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FOREWORD

Our ground water resources ape becoming increas-
ingly important o 211 Californisns. [n an ordinary year,
about 40 percent of the water used in the State is derived
from uhderground sources- During the L.976-77 drought,
however, bthat figure rose to 5% percenjt. To ensure the
conbinied utility of our underground TRSOULCEs, they must
‘be protected. Rtandards for both the constriction of water
wells and the destruction of a.‘nand.onedT wells can help
protect ground water quality. | :

Furthermore, deficiencies 1 the desgign and
construction of wells usually result higher operating
and maintenance costs. The establishgent and implementation
of well sbandards in en area provide more assurance that
wells are likely to require less maintenance and will have
longer useful lives.

f these standards in
jes have enacted ‘
rning the construction,
er wells within their

o counties already had
ea specify that waber
en their useful 1lives
elines contained in the
Ads.

, gince the initial printing

February 1968, 30 counties and 132 ci
ordinances, based on Bulletin 74, g0V
alberation, and destruction of all w
pounderies. (At that time, three ot
ordinances in effect.) These ordi
wells be constructed, oT destroyed W
are over, in accordance with the gul
Deparitment of Water Resources' stand

1 construction (methods,
th the experiences of
revising and updating
is being issued.

done so are urged to

Changes in the field of we
equipment and materials), together w
applyini the 1968 standards, warrant
 theun. s @ result, this new edition
Counties and cities +that have not ye
consider' ensching well construction gtandards TO protect the
. quality of ground water supplies for| the penefit of their
Gitizens. Where standards are in effect, consideration
should be given to revising them to reflect the modifications
presented in this bulletin. .

m' - 000891
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About 40 percent of the wa
comes from underground. During the
proportion rose to 53 percent. 1In s
wells or springs is the only water &
estimates that there are 500,000 to
(irrespective of condition or whethe
throughout the State. Most are sit
cant ground wabter basins in Califor
thousands sre located in the hilly
They range from hand dug wells to ¢
produetion wells drilled %o great d

er uged in California
976-77 drought the

me locations water from
ailable. The Department
50,000 water wells

used or idle) scattered
ted in the 400 signifi-
ia, although many

4 mountainous areas.

If our ground water suppl
o us, we are obligated to protect
ironic that one way in which ground
is through the well. This occurs W
construction, wells provide & physi
sources of pollution end usable wat
ment has some naturel defenses agai
+time we penetrate thab environment,
establish avenues for their uncontr
Abandoned wells pose a parbicularly
to ground water quality but also to
especially children, and to animals
frequently and conveniently forgobt
 {here is little chance of preventin
becoming a problem.

heir quality. It is
water quality can decline
en, because of inadequate
a] connection between '
.. The geologic environ-
st pollutants, bub each
we may carelessly
1led introduction.
serious threat, not only
the safety of humans,
Such wells are
n and once out of mind,
them from eventually

hlems is growing because
Around 15,000 new wells
at the height of the
wells (dbout double an
ate. The number of wells

The potential for such pr
the number of wells is increasing.
are constructed each year. Im 1977,
197677 drought, an estimabed 28,0
average year) were drilled in the
sbandoned each year is not known.

' .. A properly constructed oxn adequately destroyed well
should maintain, as far as practicgble, those subsuriace
conditions which, prior to construdtion of the well,
prevented the entrance of unsanitaryy and inferior-quallity
water into usable ground water supplies. Standards for the
construction of wafer wells and fo3 the destruction of 50O~
called "abandoned" wells can be & significant factor in the
protection of ground water quality|and should contribute toO
the betterment of the health and welfare of the people of the
State.

. Impairment of the quality of ground water of the
State through improper construction or abandonment of wells
has long been one of the concerns of the Legislature. In
1949 it enacted legislation which,| among other matters,
directed the Department of Public orks to investigate and
survey conditions of damage to quality of underground wateT
cansed by improperly constructed, |apandoned or defective
wells and to report to the appropniate regional water
pollution control board 1ts fﬁﬁ\m:%ﬁa?tions for minimun



responsibility applies to all wells,

. investigabte, evaluate, and approve pu

: segment of a ground water basgin.

emended (or new) permit is issued a thqrough review is made
of (a) the location of the well with » spect to potential
coptamination hazards, (b) design and onstruction of the
well necessary to prevent contamination or the exclusion of-
undesirable water, and (¢) the bacterisl snd chemical gquality
of the water produced. The Depertment jmay issue a permit if
it finds that the water tynder all circumstances is pure,
wholesome, and potable and doés not enfanger the lives or
heslth of human beings."” Specific water quality and monitor-
ing standards have been adopted by regplation. If at any
time water produced from an existing well fails to conply
with such standards, the Department may reguire changes or
modifications of the well, provisions f appropriate water
treatment, or cause the curtailed use, even destruction of
the well, in order to assure & safe supply to the public.

In summary, the responsibility of the Department of
Water Resources is to advise the Legiglature and appropriate
state agencies on the maintenance of ground waber quality.
jncluding protvection against adverse dffects caused bY
improper well construction or the ab donment of wells. This
espective of purpose.
§ Health Services 1s to
1ic water supplies
of waber wells.

The respomnsibility of the Department
including the design and construction

Mis report was prepared by!tﬁé Department of Water
Resources in fulfillment of ifs respo sibilities under the
provisions of Section 231 of the Wate Code, and in coopera-
tion with the State Department of -Heslth Services.

Statement of the Prc:alblem

Wells themselves do not cawse ground water guality
to deteriorate. Rather, it is inede ate construction, or,
in the case of wells that no longer gerve & useful purpose,
their improper destruction, that can result in the deteriora-
tion of ground water quality. Depending on the circumstances,
such quality deterioration may affect the water supplying a
single well, or if the pollution is gubstantial, a sizable

The iwpairment of water guality in an individual
well, or group of wells, is the most|common. Ground water
supplies have been responsible for & sizable portion of the
water-borne disease outbreaks reported in the United States.
Most of these outbreaks occurred where wells were S0 poorly
constructed that they allowed contaminants o enter the well.
Contaminants entering improperly con tructed wells are nob
Jimited to diseage organisms. There ig also & growing number
of case histories concerning undesirpble chemicals, both
toxic and nontoxic, that have gained] access to ground water
and sdversely affected wells a short distance away.

ity impairment caused vy

The mechanism of water g
s of e pround water basin

faulty wells affecting large segmen

is not well defined. In most instances, a pumber of factors
have been involved; the wells have gserved primarily o .
facilitate the impajrment. Thé mos ‘noteworthy examples 1ot

3 000695
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Irrespective of the probabillity of occurTence and
which form of deterioration tekes plape, wells ghould be
constructed or destroyed such that they do not contribubte to
the impairment of the quality of California's ground water
supplies. Moreover, while the well cdonstruction industry,
sdvisory groups, and regulatory agengles want to protect the
quelity of the State's ground water dupplies as well as
sssure that wells ere adequately constructed, there is no
broad, uniform approach for so doing |in Califormia. The
resolution of this problem requires the development of
standards for water well construction and destruction thab
will ensure the probection of the State's ground waters as
they .exist in the ground or as they pass through the well for
use. Such standards should be capable of execution by the
average competbent well driller using commercially available
equipment and materisls, without imppsing undue financial
murden on the well owner.

Well standards do more thap protect the quality of
the ground water resourcej they also provide a degree of
consumer protection. When gtandardg are established and
implemented in an area, well owners jhave more agsurance that
their welle will be constructed progerly- Proper consbtIuc-—
+ion could mean less maintenance with an extended well life..
VMost well owners do nob reslize thal deficiencies in design
and, construction (including failure $o close-off access %o
pollutants described sbove) are 1ikely to result in higher
operating and maintenance costs. :

A subject touched upon €3 1ier is the safely hazard
posed by the yrnused or nghandoned" well. While safety is not
a matter involving the maintenance pf ground water quelity,
it should be a concern to all those juvolved with waber
wells. Any ebandoned excavation ig a threat +o the safety of

eople, especially children and animals. Further, State law -
Section 24400 of the California Hdalth end gafety Code)
requires that abandoned excavabion be fenced, covered, OF

 yilled. TYet, children (amd sometines adults) and livestock
‘do fa1l into abandoned wells and other excavabions.

By properly destroying sbandoned wells, we C&n
easily eliminate this safety hazard.

Developing the s8tandards

The Department of Water Resources_began formulating
standards for the conatruction of ater wells and the
destruction of spandoned wells shortly after the enactment of
Water Code Section 2%1 in 1949. %he Department made &
comprehensive survey of existing Jaws and regulations governh~
ing well construction and ebandorment in the then 47 other
states and in the counties and cifies of California. This
survey culminated in the publication of "Water Quelity
Investigations Report No. 9 - Abs acts of Laws and Recol-,
mendations Concerning Water Well tonstruction and Bealing in
the United States”, April 1955. A1though the report is over
25 years old, it remains a useful) source of background
information., The Department has ontinued to keep informed
of practices in other states, par=icularly those in which ﬁ7
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of well drilling for large diameter

l
!
i
H
1

helpful to describe the ateal and verbipal extent of geologic
materisls where sesling is néedeéd Yo pr vent the migratlion of
poor quality water. ‘ ‘ .

