are not svifficiently restrictive. If it

makes such a finding, the regional board shall recommend the standards it

determines are necessary. If the county or city fails to adopt standards

determined necessary by the regional board, the regional board may adopt

standards for the area. Any action or inaction of a regional board may be

reviewed by the State Water Resources Control Board on its own motion, and

any such action must be reviewed on the motion of any affected person,

county or city.

The full text of Chapter 7 of Division 7 of the Water Code follows:

CHAPTER 7. WATER WELLS

Article 1. Declaration of Policy

"13700. The Legislatiire finds that the greater portion of the
water used in this state is obtained from underground sources and
that such waters are subject to impairment in quality and piirity,

causing detriment to the health, safety and welfare of the people
of the state. The Legislatiire therefore declares that the i)eople
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of the state have a primary interest in the location, construction,
maintenance, abandonment and destruction of vater wells, which
activities directly affect the quality and purity of underground
waters.

Article 1.5. Definitions

"13710. "Well" or "water well" as used in this chapter, means
any artificial excavation constructed by any method for the purpose
of extracting water from, or injecting water into, the iinderground.

This definition shall not include: (a) oil and gas wells, or
geotheimeLL wells constructed under the jxirisdiction of the
Department of Ctonservation except those wells converted to use as
water wells; or (b) wells used for the piirpose of (l) dewatering
excavation dviring construction, or (2) stabilizing hillsides or
earth embEinkments

.

Article 2. Reports

"13750. Every person who hereafter intends to dig, bore, or
drill a water well, or who intends to deepen or reperforate any
such well, or to abandon or destroy a water well, shall file with
the department a notice of intent to engage in such construction,
alteration, destruction, or abandonment prior to commencing such
construction, alteiution, destruction, or abeindonment; provided,
that when such constmction, alteration, destruction, or abaaidon-

ment must be accomplished innnediately in order to prevent damage

to persons or property due to the loss of an existing water supply,

such notice shall be filed with the department as soon as possible
thereafter, but in emy event not more than five days after commence-

ment of such construction, alteration, destruction, or abandonment
or repair.

The report shall be made on foims furnished by the department
and shall contain such information as the dei)artment may require.

Including, but not limited to: (a) description of the well site

sufficiently exact to pennit location and identification of the

well; (b) proposed date of construction of well; (c) the use for
which the water well is intended; (d) the work to be done and a

description of type of construction; and (e) in event of late filing,

the reasons therefor.

"13751. Every person who hereafter digs, bores or drills a
water well or abandons or destroys a water well, or who deepens

or reperforates any such well, shall file with the department a

report of completion of such well within 30 days arcer it.s con-

struction or alteration has been completed.

The report shall be made on forms furnished by the department

and shaLl contain such information as the department may require,

including, but not limited to: (a) description of the well site

stifficiently exact to pennit location and identification of the well;
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(b) detailed log of the well; (c) description of type of construction;
(d) details of perforation; and (e) methods used for sealing off
surface or contajni nated waters.

"13752. Reports meuie ptirsuant to Section 13751 shall not
"be made available for inspection by the public but shall be made
available to governmental agencies for use in making studies;
provided, that any report shall be made aArailable to any person
who obtains a written authorization from the owner of the water
well.

tt

13753' Every person who hereafter converts, for use as a
water well, amy oil or gas well original ly constructed under the
jiirisdiction of the Department of Conservation pursi;iant to the
provisions of Article k (ccmmencing with Section 3200), Chapter 1,
Division 3 of the Public Resovirces Code, shall comply with all
provisions of this chapter.

"1375^» Fed-lure to comply with any provision of this article,
or willful and deliberate feuLsification of any report required
by this article, is a misdemeanor.

Before commencing prosecution against any person, other than
for willful and deliberate falsification of any report reqxaired

by this article, the person shall be given reasonable opportunity
to comply with the provisions of this article.

" 13755* Nothing in this chapter shall affect the powers and
duties of the State Department of Public Health with respect to
water and water systems pursviajat to Chapter 7 (commencing with
Section tolO) of Division 5 of the Health and Safety Code.
Every person shall comply with this chapter ajid euiy regulation
adopted ptirsijant thereto, in addition to standards adopted by
sujy city or covmty.

Article 3. Quality Control

"13800. The department, after such studies and investigations
pursviant to Section 23I as it finds necessary, on determining
that water well construction, maintenance, abandonment, and
destruction standards are needed in an area to protect the quality
of water \ased or which may be ttsed for any beneficial use, shall
so report to the appropriate regioneil water qviality control
board and to the State Department of Public Health. The report
shall contain such reccmmended standards for water well construc-
tion, maintenance, abandonment, ajad destruction as, in the depart-
ment's opinion, are necessary to protect the quality of any
affected water.

"13801. The regional board shall hold a public hearing on
the need to establish such steindards for the area involved and
to determine the objectives to be attained by such stemdards.
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"13802. If the i^gional board finds that standaixis of water
well construction, maintenance, ahandonment, smd destruction
are needed in aaay area to protect the quality of water used, or
which may be used, for any beneficial use, it shall determine

the area to be involved and so report to each affected county

and city in the area, including in such report the objectives
determined by the board as proper and necessary objectives for
such standajrds. The report shall also contain any standards
which have been recommended by the department.

"13803. Each such affected county and city shall, within 120
days of receipt of the report, adopt an ordinance establishing
standards of water well construction, maintenance, abandonment,
and destruction for the area designated by the regional board.
Prior to adoption of such ordinance each affected county and city
shall consiilt with all interested parties, including licensed
well drillers. A copy of such ordinance shall be sent to the
regional board on its adoption and the regional board shall
transmit such ordinace to the department for its review and
comments

.

"1380if. Such covmty and city standards shall take effect 60

days from the date of their adoption by the county or city vmless
the regional board, on its own motion, or on the request of any
affected person, holds a public hearing on the matter and determines
that the county or city standards are not svifficiently restrictive
to protect the quality of the affected waters. If the board makes
such a deteiroination it shall so report to the affected covmty or
city and also recommend the standards, or modification of the county
or city standards, which it detennines are necessary.

"13805. If a county or city fails to adopt an ordinance
establishing water well construction, maintenance, abandonment,
and destruction standards within 120 days of receipt of the
regional boai^'s report of its determination that such standards

are necessary pursuant to Section I3802, or fails within 90 days

to adopt or ncdify such standards in the manner determined as

necessary by the regional board pursuant to Section 1380^, the

regional board may adopt standaards for water well construction,

maintenance, abandonment, and destruction for the area. Such

regional board standards shall be enforced in the same manner and
shall have the same force and effect as if adopted as a covmty

or city ordinance.

"13806. Any action, report, deteimination, or standard
taken or adopted by a regional board pursviant to this article
may be reviewed by the state board on its own motion, and shall
be reviewed by the state board on the request of any affected
person, covinty, or city, in the same manner as other action or
inaction of the regional board is reviewed p\irsuant to Section

13025. The state board has the same powers as to the review of
action or inaction of a regional board under thi^ article as it
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has as to other action or inaction of a regional board under
Section 13025, including being vested with all the powers granted
a regional board to initially determine the need in an area for
water well construction, maintenance, abandonment, or destruction
standards if it finds that appropriate action has not been taken
by a regional board."

Contractors License Law , iiiccept as noted below, Sections 7026.3

and 70^9 of the Business and Professions Code require any person engaged in

the business of drilling, digging, boring, or otherwise constructing, deepening,

repairing, reperforating, or abandoning water wells to be a licensed contractor

under the Contractors License Law, as provided in Division 3, Chapter 9

(commencing at Section 7000), of the Business and Professions Code.

The law prohibits any person from engaging in the business or acting

in the capacity of a contractor without having a license issued by the

Contractors' State License Board. However, there are certain exemptions.

