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FOREWORD

During an average year about forty percent of California's water supply comes from
ground water. Ground water is used for agricultural, industrial, omestic, and municipal

water supplies. Protecting the quality of California’s groundd water is essential to
California’s future. |

Improperly constructed wells can allow pollution of ground water to the point that the
water is either unusable or it requires expensive treatment. Th California Water Code
requires the Department of Water Resources (DWR) to develop minimum standards
for water wells, monitoring wells, and cathodic protection wells|to protect ground water

quality.

This bulletin is a supplement to DWR Bulletin 74-81, Water el Standards: State of
California, December 1981. Standards in Bulletin 74-81 and thjs bulletin are minimum
requirements for construction, alteration, maintenance, and déstruction of water wells,

monitoring wells, and cathodic protection wells in California. '

|

* This bulletin was prepared in cooperation with the State Water Resources Control
Board. The Board adopted a model water well, monitdring well, and cathodic
protection well ordinance that implements DWR well standapds, All California cities.
and counties, and some water agencies are required to enact cal well ordinances that -

meet or exceed DWR standards, or they must enforce the Bo rd’s model ordinance as
if it were their own.

Sometimes well standards adopted by local agencies must be more stringent than
DWRs statewide standards because of ocal conditions. Lodal agencies play a critical
role in protecting ground water quality. '

Continued cooperation is needed between the public, industiy, local agencies, and the
State to ensure that these well standards remain adequate nd are put into practice.
California’s water supply future depends on this cooperation, )

David N. Kennedy, Director
Department of Water Resources
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_ for ground water quality degradation. In addition, humans and animals can

GENERAL INTRODUCTION

Improperly constructed, altered, matntained, or destroyed wells are a potential

pathway for introducing poor

quality water, pollutants, and contaminants to good-quality ground water. 'l;lhé potential for ground waier
increases

quality degradation increases as the number of wells and borings in an area

Improperly constructed, altered, maintained, or destroyed wells can facilitate graund water quality degradation

by allowing: |
- Poliutants, contaminants, and water to enter a well bore or casing;

+ Poor quality surface and subsurface water, poliutants, and contaminants to
borehole wall;

move between the ¢asing and

+ Poor quality ground water, pollutants, and contaminants to move from one istratum or aguifer to another;

and, .
+ "The well bore to be used for llegal waste disposal.

Permanently inactive or "abandoned" wells that have not been properly desy
water quality. They are frequently forgotten and become dilapidated with time,

surface.

History of DWR Standards

foyed pose a serious threat 10

and thus can becoms conduits

fall into wells left open at the

The Department of Water Resources has responsibility for ‘dcvclopin'g standards for wells for the protection
of water quality inder California Water Code Section 231, Water Code Section 231 was enacted in 1949, ~

Statewide standards for water welis were first formally p'ub'lished, in 1968 as

DWR Bulletin 74, Water Well

Standards: State of California. Standards for cathodic protection wells foll Lwed fn 1973 as Bulletin 74-1,
Cathodic Protection Well Standards: State of Cafifornia, Bulletins 74 and 74-1 are now out of print.

A revised edition of Bulletin 74 was published in 1981 as Bulletin 74-81 Water Well Standards: State of

California. Bulletin 74-81 is enclosed In the back cover of this report.

The law for establishing and in;plementlng well standards was changed significantly in 1986 by Assembly'Bill
3127 and Senate Bill 1817 (now Chaptérs 1152 and 1373, Statutes of 1986). Assembly Bill 3127 (Water Code

Section 13801) requires that:

(1) By September 1, 1989, the State Water Resources Control Board adopt a model well ordinance

implementing DWR standards.

(2) By January 15, 1990, all countles and cities, and water agencies where appropriate, adopt 2 well

ordinance that meets or exceeds DWE, well standards.

(3) By February 15, 1990, the Board’s model ordinance is to be enforced by pny county, city, or water agency

failing to adopt a well ordinance.

Senate Bill 1817 amended the Water Code to specifically include monitoring pells. It was previously assumed

that monitoring wells were included in the collective term "well” used in the
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As 2 first step in carrying out provisions of the amended law, the State Water Resources Cbntmi Board
contracted with DWR, to: ' |

(1) Reviewand update water well standards fn Bulletin 74-81;
(2)  Establish minimum standards for monitoring wells; and,

(3)  Update and replace cathodic protection well standards in Bulletin 74r1.
This Bulletin is a Supplement to Bulletin 74-81. [t was developed to satisfy the Departmém's contract with

SWRCB, to respond to Department responsibilitles under the Water Code, pnd 1o keep pace with technical
advances during the ten-year period following publication of Bulletin 74-81.| . . : .

Several sets of written comments for the draft supplemental standards were neceived by DWR. Written and
verbal comments on the standards were reviewed and appropriate changes wete incorporated into Final Draft
Bulletin 74-90, California Well Standards; Water Wells, Monitaring Weils, Cathodlic Protection Wells; Supplement
to Bulletin' 74-81, Janunary 1990, - T | '

‘ _ 1 o
Final Draft Bulletin 74.90 was published in November 1989 and was sent tp Interested organizations and
individuals for comment. ‘Comments were reviewed and appropriate changes were incorporated into this fina}
bulletin. : - o

|

Additional discussion on the history of DWR well standards is contained in $ulletin 74-81,
: |
|

‘Relationship of DWR Well Standards Publiefﬁans
DWER Bulleﬁns 74;81 and 74-1 provided the Department's st'hﬁdards For {vaie ‘wﬁllé and cathodic protection
wells just prior to this supplement. DWR standards for monitoring wells were generally the same as for water
wells prior to this supplemeérit and were included in Bulletin 74-81. The relatio hip of the various DWR well
standards bulletins is illustrated in Figure 1. S Lo

Revised standards for water wells in this supplement replace only portions of the water well' standards
contained in Bulletin 74-81, ‘‘This supplement s to be used together with Bulletin 74-81 for a complete
description of DWR Water Well Standards. '

Monitoring well standards are presented separately in this supplement and are| in parallel form to the water
well standards. Because many physical similarities exist between water wells and monitoring wells, the water
well standards are referred 1o frequently in the monitoring well standards. Water well and monitoring well
standards must be considered together for the construction, alteration, mai tenance, and destruction of
monitoring wells, ' ‘

Cathodic protection well standards jn this supplement replace those in Bulletin|74-1. Because of similarities
between cathodic protection wells and water wells, water wells standards are freferred to frequently in the
cathodic protection well standards. Cathodic protection well standards and water well standards must be
considered together for the construction, alteration, maintenance, and destructiof of cathodic protection wells.

o4
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Figure 1. YEARS DWR WELL STANDARDS

BULLETINS IN EFFECT

YEARS BULLETINS IN EFFECT

WELL TYPE

‘ | L
'CATHODIC 7/ B/L’J/L{éﬂ ////
" PROTECTION S 74-1
~ WELLS | ///(1973 - 1991) //
/

1970‘“|1|.|?9|30||||||:;|9901|1tl|||
. / / >
wATER ////// ; 7////
WELLS 2 W AULLETIN /
- “ /// / % 74-81
%7 BL;IALE;IL\IS
MONITORING / -

L

Both bulletina are - now required for water well monmrinq wall, and pathodic protscﬁon well standards.
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Organization of This Supplement

Standards in this supplement are presented In three parts;

(1) Revisions of some water well standards in Bulletin 74.81,
(2) Standards for monjtoring wells. ‘
(3) Updated standards for cathodic protection wells that were originaliy Rublished in Bulletin 74-1.

- Selected technical terms used in this supplement are listed and defined in Appendix A. A list of referencas
is contained in Appendix B. : ‘

Limitations of Standards

Well standards contained in Bulletin 74-81 together with well standards in this supplement (Bulletin 74-90)
are recommended minimum statewide standgrds for the protection of ground water quality. The standards gre
not necessarily sufficient for local conditions, - Local enforcing agéncies may need to adopt more stringent

standards for local conditions to ensure ground water quality protection.

In some cases, ft may be necessary for g local enforcing agency to substitute jalternate measures or standards
10 provide protection equal to that otherwise afforded by DWR standards. Such cases arise from practicalities
in applying standards, and from variations in geologic and hydrologic conditibns, Because it is impractical 1o
prepare "site-specific’ standards covering every conceivable case, provision hds been made for deviation from
the standards. - ‘ |

: Stan_dérds in Bulletin 74-81 2nd this supplement (Bulletin 74-90) do not proper construction or function

of any type of well. Proper well design and construction practices require thej use of thess standards together
with accepted industry practices, regulatory requirements, and consideration |of site conditions.

, n&mmmmgmmm@mqﬁnmmmammnhmmﬂmmmd
. mwmthmqudmmwmhmampaﬂzwfwﬂmmm ol
mcmmﬁnmu;dommmapﬁbﬁcmkmﬁhmﬂmd, ‘bfpafonmadﬁwdﬁr_lm:z
IMqutnwmacupumrﬂpamﬂ?Hig;forimmpﬂdﬁigm construction, ’
destruction of individual welfs, =~ ' o

Applicability

Construction standards presented in this supplement apply to all water wells, monitoring wells, and cathodic
protection wells constructed afier the date of thjs supplement. Alteration,|maintenance, and destruction
standards presented In this supplement apply to all water wells, monitoring wells, cathodic protection wells,
and "borings” regardless of their original date of construction. Standards con ined in Bulletin 74-81 remain
in effect except where modified by this supplement (Bulletin 74-90).

6-
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REVISIONS TO WATER WELL STANDARDS

INTRODUCTION

Revisions to standards in DWR Bulletin 74-81, Chapter II, are presented i: this section. All standards in

Bulletin 74-81 that arc not revised by this supplement (Bulletin 74-90) e unchanged and in effect. The
organization and numbering system used for the revisions is the same as that In Bulletin 74-81.

Table 1, page 10, below, lists portions of Bulletin 74-81 that are replaced by this supplement (Bulletin 74-90_).
The user of this supplement should strike-out the replaced sections and paagraphs in the copy of Bulletin
74-81 that is enclosed in the back cover of this supplement. :

9.
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Table 1

Deletions in Bulletin 74-8

Portions of Bulletin 74-81 Replaced by this Supplement,

i Bulletin 74-90

_ Subsection | .
25 |l Subsections J and L , ‘ ‘

26 Subsection A of Section 8, and Footnote No. 3
| I 27 . [ Entire Page, Including All Footnotes . l
h 29 Entire Page, Including All Footnotes |
T 30 Entire Page, Including All Footnotes J'
LT_ 32 Remainder of ftem 3
34 Subsection D, ard All Footnotes
35 Entire Page, Including All Footnotes ﬁ
36 Item 2, Item 3, and Item 4 |
1 39 Item 5, Subsection B, and All Footnotes “F:
40 1 Subsection F, and Footnote No, 1 |
43 Ite.rh 3, and Footnote No. 1
44 Remainder of Item 3, and Both Footnotes
45 Item 5, and Item 6, Subsection B, and Both Footnotes
46 Reméinder of Subsection B, Section 14
48 Remainder of Section 14
52 Section 21, Footnote No. 2
53 Remainder of Section 21, Jtem 1

Ttem 1
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- | 000762




STANDARDS

Part I. General

Section 1. Definitions.

Definitions A through H, and K (page 23 of Bulletin 74-81) are unchanged. The definition for observation
and monitoring wells under Definition T has been deleted and replaced with| a definition for "exploration hole.”
Observation or monitoring wells are now addressed in monitoring well standards in this supplement.

The new definition under Definition I is:

"I. Exploration Hole (or Boring). An uncased, temporary |excavation whose purpose is the
determination of hydrologic conditions at a site.”

-

Deﬁnitiuns'.'f and 1. have been revised to read as follows: - --

"1, Test Wells. Wells constructed to obtain information neefled for design of other wells. Test
wells should not be confused with "exploration holes”, which arc temporary. Test wells are
cased and can be converted to other uses such as ground water monitoting and, under certain
circumstances, 10 production wells,

L. Enforcing Apency. An agency designated by duly authorized local, regional, or State
government to administer and enforce laws or ordinances pertaining to the construction,
alteration, maintenance, and destruction of water wells, The California State Department of

Health Services or the local health agency is the enforcing pgency for community water supply
wells.” "

Sections 2 through 7 (page 25 of Bulletin 74-81) are unchanged.

- -11-
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Part II. Well Construction
Section 8. Well"l.ocation With Respect to Pollutants and Contaminants, ﬂnd Structures.

Note: ‘The title of Section 8 has been revised.

Section 8 (pagé 26 of Bulletin 74-81) has been revised to read as fellows:

"A Separation. All water wells shall be located an adequate htrizontal distance from known or

potential sources of pollution and contamination, Such soyrces include, but are not limited
to: . L

. sanitary, 'Indusuial, and storm sewers;
* septic tanks and leachfields;

* sewage and industrial waste ponds;

* barnyard and stable areas;

* feedlols; ‘ ;

« solid waste disposal sites; : -

* above and below ground tanks and pipelines for storaglf and conveyance of petroleum
products or other chemicals; and, ‘ !

* Storage and preparation areas for pesticides, fertilizers, and other chemicals.
) ‘ |

. Consideration should also be given to adequate separation fr’:m sites or areas with known or

- suspected 50il or water pollution or contamination. i :
The following horizontal separation distances are generall considered adequate where a
significant layer of unsaturated, unconsolidated sediment| less permeable than sand is
encountered between ground surface and ground water. These distances are based on present
knowledge and past experience. Local conditions may requirg greater separation distances to
ensure ground water quality protection.

Minimum Horizontal
Potential Pollution Separation Distance Between
‘ or _ Well and Known or
‘ « Contamlnation Source Potential Source

P ———

Any sewer line (sanitary, industrial, or storm; 30 feet
‘ main or lateral) '

Watertight septic tank or subsurface sewage 100 feet
leaching field |
!

Cesspool or seepage pit 150 feet

Animal or fowl enclosure

100 feet

If the well is a radial collector well, minimum separation distances shall apply to the furthest
&xtended point of the well,

~12-
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. Many variables are involved in detcemining the “safe” separation distance between 3 well and
a potential source of pollution or contamination. No set se ration distance is adequate and
reasonable for all conditions. Determination of the safe sepagjﬁon distance for individual wells
requires detalled evaluation of existing and future site conditions.

Where, In the opinion of the enforcing agency adverse conditions exist, the above separation
distances shall be Increased, or special means of protection, Fniculaﬂy in the construction of

the well, shall be provided, such as increasing the length of the annular seal.

compliance with the specified minimum separation distanpes and where speclal means.of
protection are provided. Lesser separation distances must be approved by the enforcing apency
on a case-by-case basis. ' | :

i
A

Lesser distances than those listed above may be acceptable \-F'c physlcal conditions preciude

B. Gradients. Where possible, a well shall be located up the gropnd water gradient from potential
sources of pollution or contamination. Locating wells p gradient from pollutant and
contaminant sources can provide an extra measure of otection for-a well FHowever,
consideration should be given that the gradient near a well can be reversed by pumping, as
shown in Figure 3 (page 28 of Bulletin 74-81), or by other Influences.

C Flooding and Drainage. If possible, a well should be locat
10p of the well casing shall terminate above grade and ab
by drainage or runcff from surrounding land. For commun
defined as the: ‘ T ,

outside areas of flooding. The
known levels of flooding caused
ty water supply wells, this level is

*.floodplain of a 100 year flood..” or above "..any recorded high tide...",
(Section 64417, Siting Requirements, Title 22 of the California Code of
Regulations.) - o - :

If compliance with the casing height requir'ement‘ for community water supply wells and other
water wells is not practical, the enforcing agency shall reqyire alternate means of protection.

Surface drainage from areas near the well shall be directed away from the well. If necessary,
the arca around the well shall be built up so that drainagel moves away from the well.

D. Accessibility. Al wells ‘;;liall' be located.an adeqiuite :ﬁstance from buildings and other
 structures to allow access for well modification, maintenance, repair, and destruction, unless
otherwise approved by the enforcing apency.”

Section 9. Sealing the Upper Annular Spnée.
Note: Sealing requiremenis are also described in Appendix B, page 67 of Bulietin 74-81.

Section 9 (page 29 of Bulletin 74-81) has been revised to read as follows:

*The space between the well casing and the wall of the drilled hole, often referred to as the annular space,
shall be effectively sealed to prevent it from being a preferential pathway for movement of poor-quality water,
pollutants, or contaminants. in some cases, secondary purposes of an annylar seal are to protect casing against
corrosion or degradation, ensure the structural integrity of the casing, and stabilize the borehole wall.

i} -13-
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A

Industrial
‘ Individua) Domestic

Minimum Depth of Annular Surface Seal. The annular surfice seal for various types of water
wells shall extend from ground surface to the following minimum depths:

# Below Ground Sarface

Community Water Supply

1. Shallow ground water. ‘ Exceptions to minimum seal depths can be made for shallow
wells at the approval of the enforcing agency, where the water to be produced is at a
depth less than 20 feet. In no case shall an annular seal extend to a total depth less
than 10 fest below land surface. The annular seal $hall be no less than 10 feet in
length, o b ' '

"aﬁnular seal with respect to
include horizontal separation
2, above,

ticroachment on gr potential sou amination. When,
at the approval of the enforcing agency, a water well isjto be located closer Lo a source
of pollution or contamination than aliowed by Sectior 8, page 12, above, the angnulat
Space shall be sealed from ground surface 1o the first impervious stratum, if possible.
- The annular seal for all such wells shall extend to 4 inimum depth of 50 feet,

3. Areas of freezing. ‘The top of an annular surface seal 2y be below ground surface in
- areas where freezing is likely, but in no case more th 4 feet below ground surface,
'Freezing' areas are those where the mean length of the freeze-free pericdd described

by the National Weather Service is less than 100 days. JIn other words, 'freezing’ areas

are where temperatures at or below 32 degrees Fahre heit are likely to occur on any

day during a period of 265 or more days each year. Iy general, these areas include:

~* Pportions of Modoc, Lassen, and Siskiyou Counties;

the eastern slope of the
itney and Mono Lake; and,

* portions of the North Lahontan area includin
Sierra Nevada and relaged valleys north of Mount

* the area of Lake Arrowhead in the San Bernardina Mountains.
4. Vaults, At the approval of the enforcing agency, the 1op of an annular surface seal
and well casing can be below ground surface where traffic or other conditions require,

if the seal and casing extend to a watertight and structiiraily sound subsurface vault,
of equivalent feature. In no case shall the top of the jannular surface seal be more

-14-
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than 4 fest below ground surface. The vault shall extenfl from the top of the annular
seal to at least ground surface.

rare and is discouraged due to suscaptibility to thg entrance of surface water,
pollutants, and contaminants. Where appropriate, pitigss adapters should be used in

The use of subsurface vaults to house the top of water i/:lls below ground surface is
place of vaults.

