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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

SoCalGas provides the following Responses to the Safety and Enforcement Division
(SED) data request dated November 27, 2019 in 1.19-06-016. The Responses are
based upon the best available, nonprivileged information that SoCalGas was able to
locate through a diligent search within the time allotted to respond to this request, and
within SoCalGas’ possession, custody, or control. SoCalGas’ responses do not include
information collected or modeled by Blade Energy Partners’ during its Root Cause
Analysis Investigation. SoCalGas reserves the right to supplement, amend or correct
the Responses to the extent that it discovers additional responsive information.

SoCalGas objects to the instructions submitted by SED and to the continuing and
indefinite nature of this request on the grounds that they are overbroad and unduly
burdensome. Special interrogatory instructions of this nature and continuing
interrogatories are expressly prohibited by California Code of Civil Procedure Section
2030.060(d) and 030.060(g), respectively. SoCalGas will provide responsive
documents in existence at the time of its response. Should SED seek to update its
request, SoCalGas will respond to such a request as a new data request in the future.

SoCalGas submits these Responses, while generally objecting to any Request that fails
to provide a defined time period to which SoCalGas may tailor its Response, and to the
extent that any Request is overly broad, vague, ambiguous, unduly burdensome,
assumes facts, or otherwise fails to describe with reasonable particularity the
information sought. SoCalGas further submits these Responses without conceding the
relevance of the subject matter of any Request or Response. SoCalGas reserves the
right to object to use of these Responses, or information contained therein, in any
dispute, matter or legal proceeding. Finally, at the time of this Response, there are no
pending oral data requests from SED to SoCalGas.

Each of the following questions ask about passages in the testimony of Dan
Neville on behalf of SoCalGas in 1.19-06-016.

QUESTION 1:

Pages 3-4 Paragraph beginning at P.3 Line 19 states in part, “... through design and
systematic evaluation, testing, and monitoring of the various pressure barriers. . .” With
regards to this statement:
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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

a. Please confirm that the following are the only instances of the above referenced
evaluations on SS-25:

i. Pre gas storage operations cement bond log run across the
cemented area of the well above the gas storage zone 8738 feet to
6950 feet.

ii. Pre gas storage operations pressure test to 3400 psi.

iii. Pre gas storage operations installation and testing of high-
pressure gas wellhead system.

b. Pg.4-lines 4-5, states in part, “Pressure test ports are available between each set
of seals so that each seal can be pressure tested independently.” With regards
to this statement, provide all records of pressure tests using “pressure test ports”
between each set of seals that were installed on SS-25.

RESPONSE 1:

a. SoCalGas objects to this request as overly broad and vague to the extent it fails
to specify a time to which SoCalGas may tailor its response. Subject to and
without waiving the foregoing objection, SoCalGas responds as follows:

i) The referenced cement bond log was run on May 26, 1973 during the
workover performed to convert the well for gas storage operations. There are
no other instances of a cement bond log run in the well.

i) The referenced pressure test to 3400 psi occurred on May 29, 1973 during
the workover performed to convert the well for gas storage operations.
Additional instances of a pressure test occurred on September 9, 1976 and
on February 19, 1979 during well workovers. The September 9, 1976 test
was to a pressure of 2500 psi. The February 19, 1979 test was to a pressure
of 1500 psi.

iii) The referenced installation and testing of the high-pressure gas wellhead
system occurred on June 1, 1973 and June 2, 1973 during the workover to
convert the well for gas storage operations. Records show that a component
of the wellhead called the “Christmas tree” was pressure tested on June 6,
1973, on July 8, 1976, and on February 20, 1979. An additional instance of a
pressure test of the wellhead occurred on June 22, 2005.
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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

a. Records show there were two instances of utilizing the pressure test ports
to pressure test the wellhead seals, independently. The first pressure test
occurred on June 2, 1973 during the workover to convert the well for gas
storage. Please see September 5, 1973 document Division of Oil & Gas —
History of Oil or Gas Well on June 2, 1973. The second instance of a
pressure test occurred on June 22, 2005. Please refer to the following
electronic documents previously provided to CPUC-SED that include the
SS-25 well file documents and/or well related information with Bates
ranges:

AC_CPUC_0000023 - AC_CPUC_0000759
AC_CPUC_0012338 to AC_CPUC_12389
AC_CPUC_0206158 - AC_CPUC_0208846

QUESTION 2:
Page 4 Lines 6-13, states,

“As of October 22, 2015, active UGS wells at Aliso Canyon, including SS-25,
were subject to a systematic well integrity monitoring and inspection program that
included: (1) daily site inspections; (2) weekly pressure readings; (3) monthly well
site inspections; (4) annual leakage surveys; (5) annual temperature surveys
and, if needed, noise and/or tracer surveys; and (6) additional casing integrity
inspections if tubing was removed in the course of a workover. Separate and
apart from the scheduled inspections and tests, if a well exhibited abnormal
conditions, additional testing was conducted, including unscheduled pressure
readings, temperature surveys, noise surveys, gas sampling, and/or other
investigative work.”

With regards to this passage, please answer the following:

FOR WELL SS-25: Provide copies of all records, (including individual pages from
the SS-25 well file, compiled into one searchable pdf document) showing all
instances of each of the following for Well SS-25 pre-October 23, 2015. For
every test and inspection identified, provide the date of the event, the name of
the person who performed the inspection or test and their affiliation with
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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

SoCalGas, where the records are kept, all audits of these records performed by
SoCalGas or its contractors (including the name(s) of the auditor(s)), and the
form of the records (electronic or paper):

Daily site inspections

Weekly pressure readings

Monthly well site inspections

Annual leakage surveys

Annual temperature surveys

Noise surveys

Tracer surveys

Casing integrity inspections

Additional unscheduled pressure readings

Additional unscheduled temperature surveys

Additional unscheduled noise surveys

Additional unscheduled gas sampling
. Additional unscheduled other investigative work (explain what this is for

each item identified)

Q

T T Sm o oo0T

3._

RESPONSE 2:

SoCalGas object to this request as overly broad and unduly burdensome, and to the
extent it fails to specify a time to which SoCalGas may tailor its response. SoCalGas
further objects to this request on the grounds it is duplicative to the extent SED already
is in possession of these records and assumes facts (including that audits are
conducted or required). Subject to and without waiving the foregoing objections,
SoCalGas responds as follows. SoCalGas interprets this request to seek information
prior to October 23, 2015.

a. As a general practice, SoCalGas did not maintain records of daily site
inspections. If the daily site inspection generated a corrective work order, that
record is maintained in Maximo.

b: Please see previously provided electronic documents with Bates range:
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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

AC_CPUC_0009479; AC_CPUC_0009485; AC_CPUC_0009492; AC_CPUC_0009498;
AC_CPUC_0009504; AC_CPUC_0009510; AC_CPUC_0009516; AC_CPUC_0009522;
AC_CPUC_0009528; AC_CPUC_0009540; AC_CPUC_0009546; AC_CPUC_0009552;
AC_CPUC_0009558; AC_CPUC_0009564; AC_CPUC_0009570; AC_CPUC_0009576;
AC_CPUC_0009582; AC_CPUC_0009588; AC_CPUC_0009594; AC_CPUC_0009600;
AC_CPUC_0009606; AC_CPUC_0009612; AC_CPUC_0009618: AC_CPUC_0009624;
AC_CPUC_0009630; AC_CPUC_0009679; AC_CPUC_0009680; AC_CPUC_0009683;
AC_CPUC_0009687; AC_CPUC_0009688; AC_CPUC_0009691: AC_CPUC_0009695;
AC_CPUC_0009696; AC_CPUC_0009700; AC_CPUC_0009704; AC_CPUC_0009708;
AC_CPUC_0009712; AC_CPUC_0009713; AC_CPUC_0009716; AC_CPUC_0009717;
AC_CPUC_0009720 ; AC_CPUC_0009724; AC_CPUC_0009728;

AC_CPUC_0009729; AC_CPUC_0009732; AC_CPUC_0009736 :

AC_CPUC_0009737; AC_CPUC_0009740; AC_CPUC_0009744; AC_CPUC_0009748;
AC_CPUC_0009749 ; AC_CPUC_0009752; AC_CPUC_0009753;

AC_CPUC_0009756; AC_CPUC_0009757; AC_CPUC_0009762; AC_CPUC_0009766;
AC_CPUC_0009767; AC_CPUC_0009769 ; AC_CPUC_0009771; AC_CPUC_0009772
- AC_CPUC_0009775; AC_CPUC_0009776; AC_CPUC_0009779;

AC_CPUC_0009780; AC_CPUC_0009783; AC_CPUC_0009787: AC_CPUC_0009788;
AC_CPUC_0009791 ; AC_CPUC_0009793; AC_CPUC_0009794 ;

AC_CPUC_0009798; AC_CPUC_0009799; AC_CPUC_0009802; AC_CPUC_0009803;
AC_CPUC_0009806; AC_CPUC_0009807; AC_CPUC_0009810; AC_CPUC_0009811;
AC_CPUC_0009814; AC_CPUC_0009815; AC_CPUC_0009818: AC_CPUC_0009822;
AC_CPUC_0009823; AC_CPUC_0009826; AC_CPUC_0009830; AC_CPUC_0009831;
AC_CPUC_0009835; AC_CPUC_0009837; AC_CPUC_0009838: AC_CPUC_0009841;
AC_CPUC_0009844; AC_CPUC_0009845; AC_CPUC_0009848; AC_CPUC_0009850;
AC_CPUC_0009852; AC_CPUC_0009854; AC_CPUC_0009856; AC_CPUC_0009858;
AC_CPUC_0009860; AC_CPUC_0009862; AC_CPUC_0009864; AC_CPUC_0009866;
AC_CPUC_0009868; AC_CPUC_0009870; AC_CPUC_0009872; AC_CPUC_0009874;
AC_CPUC_0009876; AC_CPUC_0009878; AC_CPUC_0009880; AC_CPUC_0009882;
AC_CPUC_0009884; AC_CPUC_0009886; AC_CPUC_0009888: AC_CPUC_0009890;
AC_CPUC_0009892; AC_CPUC_0009894; AC_CPUC_0009896; AC_CPUC_0009898;
AC_CPUC_0009900; AC_CPUC_0009902; AC_CPUC_0009904: AC_CPUC_0009906;
AC_CPUC_0009908; AC_CPUC_0009910; AC_CPUC_0009912; AC_CPUC_0009914;
AC_CPUC_0009916; AC_CPUC_0009918; AC_CPUC_0009920;: AC_CPUC_0009922;
AC_CPUC_0009924; AC_CPUC_0009926; AC_CPUC_0009928; AC_CPUC_0009930;
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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

AC_CPUC_0009932; AC_CPUC_0009936; AC_CPUC_0009938; AC_CPUC_0009940;
AC_CPUC_0009942; AC_CPUC_0009944; AC_CPUC_0009946; AC_CPUC_0009948;
AC_CPUC_0009950; AC_CPUC_0009952; AC_CPUC_0009954; AC_CPUC_0009956;
AC_CPUC_0009958; AC_CPUC_0009960; AC_CPUC_0009962; AC_CPUC_0009964;
AC_CPUC_0009966; AC_CPUC_0009968; AC_CPUC_0009970; AC_CPUC_0009972;
AC_CPUC_0009974; AC_CPUC_0009976; AC_CPUC_0009978; AC_CPUC_0009980;
AC_CPUC_0009982; AC_CPUC_0009984; AC_CPUC_0009986; AC_CPUC_0009988;
AC_CPUC_0009990; AC_CPUC_0009992; AC_CPUC_0009994; AC_CPUC_0009996;
AC_CPUC_0009998; AC_CPUC_0010000; AC_CPUC_0010002; AC_CPUC_0010004;
AC_CPUC_0010006; AC_CPUC_0010008; AC_CPUC_0010010; AC_CPUC_0010012;
AC_CPUC_0010014; AC_CPUC_0010016; AC_CPUC_0010018; AC_CPUC_0010020;
AC_CPUC_0010022; AC_CPUC_0010026; AC_CPUC_0010028; AC_CPUC_0010030;
AC_CPUC_0010032; AC_CPUC_0010034; AC_CPUC_0010036; AC_CPUC_0010038;
AC_CPUC_0010040; AC_CPUC_0010042; AC_CPUC_0010044: AC_CPUC_0010045;
AC_CPUC_0010048; AC_CPUC_0010052; AC_CPUC_0010054; AC_CPUC_0010056;
AC_CPUC_0010058; AC_CPUC_0010060; AC_CPUC_0010074; AC_CPUC_0010078;
AC_CPUC_0010079; AC_CPUC_0010084; AC_CPUC_0010091; AC_CPUC_0010096;
AC_CPUC_0010097; AC_CPUC_0010108; AC_CPUC_0010109; AC_CPUC_0010114;
AC_CPUC_0010115; AC_CPUC_0010126; AC_CPUC_0010127; AC_CPUC_0010131;
AC_CPUC_0010136; AC_CPUC_0010137; AC_CPUC_0010143; AC_CPUC_0010144;
AC_CPUC_0010157; AC_CPUC_0010167; AC_CPUC_0010175; AC_CPUC_0010176;
AC_CPUC_0010177; AC_CPUC_0010186; AC_CPUC_0010187: AC_CPUC_0010188;
AC_CPUC_0010196; AC_CPUC_0010197; AC_CPUC_0010208; AC_CPUC_0010209;
AC_CPUC_0010211; AC_CPUC_0010218; AC_CPUC_0010221: AC_CPUC_0010222;
AC_CPUC_0010223; AC_CPUC_0010228; AC_CPUC_0010229; AC_CPUC_0010232;
AC_CPUC_0010233; AC_CPUC_0010248; AC_CPUC_0010249: AC_CPUC_0010252;
AC_CPUC_0010261; AC_CPUC_0010262; AC_CPUC_0010270; AC_CPUC_0010271;
AC_CPUC_0010277; AC_CPUC_0010288; AC_CPUC_0010289: AC_CPUC_0010291;
AC_CPUC_0010296; AC_CPUC_0010297; AC_CPUC_0010300; AC_CPUC_0010301;
AC_CPUC_0010310; AC_CPUC_0010312; AC_CPUC_0010319; AC_CPUC_0010320;
AC_CPUC_0010323; AC_CPUC_0010329; AC_CPUC_0010342; AC_CPUC_0010343;
AC_CPUC_0010347; AC_CPUC_0010350; AC_CPUC_0010351; AC_CPUC_0010357;
AC_CPUC_0010370; AC_CPUC_0010371; AC_CPUC_0010377; AC_CPUC_0010384;
AC_CPUC_0010385; AC_CPUC_0010397; AC_CPUC_0010406; AC_CPUC_0010413;
AC_CPUC_0010414; AC_CPUC_0010415; AC_CPUC_0010423; AC_CPUC_0010424;
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ORDER INSTITUTING INVESTIGATION ON THE COMMISSION’S OWN MOTION INTO THE
OPERATIONS AND PRACTICES OF SOUTHERN CALIFORNIA GAS COMPANY WITH
RESPECT TO THE ALISO CANYON STORAGE FACILITY AND THE RELEASE OF
NATURAL GAS, AND ORDER TO SHOW CAUSE WHY SOUTHERN CALIFORNIA GAS
COMPANY SHOULD NOT BE SANCTIONED FOR ALLOWING THE UNCONTROLLED
RELEASE OF NATURAL GAS FROM ITS ALISO CANYON STORAGE FACILITY
(1.19-06-016)