Included among the exemptions are a person, or his employees, who constmicts,

or deepens, repairs, or reperforates a water well for his own use;

representatives of state and federal governments; representatives of local

governments and political subdivisions of the State; public utilities operating

under the regulation of the Public Utilities Commission; the drilling and

operation of oil and gas wells when performed by an owner or lessee;

construction on federally-owned sites; and jobs costing less than one hundred

dollars ($100.00). (Business and Professions Code, Sections 7026.3 and

7040-7048). Prior to amendments of the law in 1959, drillers of wells to be

used solely for agricultural purposes were also exempted, but that exemption no

longer applies.

Sewer '/Jells . There are a number of prohibitions contained in

Division 5, Part 2, Chapter 4, Article 2, of the Health and Safety Code

imposed for the purpose of preventing pollution or contamination of water.

Most of these provisions are designed to protect the purity of drinking water
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in rivers, creeks, ponds, streams, lakes, and reservoirs. Section 4458,

which relates directly to underground water, provides:

"4458. No person shall construct, maintain or use any sewer
well extending to or into a subterranean water-bearing stratum
that is used or intended to be used as, or is suitable for, a source
of water supply for domestic purposes, except that where a regional
water quality control board finds that water quality considerations
do not preclude controlled recharge of such stratum by direct
injection, water reclaimed from sewage may be injected by a well
into such stratum after a public hearing and a finding by the
State Board of Public Health that the proposed recharge will not
impair the quality of water in the receiving aquifer as a source
of water supply for domestic purposes. Said board may make and
enforce such regulations pertaining thereto as it deems proper,

ifething in this section shall be construed to affect the
authority of the State Water Resources Control Board or regional
water quality control boards to prescribe and enforce require-
ments for such discharge.

'Sewer well' as used in this section includes all of the
following:

(a) Any hole dug or drilled into the ground, and intended for
use as a water supply, which has been abandoned and is being used
for the disposal of sewage.

(b) Any hole dug or drilled into the ground, used or intended
to be used for the disposal of sewage."

tVaste From Artesian VJells . Waste of water from artesian wells is .i

i

prohibited by Article 4 of Chapter 2.5 of Division 1 of the Water Code,

comprising Sections 30O-3II, inclusive, which are quoted in full as follows:

"300. For the purposes of this article, an artesian
well is any artificial hole made in the ground through which
water naturally flows from subterranean sources to the surface of
the ground for any length of time.

"301. For the purposes of this article, waste is the causing,
suffering, or permitting any water flowing from an artesian well,

to run either:
(a) Into any natural watercourse or channel, or into any

bay or pond, unless the water is used thereafter for irrigation or

domestic use.
(b) Into any street, road, or highway.
(c) Upon the land of any person or upon the public land of

the United States or of the State, unless it is used thereon for

irrigation, domestic use, or the propagation of fish.

"302. The use of any water flowing from an artesian well for
the irrigation of land, whenever over 5 percent o'f the water received

on the land for irrigation purposes is permitted to escape from the

land, is waste within the meaning of this article.



"303 • Nothing in this article prevents the running of artesian
vreiter into an artificial pond or storage-reservoir, if the water is
used thereafter for a beneficial use.

"304. A beneficial use under the next preceding section shall
not exceed one tenth of one miner's inch of water per acre,
perpetual flow, but the person using the water may accumulate
that amount within any period of each year.

"305. Any artesian well which is not capped or equipped with
a mechanical appliance which will readily and effectively arrest
and prevent the flow of any water from the well is a public nuisance.

"306. The owner, tenant, or occupant of the land upon
which a well which is a public nuisance under the next preceding
section is situated, who causes, permits, or suffers such public
nuisance to exist or continue is guilty of a misdemeanor.

"307. Any person owning, possessing, or occupying any land
upon which is situated an artesian well, who causes, suffers, or
pennits water unnecessarily to flow from the well or to go to
waste is guilty of a misdemeanor.

"308. Each day's continuance of waste constitutes a new offense.

"309. Any person who violates any of the provisions of this
article is punishable for each offense by a fine of not less than
twenty-five dollars ($25) and not more than five hundred dollars
($500) or by imprisonment in the county jail for not more than
six months, or by both.

"310. All prosecutions for the violation of any of the
provisions of this article shall be instituted in the justice
court or municipal court of the county in which the well is
situated.

"311. Any fine imposed under the provisions of this article
may be collected as in other criminal cases, and the justice may
also issue an execution upon the judgment therein rendered, which
may be enforced and collected as in civil cases."

Abandoned Excavations . Section 24400 of the Health and Safety Code

Bakes it a misdemeanor for a landowner or one in possession of any land to

fail to fence, fill, or keep covered any abandoned water well on the land.

The exact provisions of the section are as follows

:

"24400. Every person owning land in fee simple or in possession
thereof under lease or contract of sale who knowingly permits the
existence on the premises of any abandoned mining shaft, pit, well,
septic tank, cesspool, or other abandoned excavation dangerous to
persons legally on the premises, or to minors under the age of
twelve years, who fails to cover, fill, or fence securely any such
dangerous abandoned excavation and keep it so protected, is guilty
of a misdemeanor.

"
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It should be noted that the purpose of the above section is to

keep people from falling into a well or other excavation rather than to

protect the quality of the underground water, and does not require that

abandoned wells be properly sealed so as to prevent contamination of

ground water.

Other Powers and Duties of State Agencies

In addition to the functions of state agencies under the above

provisions, there are numerous other functions related to the general

subject.

Department of Professional and Vocational Standards . The contractors

license law, hereinabove discussed, does not provide for any regulation

governing well construction. If a well driller possesses siifficient

qualifications to secure a water well drilling contractors license, there

is nothing in the licensing law, except as hereinafter noted, to prevent

him from thereafter drilling any kind of water well he and his employer may

choose, no- matter what effect such drilling may have on the ground water

supply.

There is, however, one measure of control over well drillers who

are licensed contractors. Section 7110 of the Business and Professions

Code (relating to the contractors ' license law) provides that violation by

any licensee of any provision of the Health and Safety Code or v^ater Code,

relating to the digging, boring, or drilling of a water well, constitutes

a cause for disciplinary action by the Registrar of Contractors. Such

action could result in suspension or revocation of the contractor's

license. Thus, for example, disciplinary action may be taken against a

licensed well driller for failure to file reports required under

Chapter 7 of Division 7 of the Water Code or for violating well standards
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adopted ptirs\iant to said chapter, or for constructing, maintaining, or

using any sewer well extending to or into a subterraneem water-bearing

stratum that is used or intended to be used as, or is s\aitable for, a

source of water supply for domestic purposes in violation of Section 4458

of the Health and Safety Code.

In addition to being subject to disciplinary proceedings, a

licensed contractor, as well as any other person, including an unlicensed

contractor, may be criminally prosecuted for violations of law which are

declared to be misdemeanors. Thus, a licensed or unlicensed well driller

could be criminally prosecuted for failtire to file a report required by

Chapter 7 of Division 7 of the Water Code, or for willful and deliberate

falsification of any report required by such chapter, or for constructing

a sewer well extending into a subterranean water-bearing stratvmi suitable

for a soiirce of water supply for domestic purposes in violation of Health

and Safety Code Section 4458.