B. Sealing Conditions. The following requirements are 1o be o
space.

rved for sealing the annular

"%
[
=
T
@
©

B

1. Wells drilted fn unconsotidated, caving material. An ’oversized' hole, at least 4 inches
greater in diameter than the outside diameter of the well casing, shall be drilled and
a conductor casing temporarily installed to at least the minimum depth of annular seal
specified in Subsection A, page 14, above. Permanent gonductor casing may be used
if it is installed in accordance with Item 3, page 16, bielow, and Item 5 (page 32 of
Bulletin 74-81) and if it extends at Jeast to the depth specified in Subsection A, above.
One purpose of conductor casing is to hold the annular $pace open during well drilling
and during the placement of the well casing and annular seal.

Temporary conductor casing shall be withdrawn as sealing material is placed between
the well casing and borehole wall, as shown in Figure 4A. (page 31 of Bulletin 74-81).
Sealing material shall b placed at least within the interval specified in Subsection A,
above. The sealing material shall be kept at a sufficieht height above the bottom of

the temporary conductor casing as it is withdrawn to prevent caving of the borehole
wall. o

Temporary conductor casing may be left in place in the borehole after the placement
of the annular seal only if it is impossible to remove befause of unforesesn conditions
and ‘not because of inadequate drilling equipment, of If its removal will seriously.
. jeopardize the integrity of the well and the inteprity of subsurface barriers to pollutant
or contaminant novement. Temporary conductor casing may be jeft in place only at
the approval of the enforcing agency on a case-by-casq basis.

Every effort shall be made to place sealing materfal begween the outside of temporary
conductor casing that cannot be removed and the bogehole wall to fill any possible
‘gaps or volds belween the conductor casing and the borghole wall. At feast two inches
of sealing material shall be maintained between the copductor casing and well casing.
At a minimum, sealing material shail extend through iftervals specified in Subsection
A, above, : : .

Sealing material can often be placed between temporaty conductor casing that cannot
- be removed and the borehole wall by means of pressure grouting techniques, as
described below and in Appendix B (page 67 of Bulfetin 74-81). Other means of
placing sealing material between the conductor casing and the borehole wail can be
used, at the approval of the enforcing agency.

Pressure grouting shall be actomplished by perforatigg temporary conductor casing
‘that cannot be removed, in place. ‘The perforations are to provide passages for sealing
material to pass through the conductor ¢asing to fill any spaces and voids between the
casing and borehole wall, Casing perforations shall be a suitable size and density to
allow the passage of sealing materials through the cas{ng and the proper distribution

B} -15-
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of sealing material in spaces between the casing an
the perforations shall extend through the intervals
unless otherwise approved by the enforcing apency.

Temporary conductor casing that must be
before sealing operations begin to prevent drilling or
clogging casing perforations, Once the casing has b
material shall be placed inside the conductor

‘pressure to cause the sealing material to pass

petforations and completely fill any spaces or volds b

wall, at least within the intervals specified in Subsel
shall consist of neat cement, or bentonite prepars
water, unless otherwise approved by the enforcing

Sealing material must also fill the annular space betw
well casing within required sealing intervals. "

Wells drilled jn unconsolidated material with sj
hole, at least 4 inches greater in diameter
shall be drilled to at least the depth specified in Subs
annular space between the borehole wall and th
materizal in accordance with Subsection A, above (s
74-81)." 1f a significart layer of clay or clay-
encountered within 5 feet of the minimum se
above, the annular seal shall be exténded at lea
depth of seal could be required to be extended
layer is less than 5 feet in
thickness.

borehole wall, Ata miﬂmﬁm,
pecified in Subsection A, above,

left In plage shall be perforated immediately

!l construction operations from
n adequately perforated, sealing
ing and subjected to sufficiant
through the conductor casing
etween the casing and borehole
ttion A, above. Sealing material
d from powdered bentonite and

agency.

[een the conductor casing and the

-

ay layers. An ‘oversized’

than the outside diameter of the well casing,

ion A, page 14, above, and the
well casing filled with sealing
Figure 4B, page 31 of Bulletin

rich deposits of low permeability is
al depth prescribed in Subsection A,
st 5 féet into the clay layer. Thus, the
a5 mugh as another 10 feet, If the clay
total thickness, the seall shall extend through its entire

If caving material is present within the interval specified in Subsection A, a temporary
conductor casing shall be installed to hold the borehple open during well drilling and
Placement of the casing and anfiular seal, in accordange with the requirements of ltem
1, page 15, above. . Permanent conductor casing njay be used if it is installed in
Accordance with Item 3, below and Ttem S (page 32 &f Bulletin 74-81) and it extends
to at least the depth specified in Subsection A, above. -

ive clays, sandstones. etc). An
lhan the outside diameter of the
tified in Subsection A, page 14,
ghble shall be filled with sealing

Wells drilled in soft consolidated formations (exten
. "oversized” hole, at least 4 inches greater in diameter |

welk.casing, shall be drilled 10 at least the depth spe
~ above.The space between the well casing and the bo
material to at least the depth specified in Subsection
(page 31 of Bulletin 74-81).

above, as shown by Figure 4C
|

If a permanent conductor casing is to be installed (o acilitate the construction of the
well, an oversized hole, at least 4 inches greater in dipmeter than the outside surface
of the permanent conductor casing, shall be drilled fo the bottom of the conductor

casing or to at least the depth specified in Subsection
between the conductor casing and the borehole wall
some cases, such as In cable tool drilling, it may be

conductor casing beyond the depth of the required d

In order to maiatain the borehole, Sealing material is

-16-
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casing and the borehole wall other than the depthi s;lwiﬂed in Subsection A, above,
and Section 13, below (page 46 of Bulletin 74-81)." '

n added, as follows:

Ttems 4 through 7 (page 32 of Bulletin 74-81) are unchanged. Item 8 has b

"8, Wel .
If geologic units or filt known or suspected to contai poor-quality water, pollutants,
or contaminants are penetrated during drilling, and, |the possibility exsts that poor-
quality water, pollutants, or contaminants could moye through the borehole during
drilling and weli construction operations and significagtly degrade ground water quality
 in other units before sealing material can be installed; then precautions shall be taken
to ssal off or 'isolate’ zones. containing poor-quality water, pollutants, and
contaminants during drilling and well construction operations. Special precautions
could include the use of temporary or permanent conductor casing, borehole liners,
and specialized drilling equipment. The use of condpetor casing is described in Item
1, page 15, above.”

Subsection C (page 34 of Bulletin 74-81) is unchanged. Subsections I, E, and F (page 34 of Bulletin 74-81)
. have been changed to read as follows:. ‘ -

"D. Secaling Material. Sealing material shall consist Of neat cement, sand cement, concrete, OT

bentonite. Cuitings from drilling, or drilling mud, shall not te used for any part of the sealing
material. . ‘ } .

1. Water. Water used to prepare sealing mixtures sho
~ quality, shall be compatible with the type of sealing

and petroieum products, and be free of suspended matter. In some Cases water
considered nonpotable, with & maximum of 2,000 milligrams per liter chloride and

1,500 mg/l sulfate, can be used for cement-based scat ng mixtures. The quality of water

1o be used for sealing mixtures shall be determined| where unknown. )

Id generally be of drinking water
terial used, be frec of petroleum

2. " Cement, De.ment use.d ih-Sealing mlxr.ures shall meet the requirements of American
Society for Testing and Materials €150, Standard §pecification for Portland Cement,
Including the latest revisions thereof, -~ " .

Types of Portland cement available uindér ASTM (150 for general construction are:
“Type1 - General purpose. Similar to Americap Petroleum Institute Class A

Type I - Moderate resistance to sulfate.  Lowgr heat of hydration than Type L.
Similar to API Class B.

Type Il - High early strength, Reduced curing time but higher heat of hydration
o than Type 1. Similar to AP] Class Gl ‘
“Type IV -- Extended setting time. Lower heat of hydration than Types I and ML
“Type V - High sulfate resistance.

some cases. Special field additives for Portland cement mixtures shall meet the
requirements of ASTM C494, Standard Specificgtion for Chemical Admixtures for

Special cement setting accelerators and retardants {nd other additives may be used in
Concrete, and latest revision thereof,

| "
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Hydrated lime may be added up t0 10 percent of the volume of cement used to make
the seal mix more fluid, Bentonite may be ad to cement-based mixes, up to
6 percent by weight of cement used, to improve fluld characteristics of the sealing mix
and reduce the rate of heat generation during setting. ' ‘

Dry additives should be mixed with dry cement befgre adding water to the Rixture to
ensure proper mixing, uniformity of hydration, and dn effective and homogeneous seal.
The water demand of additives shall be taken into askcount when water is added to the
mix, - |

Minimum times required for sealing materials con ining Portland cement to set and
begin curing before construction operations on a well can be resumed are:

* Types I and II cement - 24 hours |
* Type Il cement - 12 hours |
i

* Type V cement - 6 hours l

Type IV cement is seldom used for annular seals bccT:ause of its extended setting time,

Allowable setting times may be reduced or Jengthened by use of accelerators or
Tetardants specifically designed to modify setting timg, at the approval of the enforcing
agency. :

. . ]
More time shail be required for cement-based seals cure to allow greater strength
when construction or development operations follow ng the placement of the seal may
subject casing and sealing materials to significant stress, Subjecting a well to
significant stress before a cement-based sealing magerial has adequately cured can
.. damage the seal and prevent proper bonding of cempnt-based sealants to casing(s).
- If plastic well casing is used, care shal] be exercised to control the heat of hydration
- Benctated during the setting and curing of cement in An annuiar seal. Heat can cause
Plastic casing to weaken and collapse.- Heat genaration is a special concern if thin-wall
Plastic weil casing is used, if the well casing will be subject to significant net external
pressure before the setting of the sesl, and/or if the ra lal thickness of the annular seal
is large. Additives that accelerate cément setting alsoltend to increase the rate of heat
generation during setting and, thus, should be tsed w
is employed. o ‘ :

The témperature of a setting cement seal can be lowkred by circulating water inside
the well casing andfor by adding bentonite 1o the ce nt mixture, up to & percent by
weight of cement used. AR M

Cement-based sea]ing-matcrial shall be constituted as| follows:

8. Neat Cement. For Types Ior I Portland cement, neat cement shall be mixed
At & ratio of one 94-pound sack of Portiand ce 1ent to 5 to 6 gallons of *clean’
waler. Additional water may be required where special additives, such as
bentonite, or *accelerators’ or ‘retardants’ are jused.

b, Sand Cement, Sand-cement shall be mixed at 2 ratio of not more: than 188
“pounds of sand to one 94-pound sack of Portland cement (2 parts sand to 1
part cement, by weight) and about 7 galions of clean water, where Type I ar
Type I Portland cement is used. This is equivalent to a '10.3 sack mix.’ Less
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water shall be used if less sand than 2 parts fand per one part cement by
weight Is used. Additional water may be requir 4 when speclal additives, such
as bentonite, or "accelerators’ or 'retardants’ arg used,

¢ Concrate, Concrete is often useful for large vojume annular seals, such as in
large-diameter wells, The proper use of japgregale can decrease the
permeability of the annular seal, reduce shrinkage, and reduce the heat of
hydration generated by the seal. ‘

Concrete shall consist of Portland cement and aggregate mixed at a ratio of
at least six-94 pound sacks of Portland ceme i per cubic yard of aggregate.
A popular concrete mix consists of cight-94 polnd sacks of Type I or Type I
Portland cement per cubic yard of uniform 3 -inch aggregate. g

In no case shall the size of the aggregate be moke than 1/5 the radial thickness
of the annular seal. Water shall be added to doncrete mixes 1@ attain proper
consistency for placement, setting, and curing

d. Mixing. Cement-based sealing materials shall be mixed thoroughly 10 provide |

uniformity and ensure that no ‘lumps’ exist. |

Ratios of the components of cement-based sealing materials can be varied depending
on the type of cement and additives used. Variatipns must be approved by the
enforcing agency. : ;

Begtonite. Bentonite clay in “gel’ form has some of the advantages of cement-based
sealing material, A disadvantage is that the clay can 50 etimes separate from the clay-
*

water mixture. ‘

Although many types of clay mixtures are availablé, none has sealing properties
comparable to bentonite clay. Bentonite expands| significantly in volume when
hydrated. Only bentonite clay is an acceptable clay for annular seals.
Unamended bentonite clay seals should not be used here structural strength of the
seal is required, or where it will dry. Bentonite se Is may have a tendency 1o dry,
shrink and crack in arid and semi-arid areas of Califdrnia where subsurface moisture
levels can be low. Bentonite clay seals can be afiversely affected by subsurface
. chemical conditions, as can cement-based materials. ‘ ‘

deep rooted plants might invade and disrupt the seal, and/or damage the well casing,
Roots may grow in an interval containing a bentonitg seal depending on surrounding
_ soil conditions and vegetation. o

Bentonite-based sealing material shall not be used for sealing intervals of fractured
rock ot sealing intervals of highly unstable, unconsoligated material that could collapse
and displace the sealing material, unless otherwise a proved by the enforcing agency.
Bentonite clay shall not be used as a sealing materiallwhere flowing water might erode
it.

Eentonite clay shall 1ot be used as a sealing matcr%l if roots from trees and other

_Bentonite clay products used for sealing material mugt be gpecifically prepared for such
use. Used drilling mud andfor cuttings from drilling ghall not be used in sealing
material. ‘
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Bentonite used for annular seals shall be commercially prepared, powdered, granu.lated,
pelletized, or chipped/crushed sodium montmorillonite clay. The largest dimension of
pellets or chips shall be Jess than 1/5 the radial thickness of the annular space into

which they are placed.

Bentonite clay mixtures shall be thoroughly mixed with clean water prior to placement,
A sufficlent amount of water shall be added to bentqnite to allow proper hydration.
Depending on the bentonite sealing mixture used, 1 gallon of water should be added
to about every 2 pounds of bentonite, Water added 0 bentonite for hydration shall
be of suitable quality and free of pollutants and contgminants.

Bentonite preparations normally Tequire 1/2 to 1 houd to adequately hydrate, Actual
hydration time is 2 function of site conditions and the fform of bentonite used. Finely
divided forms of bentonite generally require less time for hydration, if properly mixed.

- Dry bentonite pellets or chips may be placed directly into the annular s;mcé below
water, where a short section of annular space, up to0 1{ feet in length, is to be sealed.
Care shall be taken to Pprevent bridging during the placement of bentonite seal
materjal. : - |

. |

Radial Thickness of Seal. A minimum of two inches of sealin material shall be maintained
betwecn all casings and the borehole wall, within the interval to be sealed, except where
temporaty conductor casing cannot be removed, as noted in Su ection B, page 15, above. A
minimum of two inches of sealing material shall also be malntained betwesn each casing, such
45 permanent conductor casing, well casing, gravel fill pipes, gtc., in 2 borehole within the
Anterval to be sealed, unless otherwise approved by the enforcing pgency. Additionals pace shall
be provided, where heeded, for casings to be properly centralized and spaced and allow the use
of a tremie pipe during well construetion (if required), especially for deeper wels.

. Placement of Seal,

1. Obstructions, All loose cuttings, or other obstructio
+from the annular space before placement of the annul

to sealing shall be removed
seal.

-2 Centralizers. Well casing shall be equipped with cénteding guides or 'centralizers’ to

~- ensure the 2-inch minimum radial thickness of the anng r s¢al is at least maintained,
Centralizers need not be used in cases where the well casing is centered In the
borehole during well constriction by use of removable tools, such as hollow-stem
-augers. . . Cee T -

cdéing materials used, the
od used to install the casing,

The spacing of centralizers is normally dictated by the
orientation and straightness of the borehole, and the met

Centralizers shall be metal, plastic, or other non-degrada le material. Wood shail not
be used as a centratizer materiai, Centralizers muist be pbsitioned 10 allow the proper
Placement of sealing material around casing within the Interval to be sealed,

Any metallic component of 2 centralizer used with metalfic casing shall consist of the
Same material as the casing. Metallic centralizer components shall meer the same
metallurgical specifications and standards as the metallic ¢asing to reduce the potential
for galvanic corrosion of the casing.
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Foundation and Transition Seals, A packer or similgr retaining device, or a small
quantity of seatant that s allowed to set, can be placeq! at the bottom of the interval
to be sealed before final sealing operations begin to fprm a foundation for the seal.

A transition seal, up to 5 feet in fength, consisting of bentonite, is sometimes placed
in the annular space 1o separate filter pack and cement-based sealing materials. The
transition seal can prevent cement-based sealing matdrials from infiltrating the filter
pack. A short Interval of fine-grained sand, usvally less than 2 feet in length, is
sometimes placed between the filter pack and the bentonite transition sezl to prevent
bentonite from entering the fliter pack. Also, fine sand is sometimes used in place of
bentonite as the transition seal material, : R

. Fine-sized forms of bentonite, such as granules and powder, are usually employed for
transition seals If a transition seal is to be placed above the water leve! in 2 well
boring. Coarse forms of bentonite, such as pellets a chips, are often used where a
bentonite transition seal is to be placed below the water level. -
Transition seais should be installed by use of & tremlg pipe, or equivalent. However,
sorme forms of bentonite may tend to bridge or clog in a tremie plpe.

Bentonite can be placed in dry form or as slurry for use In transition seals. Water
should be added to the bentonite transition seal pripr to the placement of cement-
based sealing materials where bentonite is dry in the borehole. Care should be
exercised during the addition of water to the bordhole to prevent displacing the
bentonite. - :

Water should be added to bentonite at a ratio of aboyt 1 gallon for every 2 pounds of
bentonite to allow for proper hydration, Water added to bentonite for hydration shall
be of suitable quality and free of pollutants and congaminants.

Sufficient time should be allowed for bentonite trarsition seals to properly hydrate’

before cement-based sealing materials are placed. 'Nqrmally, 1/2 to 1 hour is required
for ‘proper hydration to ovcur. Actual time of Jydration {s a function of site
conditions.” ~* I

The top of the transition seal shall be sounded to ens
during placement. -

re that no bridging has occurred

Timing and Method of Placcment. The snnular space shall be sealed as soon as
practical after completion of drilling or a stage of drilfing. In no case shall the annular
space be left unsealed longer than 14 days following the installation of casing.

Sealing material shall be placed in one continuous operation from the bottom of the
interval 10 be sealed, 10 the top of the interval. Whare the seal is more than 100 feet
in length, the despest portion of the seal may be ingtalled first and allowed to set O
partially set. The deep initial seal shall be no lonper than 10 feat in Iength. The
remainder of the seal shalt be placed above the infitial segment in one continuous
operation. -

Sealing material shall be placed by methods (suchl as the use of a tremie pipe or
equivalent) that prevent freefall, bridging, or dilution of the sealing material, or
separation of sand or aggregate from the sealing material. Annular sealing materials
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shall not be installed by fresfall unless the interval to be sealed is dry and no deeper
than 30 feet below ground surface,

Ground Water Flow. Special care shall be used 1d restrict the flow of ground water

5
into a well boring while placing matetial, where subsurface pressure causing the flow
of water is significant. : - .