SOUTHERN CALIFORNIA GAS COMPANY
(DATA REQUEST SED-SCG-47 DATED NOVEMBER 27, 2019

SOCALGAS RESPONSE DATED DECEMBER 13, 2019

AC_CPUC_0010429; AC_CPUC_0010430; AC_CPUC_0010437; AC_CPUC_0010445;
AC_CPUC_0010448; AC_CPUC_0010455; AC_CPUC_0010456; AC_CPUC_0010461;
AC_CPUC_0010470; AC_CPUC_0010473; AC_CPUC_0010483; AC_CPUC_0010484;
AC_CPUC_0010488; AC_CPUC_0010511; AC_CPUC_0010515; AC_CPUC_0010527;
AC_CPUC_0010528; AC_CPUC_0010532; AC_CPUC_0010537; AC_CPUC_0010540;
AC_CPUC_0010547; AC_CPUC_0010555; AC_CPUC_0010557: AC_CPUC_0010558;
AC_CPUC_0010561; AC_CPUC_0010563; AC_CPUC_0010572; AC_CPUC_0010576;
AC_CPUC_0010586; AC_CPUC_0010599; AC_CPUC_0010613; AC_CPUC_0010617;
AC_CPUC_0010621; AC_CPUC_0010631; AC_CPUC_0010638; AC_CPUC_0010641;
AC_CPUC_0010648; AC_CPUC_0010649; AC_CPUC_0010655; AC_CPUC_0010658;
AC_CPUC_0010659; AC_CPUC_0010660; AC_CPUC_0010680; AC_CPUC_0010690;
AC_CPUC_0010691; AC_CPUC_0010700; AC_CPUC_0010705; AC_CPUC_0010711;
AC_CPUC_0010715; AC_CPUC_0010716; AC_CPUC_0010719; AC_CPUC_0010721;
AC_CPUC_0010727; AC_CPUC_0010743; AC_CPUC_0010754: AC_CPUC_0010756;
AC_CPUC_0010764; AC_CPUC_0010765; AC_CPUC_0010769; AC_CPUC_0010770;
AC_CPUC_0010778; AC_CPUC_0010779; AC_CPUC_0010786; AC_CPUC_0010787;
AC_CPUC_0010793; AC_CPUC_0010799; AC_CPUC_0010813; AC_CPUC_0010842;
AC_CPUC_0010848; AC_CPUC_0010849; AC_CPUC_0010857: AC_CPUC_0010863;
AC_CPUC_0010865; AC_CPUC_0010874; AC_CPUC_0010875; AC_CPUC_0010882;
AC_CPUC_0010887; AC_CPUC_0010888; AC_CPUC_0010897: AC_CPUC_0010908;
AC_CPUC_0010919; AC_CPUC_0010924; AC_CPUC_0010926; AC_CPUC_0010929;
AC_CPUC_0010935; AC_CPUC_0010941; AC_CPUC_0010948; AC_CPUC_0010950;
AC_CPUC_0010957; AC_CPUC_0010961; AC_CPUC_0010965; AC_CPUC_0010981;
AC_CPUC_0010989; AC_CPUC_0010994; AC_CPUC_0010996; AC_CPUC_0011014;
AC_CPUC_0011019; AC_CPUC_0011029; AC_CPUC_0011033; AC_CPUC_0011041;
AC_CPUC_0011050; AC_CPUC_0011054; AC_CPUC_0011062; AC_CPUC_0011077;
AC_CPUC_0011090; AC_CPUC_0011125; AC_CPUC_0011140; AC_CPUC_0011148;
AC_CPUC_0011150; AC_CPUC_0011164; AC_CPUC_0011169; AC_CPUC_0011170;
AC_CPUC_0011173; AC_CPUC_0011176; AC_CPUC_0011179; AC_CPUC_0011182;
AC_CPUC_0011185; AC_CPUC_0011188; AC_CPUC_0011191; AC_CPUC_0011194;
AC_CPUC_0011197; AC_CPUC_0011200; AC_CPUC_0011203; AC_CPUC_0011206;
AC_CPUC_0011209; AC_CPUC_0011212; AC_CPUC_0011215; AC_CPUC_0011218;
AC_CPUC_0011221; AC_CPUC_0011224; AC_CPUC_0011227; AC_CPUC_0011230;
AC_CPUC_0011233; AC_CPUC_0011236; AC_CPUC_0011239: AC_CPUC_0011242;
AC_CPUC_0011245; AC_CPUC_0011248; AC_CPUC_0011251; AC_CPUC_0011254;
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AC_CPUC_0011257; AC_CPUC_0011260; AC_CPUC_0011263; AC_CPUC_0011266;
AC_CPUC_0011269; AC_CPUC_0011272; AC_CPUC_0011275; AC_CPUC_0011278;
AC_CPUC_0011281; AC_CPUC_0011284; AC_CPUC_0011287: AC_CPUC_0011290;
AC_CPUC_0011293; AC_CPUC_0011296; AC_CPUC_0011299: AC_CPUC_0011302;
AC_CPUC_0011305; AC_CPUC_0011308; AC_CPUC_0011311; AC_CPUC_0011314;
AC_CPUC_0011317; AC_CPUC_0011320; AC_CPUC_0011323; AC_CPUC_0011326;
AC_CPUC_0011329; AC_CPUC_0011334; AC_CPUC_0011337: AC_CPUC_0011340;
AC_CPUC_0011343; AC_CPUC_0011348; AC_CPUC_0011351; AC_CPUC_0011356;
AC_CPUC_0011359; AC_CPUC_0011594; AC_CPUC_0011618.

c. Please see the enclosed electronic documents with the following Bates
ranges: 11906016_SCG_SED_DR_47_0000297 -
11906016_SCG_SED_DR_47_0000580.
d: Please the enclosed electronic documents with the following Bates ranges:
11906016_SCG_SED_DR_47_0000093 -
11906016_SCG_SED DR _47 _0000296.
e-h: Please see the previously provided SS-25 well file documents and/or well
related with Bates ranges:

AC_CPUC_0000023 - AC_CPUC_0000759

AC_CPUC_0012338 to AC_CPUC_12389

AC_CPUC_0206158 - AC_CPUC_0208846
i SoCalGas obijects to this request to the extent it assumes additional
unscheduled pressure readings to investigate the integrity of the well were
performed or required. Subject to and without waving the foregoing objection,
SoCalGas responds as follows: Please see Response 2b.
j- SoCalGas objects to this request to the extent it assumes additional
unscheduled temperature surveys to investigate the integrity of the well were
performed or required. Subject to and without waving the foregoing objection,
SoCalGas responds as follows:

Please see the previously provided SS-25 well file documents and/or well related
information with Bates ranges:

AC_CPUC_0000023 - AC_CPUC_0000759

AC_CPUC_0012338 to AC_CPUC_12389
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AC_CPUC_0206158 - AC_CPUC_0208846
k: SoCalGas obijects to this request to the extent it assumes additional
unscheduled noise surveys to investigate the integrity of the well were performed
or required. Subject to and without waving the foregoing objection, SoCalGas
responds as follows:

Please see the previously provided SS-25 well file documents and/or well related
information with Bates ranges:

AC_CPUC_0000023 - AC_CPUC_0000759

AC_CPUC_0012338 to AC_CPUC_12389

AC_CPUC_0206158 - AC_CPUC_0208846
I: SoCalGas objects to this request to the extent it assumes additional
unscheduled gas sampling was performed or required. Subject to and without
waving the foregoing objection, SoCalGas responds as follows. N/A
m: SoCalGas objects to this request to the extent it assumes other investigative
work was performed or required. Subject to and without waving the foregoing
objection, SoCalGas responds as follows:

Please see the previously provided SS-25 well file documents and/or well related
information with Bates ranges:

AC_CPUC_0000023 - AC_CPUC_0000759

AC_CPUC_0012338 to AC_CPUC_12389

AC_CPUC_0206158 - AC_CPUC_0208846

QUESTION 3:
With regards to the passage on Page 4 Lines 6-13 quoted in question 2, please answer:

FOR WELL SS-25: For every instance of an abnormal condition identified in the records
of inspections listed above, state how the problem was resolved and provide all records
that document the resolution.
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RESPONSE 3:

SoCalGas objects to this request on the ground it is duplicative to the extent SED
already is in possession of these records. SoCalGas further objects to this request on
the grounds it is broad, vague, ambiguous, unduly burdensome, assumes facts, or
otherwise fails to describe with reasonable particularity the information sought.
SoCalGas additionally objects to this request to the extent it is not limited to a specific
period of time to which SoCalGas may tailor its response.

Subject to and without waiving the foregoing objections, SoCalGas responds as follows:

Please see the previously provided SS-25 well file documents and/or well related
information with Bates ranges:

AC_CPUC_0000023 - AC_CPUC_0000759

AC _CPUC_0012338 to AC_CPUC 12389

AC_CPUC_0206158 - AC_CPUC 0208846

SoCalGas identified certain temperature surveys run in the 1980’s as having a
temperature anomaly. These anomalies were investigated with noise surveys and a
tracer survey in 1984 and were found not to be indicative of a well integrity issue.
Please see attached 1984 temperature surveys, noise logs and RA tracer survey.
Subsequent noise logs were run in 1991, 2006, and 2012 which also did not indicate
any well integrity issue.

QUESTION 4:
Pages 4- 5, paragraph beginning p.4 line 26, which states,

“Once each week, SoCalGas field operators connected a pressure gauge to
instrumentation tubing at the well site to check the pressure in each tubular space within
the well: (1) the interior of the tubing (tubing pressure), (2) the annular space between
the tubing and the production casing (casing pressure), and (3) the annular space
between the production casing and the surface casing (surface casing pressure). In a
well such as SS-25 that allows for casing flow, the tubing and casing are exposed to the
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storage zone pressure and, as a result, the tubing, casing, and storage zone pressures
are nearly equal.”

With this passage in mind, please answer:

Provide all pressure gauge reading records taken BEFORE October 24, 2015 (including
the day of the well failure) by field operators using a pressure gauge connected to
instrumentation tubing at the SS-25 well site to check the pressure in each of the tubular
spaces within the well as described in this paragraph.

RESPONSE 4:

SoCalGas objects to this request on the ground it is duplicative to the extent SED
already is in possession of these records. Subject to and without waiving the foregoing
objection, SoCalGas responds as follows:

Please see Response 2b and the enclosed electronic document with the following Bates
ranges: 11906016_SCG_SED_DR_47_0000582.

QUESTION 5:
Page 5 lines 8-9, states,

“Further investigation would typically consist of checking the wellhead seals,
and/or running temperature/noise surveys, and/or gas sampling.”
With this in mind, please answer:

a. For Well SS-25, identify by date and type of investigation all “further
investigations” that occurred over the life of the well.

b. For each investigation identified, provide all records related to that
investigation, including results and follow up work to resolve and problems
identified.
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RESPONSE 5:

a. Please see Response 3.

b. SoCalGas objects to this request on the ground it is duplicative to the extent SED
already is in possession of these records. Subject to and without waiving the foregoing
objection, SoCalGas responds as follows:

Please see Response 3. The weekly pressure records indicate that the surface
pressure readings of SS25 were not anomalous and consequently there was no reason
for SoCalGas to conduct further investigations.

QUESTION 6:
Page 6 Lines 22-26, states,

“SoCalGas used the removal of the tubing during a workover as an opportunity to
perform certain kinds of integrity tests on the well's production casing that are not
possible when the tubing is in place, such as running an ultrasonic inspection tool
(“USIT”), which uses ultrasonic sound waves to circumferentially measure the
internal radius and thickness of the casing as well as cement quality.”

With this in mind, please answer:

a. For Well SS-25, provide all records pre-October 23, 2015, that show
removal of the tubing during a workover and performance of integrity tests
on the well’'s production casing, including but not limited to ultrasonic
inspection.

RESPONSE 6:

SoCalGas objects to this request on the grounds it assumes facts. Subject to and
without waiving the foregoing objection, SoCalGas responds as follows:

SoCalGas conducted three workovers on SS25 in which the tubing was removed. The
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initial workover was performed to convert the well to gas storage, followed by two
workovers related to the deep-set sub-surface safety valve. Please see Division of Oil
& Gas — History of Oil or Gas Well reports dated September 5, 1973, July 29, 1976, and
February 21, 1979. Please see previously provided SS-25 well file documents and/or
well related information with Bates ranges:

AC_CPUC_0000023 - AC_CPUC_0000759

AC_CPUC_0012338 to AC_CPUC_12389

AC_CPUC_0206158 - AC_CPUC_0208846

QUESTION 7:
Page 6 Lines 28-30, states,

“Prior to October 23, 2015, SoCalGas successfully addressed and repaired infrequent
casing leaks as they arose. SoCalGas’ monitoring, inspection, and testing program
successfully identified and stopped leaks.” With this in mind, please answer the
following:
a. For Well SS-25, identify all instances of casing leaks identified by
SoCalGas, and how each leak was repaired.
b. Provide the records showing the date of each leak listed in response to
question 7a.
c. Provide the records related to the each leak listed in response to question
7a.

RESPONSE 7:

a. SoCalGas had not identified any instances of casing leaks in SS25 prior to October
23, 2015.

b. Please see Response 7a.

c. Please see Response 7a.