State Water Resources Control Board and Regional Water Quality

Control Boards . In addition to the power to require adoption of well

standards pvirsuant to Chapter 7 of Division 7 of the Water Code, the

regional water qiiality control boards may recommend minimum standards of

construction to well drillers and owners, and may attempt to secvire

volxmtary cooperation pursuant to the authority conferred by Section I3052

of the Water Code, which provides in part as fo3J.ows:

"13052. Each regional board, with inspect to its region,
shall

:

(a) Obtain coordinated action in water quality control and in
the abatement, prevention and control of water pollution and
nuisance by meant; of foimal or infoimal meetings of the persons
involved;

(b) Encourage and assist in self-policing waste disposal programs
for industry, and upon application of any person shall advise the
applicant of the condition to be maintained in any disposal area or
receiving waters into which the waste is being discharged; ...."
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In addition to promoting voluntary cooperation, if there is a partictLLar

c»ndition of pollution or nuissmce, existing or threatened, ca\ised by a

defective well, such as through entrance of svirface water into ground water

or thro\igh interconnection of aquifers, a regional board shall prescribe

requirements relative to the condition to be maintained with respect to

ground water etffected thereby (Water Ctode, Section 13053 )• Fuarthenaore,

any person proposing to discharge sewage or other waste and, upon request of

the board, any person presently discharging such waste into the ground water

supplies is required to file a report with the regional board which is then

required to prescribe reqviirements as to the nature of such proposed or

existing discharge with illation to the conditions existing from time to

time in the disposaJ. area or receiving waters (Water Code Section 1305^)

.

Any material change or pioposed change in the character, location, or

volvmie of any discharge of sewage or other waste likewise is required to

be reported (Water Code Section 1305^.1). Any person not filing a report

ui»n request of a regional boai^i or the state board is gviilty of a misde-

meanor (Water Code Section 13054.4). If amy person fails to file a

report as required by law, an injimction may be issued requiring such

person to file the required report Euid restraining such person from dis-

charging sewage or other waste within the region until the required report

has been filed (Water Code Section I3054.5). In prescribing requirements,

a board may either fix such requirements in terms of the quality of discharge

or in terms of the condition to be maintained in the receiving waters

(16 Ops. Cal. Atty. Gen. 203, Opinion No. 5O-I50, dated Deceniber I9, 1950).

The board may not, however, specify the design, location, type of con-

sti\iction, or particular manner in which an operation c?iusing or threatening

to cause a condition or nxiisance is to be corrected (Water Code Section 13064),
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The frill text of the Water Code sections referred to in this

paragraph is as follows:

"13053. Each regional "board shaJJL prescribe requirements
relative to any particular condition of pollution or nxiisance,

existing or threatened, in the region.

"1305^. Any person proiJosing to discharge sewage or other
waste within any region, other than into a community sewer
system, shall file with the regional "board of that region a
report of such proposed discharge. Upon the request of the
regional hoard, any person presently discharging sewage or other
waste within any region, other than into a commxmity sewer system,
shall file with the regional board of that region a report of
such discharge. The reporting of a discharge of sewage from
family dwellings in amy area may be waived by the regionaJ. board.
The regional board, after any necessary hearing, shall prescribe
reqtiirements as to the nature of such proposed or existing
discharge with relation to the conditions existing from time to
time in the disposal area or receiving waters upon or into which
the discharge is made or proposed and notify the person making
or proposing the discharge of its action. Such requirements may
be revised from time to time. After receipt of such notice, the
person so notified shall provide adequate facilities to meet any
such reqtiirements with respect to the discharge of sewage and
other waste.

"1305^.1. Any person discharging sewage or other waste
within any region, other than into a community sewer system, shall
file with the regional board of that region a report of any
material change or proposed change in the character, location or
volume of the discharge. The regional board, after any neces-
sary hearing, shall prescribe requirements or revised requii-ements
as to the nature of such discharge with relation to the conditions
existing from time to time in the disposal area or receiving
waters upon or into which the discharge is made or proposed and
notify the person making or proposing the discharge of its action.
Such reqtiirements may be revised from time to time. After receipt
of such notice, the person so notified shall provide adequate
facilities to meet any such requirements or revised requirements
with respect to the discharge of sewage smd other waste.

"1305^.2. A regional board, in prescribing requirements,
bearing in mind threats to the public health, the aquatic habitat,
and other beneficial vises, need not authorize the utilization of
the full waste assimilation capacities of the receiving waters

"13054.3. (a) Each regional board, within its region, may
specify certain conditions and locations where no direct dis-
charge of sewage or other waste will be peimitted.
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(b) Each regional board, within its region, may prescribe
requirements of the type specified in Section 1305'+, vhich shall
be applicable to all indirect discharges of sewage from family
dwellings within a designated area; provided that before adopting
any such reqvilrements, the regional board shall hold a public
hearing respecting the adoption of such requirements and on what
the boundaries of the area to be affected by such reqiiirements

shovild be. The regional board shall publish notice of such
hearing pixrsuant to Section 6066 of the Government Code and shall give
notice by certified mail of such hearing to each landowner in
the proposed area at his address as shown on the last equalized
assessment roll.

Upon adoption, such requirements shall be enforceable, jointly
and severally, against any discharger within the area designated
who is in violation thereof.

"1305^.^. Any person failing to file a report, upon request
of a regional or state board, as req\iired in Section 1305^ or
13054.1 is guilty of a misdemeanor. Each day of discharge of
sewage or other waste within a region without compliance with
the i*eporting requirements shall constitute a separate offense.

"13054.5. Upon failure of any person or persons to file a
report as required by Sections I3054 and 1305^.1, a regional board
may certify the facts to the district attorney for the county in
which the discharge or proixDsed discharge does or will occur, and
the district attorney shall petition the superior court in and for
that county for the issuance of an injunction requiring such person
or persons to file the reqiiired report and restraining such person
or persons from discharging sewage or other waste within the region
until the required report has been filed. In any such sviit, the
court shall have jurisdiction to grant, without reqviiring bond or
other undertaking, such prohibitory and mandatory injvmction, eilher
preliminary or final, as the facts may warrant.

"13064. No order issued xinder the provisions of this article
shall specify the design, location, type of construction or
particiilar manner in which the operation causing or threatening to

catise a condition of pollution or nuisance is to be corrected, and
the person so ordered shall be peimitted to correct the condition
in any lawful manner."

When a regional board finds that a discharge of sewage or other

waste is taMng place contrary to requirements prescribed by the board, the

board shall order the person or persons not complying with the requirements

to cease and desist and to comply immediately. If the person or persons

fail to comply with the order to cease and desist, the ,board shall present

the case to the district attorney for the county in which the discharge
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originaj^es. The district attorney shall then request the sioperior ceurt

of said county to issue an injunction restaraining the discharging agency

from continuing the discharge in violation of the reqviirements.

The sections of the Water Code which establish the proceedings

outlined above for enforcement of the requirements of the water pollution

control boards are as follows:

"13060. When regional board finds that the discharge of
sewage or other waste within its region is taking place conti«.ry

to any requirements prescribed by the regional board under
the provisions of Sections I3053, 1305^, 13054.I, 1305ij-.3, and

13055^ aJid that such discharge is threatening to cause or is

cavising pollution or a nuisance, the board may issue an order
to cease and desist euid direct that those persons, finns, or
corpoi«,tions not complying with the requirements, comply forth-
with.

"13063. Upon failure of any person or persons to comply
with any such cease and desist order of the board, the board
issviing the order may certify the facts to the district attor-
ney for the cotinty in which the discharge originates or to
the Attorney General if the district attorney declines to act.

The district attorney or Attorney General, as the case may
be, shall petition the superior court in ajid for that county for
the issuance of an injunction restraining such person or i)ersons

from continuing the discharge in violation of the requirements.
The court shall thereupon issue an order directing the person
to appear before the court and show cause why the injimction
shouuld not be issued. Thereafter the co\irt shall have juris-
diction of the matter, and proceedings thereon shall be conducted
in the same manner as in any other action broioght for an injunction
pursviant to Chapter 3 (commencing with Section 525) > Title 7,
Part 2 of the Code of Civil Procedure.

"The court sha3J. receive in evidence the order of the board,
evidence as to the validity and reasonableness of the board's
requirements as previously established, and such further evi-
dence as the court in its discretion deems proper."