6. Verification. It shall be vérified that the volume pf sealing material placed at least
equals or exceeds the volume to bé sealed.

7. Pressute. Pressure required for placement of seal ng materlals shall be maintained
long enough for cement-based sealing materials to [properly set,”

Section 10. Surface Construction Features, R

|
Subsection A, Jtem 5; Subsection B; ard Sub&éction F (page 39 of Bu]lﬂtill 74-81) have been changed. The
remainder of Section 10 (page 36 of Bulletin 74-81) is unchanged. ' '

"A. Openings. ' .

5.

- water tightness. Contacts betwesn the base and the

enforcing agency,

4 in;_l;es ;hick.

Bases. A concrete base or pad, sometimes called pump block or pump pedestal,
shall be constructed at ground surface around the tpp of the well casing and contact

the annular seal, unless the 1op of the casing is below ground surface, as provided by
Subsection B, page 23, below, .. .

naular seal, and the base and the
he failute of the annular seal or
terial is used, the concrete base
less otherwise approved by the

well casing, must be water tight and must not cause
well casing. Where cement-based annular sealing

The base shall be fres of cracks, volds, or other significant defacts likely to prevent
shalt be poured before the annular sea] has set, u

- 'The upper surface of the base shall slope away from the well casing. The base shall

extend at least two feet laterally in all directions from the outside of the well boring,
unless otherwise approved by the enforcing agency. [The base shall be a minimum of

A minimum base thickness of 4 inches is normallyl acceptable for small diameter,
single-usar domestic wells, The base thickness should be Increased for larger wells.
Shape and design requirements for well pump baseq vary with the size, weight, and

. lype of pumping equipment to be installed, engincerislg properties of the soil on which
 the base is t0 be placed, and local environmental cogditions. A large variety of base

designs have been used. The Vertical Turbine Punip Association has developed a
standard base design for large lineshaft turbine pumps. This design consists of a
square, concrete pump base whose design is dependent on bearing weight and site soil
characteristics. ‘

Where freezing conditions require the use of a pitless dapter, and the well casing and
annular seal do not extend above ground surface or indo g pit or vault, a concrete base
Or pad shall be constructed as a permanent location fnonument for the covered well,
The base shall be 3 feet In length on each side anfd 4 inches in thickness, unless
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otherwise approved by the enforcing agency. The Qse shall have a lift-out section, or
equivalent, to allow access to the well. The lift-gut shal! facllitate inspection and
repair of the well.-

Well Pits or Vaults. The use of well pits, vaults, or equivalent features to house the top of a
welt casing below ground surface shall be avoided, if possivle, because of their susceptibility to
the entrance of poor-quality water, contaminants and pollufants. Well pits or vaults can only
be used it approval is obtained from the enforclng agency. substitute davice, such as a pitless
adapter or pitless adapter unit (a variation), should almast alwdys be used in place of a vault
or pit. '

Pitless adapters and units were developed for use in areas where proionged freezing occurs, and
below ground (frost line) discharges are common. Both the National Sanitation Foundation
and Water Systems Council have developed standards for the manufacture and installation of
pitless adapters and units. (See Appendix E, Bibliography| page 85 of Bulletin 74-81.)

If a pit or vault js used it shéll be water{ight and structurglly sound. “The vault shall extend
from the top of 1the annular seal to at least ground surfa

The vault shall contact the annular seal in a2 manner to form 2 watertight and structurally
sound connection. Contacts batween the vault and the ahnilar seal, and the vault and the well
casing, if any, shall not fail or cause the failure of the well casing or annular seal,

Where cement-based annular seal materials are vsed, the viult shall be set into or contact the
annular seal material before it sets, unless otherwise approved by the enforcing agency. If
bentonite-based sealing materdal is used for the annular sdal, the vault should be set into the
bentonite before it is fully hydrated.

Cement-based sealing material shall be placed between the outer walls of the vault and the
excavation iiito which it is placed to form a proper, structufally sound foundation for the vault,
and to seal the space between the vault and excavation. -

‘The sealing materlal surrounding a vault shall extend fribm the top of the annular seal to
ground surface unless precluded in areas of freezing. if cement-based sealing material is used
for both the annvlar seal and the space between the excavation and vault, the sealing material .
shall be emplaced in 2 continuous pour’, In other words,jcement-based sealing material shall
be placed between the vault and excavation and contact thie cement-based annular seal before
. the annular seal has set. ' ' “

. The vault cover or lid shall be watertight but shall allow the venting of gases. The lid shall be
fitted with a security device to prevent unauthorized access. The outside of the lid shall be

 glearly and permanently labeled "WATER WELL". The vaultand lts lid shall be strong enough
to support vehicular traffic where such traffic might occ

The top of the vault shall be set at, or above, grade so that drainage is away from the vault.
The top.of the well casing contained within the vault all be covered in accordance with
requirements under Subsection A, above, (page 36, Bulletip 74-81) so that water, contaminants,
and pollutants that may enter the vault will not enter {he well casing. The cover shall be
provided with a pressure relief or venting device for £2s83.
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Section 12. Casing,

MMM. All pump discharge pipes not dischar ing or open to-the atmosphere
qui i ‘ and/or back siphonage into a
well. Specific backflow Prevention measures are required for drinking water supply wells, as

ations (Sections 7583-7585 and
7601-7605, effective June 23, 1987).

Irrigation well systems, including those used for landscape irgigation, and other well systems
that empioy, or which have been modified to employ, chemigal feeders or injectors shall be
¢quipped with a backflow preveation device(s) approved by the enforcing agency.”

Items 3, 5, and 6 of Subsection A (page 43 of Bulletin 74-81) have been revised. The remainder of Subsectinn
A is unchanged. Subsectiun_B (page 45 of Bulletin 74-81) has been revised. | The revisions are gs follows:

A,

Casing Material, ‘ | . =

3. Flastic.. Two basic types of plastic are commonly lused for plastic well casing:
thermoplastics and thermosets. Thermoplastics soften with the application of heat and
reharden when cooled. Thermoplastics can be reformed repeatedly using heat and
sometimes can unexpectedly deform. Astention should be given 1o the effect of heat
on thermoplastic casing from the setting and curing of pement. Additional discussion
on sealing material and heat generation is in Sectfon 9, Subsection D, 'Sealing
Material’. ; : : ' |
Thermoplastics used for well casing include ABS (acrylofitrile butadiene styrene), PVC
(polyvinyl chloride), and SR (styrene rubber). PVClis the most frequently used

thermoplastic well casing in California. Styrene rubbc.# is seldom used,
‘ |

Unlikﬁthennqplasti;s, thermoset plastics cannot be reformed after heating. The
molecules of thermoset plastic ara ‘set’ during manufactyring by heat, chemical action,

or & combination of both. The thermoset plastic most dommonly used for well casing
is fiberglass. . A I :

a, Thermoplastics. Thermoplastic well casing shall meet the requirements of

ASTM F480, Standard Specificarion Jor Thermgplastic Well Casing Pipe and

. Couplings Made in Standard Dimension Ratios SDR), SCH 40 and SCH 80,

*dncluding the latest revision thereor, (Note: Al'dimension ratio’ is the ratio

of pipe diameter to pipe wall thickness.) ' :

Pipe made In Schedule 40 and 80 wall thic nesses and pipe designated
according to certain pressure classifications are isted in ASTM F480, as well
as casing specials referencing the following specifications:

(1) ABS Pipe, ASTM D1527, Standard ecification for Acrylonitrile-
* Butadiene-Styrene (ARS) Plastic Pipe, Sdhedules 40 and 80.

(2 PVC Pipe. ASTM D1785, Standard pecification for (Poly Vinyl
Chloride) (PVC) Plastic Pipe, Schedules #0, 80, and 120.

(3) Pressure.Rated PVC Pipe, ASTM Dzzil, Standard Specifications for

Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series).
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Thermoplastic well casing that may be subj
during or after installation shall meet or exce
resistance classification set forth in Section §

t to significant impact stress
the requirements for impact
5 of ASTM F480. Casing that

may be subject to significant impact forces
casing that is installed in large diameter, dee
which driliing tools pass following installatio

ncludes, but is not limited to;
poreholes; and casing through
of the casing in & borchole,

Thermoset Plastics. Thermoset casing maferial shall meet the following

specifications, as applicable, including the lafest revisions thereof:

Fllament Wound Regin Pipe. AS

for Filament Wound Reinforced The

Centrifugally Cast Resin Pipe. AS
for Centrifugally Cast Reinforced Th

inforged Plastic Mortar Pressure
Specification for Reinforced Plastic M

1)
@
)

' Gigss Fibes Reinforced Resin Presst
. Standard for Glass-Fiber-Reinforced ]

4

Drjnking Water Supply. All plastic casin
wells, including community supply well an

meet the provisions of National Sanitati

2996, Standard Specification
osetting Resin Fipe. ‘

'D2097, Standard Specification
osetting Resin Pipe.

Pipe. ASTM D3517, Standard
[ortar Pressure Pipe.

e Pipe. AWWAL C950, AWHA
thermosetting-Resin Pressure Pipe.

used for drinking water supply
individual domestic wells, shall

Foundation Standard No. 14,

Flastic Piping Components and Related Materials and any revision thereof. The

casing shall be marked or
No. 14. Standard No. 14 inc

Handling, and Trans
direct sunlight or subjected to freezing te
time. Plastic casing shall be stored, handi
prevents excessive mechanical stress.
and bending, severe impacts and foads,

Casing sh
and potentially harmful chemicals.

Large Diameter Wells. Because large diameter p

lebeled following requirements in NSF Standard
fudes the requirements of ASTM F480.

_ Plhstic casing shall not be stored in

sratures for extended periods of
and transported in a manner that
all be protected from sagging

lastic casing has not been

used extensively at depths exceeding 500 et, special care shall be exercised

with its use in deep wells. .

Unacceptable Casing Mate.rials.l Galvanized shca(tj\c_tal plpe such as "downspout,’ tile
i

5.
pipe, or natural wood shall not be used as well caging.
6. cher Materials, Matcrials in addition to those ddscr

casing, subject to enforcing agency approval.”

Subsection B (page 45 of Bulletin 74-81) has been revised as foflows:

"B. Casing Ipstallation. All well casing shall be assembled a

prevent damage to casing sections and joints. All casing jq

1 American Water Works Association,
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i Or screen shall be watertight, Any perforations shall be|below the depths specified in
. Section 9, Subsection A, page 14, above,

Casing shall be equipped with centering guides or 'centralizers’ to ensure the even radial
thickness of the annular seal and filter pack,

1. etallic Casine. Metallic casing may be ‘joined by welds, threads, or threaded
' couplings. Welding shall be accomplished in accordance with the standards of the
American Welding Society or the most recent revis
Mechanical Engineers Boiler Construction Code,

Wwith 2 *drive shoe’ at the lower end it it Is driven int¢ place.

2 Plastic Casing. Plastic casing may be joined by solven welding or mechanically joined
by threads or other means, depending on the type 0f material and its fabrication.

10 required seuting time for joinis to develop strength|

The following spéciﬁcétibhs for solvent cements and boims for PVC casing shall be
met, including the latest revisions thereof;

a. ASTM_D2564, Standard Specification for Sofvent Cements Jor Poly (Vinyl
' Chloride) (PVC) Flastic Pipe and Fittings,

b. - ASTM D2855, Standard Practice Jor Making Salvent-Cemented Joints with Poly
(Viny! Chloride) (PVC) Pipe and Finings.

Plastic'casing orscreen shall not be subjected to excesstue stress during installation and
shall not be driven into Place. Care shall be taken to jensure that plastic casing and
Joints are not subjected to excessive heat from cement based sealing material.

A specifically desfpned adapter shall be used to join plksﬂc casing to metallic casing
or screen.” o _ ‘

Section 14. Well Development.

Section 14 (page 46 of Bulletin 74-81) has been revised as follows:

th care, by methods that will
or quality water, pollutants,

"Development, redevelopment, or reconditioning of a wel] shall be performed
not damage the well structure or destroy natural barriers to the movement of
and contaminants, ‘ ' o

Acceptable wel] development, redevelopment, or reconditioning methods inclu
* Overpumping;

* Surging or swabbing by use of 'plungers’;

* Surging with compressed air;

* Backwashing or surging by alternately starting and stopping a pump;

* Jetting with water:

6.
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. Imm]ilpcing specifically-formulated chemicals into a well; and,
+ Combinations of the abave. ‘ i ‘ }

Hydraulic fracturing (hydrofracturing) is sometimes an acceptable well development and redevelopment
method when properly performed. Good quality water shall be used [n hydrofracturing, The water shali be
disinfected prior 1o introduction into a well. Material used s *propping’ agenjts shall be free of poilutants and
contaminants, shall be compatible with the use of a well, and shall be thorou hly washed and disinfected prior

to placement in a well.

Development, redevelopment, or reconditioning by use of specially designed ekplosive charges is in some cases,
another acceptable development method. Explosives shall be used with special care to prevent damage 1o the
well structure and to any natural barriers to the movement of poor-quality waqer, poliutants, and contaminants.
Explosives shall only be used by properly-trained personnel.

Wells subjected to chemicals or explosives during development, redevelopment, or reconditioning operations
shal! be thoroughly pumped to remove such agents and residues immegliately after the completion of
operations. Chemicals, water, and other wastes remaved from the well shall be disposed of in accordance with
applicable local, State, and federal requirements. The enforcing agency should be contacted regarding the
~ proper disposal of waste.” ‘ |
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,Pat"tleII. Destruction of Wellls

Section 21, Definition of "Abandoned" Well,
Section 21 (page 52 of Bulletin 74-31) has been revised as follows:

"A well is considered *abandoned’ or permanently inactive if it has not been used for ORne year, unless the
ownef demonstrates intention to use the well 2gain. In accordance with Section 24400 of the California
Health and Safety Code, the well owner shall properly maintain an inactive well as evidence of intention for
future use in such a way that the following requirements aré met:

"(1) . The well shall not allow impairment of the quality of water|within the well and ground water
encountered by the well. - '

;

(2) The top of the well or weil casing shall be provided with a fover, that js secured by a lock or
by other means to prevent its removal without the use of equipment or tools, 1o prevent
unauthorized access, 1o prevent a safety hazard to humans and animals, and to. prevent llegal

 disposal of wastes in the well. The cover shall be watertight-where the top of the well casing
or other surface Openings to the well sre below ground ievel, such as in a vault or below known
levels of flooding. The cover shall be watertight if the well is inactive for more than five
consecutive years. A putip motor, angle drive, or other shrface feature of a well, when in
compliance with the above provisions, shall suffice as a cover.

3) The well shall be marked 50 a5 to be easily visible and loca
identified as a well, '

, and I'abeled S0 as to be easily

|

4 The area surrounding the well shall be kept clear of brush, debris, and waste materfals.*

If a pump has been temporarily remaved for repair or replacement, the well shall not be considered
‘abandoned’ if the above conditions are met. The well shall be adequately cavered to prevent injury to people
and animals and 10 prevent the entrance of foreign materizl, surface water, pollutants, or contaminants into
the well during the pump repair perlod.” :

Section 23. Requirements for Destroying Wells.

|
|
Subsection A, Item 1 (page 53 of Bulletin 74-81) and Subsection B, Item 1, *page 54, of Bulletin 74-81) have
been changed. The remainder of Saction 23 is unchanged.

Subsection A, Item 1 has beep revised as follows: : ’

"L QMIM The well shall be cleaned, as needed, o that all undesirable materials,
including obstructions to filling and sealing, debris, dil from oil-lubricated pumps, or
pollutants and contaminants that could interfere with well destruction are removed for
disposal.

The enforcing agency shall be notified as soon |as possible if pollutants and
contaminants are known or suspected to be in a well to be destroyed, Well destruction
operations may then: proceed only at the approval of|the enforcing agency.

The enforcing agency should be contacted to dete

ine requirements for proper
disposal of materials removed from a weil to be dest

yed.”

-28-

000780




Subsection 'B, Item ! has been revised as follows:
-, Wells situated ig uncongolidated material in an

cases the upper 20 feet of the well shall be sealed W

the remainder of the well shall be filled with suitah
Figure 9A, page 55 of Bulletin 74-81.)"
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INTRODUCTION

Ground water monitoring wells are principally used for observing ground
obtaining samples for determining ground water quality, and for evaluatin
bearing strata. Monitoring wells are sometimes referred 10 as "observation

‘The quality of water intercepted by & monitoring well can range from drinki
In contrast, production or *water wells” are usually designed to obtain water
good-quality water.

The screen or perforated section of a monitoring well usuaﬂy extends o
or to monitor conditions within, an individual water-bearing unit or zone.

MONITORING WELL STAND

\E:er levels and flow conditions,

ARDS

 hydraulic properties of water-
1is."

water to highly polluted water.
m productive zones containing

|
!

nlya short length to obtain water from,

ater wells aré often designed to

obtain water from multiple water-bearing strata, Although there are usually differences between the design
and function of monitoring wells and water wells, water wells sometimes are ysed as monitoring wells, and vice

© versa.

Monitoring wells, along with other types of wells, can provide a pathway f
water, pollutants, and contaminants, Because monitoring wells are often p
by polintants and contaminants, they pose an especially significant threat td
- not properly constructed, altered, maintdined, and destroyed.

r the movement of poor-quality
rposely located in areas affected
ground water quality if they are

The California Legislature amended the Californiz Water Cade in 1986 sp;ciﬁcally to include requirements

for monitoring well standards. Monitoring wells were previously

! : assumed
by the collective term “well” in the law. :

History of Monitoring Wells

Monitoring wells were first used mainly for water level measurement. Thel
plezometers in reference to the "piezometric surface” of ground water, In
surface” is often replaced by "potentiometric surface.” However, the term "
for monitoring wells installed only for water level measurement.

:

Many water level monitoring wells constructed in the past were relatively 13
today’s monitoring wells.” Wells up to 10-inches in diameter were often co

means of water level measurement, including floats for mechanically-gperated, continuous water

y the Department 1o be covered

¢ wells were often referred to as

cent years, the term 'piezomc:tric
ezometer” is still sometimes used

rge in diameter in comparison 10
structed to accommodate various

level

recorders. Many inactive water wells that could accommodate mechanical water level recording equipment

were used as monitoring wells.