QUESTION 8:
Page 7 Lines 12-20, states,
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“As an additional safety measure, SoCalGas had in place a remote well kill
system so that SoCalGas could kill the well in the event the well site was
inaccessible. The system consisted of valves and piping connected to the
wellhead, separate from the flow side of the wellhead, specifically to allow remote
well kill. The piping ran to a remote area from the wellhead so that pumping
equipment could be staged away from the immediate wellhead area, if
necessary. Additionally, each well was connected to a kill network of piping so
that an individual well could be killed from a nearby well. Company procedures
dictated that the well kill valves on the wellhead remain in the open position at all
times during operations, thus maintaining remote kill ability at all times.”

With this passage in mind, please answer:

For Well SS-25, provide a drawing showing how the well was connected to the
remote well kill system (network) as described in the passage quoted in this
question.

RESPONSE 8:

Please see the enclosed electronic document with the following Bates range:
11906016_SCG_SED _DR_47 _0000581.

QUESTION 9:
With regards to the passage quoted in question 8, and as shown on page 7 Lines 1220,
please answer the following:
a. For Well SS-25, provide records showing an instance when this system
was successfully used to kill the well before October 23, 2015.
b. Include operating records that documented the well conditions before,
during, and after the well kill event.

RESPONSE 9:

a. The remote well kill system was not utilized to kill SS-25 prior to October 23, 2015.
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b. N/A

QUESTION 10:

With regards to the passage quoted in question 8, and shown on page 7 Lines 12-20,
please answer the following: For Well SS-25, was this system used on, or after, October
23, 20157

a. If the response is “no,” explain why not.

b. If the response is “yes,” identify the dates when the system was used and
for each instance identified, provide records showing plans for the well
kill(s), problems encountered with the system, and how each problem
identified was resolved.

RESPONSE 10:

a. SoCalGas objects to this request to the extent it assumes the referenced well kill
system should or was required to be used on, or after, October 23, 2015. SoCalGas
further objects to this request as vague and ambiguous. Subject to and without waiving
the foregoing objections, SoCalGas responds as follows:

Please refer to the Prepared Opening Testimony of Mr. Schwecke. The well kill system
was not utilized to remotely kill SS-25 for the first well kill attempt performed by
SoCalGas since there was direct access to the SS-25 wellhead. Well kill attempts 2 —7
were performed by Boots & Coots.

b. N/A
QUESTION 11:

Page 7 lines 25-27 states in part, “Prior to moving the workover rig on the well,
operators would remove any plugs that were set for mechanical isolation. . .”

With this in mind, please answer the following:
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a. For Well SS-25 on or after October 23, 2015: Did this well have “any plugs that
were set for mechanical isolation”?

b. If the response is “no,” explain why not.

c. If the response is “yes,” provide records that show installation of the plugs, how
many were installed, and removal of the plug(s) after October 23, 2015 prior to
the first well kill attempt.

RESPONSE 11:

SoCalGas objects to this request to the extent it assumes mechanical isolation was
possible or appropriate. Subject to and without waiving the foregoing objection,
SoCalGas responds as follows:

a. No, SS-25 did not have plugs set for mechanical isolation on or after October 23,
2015.

b. Due to the nature of the leak, it was determined that mechanical isolation was not
appropriate.

c. N/A

QUESTIONS 12:
Page 7, lines 30-31 and page 8 line 1 states,

“Following the workover, SoCalGas prepared a “History of Oil or Gas Well”
report that described the daily work conducted, including detailing
changes in the downhole configuration.”

Regarding this passage, please answer:

For Well SS-25, provide copies of all of the History of Oil or Gas Well
reports created after October 23, 2015.
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RESPONSE 12:

Please see the enclosed electronic documents with the following Bates ranges:
11906016_SCG_SED_DR_47_0000001 - 11906016_SCG_SED_DR_47_0000092.

QUESTION 13:
Page 8, lines 1-3 state as follows:

“In addition to this report, following the workover, SoCalGas submitted
required workover records, including casing inspection logs, to DOGGR.”

With this in mind, please answer the following:

a. For Well SS-25. Provide copies of all workover records, including casing
inspection logs, provided to DOGGR after October 23, 2015.

RESPONSE 13:

Please see the DOGGR website via the following link:
https://secure.conservation.ca.gov/WellSearch/Details?api=03700776&District=&County
=&Field=&Operator=&Lease=&APINum=03700776&address=&ActiveWell=true&Active

Op=true&Location=&sec=&twn=&rge=&bm=&PgStart=0&PgLength=10&SortCol=6&Sor
tDir=asc&Command=Search

QUESTION 14:
Page 8, lines 4-16, state,

‘UGS wells were additionally equipped with safety systems designed to
shut-in wells in order to prevent or mitigate leaks in the wellhead or
surface piping.

The surface safety system consisted of fail-close pneumatic operated
valves located on the wellhead and designed to close by any of the
following methods:
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* Low pressure pilot — shuts in well if a break in the surface piping
causes the wellhead pressure to drop below a threshold value;

» High pressure pilot — shuts in well if pressure in the surface
withdrawal line exceeds a threshold value;

» Sacrificial sand erosion probe — shuts in well upon excessive
erosive sand production;

* Fusible plug — shuts in well if a fire occurs in the well cellar; and

* Remote shut down station — allows for wells to be shut-in manually
from a remote distance from the wellhead.”

With this passage in mind, please answer the following:

For Well SS-25: Confirm that this well was equipped with safety systems
designed to shut-in the well in order to prevent or mitigate leaks in the wellhead
or surface piping.

a. If the response is “no,” explain why not.

b. If the response is “yes,” provide records of all instances where the
well was shut in using this safety system and identify the method (shown
in lines 8-16) for each instance the well was shut in.

RESPONSE 14:

SoCalGas objects to this request to the extent it fails to provide a time period to which
SoCalGas may tailor its response. Subject to and without waiving the foregoing
objection, SoCalGas responds as follows:

a. N/A
b. SoCalGas further objects to this request to the extent it assumes SS-25 was shut-in
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using the referenced safety systems. Subject to and without waiving the foregoing
objection, SoCalGas responds as follows:

SoCalGas interprets this request to seek information prior to October 23, 2015.
Yes. SS25 was equipped with the safety systems identified above. As a general

practice, SoCalGas did not keep a record of instances when surface safety systems
shut-in a well.
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Use of Oxygen Scavengers To Control External Corrosion

ABSTRACT

This paper describes a laboratory
study of causes of external casing
corrosion and the test work that led
to the use of oxygen scavengers to
prevent this attack. External casing
failures are classified as water-line,
casing-casing, collar and body fail-
ures. A corrosion mechanism based
on principles of differential oxygen
availability is developed that is con-
sistent with facts known about each
kind of failure. The field use of
oxygen scavengers is depicted as a
direct result of the laboratory study.

A part of the paper is devoted to
reporting on the field use of hydra-
zine to control external casing corro-
sion. Results of field measurements
made over a period of several years
are presented as evidence of the
effectiveness of the hydrazine treat-
ment, The first conclusion reached
is that the use of hydrazine materially
reduces the cathodic protection re-
quirements for treated wells. This
result is interpreted to mean that a
reduction is taking place in the
amount of corrosion on the casing.
Results indicate also that hydrazine
shows its greatest usefulness within
the first 12 to 18 months after a
well is completed when pitting corro-
sion is likely to be most active.

INTRODUCTION

According to surveys sponsored by
the National Association of Corro-
sion Engineers,' the cost of repairing
casing leaks caused by external corro-
sion may exceed $4 million per year.
In addition, well damage and lost
production resulting from casing

Original manuscript received in Society of
Petroleum Engineers office Aug, 24, 1960,
Revised manuscript received April 28, 1961.
Paper presented at 31st Annual California
Regional Meeting of SPE, Oct. 20-21, 1960,
in Pasadena, Calif,
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leaks probably costs the petroleum
industry an additional $5 to $6 mil-
lion per year.

Concern about the cost of external
casing corrosion led to an extensive
laboratory study of factors causing
this external corrosion and to the
development of a new approach to
its prevention. This paper presents
a discussion of various causes of ex-
ternal casing corrosion, details of
laboratory studies and the results of
the field use of an oxygen scavenger
in well cementing fluids to prevent
the external corrosion of oil-string
casing.

Measurements on test wells over
a period of several years show that
cathodic-protection current require-
ments are greatly reduced when hy-
drazine is used in cementing mud.
Reduction of current requirements
can be interpreted to mean that re-
moval of oxygen by hydrazine has
greatly suppressed corrosion cells on
the external surface of the casing and
thereby, has reduced corrosion.

To date, hydrazine has been used
by the Standard Oil Co. of California
in more than 200 well completions.

KINDS OF CASING
FAILURES

A survey of a large number of
casing leaks disclosed four types of
external casing failures — water-
line, casing-casing, collar and body
failures. These types are identified
largely by their location on the cas-
ing. Water-line failures are found just
below the surface of water or mud
in the casing annulus. Casing-casing
failures occur on the oil string just
below the shoe of the surface string.
Collar failures are found in the
threaded ends of casing joints where
they are screwed into casing collars.
Body failures may occur at any point
on the body of a casing joint. Ex-

CALIFORNIA RESEARCH CORP.

STANDARD OIiL CO. OF CALIF.

amples of each kind of failure have
some of the general characteristics
that are shown in Fig. 1.

Water-line failures usually result
in the circumferential severance of
an oil-string casing. The corrosive
action causing a water-line failure
usually is sharply defined and is
limited to a short length of the cas-
ing. Casing-casing failures usually are
accompanied by pitting corrosion
distributed around the oil-string cas-
ing for distances up to 100-ft below
the shoe of the surface string. Cas-
ing-casing failures may also sever the
casing. Collar failures seem to start
on the first thread at the bottom of
recesses between collar and casing
joint. Corrosion proceeds across the
threads by what appears to be a
normal pitting mechanism. Both cas-
ing and collar are severely attacked.
Body failures are the result of highly
localized pitting at any point on a
casing wall. Besides the pit that per-
forates a casing, a large number of
other pits usually are found along
one side of the casing joint. The
pits occasionally are filled with corro-
sion products consisting largely of
oxides and sulfides.” Frequently, the
mill scale is largely intact on the rest
of the casing.

Examination of a casing failure
does not always reveal the cause of
the failure. Frequently, the neces-
sary details are destroyed when the
failure occurs. For example, forma-
tion water flowing through a per-
foration at high velocity may enlarge
the hole and destroy any remaining
evidence of the cause of the failure.
One way to obtain undistorted in-
formation about a failure is to study
the nature of other pits on the cas-
ing in the vicinity of the failure. A
study of such pits frequently suggests
that they are characteristic of an
attack resulting from the differential
availability of molecular oxygen.
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CONDITIONS LEADING TO
EACH TYPE OF CASING
CORROSION

WATER-LINE ATTACK

Water-line attack is found in wells
with open casing annuli. Air diffuses
into the casing annulus and makes
oxygen available for the cathode re-
action,

—;—Oz + H.0 + 2¢~ = 20H"

e e .. (D
This reaction occurs at the fluid-air
interface. Just below the interface
the fluid is deficient in oxygen, but
the metal lattice is exposed so me-
tallic iron takes part in the anode
reaction,

Fe = Fe + 2 ¢ . . (2)
Occurrence of these reactions at the
fluid-air interface will result in corro-
sive attack on the casing just below
the fluid-air interface. Prolonged re-
action at a constant interface level
will result in a severed casing, as
shown in Fig. 1(A).

Other chemical reactions also take
place during the process of casing
corrosion. These reactions, as shown

(A) WATER LINE CORROSION

by Egs. 3 and 4, also help maintain
the potential of the corrosion cell.

Fe'* + 20H = Fe(OH). . (3)

1
3Fe(OH), +5-0. = Fe0, + 3H.0
4)

Removal of ferrous ions from solu-
tion near the fluid-air interface causes
the attack to continue and be con-
centrated near this interface, as
shown in Fig. 2(A). This corrosion
mechanism is identical to that first
given by Evans™* in formulating his
principle of “differential aeration” as
the cause of pitting.

CASING-CASING CORROSION
Casing-casing corrosion occurs
when oil and surface casing strings
are in contact with two different
muds. Such an occurrence is possible
when the surface string is imperfect-
ly cemented. The difference in mud
composition may be either in oxygen
content or pH, or both. If the oil
string is in contact with a mud of
lower pH than the surface string, or
with mud having a lower oxygen
concentration than the surface string,
the oil string will behave as an anode.

(C) COLLAR CORROSION

(D) BODY CORROSION

Fic. 1—ExampLes oF THE VaRious Types oF Casine CORROSTON.
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The reaction of Eq. 2 will be concen-
trated on the oil string near the shoe
of the surface string, and iron will be
removed most rapidly from the cas-
ing surface at any susceptible points
on the metallic lattice. The cathode
reaction of Eq. 1 will occur on the
surface string. The complete corro-
sion cell with current lines in solu-
tion is illustrated in Fig. 2(B).

COLLAR FAILURE

Collar failure may be caused sole-
ly by improper joint make-up. The
original leak in this case would be en-
larged by erosion-corrosion while for-
mation water flows through it. Im-
proper joint make-up includes joints
not torqued sufficiently to make a
tight joint, and galled threads result-
ing from damaged threads, or fail-
ure to use lubricant.

Failure due to corrosion also may
occur in the recess between the
threaded portion of the casing joint
and the end of the collar. The mech-
anism of such a failure is illustrated
in Fig. 2(C). Differential availability
of oxygen in the recess may set up
the condition in which the anode re-
action (Eq. 2) can take place on the
exposed thread. The cathode reaction
of Eq. 1 could occur on the mill-
scale-coated casing adjacent to the
recess. The potential of this cell could
be maintained by the reactions of
Egs. 3 and 4. Current in this cell
can be expected to produce rapid
attack on the exposed threads.

BODY CORROSION

Body corrosion apparently occurs
when differential conditions produce
a corrosion cell along the body of
a casing joint. The tendency for pit-
ting to occur along one side of a
casing joint suggests the possibility of
mill-scale damage being the cause of
increased corrosion susceptibility.
Usually, the rest of the varnish and
mill-scale coating on the surface of
the joint is undamaged. Mill-scale
damage of this kind along one side
of a casing string can occur as the
casing is run into a well. The re-
moval of mill scale exposes the me-
tallic lattice directly to the cementing
mud. Under these conditions, the
anode reaction of Eq. 2 takes place
on the exposed iron. The small anode
and large cathode areas cause highly
localized corrosive attack.