Thus, the Department mainta 4 a concurrent and
gubsequent activity consisting of studies and reports
degeribing the applicabion of standards in designated areas
of California. And, in addition to Pulletin 74, the Depart-
ment issued a number of reports containing well standards for
those areas (see Table 1).1l/

The 198). Edition
The foreword to the 1968 edition gtated that:

"Whereas the standards in this report are &as final
a5 they can be at the present 4img, the Department
will Tevise them from time To time. We recognize
that, as with other published stapdards, to be
effective and useful they must be revised and
updated in light of both changes practice and
degree of success achieved in their zpplication.” -

Sufficient chenges in the field of water well construction
and experience with epplying the 1968 standards warrant
revising them. Foremost among the chapges in construction
practices are: : :

_ 1. The development snd use
for casing in waber wells. A subject
1968 edition, the use of plastic well
had phenomenal growth in the United B
usage increased that a nationsl materi
developed and a menual of installatio
been published.

f plastic materials

nly alluded to in the
asing and screen has
stes. So mch has-the

. 2. The use of the air rot
constructing wells in the hard Tock
Although this method of drilling was
has mushroomed since then. The equip
and very fast. Coupled with the use
the method hes made the construction
hundred feet deep in one day a common
areas.

drilling method for
eas of the Statbe.
use in 1968, its use

of well screens in

%. Rapid growth in the use
e sections of wells.

place of perforated casing in the int

erse-circulation met@od
ep wells in unconsoli-
ely fast method.

4., Increaéed uge of the re

dated formations. It too is an exire

1/ One other report, Bulletin 74-1, "Cathodic Protection Well
Standards: State of Californiat, arch 1973 deals with
another kind of well, Cathodic p otection wells house
devices used to alleviate slectrolytic corrosion of pipe-
iines, tanks, and similar installdtions. Such wells nay
also function as instruments for the deterioration of
ground water quality. For that rdagon, standerds foT
Preir onnetriction and destruction have also been issued.
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Other factors include:

1. Population growth in th

rursl sreas of California, which has
demend for individunal and community
aTreas.

¢ hilly and mounbainous

resulted in a heavy
ater supplies in those

_ 2. The 1976-77 drought, +He most severe in & halfe
century, which caused a. heavy demand for new wells, replace-
ment wells, and well deepenings. It lalso produced an

increased awareness of the signific
waber resources. ' |

ce of the Btate's ground

3. 'The increasing cost oflenﬁrgy for pumping. In
terms of well construction and opera ion, this has meant

greater intersst in the design of efficient wells and in
well maintenence (previously, a much neglected activity).

These as well as other-con iderations led to the

decision to revise the 1968 edition.

This edition is composed of this chapter,

Chapter LI, "Standerds”, and five ap

endixes.

While there have been a mumber of modifications and
additions to them, the 23 sections of Chepter II, “Standards",
are as listed in the 1968 edition. A1l references to exigt-
ing laws, standards, and publicatiocns have been updated and,
where appropriate, additional explagation is provided. Every
effort has been made to clarify wording to ensure its under-
standing. A number of figures illuﬁtrating the standards

have been ineluded.

Many technicel terms concérning ground water and
waker well construction are freguen 1y misunderstood or
misinterpreted. The term ngeal® or|'sealing", for example,
has several meanings in the jargon £ the well driller,

geologist, and engineer, depending on
Installation is under discussion. IR

what part of the well
thig rTeport, we have

tried ‘to ensure that the technical terms used are ynderstand-

able.

A list of definitions apppars in Appendix A.
Certain definitions ere made a part of the standards and are
presented in Chapter TI. Appendixes B, C, and D describe
sealing methods, disinfection, and water qualitvy sampling

respectively.

Numerous publicabions relating to the construction
of water wells and to the development, use, and protection of
ground waters have been reviewed in preparation of this
report. Included is a considerabld body of literature oun
well construction that has been wr tten since 1968. They are

listed in Appendix E in alphabetic

order by author.

Tstablishing and Enforclng Standards

Authority for establishing

and enforcing standards

for conmstruction and destruction of water wells has always
rested with the 58 counties and 420 cities in California.
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' GOUNTY ORD

TABIE 2

TNANCES IN CATLTFORNIA |
CONCERNING THE CONSTRUCTION AND DESTHUCTION OF WBLIS
(is of December 1b81)
Ordinsnce Date
County Numbexr Adopted | Remarks
Alameda 73-68 VNN E]
Butte - 1845 8/2/77
~ Contra Costa 1189 1/14/58
Del Norte 7530 11/12/74
Fresno 470~A-39 10/22/74 .
Humboldt 897 12/21/74
Inyo 209 10/4/76 |
Kings 365 1/13/76
Tos Angeles 10075 9/1,70
Madera 412 3/16/76
Mariposa 373 9/18/73
Mendocino 1135 8/28/73
Merced 752 6/10/75
Mono 75459 8/26/75
Monterey 1967 5/29/7%
Napa 335 12/1/70
Orange 2607 - 7/18/72
Placer 14988 5/9/%72 Amended 1977, 1981
Sacramento 508 _10/25/5£ : ‘
San Bernardino 1954 10/1.5/7
' Ban Diego 4286 4/3/74%
San Joaguin 1862 12f21/7}
Sen Imis Obispo 1271 S/7/73
San Mateo 1/ 2413 1/11/77
Santa Berbara 2769 9/29/75
5 C‘ 2 -6 10/14 Ordinance of the Santa
anta Clara 2/ 75 /14/75 C{g;g 78103 Vaser Dist.
Santa Cruz 1577 2/16/71 .
Shasta 479 6/%0/69
Sonoma 1594 12/18/78
Stanislaus NS44 3 6/5/73
M™alare 17 8/1%/74  Amepded 4/16/76
Ventura 2532 8/31/70 Amended 10/1/79
Yolo 765 /?/76 \

1/ Predecessor ordinance numbers 11J0
2324 (7/8/75).

(12/15/55) and

2/ Separate ordinence for subdivisidn wells - N81203.22

(4/21/64) .

000700
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‘capacity wells are relatively simpl

‘are related Lo fracture patterns, T

i
|
!

The amount of water needed|is determined by the
intended use of the water. For example, on the average :
each person in = household uses 100 gallons (380 litres) of
water a day. To the daily household| use must be added
sessonal uses such as lawn end garden irrigation, swimming
pools, etc. Table 4 lists the vol of water supplied from
a small capacity well, assuming continuous pumping for
24 hoursg. Thus, a well supplying one to three gallons
(& vo 11 litresi per-minute is a reagonable amount for a
gingle family dwelling. Additional pmounts, such as for
watering livestock or irrigating small acreages of crops,
mist be added to these values. Table 4 also indicates that a
family of four could subsist on the water supplied by a well

umping constantly at the rabte of only one-quarter gallon
%0.95 Titre) per minute. Udfortunately, at this rate there
is little margin for exrror.

formence tests for small
. A widely used test for
which lasts for four
pumping level has been
ected for the permanent
tainous "hard rock"

ned aguifers and supplies
e nature and extent of
the soil mantle, faults, changes in |stratigraphy, etc. In
such areas the production potential jof & well cannot be
accurately assessed. Further, wellg in these areas often
exhibit = satisfactory initial prodyction, which then
declines due to poor recharge charadteristics of the surround—
ing material. Imn such situations aflonger then usual test,

Bmall Capacity Wells. DPe

small capacity wells is a puup test
hours or until an spparently stable
achieved at a rate equal to that e
pump. However, in the hilly and mo
sreas of the State there are no defi

upwards of 12 to 24 hours (and longgr) duration, may be
desirable. '

Bailing or air-blow tests'giva sn approximate

“indication of production. They do not provide information of

the accuracy needed.to determine well capacity or to design
an efficient pump system. (Air 1ift testing differs from
air-blow testing. It involves pump with air, not blowing
thetw§ter out of the well as is the|case with the air-blow
test. '

evel in a small capacity
If the wabter level fails

el after 24-hours, the
open to question.

The ability of the water
well to recover should be observed.
to return to nearly its original 1
religbility of the producing zone i

' Large Capacity Wells.
ape concerned, capacity tests are
extensive. Such wells are usually
productive ground water basins, whe 2
tion on existing conditions is no ly available to aid in
the evaluation of their performancel. All should be pump
tested; bailer tests are of little slue. The test pump
should be capable of pumping 125 parcent of the desired yield
of the well. Pumping should be conftinued at a uniform rate
until the "cone of depression" reflects any boundary
condition that could affect the pernformance of the well.