Modern electronic water level measuring and recording devices now all

monitoring wells. Some continuous water-level measurement devicas can
in inside diameter,

The use of monitoring wells for ground water sampling for chemical analys
past two decades. The following factors have all served 10 increase the fre
quality investigations and the number of monlitoring wells constructed:

233.
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*  Advances in.analytiml and environmental chemistry;
* Increased knowledge of the adverse effects of chemicals on humans;
* Public awareness of ground water polltution;

* The advent of federal ground water quality protection legislation in the 1970s, and,

* Statutes relating to ground water quality enacted by the California Legislature,

Since the 19705 an entire industry has developed around ground water quality monitoring and monitoring well
construction. Numerous private firms are involved in providing technical services for the design and
Implementation of ground watar quality investigations. Many firms a ¢ involved in the manufacture,
distribution, and marketing of materials and equipment used in constructing and operating monitoring wells.
Most monitoring wells constructed today are used to assess: ‘
* The nature and distribution of pollutants and contaminants i pround pvater;
* The natre 2nd distribution of naturally occurring chemical constituents:
* Subsurface hydrologic conditions; and,

* - Hydraulic properties of strata as they relate to pollutant and contaminént movement.

- Some monitoring wells ars designed to be multipurpose. Mbriimrlng ells can sometimes be used as
- "extraction® or *injection” wells for mitigation of pollution or contaminatiof.

Although a significant number of monitoring wells constructed today are for detection and assessment of
ground water quality impairment, many monitoring wells are constructed fof evaluating ground water supply
conditions by allowing ground water level measurement andfor aquifer tesifng, Still others are constructed
for observing water levels associated with excavations and irrigated agricuitgre,

During 1989, approximately 20 percent of all well drilling in California was fof monitoring wells, based on well
driller's reports recejved by the Department of Water Resources, Monitoring wells have been constructed in
- mearly all California counties. The latgest concentrations of water qudlity monitoring wells occur in
metropolitan areas of the State. Large numbers of monitoring wells are installed for detection and assessment
of leaks from underground Storage tanks.

- Types of Mdnitﬁfi_hg"‘w‘ells '

For the purpose of these standards, the term "monitoring well* is limited 'to wells designed to monitor
subsurface water in the saturated zone, existing at or above atmospheric presqure (ground water); rathes than
water, water vapor, and/or pases contained in the unsaturated or vadose zo Monitoring devices used for
the unsaturated zone differ significantly from those used for the saturated (ground water) zone.

As shown In Figure 2, three basic types of monitoring wells or "inS;alIations‘ are:

*  Individual monitoring wells;

* Nested monitoring wells; and,
*  Clustered monitoring wells,
Individuat monitoring wells consist of 2 single casing “string" within a boreNole, as illustrated in Figures 2

and 3. Individual monitoring wells are installed in unique locations apart frbm one another. They are the
most common type of monitoring well constructed in California.
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" Figure 2. MONITORING WELL TYPES
| (NOTE: Schematic, not ta scale) -
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Figura 3. cnoss sr—:cnom OF A TYPICAL MONITORING WELL

(NDTE Schematie, not to scale]
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Nested monitoring wells consist of two or more casing strings within the
screened interval of each casing string is designed to obtain water from di
zones. The purpose of a nested monitoring well is much the same as clus

same borehole. Nommally the
erent aquifers or water-bearing
ed monitoring wells.

Clustered monitoring wells consist of individual monitoring wells situated c}

& together, but not in the same

borehole. ‘The wells within a cluster are normally construzted to obtain water ffrom different aquifars or water-
bearing zones. Clustered wells are most often used for monitoring ground water conditions at varlous depths
in roughly the same area, ‘

A nested monitoring well can be difficult to construct because of multiple cdsings within the same borehole.
Care Is required during construction to ensure water-bearing zones for each casing string are hydraulically
isolated from one another and the annular seals are effective. Some regulatory agencies may prohibit the use
of nested monitoring wells for certain contamination or pollution investigations. Normally this can be due
ta uncertainties about whether water-bearing strata can be isolated and whether the annular seals {n a nested
well are always effective.

Individual casing strings for the various types of monitoring wells discussed apove, are sometimes designed to
obtain water from more than one aquifer or water-bearing unit. ‘These casing strings usually have multiple
Intervals of openings or screen. Such well casing strings, often referred to ak "multi-level monitoring wells,”
can sometimes serve as a preferential pathway for the movement of poof quality water, poliutants, and
- contaminants from one unit to another. Some regulatory agencies prohibit the use of multi-level monitoring

wells for certain pollution or contamination investigations out of concern for
quality requirements. ‘

ater quality protection and data

Authority and Responsibilities of Other Agencies

As discussed above, Congress enacted major legislation dealing with ground
the 1970s. Regulatory programs {nitiated by federal legislation, such as

water quality protection during
¢ Resources Conservation and

t
Recovery Act (RCRA) and its amendments, are administered by the 17, 5. Eﬁvimnmemal Protection Agency.

Some administration and enforcement activities related to federal legislation
State agencies. -

ave been delegated to California’

The California Legislature enacted legislation expanding efforts for ground water quality protection in

California beyond federal requirements. The Legislature assigned several State
for investigation, mitigation, and control of ground water pollution and con

The lead enforcement agency for most ground water quaiity protection issues
Resources Control Board (State Board) and the nine California Reglonal
(Regional Boards). The State Board oversees the activities of the nine regis

agencies various responsibilities
tamination.

in California is the State Water
Water Quality Control Boards
bnal boards,

The Department of Health Services or, under some circumstances, the U, 8. E

vironmeéntal Protection Agency,

is the lead enforcement agency for ground water quality issues related to hagardous wastes.

The EPA, the Depariment of Health Services, and the State Board have
establishing monitoring requirements for “waste facilities”. These regulations or
design and performance of monitoring wells that are often more stringent than

Other State government organizations concerned or directly involved with g
or protection in California include:

*

Department of Conservation, Division of Oil and Gas,
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* Department of Food and Agriculture,
. Iﬂt-egratod thte'Managgmmt Board, and,
» Depariment of Water Resources,

California citles, counties, and loeal water agencies are also involved with ground water quality assessment and
protection.

The Division of Oil and Gas has authority and responsibility for geotherthal wells and other special wells
constructed in the State’s Geothermal Resources Areas (pursuant to Chapter 4, Division 3, California Public
Resources Code). Shallow wells drilled for geothermal observation are subfject to regulations and standards
established by DOG. -

After July 17, 1991 the California Environmental Protection Agency will dversee the activities of the State
Water Resources Control Board and the Integrated Waste Management Bdard. Some of the environmental
protection activities of the Department of Health Sarvices and the Department of Food and Agriculture will
2lso come under the California Environmental Protection Agency. '

)

Scope, Organization, and Limitations of S+ndams |

- Certain standards that apply to water weils also apply to monitoring wells.| Therefore the Monitoring Well
Standards refer frequently to the Water Well Standards. Standards that apply only to monitoring welis, or that
require emphasis, are discussed in detail in the Monitoring Well Standards. | The Monitoring Well Standards
are arranged in a format similar to the Water Well Standards. ' '

These standards 2re not intended as a complets manual for monitori g well construction, alteration,
maintenance, and destruction, These standards serve only as minimum statewlde guidelines towards ensuring
that monitqring wells do not constitute a significant pathway for the mpvement of poor quality water,
pellutants, or contaminants. These standards provide no assurance that g monitoring well will perform a
desired function. - In most cases ground water monitoring practices and monitoring well performance, or
functional requirements, fall under the purview of the various agencids mentioned earlier, Ultimeiate
- respansibility for the design and performance of a monitoring well rests with well owner andfor the owner’s
- contractor, andfor technical representative(s),
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 STANDARDS

Part I. General

Section 1. Definitions!,

A Monitoring Well. The term “"monitoring well” {s defined in $ection 13712 of the California

‘Water Code as:

*..any artificial excavation by any method for the pugpose of monitoring
fluctuations in groundwater levels, quality of undergrpund waters, or the

concentration of contaminants in underground waters.

B. Exploration Hole (or Boring). An uncased temporary excavatign whose purpose is the immedi-

ate determination of hydrologic conditions at a site.

C. . Enforcing Agency. An agency designated by duly authorized ‘

ocal, regional, or State govern-

ment to administer and enforce laws or ordinances pertaining to the construction, alteration,

maintenance, and destruction of monitoring wells.

Section 2, Application to Well Type.

These standards apply to all types of monitoring wells, except as prescribed in Sections 3, 4, and 5, below.
Before a change in use of a well js made, any standards for the new use muft be complied with.

Section 3. Exemptlons for Unuosual Conditions.

Under certain circumstances the enforcing agency may waive compliance with these standards and prescribe
alternate requirements. 'These standards may be waived where they are impractical or ineffective because of.

unusual conditions or would result in‘an unsatisfactory condition or well

ction. In waiving any of these

standards the enforcing agency shall, if at all possible, require measures be jmplemenied to provide the same
or greater level of water-quality protection that would otherwise be provideg by these standards.

Section 4. Exclusions.

Most standards in Part 11, "Monitoring Well Construction,” page 41, do npt apply to "exploration holes.”

i
|

However, provisions of Section 7, *Reparts,” below and Part 111, *Destructiop of Monitoring Wells," page 50,

do apply directly to exploration holes. =

Exploration holes for determining suitability of on.site domestic sewage dis

al that ate less than 10 feet in

depth are exempt from the reporting and destruction requirements of thesej standards.

Large volume excavations for determining the suitability of on-site domestic pewage disposal, such as backhoe
trenches, that exceed ten feet in depth are exempt from the requirement$ of Part Iil of these standards.

However, such excavations shall be backfilled with the excavated material

other suitable fAll material and

the backfill compacted in lifts to attain g1 least 90 percent relative compaction in order 10 restore physical
conditions in the excavation as much as possible. If a layer or layers of mjaterial that serve to impede the

! galected technical terms are defined in Appendix A, page 77.
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movetnent of poor-quality water, pollutants and contaminants are penetraied by the excavation, they shall be
resstablished to the degree possible to provide protection for underground waters, unless otherwise approved
by the enforcing agency. In some cases it may be necessary to backfill all ¢r 2 portion of the excavation with

sealing material mecting these standards to reestablish naturai barriers to te movement of poor-quality water,
pollutants, and contaminants.

Section 5. Special Standards.

The enforcing agency may prescribe measures more stringent than standards presented here, where needed to
protect public safety or protect water quality.

Section 6, Responsible Parties, -

Pursuant to Section 13750.5 (Division 7, Chapter 10, Article 3) of the Calffornia Water Code; construction,
alteration, and destruction of monitoring wells shall be performed by contllictms licensed in accordance with
the California Contractors’ License Law (Division 3, Chapter 9, Californig Business and Professions Code),
cxcept where exempted by law. Construction, alteration, or destruction/ of monitoring wells to monitor
hazardous waste facilities, other waste facilities, or underground storage tanks, shall be performed under the

- supervision of a California Registered Professional Engineer, California Reegistered Geologist, or California
Ceriified Engineering Geologist, where specified by law.

Section 7. Reports,

Monitoring well construction, alteration, and destruction reports shall be completed on forms provided by the
California Department of Water Resources. Other types of forms may be wsed for submission to the
Department with the prior approval of the Department. The completed| forms shall be submitted $o the
Department in accordance with relevant provisions of Sections 13750 through 13754 (Division 7, Chapter 10,
Article 3) of the California Water Code. Information concerning conjpletion and submission of well
- construction, alteration, and destruction reports is containeéd in Guide to the Preparation of the Water Well
Drillers Report, Department of Water Resources, October 1977, or its lat revision. :
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Part II. Monitoring Well Constructjon

Section 8. Well Location With Respect to Pollutants and Contaminants, and Structures.

Monitoring wells are usually constructed to observe conditions at defined or Tequired locations. Monitoring
well locations are usually selected on the basis of known or expected hydrologic, geologic, and water quality
conditions ard the location of pollutant or contaminant sources. Monitoring wells frequently need to be
located close to or within areas of poilution or contamination. ‘

A Separation. Maonitoring wells shall be located an adequate didtance from known or poteniial
sources of pollutlon and contamination, including those listed In Section 8 of the Water Well
Standards, unless regulatory or legitimate data requirements ndcessitate they be located closer.

B. Flooding and Drainage. Monitoring wells should be located irf areas protected from flooding,
if possible, Provisions for locating monitoring wells in areas of flooding and drainage are
contained in Section § of the Water Well Standards.

te distance from buildings and
tion, repair, and destruction,

C. Accessibility. All monitoring wells shall be located an ade.qﬁ
other structures to allow access for well malntenance, modi
unless otherwise approved by the enforcing agency. '

D. Disposa Wastes When Drilling in Contaminated or Polliited Areas. Drill cuttings and
wastewater from monitoring wells or exploration holes in|areas of known or suspected
contamination or pollution shall be disposed of in accordance with all applicable federal, State,
and local requirements. ‘The enforcing agency should be contacted to determine requirements
for the proper disposal of cuttings and wastewater.

Section 9, Sealing the Upper Annular Space.

‘The space between the monitoring well casing and the wall of the well baring, usually referred to as the
"annular space,” shall be effectively sealed to prevent jt from being a preferential pathway for the movement
of poor quality water, pollutants, and contaminants. Since monitoring welld are often constructed to obtain
water from discrete intervals, a secondary purpose of the annular seal can be fo isolate the well intake section
of screen to one water-bearing unit. The anfiular seal can also serve to protéct the structural integrity of the
well casing and to protect the casing from cheimical attack and corroslon. Betause monitoring welis are often
located close to, or within areas affected by pollutants and contaminanis, an effective annular seal is oftent
critical for the protection of ground water quality. ' ' o

General discussion of sealing methods and requircmf:nté. for monitoring Wells is contained in Section 3,
Section 13, and Appendix B, of the Water Well Standards. Specal requiremgnts for monitoring wells include
the following: ‘ T T S

A Minimum Depth of Annular Seal,
1. Water ing wells and monitoring

suspected pollution or contamination. The annular space shall be sealed from
of the filter pack or monitoring zone to ground surface, unless otherwise approved by
the enforclig agency. ‘The top of the filter pack or monitoring zone shall not extend
into another water-bearing unit above the single water-bearing unit being monitored
unless otherwise approved by the enforcing agency. The filter pack or monitoring zone
shall not extend into any confining layers that overli¢ or underlie the unit to be moni-
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tored, unless otherwise approved by the enforcing agency. The annular surface seal

3hall be no less than 2¢ feet in length.

Sea lengths less than 20 feet are permissible only if $hallow zones will be monitored

and approval has been obtained from the enforci
protection shall be provided where g reduced-length 4
tion § of the Water Well Standards,

ther Monitoring Wells. The upper annular seal sha
a minimum depth of 20 feet. An annular seal less tha
if prcwision; in Item 1, above, are followed. -

g agency. If possible, special
seal is used, as described in Sec-

1 extend from ground surface to
h 20 feet in length i3 permissible

Sealing Off Strata. Additional annular sealing material shall be placed below the
minimum depth of the upper annular seal, as is needbd, to prevent the movement of
poor-quality water, pollutants, and contaminants thrugh the well to zones of good-
quality water. Requirements for sealing off zones are n Section 13 of the Water Well

Standards,

p=

Shallow Water Level Observation Wells, Water leve observation wells less than 15
feet in total depth that are used to assess root zone d ainage in agricultural arcas are
exempt from ap annular surface seal requirement, uless otherwise required by the

enforcing agency,

Areas of Freezing The top.of the annular seal may be below ground surface in areas

where freczing is likely. Such areas include those list
Standards. The top of the annular seal shall not be
surface. The remainder of the space above the seal
a vault, in accordance with Section 10, Subsection E,

Vaults, At the approval of the enforcing agency, the
casing can be below ground surface where traffic or
case shall the top of the annular seal be more than 4

in Section 9 of the Water Well
ore than 4 feet below ground
y be made an integral part of
age 43, below.

p of the annular seal and well
her conditions require. In no
feet below ground surface.

The t_op', of the annular, seal shall:cpﬁtaci,ai sui‘t,abl‘e, ‘watertight, stmcturally-som}d
subsurface vault, or equivalent feature, that encloses| the top of the well casing in

accordance with Section 10, Subsection E, page 45, bel

. the top of the annular seal to at least ground surface, |

‘Sealing Conditions.
1.

Temporary Conductor Casing. If “temporary” conduct

it shall be removed during the placement of the casin
described In Section 9 of the Water Well Standards, If
"cannot” be removed, as defined in Section 9 of the
material shall be placed between the conductor casing
the well casing and conductor casing, in accordance wi

gw. The vault shall extend from

dr casing is used during drilling,
and annular seal materials, as
e temporatry conductor casing
ater Well Standards, sealing
nd borehole wall, and between
th methads described in Section

9 of the Water Well Standards, Sealing material shal} extend to at feast the depths

specified in Subsection A of this section.

Permanen; Condyctor Casing. Ifa permanent conductpr casing i3 10 be installed, the

monitoring well borehole diameter shall be at least 4

inches greater than the outside

diameter of the conductor casing. The inner diametab of the permanent conductor
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casing shall in turn be at Jeast 4 {nches grcatér than the outside diameter of the well
casing. ‘ e ' ‘

Sealing material shall be placed between the permdnent conductor casing and the
borehole wall, and the conductor casing and the well casing. The sealing material shall
extend to at lesst the depths specified in Subsection A of this section,

Radial Thickness of Seal. A minimum of two inches of sealing material shall be maintained
between all casings and the borehole wall, within the interval|to be sealed, except as noted in
Section 9 of the Water Well Standards. At least two inches pf sealing material shall also be
maintained between ail "casings” in a borshole, within the intezval to be sealed unless otherwise
approved by the enforcing agency. Additional space shall be provided, where needed, to allow
casings to be properly centralized and spaced and allow the yse of a tremie pipe during well
construction (if required), especially for deeper wells,

‘ w. Sealing material shall consist of neat cement, saﬁd-cé:ment, or bentonite clay.
Cement-based sealing material shall be used opposite fractured rock, unless otherwise approved
by the enforcing agency. Concrete shall be used only with the #pproval of the enforcing agency.

Sealing material shall be selected based on required structural,/handling, and sealing properties,
and the chemical environment into which it is placed. Usefl drilling mud or cuttings from
drilling shall not be used for any part of sealing material. |

1 Water. Water used for sealing mixtures should genegally be of drinking water quality,
shall be compatible with the type of sealing materialiused, shall be free of petroleum
and petroleum products, and shall be free of suspenfied matter. Good-quality water
is necessary to ensure that sealing materials achieve proper consistency for placement
and achieve adequate structural and sealing propert ‘

Nonpotable water can sometimes be used for preparing cement-based sealing materials.
In no case shall the concentration of chloride in water used in cement-based sealing
material exceed 2,000 milligrams per lItg:r'.‘ Sulfate shall not exceed 1,500 mg/l.