The State Water Resoiirces Control Board is authorized to take

action to correct any partictilar existing or threatened condition of

pollution or nuisance whenever a regional board fails to taJce or obtain

appropriate action. This authorization is provided by Section I3025 of

the Water Code which is quoted as follows:
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"13025. Any action of a regional board p\irs\iant to Section

13053, 13054, 13054.1, or 13054.3, or the failvire of a regional

board to act may be reviewed by the state board and upon finding
that the regional board's action or inaction based upon the evidence
before the state board appears to have been inappropriate or
improijer may direct that appropriate action be taken by the
regional board or any other state agency having jurisdiction or
may, itself, take such action.

" In taking any such action the state board is vested with the

powers granted to the regional boards in Section 13053, 13054,
13054.1, 13054.2, 13054.3, 13054.5, 13055 and Article 3 (com-

mencing at Section I3060) ajid Article 4 (commencing at Section

13080) of Chapter 4, and the state board shall follow the
procedures set forth therein.

"The state board upon finding that a contamination exists and
is not being corrected, shall refer the condition to any state
eigency having jurisdiction."

It should be noted that powers of the regional water qijality

control boards extend only to the control of "pollution" and "niiisetnce"

resiilting frcan the discharge or disixjsal of "sewage" or "other waste".

These tenns are defined in Section I3OO5 of the Water Code as follows:

" 'Sewage' means any and all waste substance, liquid or solid,
associated with human habitation, or which contains or may
be contaminated with human or animal excreta or excrement, offal,

or ajiy fecvilent matter.

" 'Other waste* means any and all liquid or solid waste sub-

stance, not sewage, from any producing, manufacturing, or
processing operation of whatever nature.

" 'Waters of the State' means any waters, surface or under-
ground, including saline waters, within the bovmdaries of the
state as defined and described in Section 1 of Article XXI of
of the Constitution and as given greater precision in Sections

170, 171, and 172 of the Government Code.

" 'Pollution' means an impairment of the quality of the
waters of the state by sewage or other waste to a degree which
does not create em actual hazard to the public health but which
does adversely and unreasonably suffect such waters for do-
mestic, industrial, agricultural, navigational, recreational or
other beneficial tise, or which does adversely and xmreasonably
affect the ocean waters euid bays of the state devoted to public
recreation.

" 'Nuisance' means damage to £iny community by odors or
unsightliness resulting from vinreasonable practices in the dis-
posal of sewage or other wastes."
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In Opinion No. 55-236 dated March 30, I956 (2? Ops. Cal. Atty.

Gen. 182), the Attorney General advised the State Water Pollution

Control Board that in his opinion liquids containing hannful materiELLs

which arise in one stratum intercepted by a vater, oil, or gas well ajid

flow throtigh the well into other intercepted strata containing water of

good qviality come within the definition of indiostiaaJ. waste (which term

was changed in I967 to "other waste"), being a by-product res\ilting from

the producing operation of extracting water, oil, or gas from the grovind.

In Opinion No. 55-237 dated April 16, I956 (27 Ops. Cal. Atty.

Gen. 217), the Attorney General also advised the State Water Pollution

Control Board that in his opinion the discharge into the waters of the

State of sewage or industrial waste containing fine-grained materials

results in a pollution \rtiere the waste is discharged into water used to

recharge ground water basins, and where in the process of percolation of

the water the fine-grained materials in the waste settle on and seal the

surface throxigh which the recharge occurs, with the result that the

recharge is impaired or prevented.

It seems clear, therefore, that where the quality of surface or

ground water is impaired, or \diere im.pairment is threatened, by sewage or

other waste to a degree which adversely and unreasonably eiffects such

waters for beneficial use or which, due to luireasonable practices in

disposal, creates damage to any community by odors or \msightliness,

the regional water q\iality control boards are authorized to prescribe

req\iirements to be maintained relative to the qtiality of such discharge

or Illative to the quality of the receiving waters, but they are not

authorized to prescribe and enforce specific steuidards for construction,

sealing, or abandonment of wells under these provisions.
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Regional water quality cx)ntrol "bosucds, therefore, may prescribe

requirements as to the quality of groimd water whicn must De inaiiitained

"by one operating or owning a well. If through faulty construction or

inadequate sealing, a well is causing or threatening impairment to qviality

of groxond waters, a regional board may prescribe requirements to be

maintained relative to the ground water.

Department of Public Health . In case of a "contamination," which

is defined as "an impairment of the quality of the waters of the State

by sewage or other waste to a degree which creates an actiial hazard to

the public health through poisoning or through the spread of disease"

(Water Code, Section I3OO5; Health and Safety Code, Section 5^10), the

State Department of Public Health may order abatement (Health and Safety

Code, Section 5^12). (See generally. Health ajid Safety Code, Division 5*

Part 3, Chapter 6, Articles 2 and 3.) Any person who discharges sewage

or other waste in any manner which results in contamination is guilty of

a misdemeanor (Health and Safety Code, Section 5^1) •

In addition to the authority conferred upon the Department of

Public Health with respect to conteimination, the State Board of Public

Health is charged with the duty of holding hearings and making findings

as to whether proposed injections into the underground of water reclaimed

from sewage wi3J. impair the quality of the water in the receiving aquifer

as a source of water for domestic purposes, emd to make and enforce

jregulations pertaining thereto (Health and Safety Code, Section kk^Q)

,

Section ^^0 of the Health and Safety Code provides that vio-

lations of Article 2 of Chapter k of Part 2 of Division 5 of the Health

and Safety Code, which imposes numerous prohibitions designed to protect

the ptirity of drinking water, including the prohibitions in Section kk^

relating to sewer wells, may be enjoined by any court of competent
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jvirisdiction at the stiit of any person whose supply of water for human

or animal consumption or for domestic purposes is or may be affected,

or by the Department of Public Health. Section kk6l declares that eutiy-

thing done, maintained, or suffered in violation of any of the piovisions

of said Article 2 is a public nuisajice, dangerous to health, and may be

simunarily abated as such. Thus violations of said Article 2, including

Section kk^Q, may be enjoined or summarily abated pursuant to Sections

kk60 and i^l|6l of the Health and Safety Code.

In addition. Section hk-^'J provides:

"kh^T. Every person who violates, or refuses or neglects to
conform to, any sanitary rule, order, or regulation prescribed
by the State Department of Public Health for the prevention of
the pollution of springs, streams, rivers, lakes, wells, or
other waters used or intended to be used for htmian or animal
cons-umption, is guilty of a misdemeeuior."

The Dei>artment of Public Health also exercised control over

domestic water distribution systems (Health and Safety Code, Division 5>

Part 1, Chapter J, Sections ^4010 through 4038) . No person may furnish or

supply water to a user for domestic purposes without a permit from the

Dei)artment of Public Health. The Dejsartment may grant a permit only if

it deteimines that the water is pure, wholesome, and potable. As a

condition to granting the permit or for not revoking it, the Department

may order such changes in the plant, works, system, or water supply as it

deems necessary, including changes in the sovirce of the water supply.

Violations of the act are a misdemeanor, and injunction and abatement

proceedings are available. Thus the Department of Public Health may

order work done on wells to make water from the wells safe for human

constmption as a condition to approval of permits for distribution of

water for domestic pxirposes.
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Department of Water Resources . Mention has already been made of

Sections 231 and 138OO of the Water Code, which authorizes the Department

of Water Resources to investigate damEige to quality of gro\md waters caxised

by defective wells and to make recommendations for minimum stajidards of well

construction. Mention has also been made of Sections I375O through 13755

which requires the filing of ceited-n reports on wells with the department.

The department is also authorized under Section 275 of the Water Code to

take all appropriate proceedings or actions before executive, legislative,

or Judicial agencies to prevent waste, unreasonable Mse, tmreasonable method

of use, or unreasonable method of diversion of water in this State.

Department of Conservation . In considering regulation of water

well drilling, attention shotild be given to the present law in this State

governing construction and operation of oil and gas wells and of geotheimal

wells. Provisions governing operation of oil and gas wells are in Article k

of Chapter 1 of Division 3 of the Public Resoiirces Code, Sections 320O-3237.