This could be as short as six hourdg and as long as several
davs, depending on aquifer charact ristics and knowledge

re large capacity wells
re elaborate apnd '
ocated in defined,

e considerable informa-




Sending

movement of the waber.

maintensance and operating costs over the long run, although
it should be recognized that there fis a limit to what can be
achieved when compared to expenditure. Current design and
construction technology is capable producing wells with
efficiencies of 80 to 90 percent. ping-plant or "wire-to-
water' efficiency is currently at 66~70 percent. :

mposition, any loose

Irrespective of size or c :
called "sand", and wells

material entering a well is usuall
that regularly produce significant guantities of loose
material are termed "panders". The conftinued influx of sand
to a well results in damage to pumps and leads evenfually to
decreased capacity, and thus a reduction in well efficiency.
Further, enough sand may pass thro the well to create
cavities in the aguifer around the fAntske section of the
well. As a result, such cavities can collapse and demage the
well casing or screen. While most wells pump a minor amount
of sand, excessive sanding is usuallly caused by poor well
design or inadequate development.

ells. Casing serves to
provide a path for The
g with materisl that will
not loosen and be carried away by the inflowing water, such
as crystalline rock and other "hard rock” formations, the
practice is to leave the intske sedtions uncased. (Theoreti-
cally in such instances, well effidiency would be

100 percent.) Unfortunately, in cdrtain areas some drillers,
believing the underlying materisl Yo be fully consolidated or
sttempting to save on costs, have illed open-bottom wells
that later produced sand. Furthermore, as pumps lowered
following declining water levels, such wells developed
ganding problems. This occurred in seversal areas in the
Centrel Valley during the 1976-77 drought. In such instances,
the wells should have been completdly cased To prevent caving
and the intake section screened to [prevent the entrance of
sand. ‘

TInsdequately Designed Inteke Sections. Sending is
often the result of poor selection|of screen size or perfora-
tion dimensions asnd/or, where used, filter materisl (the
“gravel pack"). The well screen aperture (slot) openings or
the perforation size, together with the length of screen or
perforated section, should be seledted to provide sufficient
open area to allow the desired quantity of water to enter
with minimal friction logses while keeping out 90 to 95 per-
cent of the natural aquifer material or filter material.

Artificial filter materials perform a similar
function. In addition to allowing|the water to enter the
well openings and preventing the emtrance of fine-grained
materisl, artificial filters are elso used to increase the
effective dismeter of the well and|increase the yield of
certain wells by sllowing numerous|thin aquifers to produce
water. On the other hand they need not be used unless there
are conditions thet make their use|desirable or necessary-

o0y o2



Water Well Dr;;;ars'|Reports

Detailed and comprehensive knowledge of the cccur-
rence and quality of Califormia’'s ground water resources is
vital to protecting, conserving, angd properly developing
them. The data obtained during the|construction of water
wells are primary sources of geologlic and hydrologic informa-
tion. In 1949 the Tegislabure concluded that such informa-
tion would be invaluable in the evept of underground
pollution, and would provide a fund|of geologic information
regarding the State's ground water resources. As a result,
legislation was passed requiring the filing of a report with
the Department. The report is called the Water Well Drillers?
Report and its submittal is also a requirement of these
standards (see Chapter II, Section § "Reports"). Additional
information about the report is presented in "Guide to the
Preparation of the Water Well Drillers' Report", Department
of Water Resources, October 1977. ’

Comments and Public Hearings on Draft Edition

Where a publication is of| general interest or its
subject is one on which there can bg a diversity of opinion,
it is the policy of the Department pf Water Resources to
issue it in preliminary form and sollicit comments from
_ interested organizations and indivifuals and the general
public. BSince the standards for thé construction of wells
and the destruction of szbandoned wellls recommended herein are
for spplication throughout the State, and because they are
specified by nmany counties and cities (in ordinances or
regulations), 2 draft edition was prepared and distributed for
comment (April 14, 1981). In additfion, four public hearings
or meetings (of an informal nature) were held to obtain the
views of persons interested in, or poncerned with, the
construction and use of water wells. These hearings were
conducted in cooperation with the Department of Health
Services represented by its Ganit Engineering BSection
since this report contains provisiops which pertain to the
public health aspects of water well] construction. The hear-
ings were held during June 1981 at Berkeley, Fresno, Redding
and Tos Angeles. In response to a pmumber of requests, the
comment period was extended to September 15981.

nting 3% individuals and
ings. Five formal
and 16 persons commented

‘ Fifty-five persons repre
organizations attended the four he
(written) statements were presente
verbally. In addition, written comments were received‘from
33 other organizations and individuals. Those submitting
written comments are listed in Table 5. Copies of the
written comments are available for jinspection in the
Department's file in Bacramento. )

A1l comments weare carefully reviewed and cons;dered.
As might be expected, opinions difflered on the applicability
of certain standards, guidelines, and procedures. There 15,
of course, some validity in each pdint-of-view, which forms
the basis for reconsideration. Many comments were incorpo-
rated in this finsl draft. Others were not used for various
reasons. Most of the cmeﬁe +t mainly with (1) the ’q




8 - TABTE 5
ORGANIZATIONS SUBMITTING
ON DRAFT QF BULLETIN 74+

Organization

Southern Californis Waten Co.
Stanislaus Co. Department of
Environmental Resources
‘State Water Resources Control
Board '

Joseph B. Summers, Civil
Engineer, Inc.

Jogeph B, Bummers, Civil
Engineer, Inc.

‘TMilsre Lake Basin Wabter Storage
District

Ventura Co. Environmental
Health Department

Ventura Co. Public Works Agency

Water Well Surveys -

Well Products Weat, Ine.

Well Products West, Inc.
Woodward-Clyde Consultants

5
|
;‘
:‘
i

WEITTEN COMMENTS
91 (Continued)

Represgsentative

C.

D. F. Eostas

Aud

Whitney

B.

. L.

L.
V.

.

C.

Summers

Reynolds

Graham

Koepp
Nowak
Wigley

Willis

Willis

J. A. Gilman

- Date of
Comments

8/20/81
6/25/81
6/16/81
6/5/81

8/28/81

6/5/81

6/8/81

8/14/81
6/16/81
6/12/81

8/4/81
6/24/81

' standards in Chapter II (folloﬁinﬁ) more specifically.

sections 1, 8, 9

procedures.
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10, 11, 12, 13,
and Perxformance éuidelines sectiol
(3) Appendixes B, C and D, which {

21 and 22; (2) the Design
h of this chapter; and
leal with methods and

AN



CHAPTER II. & ARDS

The standards presented|in this chaplter are
intended to apply to the construction (including major
reconatruction) or destruction of|water wells Throughouft the
Btate of California. However, er certain circumstances,
adequate protection of ground water quality may require more
stringent standerds than those presented here; under other
circumstances, it may be necess to substitube other
measures which will provide protegtion equal to that
provided by these standards. Such situations arise from
practicalities in applying eny stendards or, in this case,
from anomslies in ground wabter geplogy or hydrology. Since
it is impractical o prepare stanfards for every conceiveble
situation, provision has been made for deviation from the
standards as well as for additionpl omes. However, the
Department believes that for most] conditions encountered in
the State,the standards presented] in this report are satis-
factory for the protection of gropnd water quality.

In the past, the Department expended considerable
effort in defining areas where stpndards should be applied tc
prevent the mixing of waters of differing gualities in
specific ground wabter areas in California. For example,
ground waters of verying quality fin the San Joaguin Vaelley
are naturelly separated by a conflining bed commonly called
the "Corcoran Clay". The standards presented in this chapter
conktinue to support the findings jand recommendations made
regarding the epplication of standards to the specific areas
previously studied. (Bee Table 1, Chapter I.)

Part‘I. General

Section 1. Definitions.l/ ..

A. Well or Water Well.] As defined in Section 1371
_uf the Water Code, well or water jwell:

#,..means any artificidql excavation constructed
by any method for the gurpose of extracting
water from, or injecting water into, the under-
ound. ‘This definitign, shall not include:
%ﬁ) 0il and gas wells, |or geothermel wells
constructed under the jurisdiction of the’
Department of Conservafion, except those wells
converted to use as water wells; or (b) wells
used for the purpose of (1) dewatering exca-—
vations during comstrudtion, or (2) stabilizing
hillgides or earth emb ents."

» Water Buvply Well. A water well useéc
%o supply wateT for domestic purposes in systems subject to
Chapter 7, Part 1, Division 5 of|the California Health and
Safety Code. Included are wells|supplying public water .
systems classified by the Departpent of Health Services as

1/ Technical terms are defined ip Appendix A, 55
000705 3




7.

its construction.
"test holes" or "exploration holes'
pature (i.e., uncased excavations
immediate determination of existing
conditions). Test wells are cased
observation or monitoring wells ang
stances to production wells.