Localized corrosive attack also
may be created when formation
waters free from oxygen seep into
the mud and make contact with the
casing at small areas. The points of
contact with the formation water
will be anodic to the rest of the
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casing. Furthermore, colonies of bac-
teria in a pit on a casing may local-
ize corrosive action.* The metal sur-
face covered by corrosion products
from which bacteria have removed
oxygen may be anodic to the sur-
rounding casing surface. Both of
these conditions will cause pitting
corrosion. Two kinds of body corro-
sion are illustrated in Fig. 2(D).

CAUSES OF CASING
CORROSION

The various kinds of casing cor-
rosion were studied in the labora-
tory by devising experiments to sim-
ulate each kind of corrosion. Both
potential and current measurements
were made as a function of time in
an effort to follow the effects of the
various conditions that were changed
during the study.

WATER-LINE CORROSION

A laboratory study was carried
out to determine the magnitude of
the potentials that could be built up
to cause water-line corrosion. A

*

i IRON

%05+ Hy Ot 207 20H"
ION H FLOW
Fo —» Fe'li2e”

SALT WATER

PRIMARY REACTIONS

RUST DEPOSIT
Fe' ™ 20H™ - Fa(OH),

! _
3Fe (OH)L+ % 0% Fe,0,— 3HO

',IRON

S{»— CORRODING AREA
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(A) WATER LINE CORROSION

SECONDARY
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FORMATION

2070702

CEMENT
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Fe-» FetTr2e™ FORMATION

Fo' f20H +Fe O+
HO
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water sample was collected from a
casing annulus and adjusted to
anaerobic conditions comparable to
those in the casing annulus. Poten-
tials (referred to saturated calomel
electrode) of a small iron electrode
were measured at different levels be-
low the surface of the water sample.
In the test apparatus, an iron elect-
rode was sealed with insulating ma-
terial into a hole through the wall of
an iron tube so that the potentials of
this electrode could be measured sep-
arately as the tube was moved up
and down in the water. Atmospheres
of air, nitrogen and oil-air were used
successively above the water during
the study. Fig. 3 shows that there was
a 90-mv difference in the first 5 to
10 mm below the surface of the
water sample as a result of differen-
tial oxygen concentration. Nitrogen
atmosphere and the oil layer pre-
vented the formation of the oxygen
concentration cell.

A study of the current obtainable
from a water-line corrosion cell and
the nature of the anode was carried

| ——
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Fic. 2—MEecHANIsMs oF THE Various Types oF Casing CORROSION.
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out in apparatus shown in Fig. 4. Six
steel rods Y4-in. in diameter and
3-feet long were centered in 34-in.
glass tubes with rubber stoppers. The
first of three steel rods—A, B and
C—were each cut in two pieces and
reconnected by means of short pieces
of plastic rod. Wires were attached
to the top and bottom ends of the
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three re-assembled rods. Each pair
of wires was connected outside the
glass tube to complete the cell. On
occasion, these wires were discon-
nected and reconnected to an am-
meter to measure the current flow-
ing between the two sections of each
rod. The remaining three rods—D,
E and F—were left intact. The glass
tubes were mounted in a vertical po-
sition, and formation water was
poured in each tube so that the low-
er half of each rod was submerged.
Fluid in the tubes containing the
plastic-separated rods was adjusted
so that the top of the plastic cou-
pling was 12-in. below the water-air
interface.

Rod A was allowed to stand for
60 days in formation water with the
water surface open to the air. Rod
B was allowed to stand for 10 days,
and then a small amount of oil was
poured on top of the water for the
remaining 50 days of the test. Rod C
was treated similarly to Rod B ex-
cept that the oil contained 1 per cent
of an oil-soluble corrosion inhibitor.
The three unbroken rods—D, E and
F—also were permitted to stand par-
tially submerged in the formation
water for the 60-day test. During
this period, air was maintained above
the water line on Rod D, an oil-air
interface was maintained above the
water line on Rod E and nitrogen
gas was maintained above the water
on Rod F.

Results of current measurements
are shown in Fig. 5 for each of the
three separated rods. Fig. 6 shows
the appearance of all six rods after
the 60-day test. The current pro-
duced in such a corrosion cell will
flow for as long a time as the dif-
ferential oxygen concentration exists.
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The anodic action is sharply local-
ized on the iron below the liquid
surface. Action of the water-line
corrosion cell can be minimized by
placing a refined oil layer on the
water surface or by removal of oxy-
gen from the gas space above the
liquid surface.

CASING-CASING CORROSION

The potentials of casing-casing
corrosion cells were next studied.
Muds of different pH and different
molecular oxygen concentrations
were obtained, and the potentials of
iron electrodes against a saturated
calomel electrode were measured in
these muds. Results of these meas-
urements are shown in Fig. 7. Iron
became more cathodic with increas-
ing pH of the muds. Between pH
9.0 and pH 13.0, an iron potential
was shown to be more anodic as
the oxygen concentration in the mud
was decreased.

The nature of the current density
on an oil-string casing was studied
using a model in which the oil string
and the surface string were separate
electrodes. The current was found
to be quite concentrated along the
length of oil string immediately be-
low the shoe of the surface string.
Decrease in current density below
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this point was found to behave ac-
cording to accepted principles of po-
tential theory.

An additional study was carried
out with the apparatus shown in Fig.
8. The cathode was made out of
three short sections of iron pipe
welded together concentrically, and
the anode was made of a small iron
coupon. Welded areas of the cathode
were coated with plastic to eliminate
galvanic couples at the weld joints.
The area of the cathode was about
330 sq in. The area of the anode was
2 sq in. The cathode was placed in
mud at a pH of 12.1, the anode in
mud at a pH of 8.5. The two elec-
trodes then were shorted together for

{
A
(D) {E) {F)
OPENTO AR . OIL LAYER NITROGEN
“§0 DAYS 60 DAYS  ATMOSPHERE

60 DAYS

Fic 6-—ApprearancE oF Test Rops ArTer 60 DAYs OF PARTIAL SUBMERSION
N FormarioNn SALT WATER.
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several days. The results of measure-
ments are shown in Table 1.

The results of these tests show
that corrosion cells with potentials of
0.2 to 0.6 v might be expected be-
tween two casings in contact with
aerated muds of different pH. The
current-producing capacity of such
cells is substantial. During tests on
casing models, the current from an
oil string that is anodic was shown
to be concentrated at the surface
area where casing-casing corrosion
has been found to be severe in the
field. It further was found that the
potential of a casing becomes more
anodic as the oxygen concentration
decreases.

COLLAR CORROSION

The potential of a collar-corrosion
cell was measured in mud utilizing
the recess between a joint of 9%-in.
casing and a casing collar. A ring
made from 0.005-in. diameter iron
wire was placed in the bottom of
the recess, and its potential was
measured with respect to another
iron-wire ring outside of the recess.
The arrangement of wires in this ap-
paratus is shown in Fig. 9(A). The
iron wires were protected from con-
tact with either the casing or the
collar by means of heavy cotton
cloth. The measured potentials of
the two iron wires are compared in
Table 2. The current-carrying ca-
pacity of the collar corrosion cell is
given also in Table 2.

Test results indicated that a po-
tential of about 0.2 v might be ex-

(A} EMPTY CELL SHOWING
COUPLED ELECTRODES

i

TABLE 1—WEIGHT LOSS OF ANODE IN SHORTED CASING-CASING CORROSION CELLS IN

12-DAY TEST
e Cothode Anode
Init. Init. .
Poten. Poten. Weight Loss (gm)
Sol. _pH W) Sol.  pH _ (V) (=) Cal.  Meas.
Mud 121 0170 Mud 85 0760 0.090  0.117

pected from the collar corrosion cell.
The current-producing capacity of
such a cell is substantial and can be
expected to produce current so long
as the differential oxygen concentra-
tion exists. Observations also indi-
cated that the anode was located so
that the corrosion would be concen-
trated on the first exposed thread of
the joint.

BODY CORROSION

A corrosion cell consisting of bare
iron and mill scale was studied first.
Electrodes of mill scale and mill-
scale-coated iron were prepared in
an electric furnace at 1,800°F. The
potentials of the bare-iron and mill-
scale electrodes were measured
againt a saturated calomel electrode
in muds of various pH’s. Results of
these measurements are shown in
Table 3.

Other electrodes of mill-scale-
coated iron were assembled with
sand-blasted iron electrodes in sealed
jars, as shown in Fig. 9(B). The
muds placed in these jars were given
various treatments to introduce or
remove molecular oxygen. Electrical
currents produced by these cells
were measured with a zero-resistance
milliameter and are given in Table 4.,

The results of tests on mill-scale

[BY FILLED CELL BHOWING MUD,

WATER, ANO Ol LAYERS

Fic. 8—Corros1oN CrLL FOor Stupy oF ELecTrRoLYTIC CAPACITY OF IRON
N DirrereNT FLuiDs

JULY, 1961

electrodes showed that potentials of
0.2 to 0.3 v can be produced by a
bare iron-mill scale corrosion cell.
The current-producing capacity of
this cell is sufficient to last indefi-
nitely when molecular oxygen is
available, and for weeks even if
molecular oxygen is not available.
Ultimately, as was observed at the
end of several years, the current flow
stops when sources of oxygen are
depleted.

The effect of formation water on
body corrosion was studied next.
This study was undertaken because
of the severity of corrosion in some
oil fields where high-pressure forma-
tion fluids were believed to aggra-
vate external casing corrosion. In
laboratory tests, penetration of high-
pressure formation water into ce-
menting mud was found to follow
vertical paths in the mud and was
thought possibly to account for pit-
ting along one side of a casing joint.

Iron electrode potentials measured
in typical formation waters of pH’s
6.5 to 8.0 are shown in Table 5.
These potentials are compared with
potentials of the same iron elec-
trodes in high-pH aerated muds. The
corrosion capacity expressed as cou-
pon weight loss for the anode of a
cell made from these electrodes also
is given. The tests again showed that
potentials of the corrosion cells made
by the formation water-mud con-

TABLE 2—CORROSION POTENTIALS AND CUR-
RENTS MEASURED [N RECESS BETWEEN CASING
JOINT AND CASING COLLAR

Current (gamps)

P, # fl at End of 3-Min.
ofential of Iron Between Wires

——VM—)———Shorfed Through
Sol. pH Recessed Exposed 10-ohm Res_is?_oi
Mud 12.0 0.622 0.352 2.00
Mud 10.5 0.680 0.650 0.65

TABLE 3 — POTENTIALS OF MILL-SCALE AND
IRON ELECTRODES IN AN ALKALINE DRILLING
MUD PURGED WITH NITROGEN

Mitl-Scale Sand-Blasted Poten.
Time iron Elec. [ron Elec. Diff.
{mos.) Poten. {v} {—} Poten. {v} (—} {v})
Start 0.272 0.540 0.268
1 0.284 0.513 0.229
2 0.310 0.503 0.193
3 0.329 0.483 0.154
4 0.338 0.470 0.132

TABLE 4—CURRENT MEASURED BETWEEN MILL-
SCALE AND I[RON ELECTRODES IN ALKALINE
DRILLING MUD PURGED WITH NITROGEN

Current {miliiamps)

Time " Shorted Unshorted*
{mos.) »Elec?rodes Electrodes
Start 0.055 0.030
1 0.045 0.090
2 0.040 0.070
3 0.001 0.105
4 0.065 0.107
*Instantaneous reading.
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tacts on the casing are reduced to a
low value when molecular oxygen is
removed from the mud.

The effect of sulfate-reducing bac-
teria was investigated as a promoter
of body corrosion. The study was
carried out because iron sulfides fre-
quently are found in pits on oil-
string casing.” Conventional cement-
ing mud was considered too alkaline
to support appreciable growth of
sulfate reducers or to allow metal
contamination with these bacteria.
Therefore, artificial iron pits were
used which were not precontami-
nated with sulfate-reducing bacteria,
and solutions were used which might
be present in a pit filled with nearly
neutral iron oxide and sulfide cor-
rosion products. The object of the
study was to discover if sulfate-re-
ducing bacteria could grow in a cas-
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ing pit and could make the iron
more anodic on this area. A general
mechanism for corrosion by sulfate-
reducing bacteria was not tested.

Electrode potentials were meas-
ured for iron covered with colonies
of sulfate-reducing bacteria. The ap-
paratus used to carry out the study
is shown in Fig. 9(C). Pieces of iron
were sand-blasted and placed in the
apparatus under anaerobic condi-
tions. Nutrient solutions were pre-
pared containing sulfate-reducing bac-
teria. The cultures then were incu-

TABLE 6—POTENTIALS OF IRON ELECTRODES IN
BRINE SHOWING DIFFERENCES PRODUCED BY
GROWTH OF SULFATE-REDUCING BACTERIA

oH Potential of Iron {v) {—)
Time of Bact. No Baci.
!days) Brinﬁe Growing Growing
Start 7.0 0.769 0.769
i .0 0.771 0.749
2 7.0 0.768 0.743
3 7.0 0.766 0.736
Start 8.0 0.762 0.736
1 8.0 0.774 0.768
2 8.0 0.770 0.757
3 8.0 0.765 0.748

bated at 90°F inside the test appa-
ratus. Potentials of the iron elec-
trodes referred to saturated calomel
electrodes were measured as a func-
tion of time and ahe shown in
Table 6. These potentials are com-
pared also with potentials of iron in
aerated brine but without bacteria.
The increased current density that is
possible at an iron anode promoted
by a local colony of sulfate-reducing
bacteria was estimated to be appre-
ciable. Current densities, however,
were not measured because of the
difficulty in determining the area of
the bacterial activity.

GROWTH OF CORROSION PIT

The effect of pit diameter on
pitting activity was studied because
of the frequent occurrence of local-
ized external attack on casings. The
study was confined to determining
the influence of pit diameter on the
potential that might develop at the
bottom of a corrosion pit. The ap-
paratus used in the experiments is
shown in Fig. 9(D). To represent
pits, a number of holes of different
diameters were made in 12-in.-thick
carbon steel blocks. An iron elec-
trode was sealed across the bottom
of each hole, and each of these
electrodes was insulated from the
steel block by means of a plastic
plate. An aerated polyphosphate so-
lution, sometimes used for wash
water in oilwell cementing opera-
tions, was used in the test cell. The
solution filled all of the holes and
covered the top of the test block to
a depth of 3% in. The potential of
each iron electrode was measured
against a saturated calomel electrode
over a period of many days.