The drilling, operation, maintenance, and abandonment of oil and

gas wells has been under the supervision of the Division of Oil and Gas

since it was created in 1915* There were laws regarding construction and

abandonment of oil and gas wells as far back as 1903; however, no enforce-

ment agency was provided. Consequently, no control was exercised over the

construction and abandoiament of oil and gas wells prior to 1915 • Furthermore,

there is no provision under the present law to reqtiire adequate sealing of

oil eind gas welis abandoned prior to 1915*

Present regvilation of oil and gas wells is quite extensive.

Every owner or operator of any oil or gas well is inquired to designate an

agent who resides in this State, upon whom all orders, notices, Eind
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processes may be served. The owner or operator must give notice in

writing within five days of the sale, assignment, transfer, conveyance,

or exchange by the owner or operator of such well, and of the lemd, owned

or leased, upon which the well is located. The transferee must also give

notice.

A notice of intention to drill, redrill, deepen or perform any

operation involving the plugging of a well or any operation permanently

altering the casing of a well is required to be filed, and a bond to insure

completion of the work in accoirdance with applicable regulations must also

be filed. A careful and accurate log, core record, and history of the

drilling of each well is required to be kept and filed. No bond may be

terminated or cancelled \intil the well or wells for which it has been issued

have been properly completed or abemdoned. No well is properly completed

until the person perfoiming the work has shown to the satisfaction of the

State Oil and Gas Supervisor that the manner of doing the work and the

manner of producing oil therefrom are satisfactory. No well is properly

abandoned until the person doing the work has shown to the satisfaction of

the State Oil and Gas Supervisor that aU. proper steps have been taken to

shut off and excl\ide aU water from oil-bearing or gas-bearing strata

encountered in the well, and to protect ground or sxirface water suitable

for irrigation or farm or domestic pvirposes from the infiltration or addition

of any detrimental substance.

Precautions are required to be taken to prevent blowouts, explosions,

and fires. Adeqxiate, water-tight metal casings are required, and the owner

or operator of a well is reqtiired to shut off all water overlying and under-

lying oil-bearing or gas -bearing strata and prevent any water from penetrating
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such strata. Steps are required to te taken to shut out detrimental

substances from strata containing water suitable for irrigation or domestic

purposes and from surface water siutable for such purposes, and to prevent

the infiltration of detrimental substances into such strata and into

such surface water. Shut-off tests may be ordered when it appears to the

Supervisor that water from any well is penetrating oil-bearing or gas-

bearing strata or that detrimental substances are infiltrating into groiond

or surface water suitable for irrigation or domestic purposes. The

Supervisor shall order such tests or remedial work as in his judgment

are necessary to protect oil and gas deposits from damage by ground water,

or to prevent the escape of water into undergroimd formations, or to prevent

the infiltration of detrimental substajices into groiind or svirface water suitable

for irrigation or domestic ptirposes, to the best interests of the neigh-

boring property owners and the public. The order shall specify the

conditions sought to be remedied and the work necessary to protect such

deposits from daimage from ground water. If the work is not commenced

within the proper time, the Supervisor may apjxsint an agent to perform the

work, the cost of which shall be paid from the petroleum and gas fund and

shall constitute a lien against the property. Monthly reports are required

by every producer of oil.

Before abeindoning any well, the owner or operator shall shut off

and exclude all water from entering oil-bearing or gas-bearing strata and

shall use eveiy effort to protect any underg2X)und or surface water suitable

for irrigation or domestic purposes from the infiltration or addition of

any detrimental substances. Also before abandoning any well, the owner

or operator must give written notice of intention to ab3.ndon, at least five
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days before the proposed abandonment, showing the c»ndition of the well and

the proposed method of abandonment. The Supervisor, or the District

Deputy, shall either approve the proposal, state what work or tests will

be necessary before approval will be given, or state what information will

be necessary before approval can be given. Within five days after

completion of abandonment, the owner or operator shall make a report of

work done, ajid thereafter the Supervisor or District Deputy shall furnish

written final approval or a written disapproval setting forth the conditions

upon which it is based.

Likewise, no person shall remove the casing or any portion

thereof from any oil or gas well without first giving five days written

notice to the Supeirvisor or the District Deputy of his intention to remove.

The Supervisor or District Deputy shall give written approval or a written

report stating what work shall be done before such approval will be given.

Procedure is also provided for ordering work to be done to correct

complaints made by adjoining property owners. Also the Supervisor or

District Deputy may ojrder the abandonment of any well that has been deserted.

Unreasonable waste of gas is prohibited. Violations of the act are a

misdemeajior. Certain acts may also be enjoined.

The above provisions with respect to the regulation of oil and

gas wells are in sharp contrast with the lack of state regulation concerning

the drilling and operation of water wells, particularly prior to I967 when

the State assumed the authority to direct the adoption of well standards

in critical areas.

Similar provisions for detailed regulation of geothermal resovirces

wells are set forth in Public Resources Code, Division 3, Chapter 4,

Sections 370O-3776. These provisions closely follow those governing the
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regiilation of oil and gas wells. The State Oil and Gas Supervisor is

charged vdth supervising the drilling, operation, maintenance, ajid

alaandonment of geothermal resources wells so as to encourage the greatest

ultimate economic recovery of geothermal resources, and to prevent damage

to, and waste from, the vinderground geothermal deposits, and to prevent

damage to underground and surface waters s\aitable for irrigation or

domestic pvirposes by reason of the drilling, operation, maintenance, and

abandonment of geothermal resources wells

.

Proposed Legislation

In considering the legal aspects of water well regulation, it

may be of interest to consider legislation relative thereto which has

been introduced but not enacted during the past few years. No attempt

is made to include all such proposals, nor to review the prx)posals in

detail, but simply to indicate the nature of the proposals. General scope

of the proposals has been as follows:

(1) Authorize the appropriate regional water pollution control

board to adopt minimum standards of construction, repair,

and abandonment of water wells in accordance with recom-

mendations by the Department of Water Resources. (AB 151^^

1516, 1951 Session.)

(2) Remove the one hundred dollars ($100.00) exemption from

the contractors' license law. (AB 19^9, 1955 Session, as

eunended June 2, 1955-)

(3) Require written notice to the appropriate regional water

pollution control board of intention to \andertake the work

of construction, alteration, or abandonment of a water well.
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and compliance with any construction standards for such

well adopted by the regional board. (AB 1510^ 1951 Session.)

{k) Make Section 7076 of the Water Code (report of well com-

pletion) applicable to every person who repairs or abandons

a water well. (AB 1513^ 1951 Session.)

(5) Provide for recordation of extractions of groimd water from

all areas of the State. (AB 23^4-5, I953 Session; AB 92,

1957 Session.)

(6) Include groiind water in the statutory adjudication

procedure. (AB 3097, 19^9 Session; AB 15^^), I95I Session;

AB 1033, 1955 Session.)

(7) Provide for a separate licensing board for water well

drillers. (AB I397, SB 35O, 19^9 Session; AB I507,

1951 Session.)

(8) Reqxiire licensing of well drillers who are hired as "employees"

but furnish all the eqioipment required for drilling a we3J..

(AB 1508, 1951 Session.)

(9) Provide special procedure for adjudication of rights to use

of ground water threatened by intrusion of nattiral saline

waters. (AB 1515, 1951 Session.)

(10) Authorize regional water pollution control boards to es-

tablish minimum standards for constnaction, alteration or

abandonment of wells in critical areas. (AB 19^9, 1955

Session, as emended May I3, I955.)