K.

Inactive or Standby Well.
operating but capable of being ma

of effort.

L. Enforcing Agency. A
authorized local, regional or stats
‘laws or ordinances pertaining to wf
commmity water supply wells the e
‘State Department of Health Service
department.

Section 2. Application to Type of

Test Wélls."Wélls ed
of obtaining +he information needed
Buch wells are I

nstructed for the purpose
L to design a well prior to
iob to be confused with
which are temporary in

whose purpese is the

r geologic and hydrologic
apnd can bhe converted to
I under certain c¢ircum-

A well not roubinely
> operable with & minimum

h agency designated by duly

=

=]

11 construction.
hforcing agency is the

government to administer
For

E or the local health

Well,

Except as prescribed in
ing) these standsrds shall apply t
described in Bection 1. Before a
well, compliance shall be made wit
new use as specified herein.l/

Section 3. Exemption Due to Unus

Sections 3 snd 4 (follow-
» all types of wells
rhange of use is made of a
b the requirements for the

n] Conditions.

If the enforcing agency
any of the regquirements prescribed
a particular location because of u
compliance would result in constru
well, the enforcing agency mey wai
alternative requirements which arg
in terms of protection obtained.

Section 4. Exclusioné.

The standards prescribed
.- and test holesg.

s (following) and
ipply to these holes.

tion", do not apply to exploratio
the provisions of Bection Y "Repo
Tart III, "Well Destruction", do

:

rr

=

Springs are excluded frd

1/ An exemple would be an agriculi

as a community waber supply wel
2/ Methods which can be used to p
ished by springs and infiltrat
in "Manual of Individual Water
Fovironmentsl Protection Agenc)
(EPA-430/9-74-007) .

000706

;, Office of Drinkin

finds that complisnce with
herein is impractical for
musual conditions or if
oction of an unsatisfactory
ve compliance and prescribe
tgqual to" these standards

in Part II, "Construc-
However,

im these standards.2/

bural well converted To use
1.

hotect wabter supplies furn-
ion galleries are described

, U. B.
g Water

55
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Most of the factors involved in determining safe distances i
g particular area are usually noy knmown. Based on past
experience and general knowledge, the following horizontal
distances are considered safe where dry upper unconsolidated
formations, less permeable than gand, are encountered:1/2/

Sewer, watertight sepﬁ c Tank, 50 feet
or pit privy (15 metres)

Subsurface sewage laac#ing 100 feet
field i (%0 metres)

Cezspool or seepage pi* 150 feet
; (45 metres)

Animel or fowl enclosujr»e - 100 fest
: | .. (30 metres)

Where in the opinion of the enforcing agency
adverse conditions exist, the ab¢ve distamces shall be
increased or. special means of protection, particularly in th
consbruction of the well, shall be provided.

B. In addition, if pogsible, the well shall be
located up the ground water gradiemt (upstream) from the
specified sources of conbamination.. By doing so this
provides assurence that potential contamination would be
moving naturally away from the area of production. However,
in an unconfined aguifer considetration shell also be given T
the possibility of reversel of gradient nesr the well due to
pumping (see Figure 3), the pumping of nearby wells, or
general decline of the water table.3/

- €. The top of the casing shall terminate above
grade or above any known conditibns of flooding by drainage
or runoff from the surrounding lend. For community water
supply wells this level is defingd as above the

1/ Because of the many variebles involved in the determina-
tion of the safe horizontel dfistance of a well from
potential sources of centamination and pollution, no one
set of distances will be adequate and reasonable for all
conditions. 1In areas where sfverse conditions exist, the
distances listed should be inereased. Conversely, where
especially favorsble conditiops exist or where special
means of protection, particulgrly in construction of the
well are provided, lesser disfances may be acceptable if
approved by the enforcing agency- _

2/ If the well is a radial collector well, these distances
epply Lo the furthest extended points of the well.

3/ When water is pumped from a well a drawdown "come of -
depression" is formed in the waber surface surrounding tr
well end ground water in the jarea of the cone flows
toward the well. Similar codes formed by nearby wells c2
influence the shape of the cane or enlarge .the area beling
drawn upon resulting in & change in direction of flow.

000707
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‘various uses of wells:

- Individual Domestic Wells

“...floodplain of a 100 year flood,.." or above " .. any
recorded high tide, ...", (Section|64417, "Siting Require-
ments", Title 22 of the California Adminigtrative Code}.l/

~In addition, the area arqund the well shall slope
away from the well and surface drajnsge shall be directed

eway from the well.
D. VWhere a well is to be

near & building, the well

shell be far enough from the building so that the well will
be accessible for repair, naintenance, etec.

Bection 9. Sealing the Upper Anng%ar Space.

The space between the w:%l casing and the wall of

the drilled hole (the annular spac
sealed to protect it against cont
entrance of surface and/or shallow,

A, Minimum depth of sesl

Types
Community Water Supply Wells

Industrial Wells

Agricultural Wells
Air-Gonditioning Wells
Observation and Monitoring Wells

1/ If compliance with this requirem
supply wells is not Ppossible, th
be contacted regarding alternati:

2/ Annular seals are also installed
the casing against corrosion, to
rity of the casing, and to stabi

3/ In those cases where it is not P
necessary, increase, the lateral
sources described in Section 8 o
alternative (or special) means o
is to increase the depth of the

4/ Exceptions are shallow welld whe
oped is at a depth less than 20
instance, the depth of sesl may
less than 10 feet (3 metres) and
in-loecating the well with respec

5/ The annular space shall be seale
(15 metres) from the surface whe
sources of pollubion listed in 8

[Q

tions, the annular space in such
To make the inteke section "depth
on the circumstances, this depth

000708

) shall be effectively
ination or pollution by

subsurface waters.2/

below ground surface for

Minimum Depth?’ of Seal
(below ground surface)

50 feet (15 metres)

20 feetd/ (6.1 nmetres)
50 feetﬂ/ 15 metres)

20 feetﬁ/ (6.1 metres)
20 feet

gs.l metresg
20 feets/ (6.1 netwes

nt for community wabter
enforcing agency .should
e means for protection.
to provide protection for
assure structursl integ-
ize the upper formation.
ssible to meet or, when
distances from pollution
these standards; an
protection for the well
eal.
e the water to be devel-
eet (6 metres). In this
e reduced but in po case
special precsutions taken
to sources of pollution.
to a depth of 50 feet
the well is close to
ction 8.

Because they are constructed to measure specific condi-

wells is usually sealed
\-discrete". Depepding
may be very challow.
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three times the size of the largd

: 5. Béntanite'cquh
of bentonite clay and clean water| thoroughly mixed before

!
|
1
i
j

/ mixtures shall be composed

placement so that there sre no balls, clods, etc.

‘ 6. Used driliers!
from drilling the borehole shall
material.

7. 'Ths minimim t

mud or cuttings ox chips
not be used as sealing

that must be allowed for

materials containing cement to "spt" before construction

operations on the well may be Te

a. Type I cem
b. Type IIL ¢
c. 'Type V cem

When necessary these times may b
"gecelerators", i.e., additives
shorten setting Time.

8. VWhere thermopl
should be exercised to control &
curing of the cement (called "he
of special concern where casing
are o be installed. The additi
mixture (up to 8 percent) or cir
casing will lower the temperatur
which accelerate the curing proc
heat generated and should not be
casing is installed.

E. Thickness of Seal.
shall be at least a nominal 2 ing

the sealing material.

F. Flacement of Seal.:

1. Before placing

d shzall be:

reduced by the use of
esigned. specifically %o

stic casing is used, caublon
¢ heat generated during the
t of hydration"). This is
f thinner wall thicknesses
n of bentonite to the cement
vlating water inside the

of- the cement. Additives
ss also Fend to increase the
used where thermoplastic

The thickness of the seal
ihes,2/ and not less than
ot coarse aggregate used in

the seal all loose cuttings.

drilling mud, or other obstructions shall be removed from the

snmilar space by flushing.

1/ Cley in the form of & mud-laden fluid ig similar to and

has the advantages of neat cey

lent and sand-cement groutb.

TMhere is a disadvantage in thht cley msy separate from the
fluid. Clay should not be usgd where structural.strength
or stability of the seal is rpquired, where flowling oT
moving water might break it dpwn, or where it might dIy

out. Although there are othey

es of clay available,

none heve the sealing propertiies (particularly the abilit;

to expand dramatically) compaj

sble to bentonite. There-

fore, only bentonite clays are recommended. .
2/ In other words, the borehole ghall bhe nominally & dinches

(100 millimetres) larger in d

iometer than the nominal

casing dismeter (thus creating a 2-inch, or-50 millimetre

annular space).
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. pitless adapter

!
t
|
!