Water used for sealing material shall be chemica ly'analyzcd if unknown. Only
drinking-quality water of known composition should be used for preparing sealing
mixtures for monitoring wells to be used for sensitive water-quality determinations.

2. Cement-Based Sealing Materials. 'Di;éus;f.lon and standards for v;ei-nent-based sealing
materjals are contained in Section 9 of the Water Well Standards. Special consider-
ations that apply to monitoring wells are:

2. Additives. Careshould be exercised in the ufe of special additives for cement-
based sealing materials, such as those used fqr modifying cement setting times.
Some additives could interfere with sensitivie water quality determinations.

b. Cooling Water. In the case of water quality| monitoring wells, care should be
exercised in the use of circulating cooling water to protect plastic casing from
heat build-up during seiting of cement-basefl sealing materials, Water intro-
duced andfor circulated in a well for cooling could interfere with water quality
determinations. " '

3. Bentonite.Based Sealing Materials, Discussion and standards for bentonite-based
sealing materials are contained in Section 9 of the Water Well Standards.
-43-
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E,

less than 30 feet deep,

Transitfon Seal. A bentonite-based transition seal, up to 5 feeq In length, is often placed in the
annular space to séparate filter pack and cement-based sealing materials. The transition seal
<an prevent cement-based sealing materfals from infiitrating the filter pack. A short interval
of fine-~grain sand, usually less than 2 feet in length, is often pliced between the filter pack and
the bentonite transition seal to prevent bentonite from entering the filter pack. Also, finesand
Is sometimes used in place of bentonite as the transition seal jmaterial. :

Fine-grain forms of bentonite, such as granules and powder, are usually employed for a
iransition seal {f a transition seal is to be placed above the watdr level in a well boring. Coarse
forms of bentonite, such as peliets and chips, are often used where a bentanite transition seal
is to be placed below the water level. ‘

Transition seals should be installed by using a tremie pipe or equivelent. However, some forms .
of bentonite may tend 10 bridge or clog in a tremie pipe, ’

Bentonite can be placed in the well annulus in dry form or 2 sif rry for transition seals, Water
should be added to the bentonite transition seal prior to the plagement of cement-based sealing
matérials where the bentonlte is dry in the borehole. Care should be exarcised during the
addition of water to the borehole to prevent displacing the beptonite,

Water should be added to bentonite at a ratio of about 1 gatlon for every 2 pounds of

"bentonite 10 allow for proper hydration. Water added to bentbnite for hydration or to make

a slurry shall be of suitable quality and free of pollutants.and contaminants.

Sufficient time should be allowed for bentonite transition sepls to properly hydrate before
cement-based sealing materials are placed. Normally, 1/2 to 1 hour is required for hydration
to occur. Actual time of hydration is a function of site conditjons.

‘The top of the transition seal shall be sounded to ensure that no bridging occurred during

placament, :

-

Placement of egnﬁlér Seal Material, 1All.lbose cuttings anfl other obstructions shall be

- removed from the annular space before sealing materials are placed. Sealing may be accom-

plished by using pressure grouting techniques, a tremie pipe, o equivalent. Sealing materials

shall be installed as soon as possible during well construction foperations. Sealing materials

shall not be installed by “free-fall” from the surface unless the futerval to be sealed is dry and

Casing spacers shall be used within the interval(s) to be sealed to separate individual well
casing strings from one another in & borehole of 2 nested mon ring well. The spacers shall
be placed at intervals alonp the casing to ensure a minimum s paration of 2 inches between
individual casing strings. Spacers shall be construcied of corrogion-resistant metal, plastic, or
other non-degradable material. Wood shall not be used ‘as spaber material,

Any metallic component of  spacer used with metallic casing sh4lt consist of the same material
as the casing. Metallic spacer components shall meet the same nyetallurgical specifications and
standards as the casing to reduce the potential for galvanic corfosion of the casing.

The spacing of casing Spa‘cel‘s‘ is nomiany dictated by. c:aslﬁg matdrials used, the orlentation and
straightness of the borchole, and the method used to install th casing, Spacars shall not be
more than 12 Inches in length and shall not be placed closer than 10 feet apart along a casing
string within the interval to be sealed, unless otherwise apprgved by the enforcing agency.
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Sectlon 10. Surface Construction Features,

Casing spacers shall be designed to allow the proper passage and distribution of sealing
material around cas{ng(s) within the interval(s) to be sealed. :

Additional discussion and standards for placement of the annular seal arc contained in
Section 9, Scction 13, and Appendix B of the Water Well Sm%darﬂs.

Surface construction features of 8 monitoring wetl shall serve to prevent physital damage to the well; prevent
eatrance of surface water, poliutants, and contaminants; and prevent unauntharized access.

A

Locking Cover. ‘The top of a monitoring well shall be protected by a locking cover or
equivalent level of protection to prevent unauthorized access.

Casing Cap. The top of 3 monitoring well casing shall be fitted with a cap or "sanitary seal®
to prevent surface water, poilutants, or contaminanfs from entering the well bore. Openings
or passages for water level measurcment, veating, pump powsr cables, discharge tubing, and
other access shall be protected against entry of surface water, pollutants, and contaminants.

Flooding. The top of the well casing shall terminate above grpund surface and known levels
of floading, except where site conditions, such as vehicular traffic, will not allow.

Bases. Unless otherwise approved by the enforcing agency, a concrete base or pad shall be
constructed arcund the top of & monitoring well casing at ground surface and contact the
annular seal, unless the top of the casing is below ground surfage as provided by Subsection E,
below. The base shall be at least 4 inches thick and shall slope to drain away from the well

 casing. The base shall extend at least two feet laterally in ail dikections from the outside of the

well boring, unless otherwise approved by the enforcing agendy.
l L
The base shall be free of cracks, volds, and other significant|defects lkely to prevent water
tightness. Contacts between the base and the annular seal, and the base and the well casing
must be water tight and must not cause the failure of the wel} casing or annular seal.

Where cement-based annular sealing material s used, the concpete base shall be poured before

" the annular seal has set, unless otherwlse approved by the enforcing agency.

Vaults. At the approval of the enforcing agency, the wop of the well casing may be below
ground surfaced because of traffic or other critical considgrations. A structurally-sound
watertight vault, or equivalent feature, shall be installed 10 hopise the top of a monitoring well
that is below ground surface. The vault shali extend from the tpp of the annular seal to at least
ground surface, In no case shall the top of the annular seal bg more than 4 feet below ground

surface.

The vault shall contact lhé annular seal in & manner to form a watertight and structurally
sound connection. Contacts between the vault and the annulaf seal, and the vault and the well
casing, if any, shall not fail or cause the failure of the weli casing or annular seal.

Where cement-based annular seal materfals are used, the vault shail be sct into or contact the
annular seal material before it sets, unless otherwise approved by the enforcing agency. If
bentonite-based sealing material Is used for the annular seal,|the vault should be set into the
bentonite before it is fully hydrated.
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Cement-based sealing material shall be placed berween the
excavation into which It is placed to form a proper, structural
and to seal the space between the vault and excavation. Ben

Sealing material surrounding
surface, unless precluded in areas of freezing, If cement-bas
the annular seal and the space between the excavation and
placed in a "continuous pour.” In other words, cement
between the vault and excavation and contact the cemen
s¢al has sat.

t-bas

outer walls of the vault and the
ly sound foundation for the vault,
onite
be used between the vault and excavation at the approval of the

-based sealing material may
enforcing agency.

a vault shall extend from the top of the annular seal to ground

sealing material is used for both

ult, the sealing material shall be
-baseq sealing materfal shall be placed

annular seal before the annular

The vault cover or lid shalf be watertight but shall aliow the venting of gases, unless otherwise

approved by the enforcing agency. The lid shall be fitted |
unauthorized access. The lid shall be clearly and permas
WELL." The vault and its lid shali be strong enough to supj
traffic might occur, . - S :

The top of thé; vault shall be set at or above grade 50 drainagq
of the well casing contained within the vault shali be covered

under Subsections A and B, above

the vault will not enter the well casing,

Protection From Vehicles, Proteciivé steel posts, or the eq
traffic. The posts shall be easily seen and shall protect the w

Additional requirements for surface construction features are in Section 10

Section 11, Filter Pack,

Monitoring well filter pack material shall consist of nonreactive, smooth, roun

 of highly uniform size and kitown composition.- Filter pack material shall
placement. The prain-size of the filter pack shall be matched to the siot si
movement of filter pack material into the well will be limited to prevent signi
‘could ultimately destabilize the annular seat, - R

th a security device to prevent
lently marked "MONITORING
port vehicular traffic where such

is away from the vault. The top
n accordance with requirements

» 30 that water, contaminaats, or pollutants that may enter

lent, shall be installed around

u
2 monitoring well casing where it is terminated above grm:E surface in areas of vehicular
1

| from vehicular impact,

pf the Water Well Standards.

fed, spherical, granular material

of the well screen so that any
cant voids in the filter pack that

%0: degrade or consolidate after

Filter pack material shall be pbtained fro
packaged for handling, delivery,

and storage, if used in monitoring wells const
,de.tanninations. . ‘ 3 ‘ ‘

Filter pack material shall be
top of the filter pack shall

determine that filter pack materials have not bridged during Installation,
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Section 12. Casing.

The term "casing” in its broadest sense includes all tubular materlals that are permanent features of a well.
Screens, collars, risers, liners; and blank casing in monitoring wells main:;ﬂ\ the well bore and provide a
passage for ground water level measurement and/or sample-coliection devices.

Protective casing serves to prevent accidental or intentional damage m' a wdll. Protective casing normally

consists of heavy gauge metailic pipe placed over the portion of the well ing that extends above ground
surface. ‘ ‘

Conductor casing usually functions as a temporary means of shoring the walls £ a well boring to allow drilling
and the placement of well construction materials. If used, temporary conductor casing is usually driven into
place during drilling and is withdrawn at the same time filter pack and annylar seal materials are installed
around the well casing. Sometimes conductor casing is left in place and s mpde a permanent feature of the

completed well structure. Requirements for sealing permanent conductor ing in place ar¢ contained in
Section 9. . . : . '

For the purpose of these standards, the term "casing” applies to screens, collgrs, risers, and blank casing, and
other specialized products used to maintain the well bore. General dis sion and standards for casing
~ materials are contained In Section 12 of the Water Well Standards. Spe 1 considerations that apply to
" monitoring well casing are described below: S .

A Casing Material

i Cheni!gl Compatibility. Special consideration shall be given to the selection of casing
materials for monitoring wells installed in environmeqts that are chemically "hostile™
‘The selected casing shall resist chemical attack and rrosion.

Special consideration should be given to the selectio

be used for sensitive water-quality determinations. Chemical interaction between casing

materials and pollutants, contaminants, ground water, filter pack materfal, and geologic
- materials could bias ground-water quality determinagions.

of casing materials for wells to

2. Used Casing. Used casing ﬁay be acceptable in certain cases, at the approval of the
- - enforcing agency. .- SR T Lo

3. Plasmteel Ca;mg Plastic and steel well casing pmaterials are commonly used for
monitoring wells. The principal plastics used for water-quality monitoring wells are
thermoplastics and fluorocarbon resins. ' :

Standards for thermoplastic well casing are in Sectiod 12 of the Water Well Standards.
The principal thermoplastic material used for water quality monitoring wells is polyvi-
nyl chloride (PVC).

Fluorocarbon casing materials include fluorinated) ethylene propylene (FEP) and
polytetrafluoroethylene (PTFE). Fluorocarbon resin casing materials are generally
considered fmmune to chemical attack. Fluorocarbdn casing materials shall meet the
following specifications, including the latest revisions thereof:

3. ASTM D3296, Standard Specification for FEP-Fluorocarbon Tube.
b. ASTM D3295, Standard Specifications for PTFE Tubing.
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Stainless steel is the most common form of metalli casing used In maonitoring wells

- -constructed for sensitive water guality determinations. Stainless steel casing shall meet
the provisious‘ of ASTM A312, Standard Specifidation for Seamless and Weldad
Austenitic Stainless Pipe, and shall meet general requirements for tubular steel products
in Section 12 of the Water Well Standards, : '

B. Multiple Screans. Monitoring well casing strings shall not have openings in multiple water-
bearing units (multi-tevel monitoring wells), if poor-quality water, pollutants, or contaminants
In units penetrated by the well could pass through the openings and move 10 other units
penetrated by the well and degrade ground water quality, unless otherwise approved by the
enforcing agency,

C Bottom Plugs. Thé bottom of a manitoring well casing shalljbe Plugged or capped to prevent
sediment or rock from entering the well, .

D.  Casing Installatiop. Discussion and standards for the fastallation of casing materials are in
Section 12 of the Water Well Standards, Special considcthm for mondtoring wells are:

1 Cleanliness.- Casing, couplings, centralizers, and othef components of well casing shall
be clean and fres of pollutants and contaminants at the time of Installation,

2 10lning Plastic Casing, Depending on the type of material and its fabrication, plastic

' casing shall be joined (threaded or otherwise coupled) in 2 manner that ensures jts

water tightness., Organic solvent welding cements gr glues should not be used for

joining plastic casing if glues or cement compounds cpuld interfere with water-quality
determinations, ‘ ‘

30 Imp act, Casing shall not be subjected to significant impact during installation that may
damage or weaken the casing.

Section 13. _‘Wéli Develn]::ment. . L ‘, o l
. P P . - . b ) ‘
|

Monitoring well development, redevelopment, and reconditioning shall be per{ormed with care 50 as to prevent
damage to the well and any strata surrounding the well that sefve to restrict the movement of poor-quality
water, pollutants, and contaminants. Development, redevelopment, and rechnditioning operatians shall be
performed with special care where 2 well has besn constructed in an area of known or suspected polfution or
contamination. Such special care i3 necessary to prevent the spread of polltants and contaminants in the
environment and to protéct public health and safsty. - '

Water, sediment, and other waste removed -'froni‘ 2 monitoring well for "deyelopment” operations shall be
disposed of in accordance with applicable federa), State, and local requirements. - The enforcing agency should
be contacted concerning the proper disposal of waste from development operations. :

Appropriate methods of well development vary with the type énd use of a monitoring well. Development
methods that may be acceptable under certain circumstances includc:

Al Mechanical Surging, Plungers, bailers, éurgc blocks, and other rging devices shall incorporate
safety valves or vents to prevent excassive pressure diffcrcnlI;ls that could damage casing or
screen,
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B. MMW Overpumping and surging imay not be suitable for develop-
ment of wells producing large amounts of sediment because/of the potentlal for clogging or
jamming of pumps.

C. AirDevelopment. Some air devélopment methods arc not agceptable for monitoring wells to
be used for sensitive water-quality determinations.

D. Watar Jetting, Water used in jetting operations shall be freq of pollutants and contaminants,
Water-jetting methods are not always acceptable for monitoring wells used for sensitive water-
quality detertninations.

E. Chemical Development. Extreme care shall be exereised in the use of chemicals for monitoring
well development. It Is often unacceptable to use chemicals| for developing monitoring wells
to be used for water-quality determinations. Chemicals imidumd for davelopment shall be
completely removed from the well, filter pack, and water-b ring sirata accessed by the well
immediately after development operations are completed.

The varlous mathods' described above are sometimes used in comblnation.

-Section 14. Rehabilitation and Repalr of Monitoring Wells. _
‘ 1

For the purpose of these standards, "well rehabilitation” includes the treatment of a well to recover loss in

yleld caused by incrustation or clogging of the screen, filter pack, and/or water-bearing strata adjoining the

well. Well rehabilitation methods that may, in certain cases, be acceptaple for monitoring wells include

mechanical surging, backwashing or surging by alternately starting or stopping 2 pump, surging with air, water

jetting, sonic cleaning, chemical treatment, or combinations of these,

Rehabilitation methods shall be performed with care to prevent damage to tjie well and any barriers that serve
to restrict the movement of poor-quality water, pollutants, o contaminants. |Chemicals used for rehabilitation
shall be completely removed from the well, filter pack, and water-beafing stratz accassed by the well
jmmediately after rehabilitation operations are completed. Chemicals, water) and other waste shail be disposed
of in accordance with applicable federal, State, and local requirements. 'The enforcing agency should be

contacted regarding the proper disposal of waste from rehabilitation oper tions.

Rehabilitation. methods should be compatible with the use of the monitofing well. Special care should be
given to the selection of rehabilitation methods for water-quality monitoripg wells.

Materials used for repairing well casing shall meet the requirements of Sertion 12 of these standards,

Section 15." Temporary Cover.

The well or borehole opening and any associated excavations shall be covefed at the surface to ensure P“bHF
safety and to prevent the entry of forgign material, water, contaminants, and pollutants whenever work is
interrupted by such events as overnight shurdown, poor weather, and required waiting periods to allow setting
of sealing materials and the performance of tests. ‘The cover shall be held jn place or weighted down in such
a manner that it cannot be removed except by equipment or 100ls.
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Part III. Destruction of Monitoring | Wells
Section 16. Porpose of Destruction. |

A monitoring well or exploration hole subject to these requirements that {s no longer useful, permanently
inactive or “abandoned" must be properly destroyed to:

(0 Ensure the quality of ground water s protected, and,
(2)  Eliminate a possible physical hazard to humans and animals

Sectlon 17. Deflnition of "Abandoned” Monitoring Well. |

A monitoring well is considered "abandoned” or péfmanently inactive if it (has not been used for one year,
unless the owner demonstrates intention to use the well again. In some cases| regulatory agencies may require

that 2n inactive monitoring well be maintained for future use. .
In accordance with Section 24400 of the California Health and Safety Code,|the monitoring well owner slgau
properly maintain an inactive well, as evideace of intention for future use, In such a way that the following
requirements are met:

(1)  The well shall not allow impairment of the quality of water within the well and ground water
encountered by the well.

(2}  The top of the well or well casing shall be provided with a cdver, that is secured by a lock or
by other means to prevent jts removal without the use of equipment or tools, to prevent
unauthorized access, to prevent a safety hazard 10 humans a animals, and to prevent illegal
disposal of wastes in the well, The cover shall be watertight where the top of the well casing
or other surface openings to the well are below ground level, skch as in a vault or below known
Ievels of flooding. The cover shall be watertight if the well is inactive for more than five
consecutive years. A pump motor, angle drive, or other sufface feature of a well, when jn
compliance with the above provisions, shall suffice as a covef.

(3 Theé well shall be marked 5o s to be easily visble and 1mte}a, and labeled 50 &5 10 be easily
. identified as a well. . : - ' o -

(4)  The area surrounding the well shall be kept clear of brush, d*:bris, and waste materials.”

Section 18. General Requirements.
b

All permanently inactive or "2bandoned" monitoring wells and exploration holes subject to these requirements
shall be properly destroyed, The purposes of destruction are to eliminate the well structure and borehole as
a possible means for the preferential migration of poor-quality water, pollutants, and contaminants; and, to
prevent a possible hazard 10 humans and animals.
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Section 19, Requirements for Destroying Monitoring Wells and Exploration Hdies.