Regulation by Local Agencies

Mention has been made in this appendix of the regulatory powers

it the State and the enactment in I967 of legislation prcviding impetus
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from the State for the adoption "by cities and counties of ordinances

setting up we3_L standards in local areas . Such ordinances may be adopted

pvirsuant to the exercise of the local police powers. Section 11 of

Article XI of the California Constitution provides: "Any county, city,

town, or township may make and enforce within its limits all such local,

police, sanitary, and other regulations as are not in conflict with

general laws." (See 11 Cal. Jur. 2d ^91* 531^ Constitutional Law,

Sections 126, 151.)

The police power vested in covtnties and municipalities by the

above constitutional provision "is as broad as that vested in the Legislatxijre

itself, subject to the two conditions that enactments imder it must be

local to the county or mvinicipality and must not conflict with general laws."

(11 Cal. Jur. 2d 531.)

In regard to the point which might be raised as to whether a

local ordinance conflicts with state law, it has been held that the mere

fact that the State has by statute established regulations governing the

subject does not prohibit local regulations establishing additional

requirements not in conflict with general laws: In re Hoffman, 155 Cal. 3J.i4-,

99 P. 517; Ex Parte Hong Shen , 98 Cal. 68I, 33 P. 799; James v. Meyers , 68

Cal. App. 2d 23, 156 P. 2d 69; In re Iverson , 199 Cal. 582, 25O P. 68I;

Sawyer v. Napa Covinty , IO8 Cal. App. kk6, 29I P. 892. Thus in the case

of In re Maas , 219 Cal. if22, 27 P. 2d 373, the court held that a local ordinance

designed to prevent waste of water pimiped from the underground was a

valid exercise by the county of the police power, and that although state

law declares that all water within the State is the property of the people

of the State, there -was no conflict with state law. ,,
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Furthermore, state law specifically provides that no provision

of Division 7 of the Water Code relating to water pollution and the contiol

thereof by the State Water Resources Control Board and the regional water

quality control boards, nor any ruling of the boards, is a limitation

on the power of a city or county to adopt and enforce additional

regulations not in conflict therewith imposing further conditions, re-

strictions, or limitations with respect to the disposal of sewage or

other waste or any other activity which might resvilt in the pollution of

water, nor on the power of any city or county to declare, prohibit, and

abate nviisances. (Water Code, Section 13CX)1.) A similar provision is in

Section 5^15 of the Health and Safety Code, which likewise relates to

regulation and control of sewage amd other waste, but with emphasis

on the powers of the Department of Public Health.

Under Water Code Sections I38OO-I3806, regional water quality

control boards may reqviire cities and cotinties to adopt satisfactory well

standards, or may themselves adopt such stajidards fdr the area if the

city or coionty fails to do so. Counties and cities may impose other or

y additional regulations as long as they do not directly conflict with

the state requirements.

Because regulations of the nature herein discussed are within

the police powers of coiinties and municipalities, specific statutory

authorization to impose such regulations is not reqiured. ( In re Ackerman ,

6 Cal. App. 5, 91 P. k29; People v. Velarde , 45 Cal. App. 520, I88 P. 59;

Merced Dredging Co. v. Merced County, 67 F. Supp. 598; 11 Cal. J\ir. 2d 520,

Constitutional Law, Sections l43-l46.)
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It has also "been held that local agencies, such as cities and

mionicipalities, may bilng an action to abate a public nuisance, even where

a regional water quality control board has prescribed requirements ( People

V. City of Los Angeles, l60 Cal. App. 2d k9k, 325 P. 2d 639.)
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APFEmiX E

SUGGESTED PROCEDURE FOR
DISINFECTING WBLLS

The procedure described in this appendix, is satisfactory for

disinfecting a well; however, other methods may be \ised provided it can be

demonstrated that they will yield comparable results.

1. The proper amount of chlorine solution, such that the con-

centration of chlorine in the well water shall be at least 50 parts per

million (ppm) available chlorine, is added to the well. Table ^ lists

quantities of various chlorine compounds required to dose 100 feet of water-

filled casing at 50 ppm for diameters ranging from 2 to 2k inches.

2. The pump column or drop pipe shall be washed with the chlorine

solution as it is lowered into the well.

3. After it has been placed into position, the poorp shall be

operated so as to thoroughly mix the disinfectant with the water in the well.

Pump until the water discharged has the odor of chlorine. Repeat this pro-

cedure several times at one-hour intervals.

k» The well shall be allowed to stajud without pumping for 2k hours,

5* The water shall then be pumped to waste until the odor or taste

of chlorine is no longer detectable.

6. A bacteriological sample shall be taken and submitted to a

laboratory for examination (See Appendix G).

7e If the laboratory analysis shows the water is not safe to use,

the disinfection procedure should be repeated until the tests show the water

is safe to use.
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CHLORIME C(»«POUia) REQUIRED TO DOSE 100 FEET OF
WATER-FILLED CASIKG AT 50 PARTS FER MILLION



APPQJDIX P

SUGGESTED METHODS FOR SEALING
THE UPPER PORTION OF THE ANNULAR SPACE

AND FOR SEALING-OFF STRATA
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APPENDIX F

SUGGESTED METHODS FOR SEALING THE UPPER PORTION
OF THE ANNULAR SPACE AND FOR SEALING OFF STRATA

Following are listed several methods for sealing the upper portion

of the annular space (the "sanitary seal") and for sealing off strata con-

taining undesirable water. They are suggested methods only and are not a

part of the standards for well constxniction presented in this report. There

are, of course, other methods and variations to the methods described herein.

General

1

.

No drilling operations or other associated work in the well

should be conducted for at least 12 hours, (some prefer 2k to 72 hours), after

sealing operations have been completed.

2. Before installing or reinstalling the pump assembly, the well

casing should be inspected and cleaned out if necessary.

3. Grout used in sealing should consist of one part of cement to

five to six gallons of water (neat cement grout) per sack of cement or one

or two parts of sand to one part of cement, and from five to seven gallons

of water per sack of cement. Neat cement (cement and water only) is preferred

over other grouts, as it eliminates the possibility of separation of sand and

cement during placement. Additives, such as hydrated lime (up to 10 percent

of the volume of cement) and bentonite (up to 5 percent) may be used.

Sealing the Upper Portion of the Annular Space

The following methods can be used to seal the upper portion of the

annular space. The first method is the method most often used and appears to

be the most successful.
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Grouting Pipe Kethod . In this method, a seal is placed in the

annular space from the bottom up through a grout pipe (similar to a tremie)

suspended in the annular space.

1

.

Drill the hole large enough to accommodate the grout, pipe (at

least four inches greater in diameter than the diameter of the casing)

.

2. In caving formations install a conductor pipe.

3. Provide a grout retainer in the annular space below the

interval to be sealed.

4. Extend the grouting pipe down the annular space between the

casing and the wall or conductor pipe to the bottom of the interval to be

sealed just above the retainer.

5. Add grout in one continuous operation, beginning at the bottom

of the interval to be sealed at the same time pulling out the conductor pipe

(if one is used). Ihe grouting pipe should remain submerged in the sealing

material during the entire time it is being placed.

If the annular space is restricted, it may be necessary to jet the

grout pipe to the required depth. Quite frequently when a conductor casing

is used, it is left in place. Where the annular space between the hole and

the conductor casing and the conductor casing and inner casing are to be

sealed, a common procedure is to place a five foot depth of grout into the

hole, drive the conductor into the grout about one-half way, and pump grout

into tlie annular space outside the conductor casing. Finally, upon in-

stallation of the inner casing, the annul ar space between the two casings

is filled with grout.

Pressure Cap Method . In the pressure cap method, the grout is

placed in the bottom of the hole through a grout pipe set inside the casing.

1 . The casing or other inner pipe is suspended about two feet above

the bottom of the drilled hole and filled with water.
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2. A pressure cap is placed over the casing and grout pipe

extended through the cap and casing to the bottom of the hole.