As shown in Fig. 10, the potential
at the bottom of each hole became
more cathodic with increase in hole
diameter at the end of the test. The

TABLE 5—WEIGHT LOSS OF ANODES IN SHORTED CORROSION CELLS IN 14-DAY TEST

Cathode Anode
it. Init.
Pi<>ntlefn. Ponf:an. - Weight toss (gm) -
Sol. =~ pH_ v (—) Sol. PH M (-] Lale, Meas.
Mud A 12.0 0.237 FW** 7.1 0.771 0.137 0.120
Mud B 12.3 0.372 FW 7.3 0.737 0.135 0.13¢9
Mud A* 12.3 0.531 FW 7.2 0717 0.125 0.132
*Treated with corrision inhibitor.
**FW = Formation Water.
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results of this test indicate that dif-
ferential aeration pits tend to become
sharper as they progress into the
iron.

SECONDARY FACTORS IN
CASING CORROSION

The causes of corrosion previous-
ly discussed describe the necessary
and sufficient conditions for devel-
oping the highly localized character
of casing corrosion. However, other
factors also may be involved in the
corrosion rate when the anodic areas
are small. Three of these factors
may have a significant effect on the
life of some casings because they
tend to accelerate the pitting proc-
esses by flow of gross positive cur-
rent out from large areas of the
casing.

An experiment was considered
necessary to demonstrate this accel-
eration of pitting by outward flow of
positive current from a casing sur-
face. Therefore, a prototype casing
coated with mill scale was built, with
a small isolated area of metal left
exposed. Positive currents of vary-
ing strengths from an external cath-
ode were used to increase the av-
erage anode current density on the
casing surface when it was immersed
in mud. Current densities then were
measured for positive currents leav-
ing the exposed area. When the ratio
of mill-scale-covered area to exposed
area was 60:1, all applied external
currents that created an average cur-
rent density above 2.5 milliamp/sq ft
resulted in a greater than-average
discharge current density from the
exposed area of the casing. When the
ratio of mill-scale-covered area to
exposed area was 1,000:1, a greater-
than-average discharge current den-
sity occurred when the average ap-

JULY, 1961

plied current density exceeded 1.2
milliamp/sq ft.

FLOW LINE CURRENT

A positive current of sufficient
strength flowing into a well from at-
tached flow lines, as shown before,
tends to accelerate pitting corrosion
at almost any place on the casing.
The effect is similar to one where
the cathode of the corrosion cell is
made much larger because the sur-
face flow lines become a part of the
casing cathodic area. Current lines
to some degree follow the classic
potential theory lines through the
ground when no highly localized
anodic areas exist. If highly localized
anodic areas do exist, however, the
current density at these areas may
be increased, and pitting may tend
to be more severe.

INTERFERENCE CURRENTS

A positive current from a cath-
odic-protection anode may flow un-
derground first to an unprotected
casing and then return to a protected
casing if the unprotected casing is in
the electrical field of the protected
well. Current flowing in this path is
called interference current. Uniform
return of the interference current
from the unprotected casing may be
expected if there are no localized
anodic areas on the unprotected cas-
ing. If there are localized anode
areas, interference current will ac-
celerate pitting corrosion on the un-
protected casing.

SELF-POTENTIAL CURRENTS
Self-potential currents flowing in
wellbores have been suggested as a
primary source of casing corrosion
for several years. However, the ex-
periment described herein suggests
that self-potential currents are only
secondary factors. The positive cur-
rent flowing on a casing from a
point opposite a shale bed and leav-
ing the casing at a point opposite a
sand formation containing brine
usually is discharged uniformly over
the casing surface. If anodic areas
are highly localized, then a positive
self-potential current of sufficient
magnitude would tend to leave the
anodic areas at greater-than-average
current density. Self-potential in this
case has the effect of increasing the
potential of the local corrosion cells.

FLOWING FORMATION WATER
Body corrosion may be acceler-
ated if formation water flows behind
the casing from one formation to an-
other. Flow of formation water will
increase the chance of water contact
with the casing surface. Current in
the corrosion cells that is set up at

the formation water-mud boundary
is increased by the movement of the
water. The current-producing capac-
ity of this cell will be greater than
in the static system, and the current
will last a longer time. The accelera-
tive corrosion effects of the flowing
formation water are not produced,
however, if oxygen is absent from
the water and if oxygen is also re-
moved from the mud surrounding
the casing.

LABORATORY STUDY OF
OXYGEN SCAVENGERS

The four kinds of casing corro-
sion discussed in this paper were
seen to be largely the result of dif-
ferential oxygen concentration at-
tack. Therefore, oxygen scavengers
were investigated in the laboratory
as a means of controlling the ex-
ternal corrosion of oil-string casing.

Laboratory investigations showed
that water-soluble reducing agents,
such as ferrous chloride, ferrous
hydroxide, powdered iron, stannous
chloride and hydrazine, react with
dissolved oxygen in alkaline drilling
muds. These investigations also
showed that the potential of iron in
such treated mud shifts in the anodic
direction as oxygen is consumed.
Complete removal of the dissolved
oxygen resulted in virtual cessation
of corrosion.

Standard API tests of drilling-fluid
properties showed that the use of
ferrous chloride or stannous chloride
adversely affected the physical prop-
erties of some test fluids and that
mud reconditioning frequently would
be necessary if these oxygen scaven-
gers are used. Similar tests with
hydrazine showed no adverse effects.
Table 7 compares the physical prop-
erties of a typical alkaline-emulsion
drilling fluid before and after the
addition of 1.5 1b/bbl of 35 per cent
hydrazine-water solution. Table 7
shows that the addition of 1.5 1b/bbl
of hydrazine had no adverse effect
on the drilling-fluid properties. The
amount of hydrazine used in this
test is estimated to be about 100
times the amount needed to consume
the oxygen dissolved in typical air-
saturated drilling fluid.

TABLE 7—EFFECT OF HYDRAZINE ON THE PHYS-
ICAL PROPERTIES OF A TYPICAL ALKALINE
DRILLING FLUID

Before After
Fiuid Property Treatment Treatment
Weight, |b/cu ft 78 78
Marsh Viscosity
]_'_5@__“_ , sec. 45 45
1 at
Gel Strength {10 min} 0.08&1.5 0.0 &1.5
Water Loss
{30 min; 160 psi}, ml 1.2 1.2
Filter Cake {APl}, in. 1/32 1/32
pH 12 12
Temperature, °F 135 135
709
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Standard tests also were made to
study the effect of hydrazine on the
physical properties of set cement.
Results of the tests are shown in
Table 8.

Differences noted in the tensile
and compressive strengths of treated
and untreated cements are not con-
sidered to be significant. The spread
of data for multiple tests was greater
than the difference in the averages
shown in Table 8. Apparently, hy-
drazine has no adverse effect on the
physical properties of oilwell cement.

Electrochemical cells were set up
to study the effect of hydrazine on
the potential of J-55 steel electrodes
in treated and untreated alkaline
drilling-fluid samples. The objective
of the study was to find out if the
potential of iron could be shifted
sufficiently far in the anodic direc-
tion to prevent corrosion attack on
the test coupons. Potentials were
measured for several months, and re-
sults of the tests are shown in Table
9.

Table 9 shows that the initial po-
tential of sand-blasted J-55 steel in
untreated drilling fluid was about
390 mv (538 to 146 mv) more ano-
dic (negative) than the mill-scale-
coated J-55 steel. This indicates that
the bare steel was corroding because
of the bare steel-mill scale couple
existing in the oxygen-saturated mud.
Such a couple can produce rapid pit-
ting corrosion if the area of bare
steel is small compared to the sur-
rounding area of mill scale. The
table shows also that the potentials
of both the bare steel and mill-scale-
coated steel are shifted in the anodic
direction by the consumption of
available oxygen. In the untreated
mud, oxygen consumption is ac-
complished by the corrosion reac-
tion shown by Egs. 1 through 4. In
the hydrazine-treated mud, oxygen

TABLE 8—EFFECT OF HYDRAZINE ON THE PHYS-
ICAL PROPERTIES OF CLASS E OILWELL
CEMENT*

Strength
Property

Hydrazine-
Untreated Treated

Al-Doy 7-Day 1-Day 7-Day

Avg, Tensile (psi) 316 425 290 465

Avg. Compress. (psi) 3506 7361 2627 6031
*40-per cent slurry cured at 160°F.

TABLE 9—EFFECT OF HYDRAZINE ON THE PO-
TENTIALS* OF SAND-BLASTED AND MILL-SCALE-
COATED J-55 STEEL IN AN ALKALINE-
EMULSION DRILLING FLUID

Potential (— mv}**
Hydrazine Initial Final
_{Ib/bbl} S8 M-S SB M-S
0 538 146 525 513
0.2 577 363 619 620
1.0 575 462 643 652

*Potentials are referred to saturated calomel
scale; add 80-mv to convert to Cu, CuSOs
scale.

**$8 = Sand Blasted, M-S = Mill-Scale.
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reacts with the hydrazine and is con-
verted to water.
N.H,+0O,=N,+2H0 . (5)
Potential shifts in the anodic direc-
tion indicate a reduction in the gen-
eral corrosion tendency, while the
disappearance of potential differ-
ences between the bare steel and the
mill-scale indicates the disappearance
of the tendency for pitting corrosion.

This reaction shows that hydrazine
can have no deleterious effect on the
drilling mud because its reaction
products are only water and nitro-
gen gas. Hydrazine is an alkaline
material and will have a slight ten-
dency to raise the pH of some
treated muds.

The next section of the paper de-
scribes results of field tests with hy-
drazine injected into the mud used in
cementing several wells.

HYDRAZINE FIELD TESTS

Hydrazine was injected into the
drilling fluid left behind each casing
in four test wells in two Southern
California oil fields. Three untreated
wells also were selected in the same
field for comparison purposes. Treat-
ed and untreated test wells in each
field were selected because of the
similarity in depth, casing size, meth-
od of completion and kind of mud
used to drill and complete each well.
Information about the test wells is
given in Table 10.

Hydrazine effectiveness can be
estimated from the difference in the
cathodic currents needed to protect
treated and untreated wells. Con-
sumption of available oxygen re-
duces corrosion and reduces the
amount of cathodic current needed
to protect a well. Comparison of
current requirements for treated and
untreated wells, therefore, should be
an indirect measure "of hydrazine
effectiveness. Cathodic current re-
quirements during these tests were

TABLE 10—PERTINENT INFORMATION ABOUT
THE TEST WELLS
Well Kind of
Depth Hydrazine Drilling
Well No. (f) Treated Mud
Field A
High pH
A-1 10,100 No Oil Emul.
High pH
A-2 10,658 Yes Oil Emul.
Field B
High pH
B-1 14,260 No Oil Emul,
High pH
B-2 13,950 No Qil Emul.
High pH
B-3 13,350 Yes Oil Emul.
High pH
B-4 14,195 Yes Qil Emul.
High pH
B-4* 13,947 Yes Oil Emul.
High pH
B-5 13,955 Yes Oil Emul.

*Well B-4 was re-drilled and recompleted.

measured by the “null” potential
method that was first proposed by
Pearson” in 1942.

A series of direct currents of in-
creasing strengths was applied to
each test casing, and the potential of
each casing was measured between
the wellhead and a remote reference
electrode (Cu, CuSO, half cell) for
each current immediately after the
current was interrupted. Cathodic
current requirements then were esti-
mated from the intersection of the
straight-line portions of the potential
vs log-current curves plotted from
this null-potential data. Representa-
tive curves are shown in Fig. 11.

Fig. 11 shows that a current of
36 amps would be needed to protect
untreated Well B-1. Fig. 11 also
shows that hydrazine-treated Well
B-5 required only a current of 17
amps for protection. Current re-
quirements were determined for both
wells approximately three years after
each was completed. The lower cur-
rent required to protect Well B-5 is
attributed to oxygen scavenging by
the hydrazine used to treat the well.

Current requirements were deter-
mined for each test well at various
times over a four-year period. Re-
sults of the determinations are pre-
sented in Table 11 and plotted as
current-vs-time curves in Figs. 12
and 13.

In Fig. 12 the assumption is made
that the initial current requirements
for Wells A-1 and A-2 are approxi-
mately 25 amps. This value was
chosen because it is typical of cur-
rent requirements measured for wells
in the area.

Fig. 12 shows a marked reduction
in current required during the first
year for both the untreated and
treated wells. The current-require-
ment reduction in the untreated well
is attributed to partial oxygen con-
sumption by corrosion. The much
greater and more rapid reduction in
current requirements in the treated
well is attributed to the action of the
hydrazine. It also will be noted that
after the first year the current re-
quired to protect the treated well was

-li00 | o TREATED WELL B-5
e UNTREATED WELL B-i

R L A
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TABLE 11—CURRENT REQUIRED TO PROTECT
THE TEST WELLS

Time from Cathodic
Completion Curren?
Well No. {years) {amps)
Field A
A 1.5 152
4.6 16
A-2 0.95 72
4.1 10
Fieid B
B-1 2.0 35
3.0 36
4.8 20
B-2 0.98 28
2.3 27/
4.0 23
B-3 0.46 25
0.79 23
3.5 15
B-4 0.26 32
0.59 28
Re-drill 1.8 15
B-5 0.19 20
0.60 18
2.9 17

TABLE 12 — HYDRAZINE REQUIREMENTS FOR
YARIOUS VOLUMES OF DRILLING MUD

Drilling .
‘Muod Approx: Well _ 35% Hydrazine
{bbl) Depth (ft) Gal Lb

Up to 100 Up to 4000 6 A48

100-200 4000- 6000 12 96

200-300 6000- 8000 18 144

300-500 8000-12000 380 240

nearly 45 per cent less than for the
untreated well. Undoubtedly less cor-
rosion took place on the outside of
the casing in the treated well than
on the casing of the untreated well
during the first three to four years
after completion.

Fig. 13 shows the effectiveness of
hydrazine in another oil field. In
each instance, the current required
to protect a treated well rapidly de-
creased during the first year after
completion and either continued a
downward trend or leveled off dur-
ing the next one to two years. There
is no indication of an increase in
current, which presumably could in-
dicate depletion of the hydrazine
and an influx of oxygen. Fig. 13 also
shows that current requirements for
the two untreated wells (B-1 and
B-2) decreased with time, but at a
much slower rate than in the treated
wells. Hydrazine apparently makes
its greatest contribution to the pre-
vention of external casing failure
during the first 12 to 18 months
after a well is completed. This is a
particularly important period be-
cause it is during this period that
differential oxygen concentration

JULY, 1961
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cells can cause the greatest amount
of damage through pitting corrosion
attack.

The favorable results from the
laboratory and field tests showed
that the use of hydrazine in the ce-
menting mud was an effective, inex-
pensive and easily applied method
for controlling external casing cor-
rosion. The material has been used
in over 200 wells of Standard Oil
Co. of California.