General requirements for destroying monitoring wells and exploration holes arg contained in Section 23 of
the Water Well Standards. Special considerations for monitoring wells and exploration holes are as follows.

rdance with the following
tive of their original date

A Monitoring Wells, Monitoring wells shall be destroyed in a
requitements and Section 23 of the Water Weil Standards, irres

of construction,
1. Preliminary Work A monitoring well shall be investigated before it is destroyed to

determine Its condition and details of its construction.| The well shall be sounded
fmmediately before it is destroyed to make sure no obstrugtions exist that will interfere
with filling and sealing.

The well shall be cleancd before destruction as needed 50 that all undesirable
tmaterials, including obstructions to filling and sealing, dgbris, oil from oil-lubricated

pumps, or pollutants and contaminants that could Interfdre with well destruction, are
- removed for disposal. '

"The enforcing agency shall be notified a5 soon as possible {f pollutants or contaminants
are known or suspecied to be present in a well to be destroyed. Well destruction
operations may then proceed only at the approval of jthe enforcing agency. The
enforcing agency should be contacted to determine requirements for proper disposal
of all materials removed from a well to be destroyed. '

2 Sealing Conditions, The following minimum requirements shall be followed when
various conditions are encountered.

a. The monitoring well casing, and any other significant voids within the well,
shall, at a minimurn, be completely filled with sedling material, if the following
conditions exist: <~~~ ‘ ;
. 'Th,é:“ monitoring well is located in an area of{known or potential pollution

or contamination, and, ‘ . 1 ‘

s The well iwmi"‘cnnstruéted_ and maintained in accordance with these
" gtandards.” : AT - .

_ Sealing material may have to be placed undeq pressure to ensure that the
- monitoring well is properly filled and sealed, '

b A monitoring well shall be destroyed by rempving all material within the
original borehole, including the well casing, filtr pack, and annular seal; and
the created hole completely filled with appropriate sealing material, if the
following conditions exist:

« The well is located in an area of known or gotential pollution or contami-
nation, end,

« The well's annular seal, casing, screen, filter pack, or other components
were ot constructed or malntained according to these standards so that
well destruction by merely filling the well casing with sealing material, as
in "a" above, would not prevent potential water-quality degradation from
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B.

the movement of poor-quality water, pollutants, or contaminants through
the destroyed well structure, '

Material 10 be extracted from the origina] borehole shall be removed by
means of drilling, including overdrilling, if necessary. The enforcing agency
should be contacted to determine requirements for proper disposal of
_removed materials. , . :

Casing, filter pack, and annular seal materfals may be left In place during
sealing operations, if the enforcing agency 4grees they cannot or should not
be removed. In such a case, appropriate sealing material shall be placed in
the well casing, filter pack, and all other significant voids within the entire
well boring. Casing left in place may require perforation or puncturing to
allow proper placement of sealing materials. | Sealing material may have to be
applied under pressure to ensure jts proper distribution.

c. Mnﬁiforing wel:ls"sh'nll, at a minimum, be destroyed In-accordance with the
requirements of Section 23 of the Water Welf Standards if [ocated in an area
free of any known or potentinl contaminatiop or pollution.

loratoty Borings. Exploratory borings shall be compietely filled with appropriate sealing
material from bottom 1o top, if located in areas of known lor suspected contamination or
pollution. Borlngs located outside such areas shall, at 2 minimum, be fillad with sealing
material from ground surface to the minimurn depths specified|in Section 23 of the Water Well
Standards. Additional sealing material shall be placed below {he minimum surface seal where
needed to prevent the interchange of poor-quality water, pollytants, or contaminants between
strata penetrated by the boring,

- Appropriate fill or sealing material shall be placed below artl between intervals containing

sealing material. Sealing material is often economical to use las fill material.

obstructions and ‘pollmants and contaminants that could in
operations shall be removed prior to filling and sealing. 'The e
as soon as possible if pollutants or contaminants are known o
be destroyed. Well destruction operations may then proceq
enforcing agency. The enforcing agency should be contacted
proper disposal of removed materials.

Elacement of Material. The placement of séaiing material for

- The boring shall be inspeéted immediétéfy p}ior‘io filling and sealing operations. All

erfere with filling and sealing
forcing agency shalf be notified
[ suspected to be in a boring to
d only at the approval of the
to determine requirements for

nitoring wells and exploratory

borings is generally described in Section 23 and Appendix B of the Water Well Standards, The

following additional requirements shalf be observed .when
monitoring well or exploratory boring destruction.

placing sealing material for

1. Placement Method. The well or exploratory boring shalf be filled with appropriate

sealing, and fifl material where allowed, using a tremie
upward from the bottom of the well or boring.

pipe or equivalent, proceeding

Sealing material shall be placed by methods (such a$ the use of a tremie pipe or
equivalent) that prevent freefall, bridging, and dilutign of sealing materials, and/or
Prévent separation of aggregate from sealants. Sealing material may be placed by

5.
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freefall only where the interval to be sealed is dry and np more than 30 feet in depth.
Fill material shall be placed by methods that prevent b idging and voids.

2, Timing of Placement. Sealing materfal shall be placed in one continuous operation
(or "pour”) from the botiom to the top of the well or baring, unless conditions in the
well or boring dictate that sealing operations be condugted in a staged manner, and
prior appraval is obtained from the enforcing agency.

3 Ground Water Flow, Special care shall be used to resfrict the flow of ground water
into a well or boring while placing sealing and fill material, If subsurface pressure
producing the flow is significant.

4. Sealing Pressure. Pressure required for the placemjent of cement-based sealing
materials shall be maintained long enough for cement-based sealing materials to
propetly set.

5. Verification. It shall be verified that the volume of s¢aling and fill material placed
during destruction operations equals or exceeds the volume to be filled and sealed.
This is to help determine whether the well or boring has been properly destroyed and
that no jamming or bridging of the fill or sealing mat fal has occurred.

Sealing and Fill Materials. Materials used for sealing explorato borings and monitoring wells
shall have low permeabilities so that the volume of water|and possible pollutanis and
contaminants passing through them will be of minimal consequénce. Sealing material shall be
compatible with the chemical environment into which it is plaged, and shall have mechanical
properties consistent with present and future site uses.

Suitable sealing materials include neat cement, sand-cement, 4nd bentonite, all of which are
described in Section 9 of these standards. Bentonite shall nof be used as & sealing material
opposite zones of fractured rock, unless otherwise approved by the enforcing agency. Drilling
mud or drill cuttings are not acceptable as any part of sealin material for well destruction..
Concrete may be used as a sealing material at the approval of|the enforcing agency.

Fill materdal, if any, shall meet the requirements of Section 23 of the Water Well Standards.
Fill material shall be free of pollutants and contaminants) and shall not be subject to
decomposition or consclidation after placement. ‘Drilling mud or curtings are not acceptable-
as any part of fill material. - ‘

Additio uiremenis fo. Monitoring Wells and Exploratofy Bogings in eas. The
foliowing additional requirements shall be met for destroying monitoring wells and exploratory
borings in urban areas, unless otherwise approved by the enf rcing agency:

1. The upper surface of the seating material shall end at/a depth of 5 feat below ground
surface; and,

2. If the well casing was not extracted during dutructim* and sealing operations, a hole
shall be excavated around the well casing to a depthjof 5 feet below ground surface
after sealing operations have been completed and the sealing material has adequately
set and cured. The exposed well casing shall then be gemoved by cutting the casing at
the bottom of the excavation. The excavation shall be backfilled with clean, native s0il
or other suitable material.
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. Temporary Cover, The well or borchole opening and any

ociated excavations shall be -

covered at the surface to ensure public safety and to pr the entry of foreign materiai,

. water, pollutants, and contaminants; whenever work Is Interrupted by such events as overnight

shutdown, poor weather, and required waiting periods to all
the performance of tests. The cover shall be held in place or
that it cannot be removed, except by equipment or tools.

setting of sealing materials and
iphted down in such 2 manner
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CATHODIC PROTECTION WELL STANDARDS

INTRODUGTION

Most wells In California are constructed -to extract ground water, inject water, or monitor ground water
conditions, Other, less common types of wells include cathodic protection wejls. Cathodic protection wells,
sometimes called *deep groundbeds,” house devices to minimize electrolytic cprrosion of metallic pipelines,
tanks, and other facilities in contact with the ground.

Electrolytic Corrosion

For the purpose of these standards, electrolytic corrosion is defined as the ddterioration” of metallic abjects
by electrochemical reaction with the environment. The electrolytic corrosion process fs illustrated in Figure 4

for a metallic pipeline in a soil-water environment. This process gradually weakens the pipeline and can cause
.‘ns failure,

In Figure 4, an electric potential is induced on the surface of the pipeline gs a result of variations in the
concentrations of salts in the soil and water surrounding the pipeline. This potential results in an electric
current in the soil.water electrolyte. Current flows from an "anode area” on the p!pelme to a “cathode area”

on the pipeline, Metzal is removed from the anode area by the current.

Cathodic Protection

"Cathodic protection” is 2 term used for certaln measures taken 1o prevent or minimize electrolytic corrosidn
of metallic equipment and structures. Cathodic protection devices redirect cugrent to flow from a "sacrificial®
anods 10 the soil-water electrolyts, instead of from an anode area on a pipeling or other mefalilic structure 1o
be protected. The protective ariode’s role i3 10 corrode In place of the metalliclobject it is designed to protect,
as shown in Figure 5. The protected facility is made to be a permanent cathode by use of cathodic protection
devices. Thus, the facility is said 10 be "cathodically protected.”

 Protective ‘or sacrificial ancdes cin be placed close to ground surface or at significant depth, Anodes have
been placed at shallow depths in horizontal and vertical arrays for many years. Shallow arrays are ofien not

well suited for metropolitan’ areas because of land requirements, or suifed for areas where electrical
interference may be high.

| Deep vertical anode installations, usually referred 1o as "cathodic protection wells,” were first developed and
used during the 1940s. They were developed in response to the constraints gf shaliow anode arrays.

Cathodic Protection Wells

Cathodic protection wells are widely installed to protect metallic objects in| contact with the ground from

electrolytic corrosion. Such objects include petroleum, natural gas, and watef pipelines, and related storage

facilities; power iines; telephone cables; and switchyards. Cathodic protectign wells are sometimes used 10
control electrolytic corrosion in large water wells,

57.
000806




Figure 4. ELECTROLYTIC CORROSION OF A BURIED PIPELINE
{(NOTE: Schomaﬁc not to acale)
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Figure 5. CATHODIC PROTECTION OF A BUI
* (NOTE: Schematic, not to scale)
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Many cathodic protection wells have baen éonstructéd 10 protect pipelines tha{ transport natural gas or mh«_:r
“hazardous” materfals, ‘The Natural Gas Pipetine Safety Act, Public Law 1 adopted by Congress in
August 1968, provides requirements for cathodic protection of certain pipeli '

Most cathodic protection wells in Califorﬁia are located in areas where undergrdund pipelines or “conveyance"

syslems are pumerous and must be protected. These areas include:
* South coastal region from San Diego to Santa Barbara,

* Qil-producing areas of the southern San Joaquin Valley and the Central Cbast, and,

* San Francisco Bay Area.

Few cathodic protection wells exist in California north of Sacramento,

Many cathodic protection walls, as ilustrated in Figure 6, have been construcled by:

L

(2)

)

(4)

&)

(6)

™
(8

Individual designs of cathodic protection wells vary,

Drilling 5 6- to 12-inch diameter borehole fo & desired depth. Cathodic p

otection wells normally range
from 100 to 500 feet in total depth. A few wells have been constructed t

depths of 800 feet.

California Water CodeSeétion 13711 defines a *cathodic protection well" as an anode installation

exceeding 50 feet in depth. Installations less than 50 fest deep are “legally] considered "shallow anodes,”
not cathodic protection wells. Shallow anode installations are not specifically covered by these standards.

Placing a string of anodes in the borehole within a designated interval, usyally referred to as the "anode
interval.” T :

Backfilling the anode interval around the anodes with an electrically ¢onductive material, such as
granular coke.

Installing a small-diameter vent pipe that extends from the top of the znode interval to land surface, or
above. The purpose of the vent pipe Is to release generated gases, Meditim to large-diameter pipe or-
casing used in water wells to maintain the well bore and house pumping equipment is not normally used
for cathodic protection wells.~ B

: Bnclﬁﬁll'ing the annulus between the vent pipe and borehole wall with an electrically non-conductive fill

material to a specific-helght above the anode fnterval. Such fill materia usually consists of uniform,
small-diameter gravel, Its purpose {s to provide a permeable mediuvm fgr migration of gases and to
stabilize the walls of the borehole, ™ 5

In the past this material was sometimes iised 6 fill the annaultus between the vent pipe and the borehole
wall from the top of the anode interval to land surface. These standards yequire specific interval(s) of

the upper annular space of a cathodic protection well be filled with sealing materials instead of gravel,
to protect ground water quality, :

Sealing the annulus between the vent pipe and the borehole wall, from the top of the non-conductive
annular fill to land surface, with sealing material,

Installing a permanent cover over the well ot ground surface,

Connecting the anode leads to the facility to be protected, possibly through fan electrical current source.
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" Figure 6. CROSS SECTION OF A TYPICAL
g CATHODIC PROTECTION WELL | -
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The protective anodes of a cathodic protection well usually corrode away with time. Thus a cathodic
protection well's anodes determine the well's useful life, Anodes are usually designed to last 15 to 20 years.

There has been an increasing tendency to construct eathodic pmtécuon wells with large diameter vent pipe
Or casing so that anodes can be.replaced through the casing. Anode replacement through casing eliminates
the need to drill replacement welis when anodes have been expended. '

Corrosion Coordinating Committees

Serious electrical Interference problems can occur where cathodic protection ngtworks criss-cross one another
_ Or are 100 close 10 one another. Also, stray currents produced from electrichl transmission lines and other

equipment can sorietimes interfere with the operation of cathodic protection systems. Interference problems
are wsually most pronounced in urban areas, : : o ‘

Corrosion control cpordihhtlng organizations have been formed in areas of California to overcome system
interferences and other problems. Most organizations are affiliated with of are chapfers of the National
Association of Corrosion Engineers, ‘ -

Corrosion control organizations represent the majority of utilities and othgr groups that install cathodic
protection devices, including cathodic protection wells. Organization members|coordinate the installation and
- Operation of cathodic protection facilities with the goal of minimizing problems of electrical interference.

Four organizations that deal with Central and Southern California, are:

* Southern Californla

The Southern California Cathodic Prutection‘Commiucc is a formal committee covering all of Southern
California south of San Luis Obispo, Kern, and Inyo counties, except San Diego County.

+ San Diego County “

The San Diego County Underground Corrosion Control Committes is an informal organization that deals
with the San Diego area, : - '

+ Central California

The Central Californiz Cathodic Protection Committes is 2 formal cbmhiucc covering all of Central

California plus Sacramento Valley counties, and western Sierra Nevada mouhitain counties south of Plumas
County, . - ‘

* San Francisco Bay Area

The activities of the two committees that formerly covered the San Franciscd Bay Area have been assumed
by the San Francisco Section of the National Association of Corrosion Engineers. The committees were
disbanded in 1985, = '

No coordinating organizations function in coastal counties north of San Franci

or in the northeastern part
of the State.

Unfortunately, not alf who install and operate cathodic protection facilitles worl with a corrosien coordinating
organization. Those not associated with an organization are usually individdals or local agencies that are
sometimes unaware of the existence of other installations. Non-coordinated fcilities can seriously interfere
with one another electrically.
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Need for Cathodic Protection Well Standards

. Cathodic protection wells, along with other types of wells, can allow ground watet quality degradation to oceur.
Improperly constructed or destroyed cathodic protection wells can constitute & preferential pathway for the
movement of poor-quality water, poliutants, and contaminants. Cathodic protection wells constructed with
gravel backfill to land surface are particularly conducive to the movement of poor-quality water, poliutants,
or contaminanis.

Water and electrolytes are sometimes introduced into cathodic protéction wells|through vent pipes, or gravel
fill in the annulus, to keep wells functional where natural electrolytes are lacking. Such a practice could be
considered "waste disposal® and may be illégal if poor-quality water is used.

Permanently inactive cathodic protection wells pose a threat for the movgment of poor-quality water,
pollutants, and contaminants, and should be properly destroyed. Permanently inactive cathodic protection
wells are a threat to ground water quality because they become dilapidated with gime, are sometimes forgotien,
and are sometimes used for waste disposal. - '

Many cathodic protection wells have small diameter vent pipes that prevent ent

by persons and most animals.
However, large vent pipe sizes can pose a serious safety threat if left open at :

nd surface,

History of Cathodic Protection Well Standards

The Califorpia Legislature enacted legis'laticm in 1949 directing the California Dé¢partment of Water Resources
to develop recommended water-quality protection standards for the construction) and destruction of wells, The
Legislature amended the Water Code in 1968 to require standards for cathodie protection wells.

Cathodic protection well standards for California were first published in 1973 as DWR Bulletin 74-1, Cathodic
Protection Well Standards: State of California. Standards presented here replage those contained in Bulletin
74-1. Additional discussion on the history of well standards is contained in the "Introduction” section of this
supplement (Bulletin 74-90) and Bulletin 74-81, Water Well Standards: State of California.

Scope of Standards
The following are recommended minimum standards for construction, alteration, maintenance, and chtructio_n
of cathodic protection wells in California. They only serve as minimum guidelines toward ensuring cathodic
protection wells do not constitute a significant pathway for movement of poor-quality water, pollutants, and

contaminants. These standards do not ensure a cathodic protection well will p¢rform its corrosion protection
function adequately.

The functional requirements of cathodic protection wells may conflict with the gpplication of certaln standards

for the protection of water quality, Consequently, some compromise has been made between well function
and resource protection in the development of these standards. :

Organization of Standards
These standards are arranged in a format similar to the Water Well Standardg. Since many of the standards
" that apply to water wells also apply to cathodic protection wells, many referendes are made in these standards

10 the Water Well Standards. Standards that apply only to cathodic protectior| wells or that require emphasis
for cathodic protection wells, are discussed in detall in these standards.
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 STANDARDS |

Part I. General

Sectlon 1. Definitions!.