3. The grout is forced through the pipe, up into the annular

space around the outside of the casing, to the ground surface.

k. When the grout has set, the plug formed during grouting is

removed and drilling of the rest of the well is continued.

Dump Bailer Method . In the dump bailer method, the grouting is

done with the hole drilled only slightly below the bottom of the casing and

drilling is completed after the grout is in place and set.

1

.

iSnough impervious grout is placed in the casing to fill the

lower 20 to ^ feet of the hole by lowering a bailer filled with grout into

the casing and opening the bottom valve which dumps the load of grout at the

desired level.

2. Ihe casing is raised 20 to 40 feet with the bottom of the casing

remaining in the grout.

3. Ihe casing is filled with water and capped, and the water-filled

casing is then lowered to the bottom of the hole. This action should force

ttie grout up the annular space between the casing and the drilled hole. The

casing must remain capped until the grout is set. If it is anticipated that

there will be difficulty in maneuvering the capped, water-filled casing, water

can be put in on top of the grout without lifting the casing. Continue to add

water to the casing until a quantity equal to the volume of grout has been put

in. Ihis should force most of the grout out of the lower end of the casing.

4. When the grout is set, drill through the hardened cement in the

lower end of the casing and continue drilling the well.
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Sealing-off Strata

Ihe following methods can be used in sealing-off strata or zones.

The Pressure-Grouting Method . This method can be employed where an

annular space exists between the well casing and the wall of the drilled hole.

1

.

Perforate the casing opposite the interval to be sealed.

2. Place a packer or other sealing device in the casing below the

bottom of the perforated interval.

3. Place grout in the casing opposite the interval to be sealed by-

means of a dump bailer or grout pipe.

4. Place a packer or other sealing device in the casing above the

perforations.

5. Apply pressure to the top packer to force the grout through the

perforations into the interval to be sealed.

6. Maintain pressure until the material has set.

7. Drill out the packer and other material remaining in the well.

Frequently an assembly consisting of inflatable (balloon) packers

and grout pipe is used. The packers are placed so as to enclose the interval

to be sealed, they are inflated and the grout pumped down the hose (which

passes through the upper packer) into interval to be sealed. Water is then

pumped into the interval, squeezing the grout through the perfoi^tions . When

the grout is sufficiently hardened the packers are deflated and removed.

Liner Method. Where an annular space does not exist between the

well casing and the wall of the drilled hole, the liner method can be employed.

1

.

Place a smaller diameter metal liner (about two inches less in

diameter) inside the casing opposite the perforated interval to be sealed,

and extend it at least 10 feet above and below the perforated interval.

2. Provide a grout retaining seal at the bottom of the annular

space between the liner and the well casing.
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3. iixtend the grouting pipe to the top of the opening between

the liner and casing or connect it to the inside of the liner at the bottom

via a tee (or other device), and fill the annular space between the well

casing and the liner with grout in one continuous operation.

^. The grouting pipe should remain submerged in the sealing

smaterial during the entire time it is being placed.
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APPENDIX G

COLLECTION OF WATER QUALITY SAMPLES
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APPEKDIX G
COLLECTION OF WATER QUALITY SAMPLES

Bacterial Sampling

Sampling of community water supply wells, is covered "by

req\iirements of the State Board of Health and the local health department.

For individ\ial domestic wells, technical assisteince or advice regarding the

collection of bacteriological samples may be obtained from the local health

department or from the laboratory that will examine the sample.

If no technical assistance is available, the following procedure

will sijffice: A sterile sample bottle, preferably one provided by the

laboratory that will make the determination, mtist be used. It is extremely

important that nothing except the water to be analyzed come in contact

with the inside of the bottle or the cap; the water must not be allowed

to flow over an object or over the hands while the bottle is being filled.

Do not rinse the sample bottle. The sample shoxild be delivered to the

laboratory as soon as possible and in no case more than 2k hours after its

collection. Diiring delivery, the sample should be kept as cool as possible

(but not frozen) . •

r Chemical (Mineral) Samp3a.ng

GeneiBplly, a routine mineral analyses (determination of the

concentrations of the common minerals) will suffice, parti c\ilarly where

there is no prior knowledge of the chemical quality of the water in the

area where the well is located. Where quality conditions in the sxorrounding

area are known, a more selective analysis may be made. For certsiin uses it

may also be desirable to make analysis for concentrations of the heavy metals

(such as iron and manganese in the case of domestic water) or other constit-

uents not routinely determined. Information or advice on chemical qviality
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conditions may be obtained from local agencies such as the county faim

advisor's office, health department, eind water service agency (irrigation

or water district, for example).

The sample should be collected after the well has been pumped

long enovigh to remove standing water and development and disinfectant

chemicals, and to insure that water fiom the producing foiination(s)

has entered the well. The water sample should be obtained in a chemically

clean container preferably one obtained from the laboratory which has been

selected to perfoim the analysis. The container shoiild be ilnsed several

times with the water to be sampled prior to collecting the sample. The

laboratory performing the analysis should issue instructions regarding the

qxiantity of sample required. However, one-half gallon is usually sufficient

for a routine mineral analysis; one gallon when analysis for heavy metals

is also required.
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APPENDIX H

WATER QUALITY CRITERIA

Criteria presented in the folloviing sections can be \xsed

in evaluating tne qualixy of water relative to existing or anticipated

beneficial uses. It should be noted that these criteria are merely guides

to the appraisal of water qiiality. Except for those constituents which are

considered toxic to human beings, these criteria should be considered as

siiggested limiting values. A water which exceeds one or more of these

limiting values need not be eliminated from consideration as a source of

supply, but other sources of better quality water sho\ild be investigated.

For a thorough review of this subject and for detailed information

regarding specific substances and uses, the reader is referred to "Water

Quality Criteria" Second Edition, I963, Publication No. 3-A of the State

Water Quality Control Board.

Domestic eind Municipal Water Supply

In general, water that is used for drinking or culinary purposes

should be clear, colorless, odorless, pleasant to the taste, and free from

toxic compounds. It should not contain excessive qviantities of dissolved

minerals, and must be free from pathogenic organisms.

Division 5 of the California Health and Safety Code contains pro-

visions v/hich relate to water supplies used for domestic purposes throughout

the State. One of these provisions covers standards for quality of domestic

water supplies. In essence, this section (No. 4010.5) refers to the

drinking water standards promulgated by the U. S. Public Health Service

for water used on interstate carriers as of March 19^6.

In 1962, the U. S. Public Health Service revised (updated) its

drinking water standards to take cognizance of man's changing environment

and its effect on water supplies. Portions of these new standards are
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presented herein. The complete standards, which cover definition of terms,

bacteriological qviality, physical characteristics, chemical chaiacteristics,

radioactivity, and recommended analytical methods, are described in

publication No. 956 of the U. S. Department of Health, Education, and Welfare,

Public Health Service, "Public Health Service Drinking Water Standards I962"

.

Mineral Concentrations . The following tabulation gives the

limiting concentrations of chemical constituents for drinking v^ater, as

prescribed by the U. S. Public Health Service.

UNITED STATES PUBLIC HEAiTH SERVICE
DRII^IKIKG WATER STANDARDS I962



Interim standards for the upper limits of certain mineral

constituents were adopted by the California State Board of Public Health

in December 1959* Based on these standards, temporary permits may be issued

for drinking water failing to meet the U. S. Public Health Service Drinking

Water Standards, provided the mineral constituents in the following tab-

ulation are not exceeded.

UPPER LII4ITS OF TOTfO. SOLIDS AND SELECTED MINERALS IN
DRINKING WATER AS DELIVERED TO THE CONSUMER

(paiiis per million)

Permit Temporary Permit

Total Solids 5OO (lOOO)* I5OO
Sulfates (SO4) 250 ( 500)* 600
Chlorides (Cl) 250(500)* 600
Magnesium (Mg) 125 ( 125)* 150

Fluoride Concentration . The California State Board of Public

Health has defined the maximum safe amounts of fluoride ion in drinking

water in relation to mean annual temperatiire.