_ . 2. Where the pump ig offget from the well or
where a submersible pump is used, the opening between the
well casing end any Dpipes or cables which enter the well
shall be closed by a watertight sesl or "well cap®.

3. If the pump is not installed immediately or
if there is a prolonged interruption in construction of the
well, a watertight cover shell be installed at the top of the
casing. | '

4. A watertight seal or gasket shall be placed
between the pump discharge hesd anfi the discharge line; or,
in the event of a below-ground distharge, between the
discharge pipe end discharge line [(see Figures 6 and 7).

5. If a concrete bape ox slab (sometimes
called a pump block or pump pedesthl) is constructed around
the top of the casing, it -ehall -bs fres from ¢racks, honey-
cowbs or other defects likely to detract from its watertight-
ness. The joint between the base end the annular seal must
also be watertight. The base shall slope away from the well
casing. The minimum thickmess of Fhe concrete base shell be
4 inches (100 millimetres).l/ |

6. Where the well ijs to be gravel packed and
the pack extends to the surface, g watertight cover shall be
installed between the conductor cesing and the inner casing -
(gee nlso Section 9, Part B, Item 5 and Figure 5).

B. Well Pits. Because jof their susceptability, to
conbamination and pollution, the yse of well pits should be
avoided when_evef/,posaible. A su‘bqtitute device called a

2

or pitless adapter unit (a variation) may
be uzed in place of a well pit. '

|
¢. Fnclosure of Well snd Appurtenances. Im
comminity watexr.supply wells, e well and pump shall he
located in a locked enclosure to gxclude access by

unauthorized persons.

i
- |

1/ Thig value is for small (under |10 inches or 250 millimetre.
in dismeter) individual domestic well installations. The
shape and dimensions of pump biees varies with the size,
weight, and type of pumping equipment to be installed and
the bearing capacity of the soil on which i% is situated.
A veriety of designs have been|used. For large diameter
turbine pump instellations the|Vertical Tyrbine Pump
Association has developed a sténdard design for a square,
concrete pump base that is based on weight, including full
pump coluln and soil bearing capacity. (See Bibliography,
Appendix E.) ' )

2/ Pitless adapbtors and units.wen¢ developed for use in areas
vhere prolonged freezing occurs and below ground (below
frost line) Gischsrges dre compon. Both the National
Senitation Foundation and Watep Systems Council have
developed stendards for their manufacture snd insteallatior

(See Bibli , A dix E.)
iography, Appendix | 000713
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Section 1.2. Casing,

A, GCasing Matarial.l/ quirements pertaining to
well caaing 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 ollapsing, to provide a
chennel for the conveyance of the Water, end to provide a
measure of protection for the quality of the water pumped.

1. Well casing shall be strong and tough
enough to resist the forces imposed on it during installation
and, those forces which can normally be expected after
ingtallation. i

2. Steel is the pateérial most frequently used

for well casing, especially in drilied wells. The thickness

of steel used for well casing shall be selected in accordance
with good design practices spplied|with due consideration to
condiftions at The site of the well,2/ There are three
principal classifications of steel | materials used for water
well casing, and all are accephtablé for use so long &s they
meet the following conditions.

| .

1/ Abbreviations used are: APIl-American Petroleum Institute;
ASTM-American Society for Testi and Materials; AWWA-
Americsn Water Works Associabiop.

2/ Selection of casing depends on its ability to resist
external forces =s well as factprs affecting the casing
serviceability. The maximum theoretical externmel pressure
under which a parbicular well chsing of a specific..
diameter and thickness will collapse can be calculated.
However, other considerations shch as the effect of
driving the casing into place op other impact forces which
may have an effect on the abililty of a particuler casing
to resist external pressures, cennot be calculated with
aceuracy. Good design practices preclude the selection of
a casing of a particular thickness for use where it will
experience external pressures approaching the maximum or
where unknown forces might magnify the effect of the
‘external forces. Instead it 1g customary for designers to
introduce factors of safeby whilh tend to ensure that the
casing selected will resist all] probable forces imposed
upon it. <Conmsequently, experignce amd sound judgment ,
coupled with these factors or dafeby, have so far proved
to be the best guide in selecting the proper.casing.

casing for various depths

e

Suggested thickmesses for stee
and dismeters are to be found in material published by the
various steel manufacturers end febricators and in publi-
cations on the design of water |wells. The suggested
thicknesses contained in such publications ere not to be
considered a part of these stagdards. :
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~ Temperature Bervice".

.wells that will employ these sizes

-caging is fiberglass.

(4) - ABTM A44]1, "Tentative Bpecification
for High-Strength Low Alloy ‘
el Menganese Vanadium

(5) ASTM AS570, "Standard Specification

¢. High strength carbon steel sheets .
referred to by their manufacturers|and fabricators as "well
caging steel". At present, there gre no standard specifica-
tions concerning this material. However, the major steel
producers market products whose cheémicsl and physical
properties are quite similar. Each sheet of material shall
contain @ill markings which will identify the manufacturer
and specify that the material is wgll casing steel which
complies with the chemical and physical properties published
by the menufacturer. ' '

. d. Btainltess stgel casing shall meet the
Provislons of ASTM A409, "Standard Specification for Welded
Large Diameter Austenitic Steel Pi%e for Corrosive or High

3. Plastic iz alsbo
wells in many locations under a v
Because large~diameter (10 inches
larger) plastic casing hes not bee
especlally at depths exceeding 300
care must be exercised in the desi

sed as casing for water
iety of circumstances.l/
r 250 millimetres and
used extensively snd
feet (90 metres), specisl
and construction. of
Particular attention
ermoplastic casing of
rations (see also Part B,
ction, item 8, Part D,

d discussion of plastic

ghould be given to the effect-on t
bheat generated during cementing op
"Installation of Casing" of this s
"Sealing Material" of Section 9,
casing in Chapter I).

lastic materisls avail-
s. Thermoplastics soften
harden when cooled. Thus

There are two groups of
able:. thermoplastics and thermose
with the application of heat and r
they can be repeatedly reformed. Thermosets cannot be
reformed. During manufacture their molecules are perma-
nently "set" by heat, chemical actlon or a combination of
both. Thermoplastics used for plastic casing are ABS
(acrylonitrile butediene styrene), |FVC (polyvinyl chloride)
and SR (styrene rubber). The thermosetting plastic used for

1/ Information about the selectionjand installation of thermo-
plastic casing will be found in{"Manual oz the Selection
and Installation of Thermoplastic Water Well Casing", a
Joint publication of the National Water Well Association
and the Plastic Pipe Institute.
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- perforations or screens shall be w

(b) ASTM Cc74, "Standard Specification
for Reinforced Concrete Culvert,
Storm Dnain, and Sewer Pipe'.

(e) AWWA C3Q0, "AWWA Standard for
Reinforded Concrete Pressure Pipe

(4) AWWA C3Q1, "AWWA Standard for
sed Concrete Pressure Fipe,
inder Type, for Water and

quids".

5. Other materisals,
No. 6 below, may be used as casing
to the approvel of the enforcing a

except a&s listed in- |
for water wells, subject
SNCY .

6. Galvanized sheet

metal pipe ("downspout"),
or natural wood shall not he used ' ‘

g2 casing.

. All casing shall be

d damage to casing ‘

the casing above the

tertight. The uppermost

w the depth specified in
Casing shall be egquipped

n thickness of annular

B. Installation of Casi
placed with sufficient care to avo
sections and joinbs. All joints

perforations shall be at least bel
Section 9, Part A, "Depth of Seal"
with centering guides To eansure ev
seal and/or gravel pack.

1. Metallic casing. Steel casing msy be
joined by either welding or by threading and coupling..
Welding shell be accomplished in apcordance with standards of
American Welding Society or the mopt recent revision of the
American Society of Mechsnical Engineers Boliler Construction
Code. Where casing is driven, (as| is generally the case when
the cable tool method of constructfion is used), the casing
shall be equipped with a "drive shpe" at the lower end.

2. Plastic (non-metgllic) casing.2/ Depending
on the type of material amnd ifts faprication, plastic casing .
may be joined by solvent welding o mechanically joined
(threaded or otherwise coupled). [fhe solvent cement used for
solvent welding shall meet the specifications for the type of
plastic used and shall Dbe applied [in accordance with the
menufacturer's instructions, particularly those pertfaining to
setting time required for the joint To develop bhandling
strength. An adapter shell be usgd to join plastic casing to
metallic casing or screen.

1/ Such as wrought iron, asbesvos cement pipe, and synthetic

- woods, all of which have been successfully employed a8
casing in California or elsewhere. Their present use 15
1imited to specisl cases. Speqifications for most of
these materials sare published By either ASTM or AWWA.