CONCLUSIONS

1. External casing corrosion can
be classified into four major types:
water-line, casing-casing, collar and
body. A mechanism for each type of
external corrosion can be developed
from principles of differential aera-
tion.

2. Casing leaks are caused by
highly localized corrosion attack.

3. The use of oxygen scavengers
to control the corrosion attack is
based on corrosion mechanisms de-
veloped from the principles of dif-
ferential aeration. Laboratory tests
show that hydrazine is a convenient
and effective oxygen scavenger for
use in oil wells.

4. Field tests of hydrazine show
that the use of hydrazine in cement-
ing mud materially reduces cathodic-
protection current requirements for
treated wells. This reduction in cur-
rent requirements is interpreted to
indicate substantial consumption of
oxygen around the oil-string casing
and consequent reduction in external
corrosion.

5. Hydrazine appears to have par-
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ticular usefulness for removing oxy-
gen during the first 12 to 18 months
after well treatment. Hence, a sig-
nificant amount of corrosion can be
prevented early in the life of a well
when differential oxygen concentra-
tion cells are most active and able
to cause pitting corrosion at a high
rate.

6. Test results do not show any
significant reduction in hydrazine ef-
fectiveness even after use in wells
for three to four years. It is possible
that a major part of the effectiveness
may last the life of the treated well.
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Foreword

Oil and gas wells represent a large capital investment. It is imperative that corrosion of well
casings be controlled to prevent loss of oil and gas, environmental damage, and personnel
hazards, and in order to ensure economical depletion of oil and gas reserves.

This NACE International standard practice identifies procedures to determine the need for cathodic
protection (CP) and the current requirements to achieve CP of well casings associated with oil and
gas production and gas storage. It also outlines practices for the design and installation of CP
systems and for their operation and maintenance. The purpose of this standard is to ensure more
effective prevention of corrosion of well casings by making available reliable information about CP
as it relates to well casings. This standard is intended for use by corrosion engineers in oil and
gas production, especially those concerned with the CP of steel well casings.

This standard was originally prepared in 1986 by Unit Committee T-1E on Cathodic Protection and
Task Group (TG) T-1J-2, a component of Unit Committee T-1J on Storage Wells. It was reaffirmed
in 1994 by Unit Committee T-1E, and in 2001 and 2007 by Specific Technology Group (STG) 35
on Pipelines, Tanks, and Well Casings. The STG membership consists of representatives from oil
and gas producing and storage companies, equipment manufacturers, consulting firms, and CP
service companies. Included in the membership are persons involved in design, consulting,
research, construction, maintenance, and manufacturing and supply of materials, all of whom are
concerned with the establishment and maintenance of cathodic protection systems used with well
casings. This standard is issued by NACE under the auspices of STG 35.

In NACE standards, the terms shall, must, should, and may are used in accordance with the
definitions of these terms in the NACE Publications Style Manual, 4th ed., Paragraph 7.4.1.9. Shall
and must are used to state mandatory requirements. The term should is used to state something
considered good and is recommended but is not mandatory. The term may is used to state
something considered optional.

NACE International i
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Section 1: General

1.1 This standard presents acknowledged procedures for
the control of external corrosion of steel well casings by
applying CP. This standard is intended to be a guide for
establishing minimum requirements for corrosion control
when CP is practical and cost-effective.

1.2 This standard does not designate practices for specific
situations.  The complexity of some casing spacing,
subsurface proximity to other casings, and environmental
conditions preclude standardizing the application of CP.
Deviation from this standard may be warranted in specific
situations, provided those in responsible charge can
demonstrate that the objectives expressed in this standard
have been achieved.

1.3 This standard does not include corrosion control
methods based on chemical control of the environment.

1.4 This standard applies only to well casing exteriors and
not to internal corrosion, or to corrosion of other surface or
downhole equipment.

1.5 The provisions of this standard should be applied
under the direction of competent persons knowledgeable in
the physical sciences, principles of engineering, and
mathematics. They may have acquired knowledge by
professional education and related practical experience and
should be qualified to practice corrosion control for well
casings by the use of CP. Such persons may be registered
professional engineers recognized as being qualified as
corrosion specialists in the appropriate fields of corrosion
control by NACE International. Their professional activities
should include suitable experience in well casing corrosion
control practices.

Section

Alternating Current (AC): Current whose direction
changes with time.

Ampere: Unit of current that is one coulomb per second.

Anode: The electrode of an electrochemical cell at which
oxidation occurs. Electrons flow away from the anode in the
external circuit. Corrosion usually occurs and metal ions
enter the solution at the anode.

Backfill: Material placed in a hole to fill the space around
the anodes, vent pipe, and buried components of a cathodic
protection system.

Casing Potential Profile: Voltage (IR) drop and current
direction versus casing depth is plotted. Amount of current
is determined from the IR drop and casing resistance. (See
nonmandatory Appendix A.)

Casing-to-Electrolyte:  See Structure-to-Electrolyte Po-
tential.

Casing-to-Reference Electrode: See Structure-to-
Electrolyte Potential.

Cathode: The electrode of an electrochemical cell at which
reduction is the principal reaction. Electrons flow toward the
cathode in the external circuit.

2: Definitions""

)

Cathodic Protection: A technique to reduce the corrosion
of a metal surface by making that surface the cathode of an
electrochemical cell.

Cement: Cement slurry fills the space between the casing
and the sides of the wellbore to a predetermined height
above the bottom of the well.

Continuity Bond: A connection, usually metallic, that
provides electrical continuity between structures that can
conduct electricity.

Corrosion: The deterioration of a material, usually a metal,
that results from a reaction with its environment.

Counterpoise: A conductor or system of conductors
arranged beneath a power line, located on, above, or most
frequently, below the surface of the earth and connected to
the footings of the towers or poles supporting the power
line.

Coupling (or Collar): Well casing joint connector.

Current Density: The current to or from a unit area of an
electrode surface.

@ Definitions in this section are those presented in the NACE Glossary of Corrosion-Related Terms and those that reflect the common usage
among practicing corrosion control personnel. In many cases, in the interest of brevity and practicality, the strict scientific definitions are

abbreviated or paraphrased.

NACE International
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Deep Groundbed: One or more anodes installed vertically
at a nominal depth of 15 m (50 ft) or more below the earth’s
surface in a drilled hole for the purpose of supplying
cathodic protection.

Dielectric Coating: A coating that does not conduct
electricity.

Direct Current (DC): Current whose direction does not
change with time.

Drainage: Conduction of electric current from an
underground or submerged metallic structure by means of a
metallic conductor.

E-log-I: A test that indicates the cathodic protection current
required by a slope change on the cathodic polarization
diagram. (Refer to nonmandatory Appendix B.)

Electrical Isolation: The condition of being electrically
separated from other metallic structures or the environment.

Electric Log: A survey taken in the open borehole of a well
to determine the lateral formation resistivity.

Electrolyte: A chemical substance containing ions that
migrate in an electric field. For the purposes of this
standard, electrolyte refers to the soil or liquid adjacent to
and in contact with a buried or submerged metallic
structure, including the moisture and other chemicals
contained therein.

Electroosmotic Effect: The effects of the movements in
an electric field of liquid with respect to colloidal particles
immobilized in a porous diaphragm or a single capillary
tube.

Fault Current: A current that flows from one conductor to
ground or to another conductor due to an abnormal
connection (including an arc) between the two. A fault
current flowing to the ground may be called a ground fault
current.

Field: A group of wells in close physical proximity, usually
considered a unit when applying cathodic protection. It may
be an oil or natural gas production field or a natural gas
storage field.

Foreign Structure: Any metallic structure that is not
intended as a part of a system under cathodic protection.

Galvanic Anode: A metal that provides sacrificial
protection to another metal that is more noble when
electrically coupled in an electrolyte. This type of anode is
the electron source in one type of cathodic protection.

Gamma Ray Neutron Log: Gamma ray is a measurement
of the natural radioactivity of a formation. Neutron log is
used for delineation of porous formations. Data are used to
identify the formations in the earth.

Groundbed: One or more anodes installed below the
earth’s surface for the purpose of supplying cathodic
protection.

Impressed Current: An electric current supplied by a
device employing a power source that is external to the
electrode system. (An example is direct current for cathodic
protection.)

Instant-Off Potential: The polarized half-cell potential of
an electrode taken immediately after the cathodic protection
current is stopped, which closely approximates the potential
without IR drop (i.e., the polarized potential) when the
current was on.

Interference Bond: An intentional metallic connection,
between metallic systems in contact with a common
electrolyte, designed to control electrical current
interchange between the systems.

Intermediate Casing: A string of casing set to protect a
section of hole and to allow drilling to continue to a greater
depth. Also called protection casing string.

IR Drop: The voltage across a resistance in accordance
with Ohm’s law.

Isolation: See Electrical Isolation.
Lithology: Rock formations traversed by well casing.

Long-Line Current: Current through the earth between an
anodic and a cathodic area that returns along an
underground metallic structure.

Mutual Interference: An electrical DC interference on a
well originating from within the cathodic protection system of
several wells and structures, such as several DC power
sources for a group of wells.

Native State Potential: The potential with zero groundbed
current.

Negative Return: A point of connection between the
cathodic protection negative cable and the protected
structure.

Ohm: A resistance that passes one ampere of current
when a one-volt potential is applied.

Packaged Anode: An anode that, when supplied, is
already surrounded by a selected conductive backfill
material.

Photovoltaic: Generation of an electromotive force when
radiant energy falls on the boundary between two dissimilar
materials.

Pipe-to-Soil Potential:
Potential.

See Structure-to-Electrolyte
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Polarization: The change from the open-circuit potential as
a result of current across the electrode/electrolyte interface.
In this standard, polarization is considered to be the change
of potential of a metal surface resulting from current to or
from an electrolyte.

Potential Profile Log: See Casing Potential Profile.

Production Casing: Casing that extends through the
surface and intermediate casings, sometimes only to the tip
of the zone but almost always through the producing or
storing zone.

Rectifier: A device to convert AC power to DC power.

Reference Electrode: An electrode whose open-circuit
potential is constant under similar conditions of
measurement, which is used for measuring the relative
potentials of other electrodes.

Resistivity: (1) The resistance per unit length of a
substance with uniform cross section. (2) A measure of the
ability of an electrolyte (e.g., soil) to resist the flow of electric
charge (e.g., cathodic protection current). Resistivity data
are used to design a groundbed for a cathodic protection
system.

Right-of-Way:  Right of passage, as over another's
property.

Self-Interference: See Mutual Interference.

Shunt: A precise resistor with known resistance in an
electrical circuit used to measure a voltage (IR) drop, which
is used to calculate the amount of current in amperes.

Soil Resistivity: A measure of the ability of a soil or
formation to conduct electricity expressed in units of ohm-
centimeters or ohm-meters. Data are used to design a
groundbed for a cathodic protection system.

Structure-to-Electrolyte  Potential: The potential
difference between the surface of a buried or submerged
metallic structure and the electrolyte that is measured with
reference to an electrode in contact with the electrolyte.

Structure-to-Structure Potential: The potential difference
between metallic structures, or sections of the same
structure, in a common electrolyte.

Surface Casing: A casing string extending from the

surface to a depth great enough to keep surface waters and
loose earth from entering the well.

NACE International
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Surface Groundbed: One or more anodes installed below
the earth’s surface for the purpose of supplying cathodic
protection less than 15 m (50 ft) in depth for the anodes.

Tafel Plot, Tafel Diagram, Tafel Line: A plot of the
relationship between the change in potential (E) and the
logarithm of the current density (log i) of an electrode when
it is polarized in both the anodic and cathodic directions
from its open-circuit potential.

Tafel Segment: That portion of the Tafel plot that appears
as a straight line when current is plotted on the logarithmic
scale and potential change is plotted on the linear scale.
The beginning of the Tafel segment is that point on the
curve at which the current-potential relationship follows the
straight line with increasing current increments and deviates
from the straight line with decreasing current increments.

Tafel Slope: The slope of the straight-line portion of the E
log i curve on a Tafel plot. (The straight-line portion usually
occurs at more than 50 mV from the open-circuit potential.)

Test Wire: An insulated wire attached to a structure
(usually buried) such as a pipeline and brought to a terminal
convenient for making electrical tests to evaluate cathodic
protection.

Tubing: A pipe inside the production casing through which
oil is pumped, or liquid is removed from the natural gas
storage zone.

Union (Isolating): See Electrical Isolation.

Voltage: An electromotive force, or a difference in
electrode potentials expressed in volts.

Well: A steel-cased hole associated with the production
and storage of oil or gas.

Wellbore (also called bore hole): A hole drilled into the
earth for the installation of a deep groundbed system.

Wellhead: Valves and other aboveground fittings
electrically connected to the production, surface, and
intermediate casings. May be called a “christmas tree”
when referring to oil and natural gas production and storage
wells.

Well Casing: See Production Casing, Intermediate Casing,
and Surface Casing.
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Section 3: Determination of Need for CP

3.1 Introduction

3.1.1 The purpose of this section is to indicate those
factors that should be considered in determining
whether a well casing requires CP.

3.1.2 Metallic structures in contact with soil or
submerged under water are subject to corrosion.
Adequate procedures should be adopted to ensure that
corrosion is not affecting safe and economical
operation of well casings.

3.2 The decisions governing the need for CP of well
casings shall be based on data obtained from corrosion
surveys, operating records, prior tests with similar systems
in similar environments, and on a study of design
specifications and engineering, operating, and economic
requirements.

3.2.1 The wusual procedures for predicting the
probability and rate of corrosion of a particular metallic
casing system are as follows:

(@) The corrosion history of the well casing in question
or of other systems of the same material in the same
general area or in similar environments should be
studied. The history should include cumulative leak
frequency and downhole data obtained from workover
(reconditioning) records.

(b) The environment surrounding a well casing should
be studied. Once the nature of the environment has
been determined, the probable corrosiveness can be
estimated by referring to actual corrosion experience
on similar well casings in similar environmental
conditions. It should be remembered that formation
water changes caused by production or injection
methods may be contributing factors. One source of
environmental data is the formation resistivity logs run
on wells being investigated and on surrounding wells.

(c) The casing should be mechanically or electrically
inspected for evidence of corrosion. The condition of
the casing system should be carefully determined and
recorded. (See nonmandatory Appendix C.)