Mean monthly fluoride
Mean ajinual temperature ion concentration (ppm)

50° F 1.5
60° F 1.0
70° F and above O.7

Hajrdness . Even thoxigh hardness of water is not included in the

drinking water stajidards, it is of importance in domestic and industrial

uses. Excessive hardness in water used for domestic purposes causes

increased consumption of soap and foimation of scale in pipes and fixtures,

The following tabulation for degrees of hardness is suggested.

* Numbers in parentheses are maximum peimissible to be used only where
no other more suitable waters are available in sufficient quantity
for use in the system.
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Range of hardness expressed
as CaCO^, in ppm

0-100
101 - 200

Greater than 200

Relative classification

Soft
Moderately hard
Very hard

Radioactivity * As part of its I962 drinking vater standards,

the U. S. Public Health Service announced limits on concentrations of

radioactivity in dilnking waters. These limits are as follows:

Radionuclide

Radium 226
Strontiim 90
Gross "beta activity

Recommended maximum limits
micromicrocuries per liter

3
10

1000*

Industrial V/ater Supply

V/ater quality criteria for industrial waters are as varied

ajid diversified as industry itself. Food processing, beverage production,

pulp and paper manufacturing, and textile industries have exacting

requirements. However, many cooling or metallurgical operations pennit

the use of poor quality water. In general, where a water supply meets

drinking water standards, it is satisfactory for industrial use, either

directly or follovri.ng a limited amoxint of polishing treatment by the industry.

Irrigation V/ater

Criteria for mineral quality of irrigation water have been developed

"by the Regional Salinity Laboratories of tie U. S. Department of Agriculture

in cooperation with the University of California. Because of diverse

climatological conditions and the variation in crops and soils in California,

only general limits of qiiality for irrigation waters can be suggested.

* In the known absence of strontium-90 and alpha emitters.
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APPEHDUr I

DEFINITION OF TERMS

The following terms are defined as used in this report:

Absmdoned Well—A well whose original purpose and use has been permanently

discontinued or which is in such a state of disrepair that its original

p\irpose cannot be reasonably achieved.

Active Well—An operating water well.

Annulso' Space—The space between two well casings or a well casing and the wall

of the drilled hole.

Aquifer- A formation or group of formations or part of a formation that is \^ra,ter

be8u:ing, and which transmits water in sufficient quantity to supply pump-

ing wells.

Bailer—A long narrow bucket made of pipe with a valve in the bottom used to

remove cuttings from the hole.

Casing—A tubular retaining structure, generally metal, which is installed in

the excavated hole to maintain the well opening.

Clay—A fine-grained inorganic material (grains less than 0.005 mm in diameter)

which hjis very low permeability and is plastic.

Conductor Pipe or Casing—A tubular retaining structure installed between the

drilled hole and the inner casing, in the upper portion of a well.

Cone of Depression—The depression, roughly conical in shape, produced in a -vrater

table or piezometric surface by pumping (or artesian flow).

Confined Ground Water-- A body of ground water overlain by material sufficiently

imperviovis to sever free hydraulic connection with all overlying ground

water except at the upper edge of the confining stratum where the confined

water connects with free ground water. Confined ground water moves in

strata, conduits or arteries under the control of the difference in head

between the intake and discharge areas of the confined water body,
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Connate Water—Water entrapped in the interstices of a sedimentary rock at

the ti»e it was deposited. These waters may be fresh, brackish, or

saline in character. Because of the dynamic geologic and hydrologic

conditions in California, this definition has been altered in practice to

apply to water in older fozmations, even though the water in these forma-

tions may have been altered in quality since the rock was originally

deposited.

Contamination—Defined in Section 13OO5 of the California Water Code: "An

impairment of the quality of the waters of the State by sewage or other

waste to a degree which creates an actual hazard to public health through

poisoning or through the spread of disease... T Jurisdiction over matters

regarding contamination rests with the State Department of Public Health

and local health officers.

Degradation—loipaiment in the quality of water due to causes other thsui dis-

posal of sewage and other vraste.

Destroyed Well—A well that has been filled or plugged so that it will not

produce water nor act as a conduit for the movement of water.

Deterioration—An impairment of water quality.

Drilled Well—A well for which the hole is generally excavated by mechanical

means such as the rotary or cable tool methods.

Driller's Mud—A fluid ccaoposed of water and clay (Either native clay or

combination with conwiercial clays) used in the drilling (primsirily

rotary) operation to remove cuttings from the hole, to clean and cool

the bit, to reduce friction between the drill stem and the sides of the

hole, and to plaster the sides of the hole. Such fluids range frtm

relatively clear water to carefully prepared mixtures of special purpose

ccmpounds

.
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Drive Shoe- -A forged steel collar with a cutting edge fastened onto the bottom

of casing to shear off irregulairities in the hole as the casing advances,

and to protect the lower edge of the casing as it is driven.

Free Ground Water--Water moving through an intercoiuiected body of pervious

material unhampered by iaipeiTrious confining material, and moving under

control of the water table slope.

Gravel Packed Well- -A well in which gravel is placed in the annular space

to increase the effective diameter of the wall, and to prevent fine-

grained sediments frcan entering the well.

Grotmd Water—That part of the subsurface irater which is in the zone of

satTiration.

Ground Water Basin—A ground water basin consists of aji area underlain by

permeable materials which are capable of furnishing a significant water

supply; the basin includes both the surface area and the permeable

materials beneath it.

Grout—A fluid mixttire of cement and water (neat cement) of a consistency

that can be forced through a pipe and placed as required. Various

additives, such ajs sand, bentonite, and hydrated liBie, are included

in the mixture to meet certain requirements. For example, sand is

added when a considerable volume of grout is needed.

Impairment—A change in quality of water which makes it less suitable for

beneficial use.

Impermeable—Having a texture that does not permit water to move through it

perceptibly under the head differences ordinarily found in subsurface

water.

Impervioxis Stratton—A formation, group of formations, or part of a formation

which, although often capable of absorbing water slowly, will not trans-

mit it fast enotigh to furnish an appreciable supply for wells or springs.
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Inactive or Standby Well—A veil not operating but capable of being made an

operating well with a minimiun of effort.

Other Waste--Defined in Section 13005 of the California Water Code: "any

and all liquid or solid waste substance, not sewage, froan any produc-

ing, manufacturing or processing operation of whatever nature".

Packer—A device placed in a well which plugs or seals the well at a specific

point.

Perforations—A series of openings in a well casing, made either before or

after installation of the casing, to permit the entrance of water into

the casing.

Permeability—The permeability (or perviousness) of a materieil is its capacity

for transmitting a fluid. Degree of peimeability depends upon the size

and shape of the pores, the size and shai>e of their interconnections,

and the extent of the latter.

Pollution--Defined in Section 13005 of the California Water Code: "an impair-

ment of the quality of the waters of the State by sewage or other

waste to a degree which does not create an acttial hazard to the public

health but which does adversely and unreasonably affect such waters for

dcanestic, industrial, agricultural, navigational, z«creational, or other

beneficial use, or which does adversely and unreasonably affect the ocean

waters and bays of the State devoted to public recreation". Regional

Water Quality Control Boards are responsible for prevention and abate-

ment of pollution.

Pressure Grouting—A method of forcing impervious groit into specific portions

of a well, such as the annular space, for sealing purposes.

Puddled Clay--Clay or a mixture of clay and sand, kneaded or worked when wet

to render it impervious to water.
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Sevage—Defined in Section 13OO5 of the California Water Code: "any and all

waste substance, liquid or solid, associated with human habitation, or

which contains or may be contaminated with human or animal excreta or

excrement, offal, or any feculent matter". As used in this report,

sewage is included as part of the waste waters carried by conmunity

sewer systems.
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