2/ Information about the installation of thermoplastic casing
will be found in "Manual on the Selection and Ins?allgtion
of Thermoplastic Water Well Caging", a joint publication
of the National Water Well Assq ciaﬁiﬁb%the Plastic
Pipe Institutbe. ' ‘
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Section 16. Bpecial Provisions for
Wellis. '

ity Waten

A. TUse as Communj
shallow ground waters ane often of
they are easily contaminated, the wu
or wells less than 50 feet (15 metr
community water supplies shall be z
other feasible means for obtaining
this purpose, these wells shall be
(76 metres) from any underground se

B, Bored Wells. All bor
with concrete pipe or asteel casing
tight from 6 inches (150 millimetre
surface to the depths specified in
where corrugated steel pipe is used
thiclmess of the surrounding concre
(75 millimetres). Where corrugated
the joints are not watertight and a
(no less than & inches or 150 milli

C. Dug Wells. All dug w
with a waterti curbing extending
surface to the depths specified in
curbing shall be of concreve poured
(either precast concrete pipe or st
outside by concrebve.

Large Diameter Shallow

Supply Wells. ZEBecause
oor quality and because

e _of bored or dug wells,
a) deép, to provide
unless there is mno
When used for
ocated at least 250 feet
age disposal facility.

d wells shall be cased
ose Joints are water-

) ebove the ground

ection 9, Part A. IExcept
as casing, the minimum

e segl ‘shall be 3% inches
steel pipe is employed,
thicker annular seal
etres) shsll be installed.

11s shall be "curbed"
from above the ground
ection 9, Part A. The
in-place or of casing
el) surrounded on the

‘If the curbing is to be made of concrete, poured-

in-place, it shall not be less than
thick. If precast concrete pipe or
paxrt of the curbing, the space betwyg
and the casing shall be filled with
gpecified in Bection 9, Part A. The
surrounding concrete shall be 3 inch

D. Casing Material. Eif}
corrugated steel pipe) or concrete 1
bored or dug wells.
recommended for use as casing.l/

6 inches (150 millimetres)
steel casing is used as
en the wall of the hole
concrete to the depths

b minimum thickness of the
les (75 millimetres).

ter steel (including
iay be used for casing

Corrugated aluminum pipe is not

soil is subject o

1/ Aluminum placed in an aggressive
electrolytic corrosion. When th
(over 8.0) -
problems and, therefore, the so
In addition, galvanic corrosion
unless the pump is also made of
the use of most of the aluminum
is not recommended.
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or very low (under 6.0) %

goil pH is very high
his could present

pH ought to be checked.
s likely to take place
uminum. Accordingly,
loys currently available
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Section 17. - Special Provisions foﬂ Driven Wells ("Well
Points”). -

A, If the well is to be |used as an individual
domestic well, an oversize hole with a diameter at least
3 inches (75 millimetres) greater than the diameter of the
pipe shall be constructed to a depth of 6 feet (1.8 meters)
and the anmular space around the pipe shall be filled with
neat cement, cement grout, or bentgnite mud.

B. The minimum wall thigkness of steel drive pipe
shall be not 1ess than 0.140 inches (3.5 millimetres).

C. Well points made of ﬁhermnplastic materials
should not be driven but jetted or |washed into place.

Section 18, Rehabilitation, Repaiz snd Deepening of Wells.

A. Rehabilivation is the treatment of a well by
chemical or mechanical means (or bdth) to recover lost
production caused by incrustation ¢r clogging of screens or
the formation immediately adjacent |to the well. The follow-
ing methods used for rehsbilitating a well when done with
care are acceptable: (1) introduction of chemicals designed
for this purpose, (2) surging by use of compressed air,

(3) backwashing or surging by slternately sterting or ]
stopping the pump, (4) jetting with water, (5) sonic cleaning,
(&) vibratory explosives, and (7) ¢ombinations of these.
Methods which produce an explosion|(in addition to the use of
vibratory explosives mentioned above) are also acceptable
provided, however, they are used with great care, particular~
ly where aquifers are separated by|distinct barriers to the
movemnent of ground watern.

In those cases where chemicals or explosives have
been used, the well shall be pumped until all fTraces of them
have been removed. _ ; :

I .

B. In the repair of wells, material used for
casing shall mest the requirements| of Section 12 "Casing" of
these provisions. In addition, the requirements of
Section 11, Part A "Disinfection" and, when applicable,
Bection 14 “Sealing-off Strata" shall be followed.

' C.. Where wells are to bé deepened, the reguirements
of Sections 11, 12, 13, 14, and 15|of these standards shall be
followed.,

Section 19. Temporary Cover.

Whenever there is an jnterruption in work on the
well such as overnight shutdown, diring inclement wgather, or
waiting periods required for the setting up of sealing
materials, for tests, for installapion of the pump, etc., bthe
well opening shall be closed with & cover to prevent the
introduction of undesirable materipl into the well and o
insure the public safety. The cover shall be held in place
or "weighted-down" in such a manner that it cannot be removed

5‘ 000719except with the aid of equipment or through the use of tools.
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If the pump has beén remov

ment, the well shall not be consider

the repair period, the well shall be

prevent injury to people and to prev

undesirable waber or foreign matter.

Observation or test wells
or management of ground wabter basins
or engineering or research organiza
"gbandoned" so long as they are ma
However, such wells shsll be covere
bearing the label, "Observation Wel
agency or organizaztion, and prefers
measurements are not being made.
longer used for this purpose or for
ghall be considered "asbandoned".

Bection 22. Geperal Requirement.

All "sbandoned" wells and
ghall be destroyed. The objective g
restore as nesrly as possible those
which existed before the well was cq
account also changes, if any, which
time of construction. (For example),
have produced good quality water af
produces water of inferior gqualify
that has been invaded by seaWater.j

Destruction of a well shal

|
1
1
!
i
i

d for repair or replace-
d "sbandoned". During
adequately covered to
nt the entrance of

gsed in the investigation
by governmental agencies
ions are not considered
azined for this purpose.
with an appropriate cap,
¥, and the name of the

v shall be locked when
en these wells are no
supplying water, they

.=

exploration or test holes
f destruction is tc
subsurface conditions
nstructed taking inte
have occurred since the
an aquifer which msy

one time but which now
such as a coastal aguifer

1 consist of the complete

£i1ling of the well in accordance with the procedures B

described in Section 23 (following).

Section 23. REquirements for Destrgying Wells.

A, Preliminsry Work. Bef

destroyed, it shall be investigated
condition, details of comstruction,

ore the well is
to .determine its
and. whether there are

obstructions that will interfere with the process of filling

and sealing. This may include the

se of downhole television

end photography for visual inspecti¢n of the well.

1. If there are any
be removed, if possible, by cleanin

betructions, they shall
out the hole.’

2. Where necessary, to ensure that sealing
material fills not only the well cafing but also any annuler
space or nearby voids within the .zope(s) to be sealed, the
casing should be perforated or otherwise punctured.

3. JIn some wells, i%

nay be necessary or

desirable to remove a part of the casing. However, in many
instances this cen be done only as the well is filled. TFor

dug wells, as much of the lining as
be removed prior to f£illing.

possible (or safe) should

B. Filling and Sealing Cpnditions. Following are
requirements to be observed when certain conditions are

encountered: v
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well is filled and there
the material, verifica-
f material placed in the
e volume of the empty hole.

7. To assure that th

has been no Jjamming or “bridging" o

- tion shell be made that the volumse
well installatiopn at least equals-t

D. Materials. Requirements for sealing emd fill

materisls ere as follows:

S
is completely impervious. However,
have such a low permesbility that +
through them is of small consequenc

Materiais. No material
sealing materiasls shall
e volume of water passing

als include neat cement,
tonite clay, all of which
h D, "Sealing Materisl"
ioned mixes of silts,
tive soils that have a
then 1Q feet (3 metres)
‘not acceptable.

Suitable impervious materg
sand-cement grout, concrete, and be
are described in Section 9, paragr
of thesé standards; and well-propo
sands, and clays (or cement), and
coefficient of permeability of less
per year.l/ TUsed drilling muds ar

2. Filler Material. | Many materials are suit-
able for use a8 a filler in destroying wells. These inciude
elay, silt, send, gravel, crushed gtone, native soils,

mixtures of the aforementioned typas, and those described in
the preceding paregraph. Materiel containing orgsnic matter
ghall not be used. T .

E. Additional Requirements for Wells in Urban Areas.

In incorporasted areas or unincorporabed areas
developed for .multiplé habitation, |to meke further use of the
well site, the following additional requirements mast be met
(see Figure 90): |

1. A hole shall be g¢xcavated around the well .
— casing o a depth of 5 feet (1.5 m tres) below the ground
surface and the well casing removed to the bottom of the
excavation. :

. 2. The sealing mate
portion of the well shall be allow
excavation to form a cap.

ial used for The upper
d to spill over into the

s been properly filled,
g material in the excava-
£31led with native soil.