A ‘Lathodic Protection Well. A cathodic protection well is|defined in Section 13711 of the
California Water Code as:

"..any artificial excavation in excess of 50 feet cons{ructed by any method
for the purpose of installing equipment or facilities for the protection
electrically of metallic equipment in contact with the ground, commonly
referred to as cathodic protection.” ‘

B. Enforcing Ag'eng. An agency designated by duly authorized local, regional, or State
government 10 administer -and enforce laws or ordinancss pertaining to the construction,
alteration, maintenance, and destruction of cathodic protection wells. _

C. Casing. Allvent pipe, anode access tubing, electrical cable cqnduit, and other tubular materials
that pass through the interval to be sealed. ‘ '

D. Conducior Casing. A tubular retaining structure temporarily or permanently Installed in the
upper portion of the well boring between the wall of the well boring and the inner well casing,
Conductor casing is often installed 1o keep the boreholg open during drilling if caving
conditions are expected. ‘Despite its title, conductor caging does not normally serve an
“electrical” function for cathodic protection wells, S

Section 2. Exemptions Due to Unusual Conditlons.

Under certain circumstances the enforcing agency may waive compliance with these standards and prescribe
alternate requirements. These standards may be waived only where they are{impractical or ineffective becduse
of unusual conditions, or would result in unsatisfactory condition or well function. In waiving any of these .
standards, the enforcing agency shall, if at ali possible, require that measurgs be implemented to provide the
same or greater level of water-qualily protection that would otherwise be provided by these standards.

Section 3. Special Standards.

The enforcing agéncy may prescribe measurés_ mofe stringent than standards described here, where needed to
protect public safety or protect water quality. . . ‘ R .

" Section 4. Responsible Pacties,

Corrosion control engineers are normally responsible for the design and supervision of corrosion control
facilities incorporating cathodic protection wells. Pursuant to Section [13750.5 (Division 7, Chapter 10,
Atticle 3) of the California Water Code, construction, alteration, and destryction of cathodic protection wells
shall be performed by contractors licensed in accordance with the Calit'orrqa Contractors’ License Law

1 Technical terms are defined in Appendix A, page 77.
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(Division 3, Chapter 9, California Business and-Pm&ssions Code), except whepe exempted by law. Above-
ground electrical facilities for cathodic protection wells should be instalied by an appropriately licensed
contractor. :

Section 5. Reports.

Cathodic protection well construction, alteration, and destruction reports shall be completed on E‘or-ms
provided by the-California Department of Water Resources. Other types of forms may be used for Sl.lbl:l.'llﬁSlDl‘l
to the Department with the prior approvat of the Depariment. The completeql forms shall be submitted to
the Department in accordance with relevant provisions of Sections 13750 throi h_ 13754 (Divmu.:m 7, Chapter
10, Article 3) of the California Water Code. Information concerning complgtion and submission of well
construction, alieration, and destruction reports is contained in Guide to the Preparadion of the Water well
Drillers Report, Department of Water Resources, October, 1977, or its latest rgvision.
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A Part IL. Cathodic Protection Well Construction

Section 6. 'Well Location With Respect to Pollutants and Contaminants, apd Structures.

potential sources of poliution or contamination, where site ¢onstraints and corrosion control
considerations allow. Potential sources of pollution and confamination include those listed in
Section 8 of the Water Well Standards.

Al Separation. Cathodic protection wells shall be located zn a;)equate distance from known or

As specified in Section 7 below, the length of the annular sgal for a cathodic protection well
shatl be increasad if the well is located in a congested urban grea, or is located within 100 feet
of any potential source of pollution or contamination.

B. Figoding and Drainage. Cathodic protection wells should bé located in areas protected from
flooding, if possible. Wells located in areas of flooding shal} be protected from flood waters
and drainage, including protective measures outlined in Sectfon 8, below.

Ground surface surrounding a cathodic protection well shall slope away from the well

Drainage from areas surrounding a cathodic protection well|shall be directed away from the
well

C. Accessibility. Al cathodic protection wells shall be located an dequate distance from buildings
and other structures to allow access for well maintenances, mo ification, repair, and destruction,
unless otherwise approved by the enforcing agency.

Section 7. Sealing the Upper Annular Space.

The space between the cathodic protection well casing and the wall of the wel boring, often referred 10 as the
"annular space,” shall be effectively sealed to prevent it from being a preferantial pathway for the movement
of poor-quality water, pollutants, or contaminants. In some ©ases, secondary| purposes of the annular seal are

1o stabilize the borehole wall, protect casing from degradation or corrosion, ad ensure the structural integrity
of the casing, ‘

General discussion of sealing requirements and methods is contained in Sectiqn 9, Section 13, and Appendix B
of the Water Well Standards. Special requirements for sealing cathodic prgtection wells are:

A Minimum Depth of Annular Seal.

1. Minimum Depth. The annular space shall be filled with appropriate sealing material
. from ground surface to a depth of at least 20 feet below land surface. The annular
space shall be sealed 1o a depth of at least 50 feet below land surface in congested

urban areas, or where a cathodic protection well is Within 100 feet of any potential

source of poilution or contamination. Additional spnular sealing material shall be
installed to greater depths where adverse conditions exist that increase the risk of
poltution or contamination of ground water,

2. Fill. Any annular space existing between the base of|the annular surface seal and the
top of the anode and conductive fill interval shall Ye filled with appropriate fill or

sealing material. Fill material should consist of washefd granular material such as sand,
pea gravel, or sealing material. Fill material shall not be subject to decomposition or
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consolidation after placement and shall be fre of pollutants and cor!mq\inants. Fill
material shall not contain drill cuttings or drilling mud. | Sealing material is often more
practical and economical to use for filling the annular|space than granular material, -

3 Sealing-Off Strata. Additional annular sealing matetial shall be placed below the
minimum depth of the annular surface scal, as needed, to prevent the movement of
poor-quality water, pollutants, and contaminants thropgh the well to zones of good-
quality water. Requirements for sealing off zones are{in Section 10, below.

B. Sealing Conditions. Requirements for sealing the annular space under varied conditions are

detaited in Section 9, Subsection B of the Water Well Standa

C. Radial Thickness of Seal. A minimum of 2 inches of sealing material shall be maintained
between all casings and the borehole wall within the interval to be sealed, except where
temporary conductor casing cannot be removed as noted In| Section 9 of the Water Well
Standards. At least 2 inches of sealing material shall be mainkained between all casings In a
borehole, within the interval to be sealed unless otherwise apgroved by the enforcing agency.
Additional space shal] be provided, whers .nseded, to allow cagings to be properly ccntralizcd
and spaced and allow the use of a tremie pipe during well consfruction (if required), especiaily
for deeper wells, . - o

D. Sealing Material, Sealing material shall consist of neat cement, sand-cement, concrete, or
bentonite clay as discussed in Section 9 of the Water Well Standards, Cement-based sealing
material shall be used opposite zones of fractured rock used. |Concrete shail only be used at
the approval of the enforcing agency. Drill cuttings and used| driiling mud shall not be used
as any part of sealing material.

E. Placement of Seal. Standards for the placement of annular sealk are described In Section 9 and
Appendix B of the Water Well Standards. ' -.; :

Section 8. Surface Cunstfucﬁon Features, -

Surface construction féaturﬁ of 2 cathodic protection well shail serve to prevent phyéicﬂ! damage to the well;
prevent the 'enuy of surface water, poliutants, and contaminants; and preven unauthcm;fe.q access.

A Locking Cover. The top of a cathodic protection welt shall bei protected by a locking cover or
equivalent tevel of protection to prevent unauthorized access. | All such covers shall allow the
_venting of gases. : ‘ '

B.  Casing Cap. The top of a cathodic protection well casing shall be fitted with a watertight cap,
cover, "U" bend, or equivalent device to prevent the egtry of water, poilutants, and
contaminants into the well bore. All such covers shall allow penting of gases from the well.

C. Flooding. The top of the v}ell casing shall terminate above ground surface and known levels
of flooding, except where site conditions, such as vehicular traffic, will not allow.

D. Bases. A concrete base or pad shall be constructed around the top of a cathodic prutec_tlon
well casing at ground surface and contact the annular seal, uhless the top of the casing is 1o
be below ground surface as provided by Subsection E, below. The base shall be at least 4
inches thick and shall slope to drain away from the well casing. The base shall extend at least
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2 feet laterally in all directions from the outside of the well bo Fing, unless otherwise approved
by the enforcing agency, - S |

The base shall be free of cracks, voids, and other significant defects likely to prevent water
tightness, Contacts between the base gnd the annular seal, and the base and the well casing
must be water tight and must not cause the fajlure of the wel casing or annufar seal,

Where cement-based annular sealing material is used, the conciete base shall be pourad bafore

the annular seal has set, unless otherwise approved by the enfpreing agency.

Vaults. At the approval of the enforcing agency, the top of a
below ground surface because of traffic or other critical
structurally-sound vault, or equivalent feature, shali be install
casing if it terminates below ground surface,

thodic protection well may be
nsiderations. A watertight,
10 house the top of the well

The vault shall extend from the top of the annular sesl to at 1

t ground surface. In no case
shall the top of the annular seal be more than 4 fest below g

und si:rfase,

The vault shali oo'ntact the annular seal in a manner 1o form a watenigh; and structurally-
Sound connection. Contacts between the vault and the annular eal, and the vault and the well
casing (if any), shall not fail, or cause the failure of the well casing or annular seal.

the annular sealing material before it sets, unless otherwise approved by the enforcing agency.
If bentonite-based sealing material is used for the annular seal, the vault shall be set into the
bentonite before it is fully hydrated, S :

Where cement-based annular sealing materials are used, the vanlt shall be set into or contact

‘Cement-based sealing material shall be Placed between the oter walls of the vault and the .

excavation into which it is placed to form a proper, structurally Sound foundation for the vault,
and 1o seal the space between the vault and excavation,
Sealing material surrounding the vault shall extend from the tog of the ansalar seal 1o ground
surface, unless precluded in areas of freezing, If cement-based s ling material Is used for both
the annular sea] and the space between the excavation and vaul, the sealing material shall be
emplaced in a "continuous pour.” In other words, cement-based ealing material shall be placed
between the vault and excavation and contact a tement-based apnular seal before'the annular
s2al has set. ' I o _—

- The vault cover or lid shall be watertight but shall allow the vchting of pases.’ The lid shall be
fitted with a securlty device to prevent unauthorized accebs and shall be clearly and
permanently labeled "CATHODIC PROTECTION WELL" The vault and its lid shall be
strong enough to support vehicular traffic where such traffic m ght occur, -

The top of the vault shall be set at grade, or above, 50 that driinage is away from the vault.
The top of the casing contained within the vault shall be capped in accordance with
requirements of Subsection. B, above so that water, contaminants} and pollutants that may enter
the vault will not enter the well casing.

Protection From Vehicles. Protective steel posts, or the equivajent, shall be installed around
a cathodic protection well casing where it is terminated above ground surface in areas of
vehicular traffic. The posts shail be easily seen and shall prgtect the well from vehicular
impact. : -
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Additipnal requirements for surface construction features are contained iR Section 10 of the Water Well
Standards. ' -

Sectlon 9. Casing.

Vent pipe, anode access tubing, and any other tubular materials that pass thfough the interval to be filled and
sealed are all considered casing for the purpose of these standards. Materiald used for ‘cathndic pr_otection well
casing generally shall meet the requirements for casing materials and theid installation in S‘ccuon 12 of th_e
Water Well Standards. Variance from the standards shali be at the appropal of the enforcing agency. It is
recommended that practices prescribed by the National Association of Corfosion Engineers also be followed
in the design and installation of gas venis and elecirical conduit.

Cathodic protection well casing should be at least 2 inches in internal digmeter 10 facilitate eventual well
destruction.

Sectlon 10. Sealing-OfT Strata.

If a cathodic protection well penetrates a stratum or strata below the minium required apnular surface seal
~ depth specified in Section 7, above and that stratum contains poor-quality water, pollutants, o contaminants
that could mix with and degrade water contained in other strata penetrated by the well, additional annular
sealing material shall be placed below the minimum requiréd annular surfacg seal to prevent mixing and water-
quality degradation. . '

The following minimum requirements shall be observed for isolating zores containing poor-quality water,
pollutants, or contaminants for various cases:

Case 1. Upper Stratum. If a stratum containing poor-quality water, pollptants, or contamin:arEm lies above
a stratum to be protected, annular seal material shall extend from the top of the stratum containing the pooi-
quality water, poliutants, or contaminants down 10 at least 10 feet into the|confining layer separating the two
strata, or through the entire thickness of the confining fayer, whichever isjleast.

Case 2. Lower Stratum. If a stratum containing poor-quality water, polljtants, or contaminanis lies below
a stratum 1o be protected, the annular space opposite the stratum 10 be pratected shall be sealed along its full
" length, The seal shall extend at least 10 feet into the confining layer separ ting the two strata, or through the
entire thickness of the confining layer, whichever is least,

Case 3. Muliiple Strata.* - |
a. Where two or move strata contalning poor-quality water, pollutants, or contaminants are adjacent to

“one another and overlie a stratum to be protected,” the annular space opposite the strata containing
poor-quality water, pollutants, or contaminants and opposite all inferbedded confining layer:‘. shall be
sealed. The annular seal shall extend at least 10 feet down into, of completely through, whichever s
least, the confining layer separating the strata containing poor-quality water, pollutants, or contaminants
and the underlying stratum to be protected.

b.  Where two or more strata containing poor-quality water, pollufents, or contaminants underlie 2
stratum to be protected, the annular space oppasite the stratum tq be protected shali be sealed. The
seal shall continue down at least 10 feet into, or completely through, whichever is least, the f:onﬁmng
layer separating the stratum to be protected and the underlying stata containing poor-quality water,
poliutants or contaminants.
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G Where two strata contalning poor-quality water, pollutants, or contamigants are Separated by a stratuni

to-Be protected, the annular space Opposite the stratum to be protected

the confining strata underlying

and overlying the stratum to be protected, and the upper stratum|containing poor-quality water,

pollutants, or contaminants shall be sealed off,

The supplementary seals described in the cases above shall be extended up

to and contact the base of the

required minimum' annular surface seal described in Section 7 above, if they are otherwise required to be
within 10 feet of the surface seal. Sealing the entire annulus above the anode|interval will often economically

fulfill the conditions outlined above.

Requirements for sealing materials and their placement are described in Section 7, above.

Section 11. Repair of Cathodic Protection Wells,

- Materials used for repairing cathodic protection well casing shall meet the requirements of Section 9, above,

Section 12. Temporary Cover.

bl

The well or borehole opening and any associated excavations shali be coverdd at the surface ta prevent the
.entry of foreign material, water, pollutants, and contaminants, and to ensvre |public safety whenever work is
interrupted by such events gs overnight shutdown, poor weather and required waiting periods 1o allow setting
of sealing materials and the performance of tests,  The cover shall be held in place or weighted down in such

a manner that it cannot be removed except by equipment or tools.
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Section 13. Porpase of Desémctlon.

A cathodic protection well that is no longer useful, permanently inacti

Part IIl. Destruction of Cathodic Progection Wells

ve or "abandoned” must be properly

destroyed to: o
(1)  Ensure the quality of ground water is protected, and,
(2)  Fliminate a possible physical hazard to humans and anifals.

Sectlon 14. Definitlon of "Abandoned® Cathodic Protection Well.

A cathodic protection well is considered "abandoned" or parmanently if

and cannot, or will not, be replaced. ' A cathodic protection well Is also
inactive if it has not been used for one year, unless the owner demo

provide evidence of intention for future uss of a well, the well owner, in
Health and Safety Code, shall maintain the well in such a way that the;

*(1)  The well shall not alluw‘impairmen't of the quality of w

encountered by the well.

2
‘ by other means to prevent its removal without the
unauthorized access, to prevent a safety hazard to hum

The 1op of the well or well casing shall be provided wit

active when its anodes are exhausted
iderad "abandoned” or permanently
trates intention to use it again. To
ceordance with Section 24400 of the
following requirements are met:

ter within the well and ground water

a cover, that is secured by a lock or
of equipment or tools, to prevent
and animals, and to prevent illegal

disposal of wastes in the well. The cover shall be watertight where the top of the well casing
or other surface openings 1o the well are below ground lgvel, such as in 3 vault or below known

levels of flooding. The cover shall be watertight if ¢

' consecutive years. A pump motor, angle drive, or ot

e well is inactive for more than five
er surface feature of a well, when in

‘compliance with the above provisions, shall suffice as & cover.

)

The well shall be marked so as t

o be easily visible and
identified as a well. . e '

“)

" Section 15. General Requirements.

of destruction is to prevent a possible safety hazard 10 humans and ani
as & possible means for the preferential migration of poor-quality wa

All permanently inactive or "abandoned” cathodic protection wells sh?‘l

Section 16. Requirements for Destroying Cathodic Protection Yells,

General requirements for well destruction are contained in Section 23
considerations for cathodic protection wells are as follows:

A Preliminary Work. A cathodic protection well shall
determine its condition, details of ils construction
interfere with filling and sealing.
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“The area surrounding the well shall be kept clear of brush, debris, and waste matetials."

be properiy destroyed, The purpose
als and to eliminate the well structure
er, pollutants, and conlaminants,

of the Water Well Standards. Special

investigated before it is destroyed 10

j;d whether conditions exist that will




The well shall be sounded immediately before it is destroyed to make sure that no obstructions

. exist that will interfere with filling and sealing. The well shall be cleaned before destruction,
as peeded, to ensure that all undesirable materlals, including obstructions to filling and sealing,
debris, and pollutants and contaminants that could interfere with well destruction are removed
for disposal. The enforcing agency shall be notified as soqn as possible if pollutants and
contaminants are known or suspacted to be in a well to destroyed. Well destruction
Operations may then proceed only at the approval of the e forcing agency, The enforcing
agency should be contacted to determine requirements for profler disposal of materials removed
from a well to be destroyed.- o '

illigg and Seali nditions. The following minimum requirements shall b followed when
various conditions are encountered. '

1, Wells that only penetrate unconsolidated materjat an% a single "zone" of pround water.
At a minimum, the upper 20 feet of the well casing and the annulus between the well
casing and borehole wall (if not already sealed) shall be completely sealed with suitable
materfal. Sealing material shall extend to a minim depth of 50 feet below land

" surface {f the well 1o be destroyed is located in an urblan area, or is within 100 feet of
any potential solirée of pollution or contamination. Additional sealing material may
be needed if adverse conditions exist. The remainder f the well below the minimum
surface seal shali be filled with sujtable granular fill material, such as cledn sand or pea

gravel, or with sealing material,

2. Wells that pepetrate several water-bearing strata. The pper portion of the well casing
- and annular space shall be filled with sealing materia] as described in Item 1, above.
Strata encountered below the surface seal that contal poor-quality water, pollutants,

or contaminants that could mix with and degrade watdr in other strata penetrated by

the wen,'shall”be é_ffectively isolated by sealing the |well bore and amnulus within
intervals specified In Sectioh 10, above. The remaindef of the well shall be filled with
suitable granular fill or sealing material.