(d) The casing should be inspected to determine
whether there are any anodic areas. A well casing
potential profile tool is commonly used for these
investigations. (See nonmandatory Appendix A.)

(e) Maintenance records detailing leak locations and
wall thickness surveys, which can be used as a guide
for locating areas of maximum corrosion, should be
reviewed.

(f) Statistical treatments of available leak data should
be considered.

(g) The results of pressure testing should be
reviewed; under certain conditions, this may help
determine whether corrosion has occurred.

(h) When the well casing is pulled, it should be
visually inspected.

(i) Close communication should be maintained with
those responsible for the workover of a well.

3.2.2 Environmental and physical factors governing
the need for CP are as follows:

3.2.2.1 The nature or constituents of the product
being produced or stored.

3.2.2.2 Location of the well casing system in a
sparsely or densely populated area and the
frequency of visits by personnel.

3.2.2.3 Location of the well casing system as
related to other facilities.

3.2.2.4 Influence of DC sources foreign to the
system.

3.2.2.5 The introduction of secondary or tertiary

recovery systems, which can sometimes increase

corrosion rates on the backside of a well casing.
3.2.3 Economic factors

3.2.3.1 Costs of maintaining the well casing in

service for its expected life may include repairing

corrosion leaks, reconditioning, or replacing all or

portions of the system.

3.2.3.2 In addition to the direct costs that result

from corrosion, contingent costs may be incurred.

The more common types of contingent costs are:

(&) Public liability claims.

(b) Property damage claims.

(c) Damage to natural facilities, such as

municipal or irrigation water supplies, forests,

parks, and scenic areas.

(d) Cost of cleanup of product lost to
surroundings.

(e) Cost of individual casing workover(s) as
related to corrosion leak(s).

(H Plant shutdown and start-up costs.
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4.1

4.2

4.3

(g) Loss of deliverability because of possible
permanent formation damage caused by casing
leak(s).

(h) Cost of lost product.

(i) Loss of revenue through interruption of
service.

() Loss of contracts or good will through
interruption of service.

(k) Loss of reclamation or salvage value of well
casing.

() Loss of well casing, rendering well unusable
for production or injection purposes.

SP0186-2007

3.2.3.3 The usual costs for protecting well casings
are the costs of installing and operating CP. Other
corrosion control costs may include:

(@) Inhibitors and bactericides used in drilling
fluids.

(b) Corrosion-resistant materials.

(c) Cement for zones known to be corrosive.

(d) Electrical isolation to limit possible foreign
current discharge from casings and to ensure that

CP currents are applied to the well casing.

(e) Dielectric coating on the outer surface of
casing.

Section 4: Criterion for CP and Current Requirements

Introduction

4.1.1 The determination of design current re-
quirements depends, in part, on prior experience with
similar structures or environments in which the method
has been used successfully. The first-time user is
strongly urged to consult a person experienced in well
casing CP before finalizing a design.

4.1.2 Certain methods have been developed through
laboratory experiment, or have been derived
empirically by evaluating data from successful CP
systems. These methods are presented in Paragraph
4.3 and can be used to assist with the design process;
they are not intended to be a comprehensive or limiting
list.

Criterion for CP

4.2.1 The CP current applied to the well casing shall
be considered adequate when measurements indicate
that a net flow of current to the casing has eliminated
all anodic areas.

Methods of Determining Design Current Requirements

4.3.1 A profile tool is a device used to measure a
voltage (IR) drop across a portion of well casing in
service by electrically isolating two sets of contacts
from each other. The voltage readings are used to
indicate the magnitude and direction of the current flow
in the casing. Details of the test method and
interpretation of the data are given in Appendix A.

4.3.2 Average current density (mA/mZ) may be used to
calculate the quantity of CP current required to prevent
external corrosion. The current density used should be
dictated by the downhole completion practice and

NACE International

formations (e.g., cementing practices, formation
resistivities, water salinity, etc.) encountered in a given
well. Current densities usually vary from 10 to 200
mA/m?.

4.3.3 Mathematical modeling may also be used to
determine design current requirements. The effect of
applied CP current downhole can be calculated from
electrical measurements at the wellhead. The applied
voltage and current distribution can be calculated as a
function of well depth. Usually, a downhole potential
criterion is established as the accepted indication of
protection. Several calculation methods are available,
and others are being developed.

4.3.3.1 One method of mathematical modeling
uses a modified attenuation equation. The native
state potential is measured and recorded. It also
requires well casing data and current drain
measurements made after polarization of the well.

4.3.3.2 Another method uses formation resistivity
data to establish a potential attenuation curve for a
casing to which CP has been applied.

4.3.3.3 A third method models the well casing by
a computerized equivalent electrical circuit
incorporating  resistivity  profiles,  nonlinear
polarization characteristics, and the well casing
data.

4.3.4 E-log-l method
4.3.4.1 The principle behind the E-log-I method is
that when current is impressed through the earth

onto a metallic well casing, the potential between
the well casing and reference electrode is shifted.
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The potential shift for a given current level
depends on the following factors:

(@) The length of time the current is applied.

(b) Current density, which is affected by factors
such as well depth, casing sizes, and cement.

(c) Properties of the electrolyte.

4.3.4.2 As increasing levels of current are
impressed, polarization begins on the surface of
the casing. The E-log-I data are plotted to enable
selection of a current level at which polarization
begins. (Details of the test method and
interpretation of the data are given in Appendix B.)

4.4 Methods of Evaluating Effectiveness

4.4.1 A combination of procedures is always advised
for evaluating the effectiveness of CP.
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Section 5: Design of CP Systems for Well Casings

Introduction

5.1.1 This section presents recommended procedures
for designing CP systems that effectively control
corrosion of well casings in contact with the earth. The
design should satisfy the criterion in Section 4 and be
reliable for the intended operating life of the system.

5.1.2 CP for pipelines is considered separately from
well protection when applicable.

Objectives of CP System Design

5.2.1 Enable application of sufficient protective current
to the well casings to meet the criterion for CP.

5.2.2 Minimize the stray current to foreign
underground structures. (See Section 7.)

5.2.3 Design a groundbed with a lifetime that is
commensurate with the required life of the protected
structure.

5.2.4 Provide for periodic maintenance of the
groundbed.

5.2.5 Provide a power source and groundbed with
sufficient capacity to include connecting pipelines and
other structures as required.

Considerations in the Design of CP Systems
5.3.1 CP applied to the well casings and the
connecting pipelines and structures may be a source of

mutual interference. (Refer to Section 7.)

5.3.2 Electrical grounding procedure requirements
should be considered in the CP design.

5.3.3 In designing a CP system for well casings, the
following should be considered:

5.3.3.1 Availability of AC power should be
determined.

5.3.3.2 The proposed installation site should be
investigated for any hazardous conditions.

5.3.3.3 The AC power source for the CP rectifier
should be a suitable distance from the well
structure to ensure a safe working area.

5.3.3.4 Materials and installation practices that
conform to applicable codes (e.g., National
Electrical Manufacturers Association [NEMA](z)
Standards, National Electrical Code [NEC],® and
practices of NACE International) should be
specified.

5.3.3.5 The CP system should be selected and
designed for optimum economies of installation,
maintenance, and operation.

5.3.3.6 Materials and installation practices that
ensure safe and dependable operation throughout
the intended service life of the CP system should
be specified.

5.3.3.7 A system for optimum currents should be
selected. Excessive current can be detrimental to
buried or submerged metallic structures.

5.3.3.8 The current requirement data for pipelines
connected to wells should be studied so that the
groundbeds may be placed in the proper locations.
This allows appropriate distribution of current to
wells and pipelines.

5.3.3.9 Electrical interference from foreign
sources should be investigated and the results
included as a design consideration. (See Section
7.)

5.4 Considerations Influencing Location of Anodes

5.4.1 The anode that will be closest to a well should be
placed at a distance determined by testing or accepted
empirical means.

5.4.2 Plans for long- and short-term additions or
changes in buried physical structures.

5.4.3 Location of pipelines connected to wells.

@ National Electrical Manufacturers Association (NEMA), 1300 North 17th Street, Suite 1847, Rosslyn, VA 22209.
© National Electrical Code (NEC), National Fire Protection Association, 1 Batterymarch Park, Quincy, MA 02269.
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5.4.4 Pipelines used as a negative return and those
electrically isolated.

5.4.5 Soil resistivity.

546 Use of surface or deep vertical type of
groundbed.

5.4.7 Location of foreign structures.

5.4.8 Placement where likelihood of
disturbance or damage is minimal.

physical

5.5 Types of CP Systems for Well Casings

5.5.1 Impressed current system
5.5.1.1 Surface groundbed
5.5.1.2 Deep groundbed

5.5.2 Galvanic anode system

5.6 Considerations in the Selection of the Type of CP
System

5.6.1 Current requirements

5.6.1.1 The total casing surface area to receive
CP, including surface casings and that portion of
intermediate and production casing that is to
receive protection.

5.6.2 Soil resistivity

5.6.2.1 Resistivity and installation space avai-
lability influence the choice of a surface or deep
groundbed installation. High-resistivity formations
that restrict the flow of current to the casing may
necessitate placement of anodes below such
formations.

5.6.2.1.1 Resistivity to a 15-m (50-ft) depth
for a surface groundbed may be determined
by surface measurements or experience.

5.6.2.1.2 Resistivity for depths greater than
15 m (50 ft) for a deep groundbed may be
determined by surface measurement,
formation resistivity log, or experience.

5.6.3 Future drilling of wells in the area of CP
influence.

5.6.4 Future development of the right-of-way area and
extensions to the pipeline system connected to wells
jointly protected by the same power source and
groundbed.

5.6.5 The cost of
maintenance.

installation, operation, and

5.7
Life,

5.8

5.6.6 Physical space available and condition of land
surface for ease of facility installation, ingress, and
egress.

5.6.7 Proximity of foreign structures.
5.6.8 Ability to procure easement.
5.6.9 Interference effect.

5.6.10 Power source availability.

Factors Determining Anode Current Output, Operating
and Efficiency

5.7.1 Various anode materials have different rates of
deterioration when discharging a given current density
from the anode surface in a specific environment. For
a given current output, the anode life depends on the
anode and backfill materials and the number of anodes
in the CP system. Anode performance data may be
used to calculate the probable deterioration rate.

5.7.2 The resistance to electrolyte of the anode
system may be calculated from available data.
Formulas and graphs relating to these factors are
available.

5.7.3 The use of a special backfill material with
impressed current anodes lengthens their useful life
and reduces the effective anode-to-earth electrical
resistance. The most common backfill materials are
metallurgical coke, calcined petroleum coke, and
natural or manufactured graphite.

5.7.4 Entrapment of gas generated by the anodic
reaction can impair the ability of the impressed current
groundbed to deliver the required current. Suitable
provision should be made for venting the anodes,
particularly in a deep groundbed. Increasing the
number of anodes may reduce gas blockage by
reducing current discharge from each anode.

5.7.5 Electroosmotic effects could impair the ability of
the impressed current groundbed to deliver the
required current. Suitable provisions should be made
to ensure adequate moisture around the anodes.
Increasing the number of impressed current anodes
may reduce electroosmotic effects.

5.7.6 Special applications such as deep groundbeds
require careful selection of cables and wires. Refer to
NACE SP0572."

Impressed Current System Design Considerations

5.8.1 Groundbed location and total current required
should be determined.

5.8.2 A deep groundbed may be used when lithology
prevents equitable distribution of current to the total
depth of the well casing. Placing anodes in relatively

NACE International
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low-resistivity shallow formations compared with
deeper formations may concentrate excessive current
on upper portions of the well casing and deprive the
deeper portions of sufficient current. Refer to NACE
SP0572.

5.8.3 Placement of groundbeds too close to a well
casing may prevent flow of sufficient current to a lower
depth. Increasing total current may create interference
with other wells and structures.

5.8.4 The performance of vertically or horizontally
placed anodes can be affected by their spacing. In a
soil of a given resistivity, the output of an impressed
current groundbed may be improved by increasing the
space between anodes, assuming the additional cable
resistance is considered.

5.8.5 DC power sources that can be used:
5.8.5.1 Rectifier units to convert AC to DC power.
5.8.5.2 Thermoelectric generators.
5.8.5.3 Photovoltaic power systems.

5.8.5.4 Wind- or power-driven generators or
alternators with rectification.

5.9 Galvanic Anode System Design Considerations

5.9.1 Galvanic anodes have limited use for CP of well
casings.

5.10 Design Factors in Applying CP to More than One
Well

5.10.1 Several wells may be cathodically protected as
a group. When applying CP, the wells should be
treated as a unit, along with associated pipelines or
structures, using one or more power sources and
groundbeds. Care must be taken to ensure adequate
current distribution throughout the length of each well.

5.10.1.1 Well casings in a group may vary in
length.

SP0186-2007

5.10.1.2 Well spacing may vary.
5.10.1.3 Intermediate casings may vary in length.

5.10.1.4 Wells with identical completion pro-
cedures and equal lengths of casing may have
different current requirements.

5.10.2 The current requirements and electrical
resistances of any connecting pipeline, when used as a
negative return to a rectifier, can limit the amount of
current reaching the well casings.

5.10.3 If detrimental electrical interference is
encountered, each CP system must be designed to
counteract the effects.

5.10.4 CP design varies regarding the physical field
parameters. The most effective design considers:

5.10.4.1 Total amount of current required for
casings and other structures.

5.10.4.2 Soil resistivity for installation of anodes.

5.10.4.3 Location of well casing with respect to
pipelines and other structures.

5.10.4.4 The individual current demand of each
well.

5.10.5 Typical CP design options

5.10.5.1 One DC power source and one
groundbed for one or several wells.

5.10.5.2 One DC power source and more than
one groundbed for several wells.

5.10.5.3 More than one DC power source and
one groundbed for several wells.

5.10.6 Perimeter or isolated wells may require a
separate CP system.
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Section 6: Installation of CP Systems

Introduction

6.1.1 This section presents recommended procedures
for installation of CP systems that achieve protection of
the well casing structures when design considerations
recommended in Section 5 and Appendix D have been
followed.

Construction Specifications

6.2.1 All construction work performed on CP systems
shall be done in accordance with construction drawings
and specifications. The construction specifications
shall be in accordance with recommended practices in
Section 5 and nonmandatory Appendix D.

Construction Supervision

6.3.1 All construction work performed on CP systems
shall be under the supervision of a trained and qualified
inspector. It shall be the inspector’s function to verify
that the installation is made in strict accordance with
the drawings and specifications, or that exceptions are
made only with the express consent of qualified
personnel, when it can be demonstrated that the
effectiveness of the system is not impaired. It should
also be the inspector's function to verify that
construction methods and techniques are in
accordance with good practices.