2. After the well
including sufficient time for seal
tion to set, the excavation shall pe

F. Temporary Cover. During periods when no work
is being done on the well, such as overnight or while waiting
for sealing materisl to set, the wpll and surrounding excava-
tion, if any, shall be covered. The cover shall be
sufficiently strong end well emough anchored to preventy the
introduction of foreign material into the well and to
protect the public from a potentially hazardous situation.

“- with & large percentage of sill or clay, inorganic silis,
OOO72Bixtures of silt and clay, and [clay. Native materials
fsrf7 should not be used when the seqling operation involves the

|

|

% 1/ Examples of materisls of this gype are: VeIy fine sand
|

|

i use of pressure.
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APPENDIX A

DEFTNITION OF TERMS

The following terms sre defined as used in this

report:

Absndoned Well ~ A well wh

nently discontinued or which is in
that no water can be produced. Bec
state that also involves intent on
owner, & definition that prescribes
a time limit for use in spplying st
Bection 21 of Chapter IIL, "Standard

Active Well - An operati

: Arnular Space — The space
or betwsen the casing and the wall

Aquifer - A geologic for
or part of a formation that is wate
transmits water in sufficient quant®
punping wells. '

se use has been perma-
ch a state of disrepair
se gbandonment is &

e part of the well

a set of conditions and
dards appears in

i, of this report.

water'well.

between two well casings
f the drilled hole.

+tion, group of formations
bearing and which

ty-to supply springs and

I -

l

Artesian Well - A well which obbtains its water
from a confined aguifer. The water level in an artesian well
stands some distence above the top ¢f the aguifer it taps.
Where the pressure is sufficient tol|force the water level

above the surface of the ground, th*

artesian well.

well is termed a flowing

Bailer - A long narrow butket with a valve in the
bottom used to remove cubttings or fluids from a well,

Bentonite — A highly plastic colloidal- clay

composed largely of montmorillonite
additive or as a sealant.

used as a drilling fluvid

Casing — A tubuler retainfing structure which is
installed in t%e well bore o mainthin the well opening.

Clay - A fine-grained geo
less than 0.004 mn in dismeter) whi
permeability.

Condnctor Casing - A tubuy
installed in the upper portion of a
the drilled hole and the jnner well

logic materiel (grain size
rh has very low

lar retaining structure
well between the wall of

casing.

Cone of Depression - A depression in the water
table or piezometric surface of a ground water body that 18
in the shape of an inverted cone and develops around a well
which is being pumped. It defines {the area of influence of

the pumping well.
00724
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Ground Water Basin - A grpund waber hasin{consiéts

of ap ares underi

erisls which are csapable

; ¥ permeable mat
of storing or furnishing a signifiggnt water supply; the

basin includes both the surface are
materials heneath it.

and the permesble

Groub ~-A fluid mixture of cement and water of a

reg;ired. Various additives, such
hy

consistency that can be forced through a pipe and placed as

as ssnd, benbtonite, snd

ated lime, are used to meet centain requirements. For
example, sand is added when a considerable volume of grout is

needed,.

Impairment -~ A change in

makes it less suitable for benefici

quality of water which
al use.

Impermeable — That propexty of a geologic material
that renders it incapable of allowing waber to move through

it perceptibly under the pressure d
found in subsurface water.

ifferences ordinarily

_ Impervious Strata - A gedlogic unit which will nov
trensmit water in sulficient. quantity to furnish an apprecia-

ble supply to wells or springs.

ITnactive Well -~ .A well ng
capable of being made an operating
effort. '

-

t routinely operabted but
well with a minismom of

Packer - A device used to plug or seal a well at a

specific point; frequently used as
in position uwntil it "sets".

retainers to keep grout

Perforations - Openings jin a well casing vo allow
the entrance of ground water into the well. FPerforations

msy be made either before or after
casing.

instsllation of the

. Permeability - The cepacity of a geologic material
for transmitting a fluid. The degree of permeability depends
upon the size and shape of the opepings and the extent of the

interconnections.

Pollution — Defined in S
California Water Code:

n{1) ‘'Poliution' means
quality of the waters of
g degree which unreason
waters for beneficial us
which serve such benefic
mey include ‘confaminab

Pregsure Grouti - A me
specific portions of a we%%, such

sesling pUrposes.

000725

ction 13050 of the

alteration of The
the state by waste to
1y affects: (1) such
s, or (2) facilities

12l uses. 'Pollution'!

nl '“

hod of foreing grout into
g the annular space, for
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ATPENDIX B

|

_ SUGGESTED METHODS FOR SEALING
THE ANNULAR SPACE AND FOR SEATLTNG-OFF STRATA

Bealing the Apnular Space

The annular space is the space between the well
casing and wall of the drilled hole created during construc-
tion. This space must be adequately sdaled to prevent the
entrance of surface drainage or poor aquality subsurface water,
which mey contaminate or pollute the wgll. This seal will
also protect the casing against corrosjon and possible

gtructural fsilure. :

A number of acceptable sealing methods are presented
in this sppendix. Other methods may bd suggesbed by individ-
usl well drillers on the basis of their experience and avail-
ability of equipment. An acceptable mgthod should provide for
the complete filling of the sealing inferval with the
sppropriate sealing material to the specified depth.

Geperal

Prior to sealing, the annular épace should bs
flushed to remove any leose formation material or drilling

mud that might obstruct the operation.

The use of central-

izers -— devices which are affixed to the casing at regular
intervals to prevent it from touching the walls of the hole,

thereby keeping the casing centered in

the horehole —-- are

recopmended.. This sssures that the seal is not less than' the
desired minimum thickness. It is partjcularly significant

for large diameter wells where the cas
(250 millimetres) in diameter.

The uge of a tremie or grout
tion of the sealing material inbtc the
preferred. Where a tremie or grout pi

annular space should be 2 inches (50 m
minimim tremie size should be a nominal

(38 millimetres) in dismeter.

Gravity installation without
should not be attempted when the seali
water or cannot be visually inspected
mirror or light). Vhere sealing mater]
under water or the intervel cannot be

ing exceeds 10 inches

pipe for the introduc-
ular space is

g 4is used, the minimum

'llimetresj and the

1 1-1/2 inches

a grout pipe or tremie

ng interval conbains

(with the aid of =a
ial is to be introduced
observed from the

surface, methods involving "positive" placement (by a tremie

or grout pipe, pumping or other appli
be used.

The sealing materisl must al
the bottom of the interval to be seals

ation of pressure) must

ways be introduced at

d. This prevents

"pridging" (Jjemming) or segregation

(geparation of large

aggregate from the mixture in sand-ce ent or concrete grouts)

of the sealing material and eliminabe

000727
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AFFENDIX C

SUGGESTED FPROCEDURES
DISINFECTING WELL
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-{ following development (this will sas

:  APPENDIX C

SUGGESTED FROCEDURES FOR
DISINFECTING WELLS

£

) Disinfection of all wells ies recommended to

inate pathogenic organisms as well as opganisms that can
'in wells and thereby cause clogging effect thse

ity of water produced. Disinfection of] the well is the

[ act of well consftruction or repair before it is placed
irvice. Wells should also he disinfected following

ir or replacement of the pump and/or welll maintenance.
swocedures described in this appendix ape recommended for
ifecting wells; however, other methods may be used

ided it can be demonstrated that they will yield

rable results. For new wells, disinfeption should take
e that the well
irged of drilling mud, dirt and other debris that reduces
iffectiveness of the disinfection), testing for yield,
mstallation of the pump. When there ig a delay iIn pump
fllation, interim -or partial disinfectipn should be
Fakan. a :

‘ Disinfection imvolves seven steps):

: 1. A chlorine solution conbtaining at least

1 (or parts per million) available chilorine, is sdded
g well. Table & lists quantities of various chlorine
unds required to dose 100 feet (30 metpes) of water- -

d casing at 50 mg/1l for diameters rangf
® (50 to 600 millimetres). For wells.
red or when the pump has been repaired or replaced and,
fiing the well back into service quickly| is desired, the
ion should contain at least 100 mg/l ayailable chlorine.

ngn this concentration, double the unts shown in

, _ ‘2. The pump column or drop pipe shall be
d with the chlorine solution as it is lowered into the

: 5. After it has been placed [into position, the
shall be turned on and off several timps (i.e., "surged")
;b0 thoroughly mix the disinfectant with the water in
ell. Pump until the water discharged has the odor of

§2§, Repeat this procedure several +imes at one-hour
vals. ‘

4. The well shall be allowed| to stand without
ng for 24 hours.

0061131
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COLIECTION OF WATER QUALITY SAMPLES

ity i

000732

hr m - i e i =

M




APPENDIX E |

BIELIOGRAFHY

T A Rl s i s

000733




¥

o R P

[

APPENDIX E
BIBLIOGRATHY

Ahrens, Thomas P. "Well Design Qriteria. Part 2.
Water Well Journal. November 1957.