%

3. Wells_ penetrating fractured .rock, ‘Bealing material silall be installed as outlined in

Items 1 and 2, above. Cement-based sealing material shall be used opposite fractured
fock. ‘The remainder of the well shall be filled with fill or sealing material, as
- appropriate, A 1 ‘

4. Wells in_nonfractured _consolidated strata, . Sealing imaterial shall be:installed as

outlined in Items 1 and 2, above. The remainder of the well shall be filled with fill or
sealing material, as appropriate.

5. Wells penetrating waier-bearing_zones or_aquifers bf special significance. The
‘ enforcing agency may require that specific water-bearlhg zones be sealed off for well
destruction. ‘

Placement of Material, “The placement of sé&lipg materials| for cathodic protection well
destruction is generally described in Section 23 and Appendix H of the Water Well S.tandards.
The following additional requirements shall be observed in destrd ying cathodic protection wells.

Casing, cables, anades, granular backfill, conductive backfill, mnd sealing material shall be
remaved as needed, by redrilling, if necessary, 1o the point needed to allow proper placement
of sealing materials within required sealing intervals. Removal of some or all well materials will
likely be required for cathodic protection wells thal were not cbnstructed in accordance with
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E.

these . standards, or standards adopted by the Southemn California Cathodic Protection

Committ=e in Decamber 1969,

Casing that cannot be removed shall be adequately perforated |or punctured at specific intervals
to allow pressure injection of smling materials into granular backfill and all other voids that

require sealing,

The following n:quiremenis shall be observed in placing fill and sealing material in cathodic

protection wells to be destroyed.
L

Placement Method. The well shall be filled and
upward from the bottom of the well using a tremis

led with appropriate material
ipe or equivalent.

Sealing material shall be placed by meathods (such as by the use of a tremie pipe or
equivalent) that prevent freefall, bridging, or dilutfon of the sealing materials, or
separation of agpregates from sealants. Sealing materials shall not be installed by
freefall unless the {ntewal to be sealed is dry and no deeper than 30 feet below ground
surface. -

Timing of Placement. Sealing material shall be placed in one continuous operation
(or "pour™) from the bottom to the top of the well unjess conditions in the well dictate
that sealing operations be conducted ina staged manner and prior approval is obtained
from the enforcing agency.

Ground Water Flow. Special care shall be us&d to festrict the flow of ground water
into a well while fill and sealing material is being plaged, if subsurface pressure causing
the flow of water is sipnificant.

Sealing Pressure. Pressure required for placement of cement-based sealing material
shall be maintained long enough for the cement-baged sealing materlal to set.

Verification. Verification shall be made that the vilume of sealing and fill material
placed in a well during destruction operations equals pr exceeds the volume to be filled
and sealed, This is to help determine that the well fhas been properly destroyed and’
that no jamming or bridging of the fill or sealing material has occurred.

Sealing Materials, Materials used for sealing cathodic protection wells for destruction shall
have low permeabilities so that the volume of waier and posdible pollutants and contaminants

passing through them will be of minimal consequence. Sea
with the chemical environment into which it is placed and
compatible with present and future site uses.

ing material shall be compatible
thall have mechanical properties

Suitable sealing materials include neat cement, sand-cemg¢nt, concrete, and bentonite, as

described in Section 9 of the Water Well Standards, Sealing
of fractured rock shall be cement.based, as dascribed in Sub.

materials used for isolating zones
ction B, above. Drilling mud or

drill cuttings shall not be used as any part of a sealing material for well destruction. Concrete
may be used as a sealing material at the approval of the enfpreing agency.

Fill Material. Many fill materials ara suftable for destructfon of cathodic protection wells.
These include clean, washed sand or gravel or sealing materjal. Fill material shall be free of
pollutants and contaminants and shall not be subject to decgmposition or consolidation after
placement. Fill material shall not contain drilling mud or cattings.
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F. ditional Require r ction of Cathodic Protection Wells i an Areas. The
: following additional requirements shall be met at each well sife in urban areas, unless otherwise
approved by the enforcing agency: :

(1) The upper surface of the sealing materfal shall end pt 2 depth of 5 feet below ground
surface, and, | ‘

(2) If the casing was not extracted during destruction agd sealing operations, a hole shall
be excavated around the well casing to a depth of § feet below ground surface after
sealing operations have been completed and sealing materials have adequately set and
cured. The exposed well casing shall then be rempved by cutting the casing at the
bottom of the excavation. The excavation shall then be backfilled with clean, native
50il or other suitable material. ) ‘

G. JTemporary Cover. The well borehole and any assoclated excavations shall be covered at the
surface to prevent the entry of foreign material, water, polfutants, and contaminants and to
ensure public safety whenever work on the well is interrupted by such events as overnight

- shutdown, poor weather, and required waliting periods 1o a]ltﬁnw setting of sealing materials and
performance of tests. The cover shall be held in place or weighted down in sucha manner that
it cannot be removed except by equipment or toals. '
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- APPENDIX A

Deﬁﬁition of Term.s |

Protectlve Anode - A metallic object designed to corrode in place of the object it is designed to protect.

Cathodic Protection® - A technique to prevent the corrosion of a metal surface by making that surface the
cathode of an electrochemical cell.

Cement, Portland Cement - A cement that contains oxides of calcjum, aluminum, iron, and silicon made by
heating & mixture of limestone and clay in a kiln and pulverizing the|resultant clinker, as defined in
ASTM C150. Portland cement is also considered a hydraulic cement, because it must be mixed with water
to form a cement-water paste with the ability to develop strength and harden, even under water.

Centralizer - A device that assists in centér[ng tubulaf tﬁa.terialzs”in a borehple.

v

Conductance, Specific - A measure of the ability of water to conduct electric gurrent at 77 degrees Fahrenheit.
It is related 1o the total conceniration of ions in the water,

" Corrosion! - The deterioration of a material, usually a metal, because of a reaction with its environment,

Drilling Fluid - A fiuid (liquid or gas) used in drilling operatlmis 10 remove quttings from a porehole, to clean
and cool the drilling bit, to reduce friction between the drill stem and|the borehole wall, and, in some
cases, to prevent caving or sloughing of the borehole.

Electrolyte! - A chemical substance or mixture, usually ligiid, containing fogs that migrate in an electric field.
The term electrolyte refers to the soil or liguid adjacent to, and in cogtact with a buried or submerged
metallic structure including the moisture and other cheinicals containegl therein.

Interference - The situation that arises when a foreign substructure is affected in any way by a direct current
SOUICe,

Rectifier! - An electronic device that changes alternating current to direct jcurrent,

L Definition from National Association of Corrosion Engineers Stanard RP-01-69 or RP-05-72.
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- APPENDIX B

REFERENCES

Since Bulletin 74-81 was published in mjd-198] several new or revised publications have been issued that
address ground water or well construction, This appendix lists publications jssued or revised sincs 1981 and.
selected other publications that were reviewed during the preparation of th supplement. Publications that
were used for Bulletin 74-81 that have since been revised are identificd by o number in parentheses, These

numbers refer to the publication’s original position in the bibliography df Bulietin 74-81 (Appendix E,
page §3).

Books and Pamphlets

Aller, Linda. Methods for Determining the Location of Abandoned Wells, A copperative study by the National
Water Well Assoclation, East Central University, and the Robert S. Kerr Envirdnmental Research
Laboratory, U, 8. Environmental Protection Agency. National Water Well Association. January 1984,

American Soclety of Agricultural Englneers. Designing and Cousﬁuc&hglnigtiﬁan Welis. ASAR-Engineering
" Practice: ASAE EP 400.1. Revised February 1987. s -

American Saclety for Testing and Materials!, Proposed Recommended Practide Jor Design and Installation of
Ground Water Monitoring Wells in Aquifers, Unnumbered, undated draft,

American Water Works Association?, Srandard for B:i}:kﬂaw Prevention Devices - Reduced Pressure FPrinciple
and Double Check Valves. AWWA C506-78 (R83). 1983, ‘

—— Design and Constuction of Small Water Systems; 4 Guide Jor Managers. 1984,
..—— Standard Specifications for Deep Wells, AWWA A100-84, 1984 (6). o
—— Steel Water Pipe -- A Guide for Design and Installation. AWWA Marfual No, M11, ‘19.?__.';.;:;
— - Centrifugal Pump Fund;.;;iénr:-z}s. P;umps and ﬂbiorl Scdes - P&rr 1 1[93‘?. o

- Review of Water Industry Plastie Pipe Practices. Research Report. Prepared by Department of Civil
Engineering, University of.California, Berkeley, 1987,

. Standard for Disinfection of Wells, AWWA C654-87, 1987.

Byron Yackson, Inc. Applied Engincered Cementing. Volume I. Undated.

} American Society for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103-1187,
Telephone No.: (215) 299-5585,

2 American Water Works Association, 6666 West Quincy Avenue, Denvery CO 80235, Telephone No.:
(303) 794-7711. '
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Californla Department of Food and Agriculture. Sampling for Pesticide Residyes in California Well Water:
1986 Well Inventory Data Base. First Annual Report to the Legislature, Stat Department of Health Services
and State Water Resources Control Board pursuant to the Pesticide Contamination Prevention Act.
December 1, 1986, ' : ‘

California Department of Health Services. Organic Chemical Contamination pf Large Public Water Systems
in California. April 1986.

California Governor's Task Force on Toxics, Waste and Technology. Final Report. Two volumes. May 1985,

Callfornia State Public Utitities Commission. General Order No. 112-C; Rules overning Design, Construction,
Testing, Maintenance and Operation of Utility Gas Gathering, Transmission gnd Distribution Piping Systems.
Effective April 30, 1971. Revised January 18, 1977. '

Calitornla State Water Resources Control Board. Leaking Underground Fue. Tank (LUFT) Field Manual: -
Guidelines for Site Assessment, Cleanup, and Underground Storage Tank| Closure. State of California.
December 1987, -

g5 of the ijﬁeemh Biennial

Conference on Ground Water. September 23-25, 1985, In cooperation with the California Department of
Water Resources and the California State Water Resources Control Board. April 1986.

California Water Resources Center, University of California, Davis. Procee

. Proceedings of the Sixteenth Biennial Conference of Ground Water. Sefjtember 22-23, 1987. In cooper-
ation with the California Department of Water Resources and the Ca fornia State Water Resources
Control Board. May 1983,

Clongress of the United States, Office of Technology Assessment. Protecting the Nation's Groundwater from
Contamination. Two volumes, October 1984, ‘ ' :

Halliburton Company. Halliburion Cemeﬁti{lg Tables. 1981,

llinols Department of Energy and Natuoral Resonrces, minuls State Water Survey and Illinols State |~
Geologleal Survey. Procedures for the Collection of Representative Water Quplity Data from Monitoring Wells.
1981. - S

Tilinols State Water Survey. A Guide to the Selection of Materials for Monitoring Well Construction and Ground-
Water Sampling. ISWS Contract Report 327. 1983, -

Johnson Division, Signal Environmental Systems, Inc. Fletcher P. Driscoll, Principal Author and
Editor.. Ground Water and Wells, 1986. (44)

Le Grand, Harry E. A Standardized System for Evaluating Waste-Disposal Slites. Second Edition, National
Water Well Association. 1933, ' '

Morrison, Robert D). Ground Water Monitoring Technology -- Procedures, Equipment and Applications. Timeo
Manufacturing Company, Inc. 1983.

. The Engineers’ Manual for Water Well Design. 1985,
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National Assoclation of Corrosion Engineers, Recommended Practice -- Coh
ground or Submerged Metallic Piping Systems. NACE Standard RP-01.

. Recommended Practice -- Design, In.staﬁ'arion, Cperation, and Main
Groundbeds. NACE Standard RP-05-72. June 1972

: - Western Region. Proceedings -- Western States Corrosion Seminar --
lege, Pomona, California, May 4-6, 197], 1972, ‘

National Sanitation Foundation.

Standard 14-Plastic Fiping System Comy
Revised December 1988,

—— ANSLNSF 60 - 1988. Drinking Water Treatment Chemicals - Hea

- ANSIYNSF 67 - 1990, Drinking Water System Components - Heal,

Natlonal Water Well Association,

| State Authorities for Abating, Containing,
lution. Decembear 1984, ' ‘

trol of External Corrosion on Under

69, 1933 Revision,

fenance of Impressed Current Deep
¥, California State Polytechnic Col-
onents and Related Materials,

r Effects, Revised October 1983,

Effects, Revised May 1990,

and Monitoring Groundwater Pol.

- Froceedings of the FOCUS Conference on Southwestern Ground W

“' Metﬁqu for .De

e National Water Well Association,
esearch Laboratory, U. 8. Environme

Nielsen, David M. and Aller, Linda,
Wells.: A cooperative study by th
Robert 8. Kerr Environmental R
Water Well Association. 1984,

Roscoe Moss Company. 4 Guide 1o Water Well Casing and Screen Selectiok,

San Francisco Bay Reglonal Water
Resgearch Laboratory,
Assessment of Contamin

. 205] Report. UCB/SEE

University of Californin, Berkelay; and San
ation from Leaks of Hazardous Materlals in the
HRL Report No, 85.5, July 1985,

Santa Clara Valley Water Dis'tljlct. Gfoundwafer Mammnng Gﬁ&;&!ﬂm;.

Southern California Cathodlc Protection Committee, Tentative Deep An
California Department of Water Resources Water We
A-497-5-2. Revision of.Pecember 10, 1969.

Uni-Bell Plastic Pige Assocla
Water Pipe.- 1981.

U. 8. Environmental Protection Agency,
Management of Drinking Water Contamination, Revised March 1987,

Quality Control Board; Sanltacy Engiq

ll Standards, Drawi
tion. _V:rq:I_Ch_l'qﬁde:_ The Contral of Residual

Office of Drinking Water. Workshy

er Issues. March23-25, 1988,

tennbu;ng the Mecham al Integrity of Class II Injection

t Central University, and the
tal Protection Agency. National

1982,
eering Environmental Heaith

Clara Valley Water District.
anta Clara Ground Water Basin

cember 1983, . i
Standards ta Comply Witk
Numbers A-497-5-1 and

Vinyl Chloride Monomer in PVC

pps on (Risk) Assessment and

. Office of Ground-Water Protection. Wellhead Prosection, A Decision-Makers Guide. May 1987,

1 American Nationat Standards Institute,
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i

- Guidelines for Delineation of Wellhead Frotection Areas. Jurie 1987,

» Guidance for Applicants for State Wellhead Protection Program AxsﬁtancJ Funds Under the Safe Drinking
Water Act. June 1987, ) . ’

— Office of Research and Development, 'meitm‘ng Groundwater Quality: Monitantherhod&tagy. EPA
600/4-76-026. June 1976. : ‘

. Office of Solid Waste. Problem Areas in Ground-Water Monitoring SyStem Design for Waste
Marnagement Facilities. Notes from a Seminar Presented December 4.5, 1986,

- Office of Waste Programs Enforcement and Office of Solid Waste and Emergency Response. RCRA
Ground-Water Monitoring Compliance Order Guidance (Final) and RCRA Ground-Water Monitoring
Enforcement Guidance Document (Draft}. August 1985. : ‘

» Office of Waste Programs Enforcement and Office of Solid Waste and mergency Response. RCRA
Ground-Water Monitoring Technical Enforcement Guidance Document.. September 1986, ‘

. Office of Waste Programs Ehforcement. RCRA Ground-Water Monit gEnforcémem‘, Use qf the
TEGD and COG. Notes from a course sponsored by. EPA Region IX nd. the RCRA 'Enforcement

Division, Office of Waste Programs Enforcement, March 3.5, 1987.

— Office of Water Supply. DRASTIC: A Standardired System for Evaluatipg Ground Water Pollution Po-
tentlal Using Hydrogeolagic Settings, EPA 600/2-85-18. May 1985, : '

- Office of Water and Waste Management. Procedures Manual for Ground Water Monitoring at Solid
Waste Disposal Facilitles. Publication SW-611.” Second printing, December 1980,

U. 8. Genera) Services Administration, Natlonal Archives and Records Service, Office of the Federal Register.
Code of Federal Regulations, Title 49, Transportation, Chapter 1, Hazardoud Materials Regulations Board,,
Department of Transportation, Part 192, Transportation of Nawral and Other Gas by Pipeline: - Minimum
Federal Safety Standards. Subpart I -- Requirements for Corrosion Control, [Edition of October 1, 1987.

U. 8. Geological Survey, Basic Ground-Water Hydrology. Water Supply Paper{ 2220. 1983.

. Study and Interpretation of the Chemical Characteristics of Na'titm? Water.| Third Edition.” Water Supply
Paper 2254. 1985, = - T '

Water Systems Council, Water Systems Handbook. Eighth Edition. 1983,

. Large Submersible Water Pump Manual.” First Edition. 1986.

. Recommended Standards (PAS-1) and Installation Procedures for Sanitqry Water Well Pitless
Adapters and Units. Sixth Edition, March 1987. ‘

Williams, Dennls E.  The Wellldquifer Model, Initial Test Results. Roscoe Mass Company, 1981,
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Periodicals

Civil Engmcamg American Society of Civil Engineers. Pub{ished monthly sinca 1930.

Engincering News-Record, McGraw-Hill Fublishing Company. Published weekly since 1902.

Ground Water. Journal of the Association of Ground Water Sclentists and Engineers, a Division of the
National Water Well Association. Published bimonthly since 1962.

Ground Water Age. National Trade Publications, Inc. Published momhly ince 1966,

Ground Water Monitoring Review. Water Well Journal Publishing Company|in cooperation with thc Natmnal
Water Well Association. Published quarterly smcc 1981.

Gmund Wam- Newsletter. Water Information Center, Inc. Pubhshed semi-monthly since 1971,

Journal of thcAmman Water Worb.d.uocmuan Published ﬁiomhly sincﬁ 920. quarterly between 1914 and
1919. : o .

Materials Paformance. National Association of Corrosion Engineers. Publithed monthly since January 1974.

- From March 1970 through December 1973 published as Materials Frotecfion and Perjormance. From 1962
through February 1970 published as Materials Protection,

Wate Well Journal. Water Well Journal Publishing Company in.lmoperétid n with the National Water Well
Association. Published monthly since 1948, ‘ .

Western Water, Water Education Foundation. Published monthly since 1949.

Laws, Rules and Regulatmns

A 'Perunent laws and regulatmns of the Statc of Callt‘omia as contained in:
+ California Code of Regulations
+ California Bosiness and Professions Code
* California I—Ieal:h and Safe.ty Oode
i ‘CaIIforma Publu: Resources Code
+ California Water Cdde

B. The State Water Resources Control Board Modr:l Waterlw.;ll Ordinagee. .

C. Existing ordinances of the counties of C.ahrorma _pertaining to the construction, alteration, and
destruction of wells. ' ‘ :

D. Laws, regulations, and recommendations of the various states pertaining to the construction, alteration,
or destruction of wells,
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