Ahrens, Thomas P. "Corrosion in|Water Wells".

Water
Well Journal. March snd April 1966.

Water Well Jourpal. April, , June and August

Ahrens, Thomes P. "Basic Considjrations of Well Design™.
1970. (Four parts) |
i

American Associstion for Vocsatio Instructional

Materisls. "Planning for Individuel Water
System". 1973, - -

American Bociety of Agricultural [Engineers. "Designing
and Constructing Water Wells for Irrigation'.
Tentative Recommendation: AE R 283 (T).
December 1964. ‘ H

American Water Works Association. "Standard Bpecifica-
tions for Deep Wells". AWWA 3—100—66. 1967,

American Water Works Association. "“Ground Water'. AWWA
Manual No. M21. 1973,

Aperican Water Works Association. VStandard for Vertical
Turbhine Pumps -~ Line Shaft qnd Submersible Types'.
AWWA E-101-77. June 1977. |

American Water Works Asaociation: "EVC Pipe -~ Degign =nd
Installation”.  AWWA Manuel No. M23.  1980.

Anderson, XK. "Water Well Handbook". Missouri Water Well
Driliers Associstion. 1963.

Aspociated Drilling Comtractors jof the State of

California. "Recommended Standards for Preparation
of Water Well Construction Specifications'.
September 17, 1960.

Brantly, J. E. "Rotary Drilling Handbook". Palmer
Publications. Fifth Edition. 1932.

California Department of Public Heslth, Bureau of
Sanitary Engineering. "QOcecurrence of Nitrate in
Ground Waber Supplies in Southern California’.
February 1963, 1

|

California Department of Fublic orks, Division of Water
Resources. "Ground Water Bajsins in Californial.

Water Quality Investigations| Report No. 3.
November 1952.

|
000734 |

:
f
|




g3

Califormis Legislature, Assembly [nterim Committee on
Water. Y“State and Local Responsibilities for
Water Resources". Assenbly Interim Committee
‘Reports 1965-67. Volume 26, No. 17. December 1966.

California State Wabter Pollution Control Board. "Final
Report on Field Investigation and Research on Waste-
Water Reclamation and Utilizaltion in Relation to
T{g.%grgrovnd Water Pollution'. Publication Wo. 6.

California BState Water Pollution LConbtrol Board. "Report
on the Investigation of Travell. of Poliution'".
Publication No. 11. 1954,

Californis State Water Pollution Control Board. "“Effect
of Refuse Dumps on Ground Water Quality™.
Publication No. 24. 1981. -

California State Water Quality Control Board. "Water
Quality Criteria". By McEee,| J. and Wolf, H. W.
Becond Edition. Publication PTO. 3-A. 1Y63.

Campbell, Michael D. and Lehr, Jay H. "Water Well
Technology". MceGraw-Hill Book Company, Inc. 1973.

Clark, N. L. and LmChang, 5. “E e-ric Viruses in Water".
American Water Works Associatfion Jourpsal.
Volume 51. October 1959. !

Crocker, 8. "Piping Handbook!". Fourth Edition. MeGraw-
Hill Book Company, Inc. 1945,

Davis, Btanley N. and DeWiest, Roger J. M.
"Hydrogeology". John Wiley Sons, Inc. 1966.

Driscoll, Fletcher G., Hanson, Dayid T. and Page, Iyn.
"Well-Efficiency Project Yiellls Energy-Saving Data”.
The Johnson Drillers Journsl,| March-April, May—dJune,
- gnd September--October, 1980, First Quarter, 1981.
(Four parts)

Gordon, R. W. "Water Well Drilli with Cable Tools".
Bucyrus-Erie Company. 1958.

Ham, Herbert H, "Water Wells and] Ground-Water
Contamination". DBulletin of {the Association of
Engineering Geologists. Volume VIII, No. 1. 1971.

Helweg, Otto J., Scalmanini, Joseph C. and Scott,

Verne H. 'Fnergy and Efficiepcy in Wells and Pumps".
Presented to the Twelfth Bienmisl Conference on
Ground Water sponsored by the| University of
California, Water Resources Cenber and the
California Department of Wabter Resources, at
Sacramento, California, September 20-21, 1979.
g%garn:}a W%te;- Resou:cceg ICTe tzr, Uﬁivergitylggg

ornia, Dav rt Nol. . November .

| S 1 1 2




')

National Water Well Association.| "Water Well Drillers
Beginning Training Manual'. |1971.

National Water Well Association and The Plastic Pipe
Institute "Manual on the Selection and Installation
of Thermoplastic Water Well Casing". October 1, 1980.

Oregon Drilling Association, Ine rporated. "Mamual of
Water Well Construction Practices for the State of
Oregon". Becond Edition. 1

Oregon Wabter Resources Department. "“Rules and
Regulatlons Prescribing Genemal Standards for the
Construction and Maintenance |of Water Wells in
Cregon". Effective Jamuary 1, 1979. Published
Jointly with Oregon Departmernt of Humen Resources,
Health Division amd Oregon Ddpartment of Commerce,
Building Codes Division. -

Rossum, John R. "Control of Sand in Water Bystems".
Journal American Water Works Association.
Volume 46, No. 2. February 1j954&.

Schrock, B. J. "Thermosetting Relsin Pipe". Presented
2t the American Society of Ciwil.Engineers Fall
Convention, San Francisco, Callifornia.

October 17-21, 1977. Preprint No. 3088.

Schwalen, H. C, "The Btovepipe o California Method of
Well Drilling as Practised inl Arizona', University
of Arizona, College of Agricullture. Bulletin
No. 112. November 1, 1925.

Speedstar Division,'Koehring Comppny. 'Well Drilling
Manual®, (Undated)

Spiridonoff, S. V. "Design and Use of Radial Collector
Wells", Journal American Water Works Association.
Volume 56. June 1964. ‘

State of Nevada, Department of Cohservation and Natural
Resources, Division of Water Resources. "Rules and
Regulations for Drilling Wells and Other Related
Naterial". Undated.

Btead, F. M. "A Discussion of Fadtors Limiting the
Bacterial Pollubtion of Underground Waters by Sewage".
Report of the Californie Statd Assembly Interim
Fact-Finding Committee on Watdr Pollution. 1949,

: Toddé D. K. "Ground Water Hydroldgy". John Wiley and

ons, Inc. 1959,

Tolman, C. F. "Ground Water'. MdGraw-Hill Book
Company, Tnc. 1939,

U. 5. Buresu of Reclamation. "Grgundwater Manual®.
First Edition. 1977.
000736



U. B. Geological Survey. "Evalug
Corrosion and Encrustabion i
Indus Plains, West Pakistan'
Paper 1608-L. 1969.

T« &. Public Health Service. "Go
Proceedings of the 1961 Symp
Report Wel-5. 1961.

U. 5. Public Heslth Zervice.
Legislation and Regulations

and Sewerage Systems Act and

Well Construction and Pump T
Regulations - Individual Sew
Act and Regulations. July 1

[tion and Control of
n Tube Wells of the
- Water Supply

ound Water Contamination®,
osium. Technical-

"Reoommended State

- Urban Wabter Supply
Regulations - Water
mstallation Act and
gg;ge Disposal Systems

Interior and Insular Affairsg.

"Mineral and Water

?. United States Senate, Righty-ninth Congress, Committee on
[

Resources of California - Part II, Water Resources;
Section I; Water Resources pramsal“ Report of
the U. 5. DePartment of the [Interior, Geological
Survey, in collaborabtion wih the Celiformnia

Department of Water Resources.

University of California.
Drilling®.
of Agriculture. Circular &4
|
University of California.
Agricultural Waste Waters,
April 6-8, 1966"., Water Re
No. 10. -
University of Celifornia. . "Waten
Design, Construction, Operaf
Division of Agricultural Sci

May 1978.

Vertlgg} Turbine Pump Association
D

Walker, T. R.

Volume %, March 1961.

Washington Department of Ecology.
Construction and Maintenance

1966.

"Ireigetion Wells and Well
Agricultural Experiment Station, College

. May 1951.

avis, Califormia,
ources Center Report

"Procaedings ~ Bymposium on

Wells and Pumps: Their
ion and Maintenance". '
ences. Bulletin 1889,

. "furbine Pump Facts".

"Ground Water Conflaninaftion in the Rocky
Mountain Arsenal Area, Denver, Colorado".
Geological Soclety of America.

The
Eulletin 72,

"Minimum Standards for
of Water Wells".

Chapter 173-160 Washington Administrative Code.

Janunary 10, 1979.

Water Systems Council.
Sixth Edition. 1977.

Water Systems Counecil.

WELLS & WATER SYSTEMS".
000737

"What you
1975-

"Water Systems Handbook".

need to know zbout