6.3.2 All deviations from construction specifications
shall be noted on as-built drawings.

Galvanic Anodes
6.4.1 Inspection and handling

6.4.1.1 Packaged anodes shall be inspected and
steps taken to ensure that the backfill material
completely surrounds the anode. The individual
container for the backfill material and anode
should be intact. If individually packed anodes are
supplied in waterproof containers, the containers
should be removed before installation. Packaged
anodes should be kept dry during storage.

6.4.1.2 The lead wire must be securely connected
to the anode. The lead wire should be inspected
to ensure that it is not damaged. Care should be
taken to avoid damage to insulation and kinking of
the lead wire.

6.5 Impressed Current Systems

6.5.1 Inspection and handling

6.5.1.1 The rectifier or other power source shall
be inspected to ensure that internal connections
are mechanically secure and that no damage is
apparent. Rating of the direct current source
output should comply with  construction
specifications.  Care should be exercised in
handling and installation.

6.5.1.2 Impressed current anodes shall be
inspected for conformity to specified anode
material and size and length of lead wire, and to
ensure that the cap, if used, is secure. Care
should be exercised to avoid cracking or
damaging anodes during handling and installation.

6.5.1.3 The lead wire shall be inspected carefully
for defects in insulation (e.g., cracks, abrasions, or
excessive thinning below specified thickness).
Care should be taken to avoid damage to
insulation in the wire. Defects in the lead wire
must be repaired or the anode/wire unit must be
rejected.

6.5.1.4 Anode backfill material shall conform to
specifications.

6.5.2 Installation provisions

6.5.2.1 The rectifier or other power source should
be installed so that the possibility of damage or
vandalism is minimized.

6.5.2.2 Wiring to rectifiers shall comply with all
local and national electrical codes and
requirements of the utility supplying power. An
external disconnect switch on AC wiring shall be
provided. The rectifier case shall be grounded
adequately.

6.5.2.3 Impressed current power supplies should
be designed to prevent reverse current flow when
the unit is not operational.

6.5.2.4 Impressed current anodes should be
installed vertically, horizontally, or in deep holes as
indicated in the construction specifications.
Backfill material, when specified, should be
packed around the anodes, eliminating voids.
Care shall be taken to avoid damage to the anode,
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7.1

7.2

wire, and wire connection to the anode during
installation.

6.5.2.5 The conductor (negative lead wire) to the
structure shall be connected as indicated in the
specifications.  Conductor connections to the
power source must be mechanically secure and
electrically conductive. Before the power source is
energized, it must be verified that the negative
conductor is connected to the structure and the
positive conductor is connected to the anodes and
to the power source output terminals. After the
power source is energized, suitable electrical
measurements shall be made to verify that these
connections are correct.

6.5.2.6 Underground negative lead wire shall be
effectively insulated. Bare or ineffectively in-
sulated wire may require a substantial amount of
the total protective current.

6.5.2.7 Underground splices on the positive lead
cable to anodes shall be kept to a minimum.
Connections between cable and conductor from
each anode shall be mechanically secure and
electrically conductive. If buried or submerged,
these connections must be sealed to prevent
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moisture penetration so that electrical isolation is
ensured. If the insulation integrity on the buried or
submerged positive lead cable, including splices,
is damaged, the cable may corrode and fail
prematurely.

6.5.2.8 When specifications call for burial of the
anode cable, care must be taken to avoid damage
to the insulation. Sufficient slack shall be left in
the cable to avoid strain on connections and
anode leads caused by settling. Backfill materials
used around cables should be free of rocks and
foreign materials that might damage the wire
insulation when installed in the trench. Cables
may be installed by plowing if proper precautions
are taken.

6.6 Corrosion Control Test Stations and Bonds

6.6.1 Refer to Section D.5 of Appendix D for design of
corrosion control test stations and bonds.

6.7 Isolating the Wellhead from Pipelines and Other
Structures

6.7.1 Refer to Section D.2 of Appendix D for design of
electrical isolation.

Section 7: Control of Interference Currents

Introduction

7.1.1 This section presents recommended practices
for the detection and mitigation of interference
currents.The mechanisms and detrimental effects of
interference currents are described.

Mechanism of Interference Current

7.2.1 Interference current corrosion on a well casing
differs from electrochemical corrosion caused by other
conditions. The source of the corrosion current is
foreign or separate from the affected well. The foreign
structure may be electrically bonded to or isolated from
the affected well. Interfering currents may enter or
leave the casing at several locations along the well
casing. The damage from an interference current
occurs in the area where the current leaves the well
casing and enters the electrolyte.

7.2.2 The severity of interference resulting from stray
electrical current depends on several factors:

7.2.2.1 Distance between wells.
7.2.2.2 Location of pipelines with respect to wells.

7.2.2.3 Location of interfering current source.
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7.2.2.4 Depth of well casing.

7.2.2.5 Location of highly conductive earth
formations.

7.2.2.6 Magnitude of potential gradient in the
earth that the affected well penetrates. These
gradients are created by current flowing to other
structures.

7.2.2.7 Location of electric power line grounding
system.

7.2.2.8 Quality and extent of the cementing
program on the well casing.

7.2.3 Sources of interference currents:

7.2.3.1 Constant current—Sources that have
essentially constant DC output are CP rectifiers,
thermoelectric  generators, photovoltaic and
windmill battery units, etc.

7.2.3.2 Fluctuating current—Typical sources are
DC electrified railway systems, mine hauling

systems, pumps, welding machines, DC power
systems, etc.
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7.2.3.3 An interference current may originate in a
foreign CP system on nearby wells or pipelines
that are electrically isolated from the affected well.

7.2.3.4 Mutual interference current can result from
CP applied to other wells in a metallically
connected system that includes the affected well.

casing potential profile. The foreign direct current
source should be turned off and on during the test.

7.3.2.3 The variation in current output of the
suspected source of interference current should
be determined and compared with measurements
obtained in Paragraphs 7.3.2.1 and 7.3.2.2. This
may require correlation of data with time.

7.3 Detection of Interference Currents
7.4 Methods for Resolving Interference Corrosion

7.3.1 During well casing CP surveys, personnel should Problems

look for electrical changes and facilities that may be a
source of interference current.

7.3.1.1 A change in casing-to-electrolyte potential
when foreign electrical sources are switched off
and on is cause to investigate for downhole well
casing interference.

7.3.1.2 Well casing current measurement and
downhole well casing potential profiles should be
used to assess the presence and magnitude of
interference current.

7.3.1.3 The presence of external corrosion and
perforation of well casing may be determined by
using an electromagnetic thickness measurement
tool to find changes in wall thickness.

7.3.2 When interference current is suspected,
appropriate tests should be conducted to determine its
presence and magnitude. All affected parties shall be
notified before tests are performed. (Notification
should be channeled through an Underground
Corrosion Control Coordinating Committee, where one
exists).(4) Any one or a combination of the following
procedures can be used to determine the existence or
extent of interference:

7.3.2.1 Casing potential changes shall, where
practical, be measured with respect to a remote
reference electrode. The reference electrode shall
be placed beyond the earth gradient field of
interfering current. The foreign direct current
source should be turned on and off during the test.

7.3.2.2 Change in the magnitude of well casing
current should be measured, and the direction of
flow should be determined while performing a well

7.4.1 Each interference problem is unique and
the solution should be mutually satisfactory to all
parties involved.

7.4.2 Mutual interference between well casings may
be minimized when wellheads within the electrically
connected system are adjusted to equal potential with
respect to a remote reference electrode.

7.4.3 The interfering current source should be
removed or relocated.

7.4.4 The effect of interference current may be
counteracted by adding CP to the affected well.

7.4.5 Mutual interference between wells in a common
CP system may be reduced by providing an
interference bond, with a current drain regulating
device, from the wells to the rectifier.

7.45.1 An interference bond of proper resistance
should be designed and installed.

7.45.2 A current regulating device should be
installed in the rectifier cable connected to the
wellhead.

7.45.3 The current discharge from interfering
cathodic rectifiers should be adjusted to eliminate
or decrease interference.

7.4.6 The CP groundbed should be relocated.

7.4.7 The design of the CP system should be modified
when connecting pipelines (used as negative returns)
require a high percentage of the total current for
protecting the wells.

@ Information on Underground Corrosion Control Coordinating Committees may be available from the Technical Activities Division, 1440
South Creek Drive, Houston, TX 77084-4906 (telephone: +1 281/228-6200). Underground Corrosion Control Coordinating Committees are
asked to keep NACE International Headquarters informed of their activities, but records are more current on some of the groups than on
others.
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7.4.7.1 Rectifiers and groundbed with reduced
current output per unit should be added.

7.4.7.2 The dielectric coating of connecting
pipelines should be improved to reduce the total
required current.

7.5 Methods to Indicate Resolution of Interference

7.5.1 A satisfactory downhole well casing potential
profile log indicating current that is adequate to
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eliminate anodic areas on affected casing should be
obtained.

7.5.2 Sufficient CP currents, interpreted from surface
test data or empirical calculation, should be applied to
affected well casing.

7.5.3 Interference current discharges should be
neutralized as determined by applicable criteria.

Bibliography for Section 7

Gast, W.F. “Well Casing Interference and Potential
Equalization Investigation.” Materials Performance 13,
5(1974): pp. 31-36.

Kilpatrick, J.M., L.V. Collings. “Use of Casing Potential
Profile Test for Well Casing Interference Studies.” API
Production Division Southwestern District Spring

Meeting, Reprint No. 906-12-L. Washington, DC:
American Petroleum Institute (API), March 1967, p. 15.

Roberson, G.R. “Effect of Mutual Interference.” Materials
Protection 6, 3 (1967): p. 36.

Weeter, R.F., R.J. Chandler. “Mutual Interference Between
Well Casings with Cathodic Protection.” Materials
Performance 13, 1 (1974): pp. 26-30.

Section 8: Operation and Maintenance of CP Systems

8.1 Introduction

8.1.1 The purpose of this section is to designate
procedures and practices for energizing and
maintaining continuous, effective, and efficient
operation of CP systems.

8.1.1.1 Electrical measurements and inspections
are necessary to determine that protection has
been established according to the applicable
criterion and that each part of the CP system is
operating properly. Conditions that affect
protection may change with time, however, and
corresponding changes are required in the CP
system to maintain protection. Periodic
measurements and inspections shall be made to
detect changes in the conditions that affect the CP
system. Local conditions may exist in which
operating experience indicates that surveys and
inspections should be made more frequently than
recommended herein.

8.1.1.2 Care should be exercised in selecting the
location, number, and type of electrical
measurements used to determine the adequacy of
CP.

8.2 Tests shall be conducted after each CP system is

energized to determine whether the system is satisfying the
applicable criterion and is operating efficiently. Tests shall
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include one or more of the following types of measurements
and must relate to the criterion established by this standard.

8.2.1 Casing-to-reference-electrode  potential, as
applicable.

8.2.2 Calculation technique to estimate CP
effectiveness (refer to Paragraph 4.3.3).

8.2.3 Structure-to-structure potential.
8.2.4 Current flow.

8.2.5 Well casing potential profile (refer to Paragraph
4.3.1 and Appendix A).

8.3 Periodic tests are suggested to ensure the continuity of
CP; the electrical measurements used in the tests may
include one or more of the measurements listed in
Paragraph 8.2.

8.4 Inspection and tests of CP facilities should be
conducted as follows to ensure their proper operation and
maintenance:

8.4.1 All sources of impressed current shall be
checked at intervals not to exceed two months.
Evidence of proper functioning may include the current
output, normal power consumption, a visual or audible
signal indicating normal operation, or the satisfactory
electrical state of the protected casing.

13
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8.4.2 All impressed current protective facilities should
be inspected annually as part of a preventive
maintenance program to minimize in-service failure.
Inspections may include a check for electrical shorts,
ground connections, meter accuracy, efficiency, and
circuit resistance.

8.4.3 Reverse current switches, diodes, and
inteference bonds, whose failure would jeopardize
structure protection, shall be inspected for proper
functioning at intervals not to exceed two months.

8.4.4 The effectiveness of electrical isolation fittings
and continuity bonds shall be evaluated during periodic
testing. This may be accomplished by on-site
inspection or by evaluating corrosion test data.

8.5 The test equipment used for obtaining each electrical
value shall be of an appropriate type. Instruments and

related equipment shall be maintained in good operating
condition and checked annually for accuracy.

8.6 Remedial measures shall be taken when periodic tests
and inspections indicate that protection is no longer
adequate according to applicable criteria. These measures
may include:

8.6.1 Repair, replacement, or adjustment of
components of CP systems.

8.6.2 Providing supplementary facilites  when
additional CP is necessary.

8.6.3 Repair, replacement, or adjustment of continuity
and interference bonds.

8.6.4 Removal of accidental metallic contacts.

8.6.5 Repair of defective electrical isolation devices.

Section 9: Corrosion Control Records

9.1 Introduction

9.1.1 The purpose of this section is to describe
corrosion control records that document in a clear,
concise, workable manner the data pertinent to the
design, installation, maintenance, and effectiveness of
corrosion control measures for well casings.

9.2 Relative to determination of the need for corrosion
control, the following should be recorded when applicable:

9.2.1 Information on corrosion leaks (e.g., date, well
identity, location).

9.2.2 Electromagnetic casing thickness measure-
ments.

9.2.3 Casing potential profile data.

9.2.4 Coating type applied to external surfaces of
casings.

9.3 Relative to structure design, the following should be
recorded:

9.3.1 Location and design of wellhead and associated
electrical isolation devices.

9.3.2 Design and procedure for isolating or bonding
any associated electrical power source grounding
system.

9.3.3 Design and location of test leads, bond cables,
and other test facilities.
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9.3.4 Details of any other corrosion control measures
taken.

9.4 Relative to the design of corrosion control facilities, the
following should be recorded:

9.4.1 Results of current requirement tests and how the
tests were performed.

9.4.2 Results of soil resistivity surveys at groundbed
locations, and where the surveys were made with
respect to other wells, pipelines, and structures.

9.4.3 Interference tests and design of interference
bonds and drainage switch installations, including:

9.4.3.1 Location of interference source relative to
location of wells and other structures.

9.4.3.2 Scheduling of interference tests,
correspondence with coordinating committees,
coordinating committee minutes, and direct
communication with the concerned companies.
9.4.3.3 Record of interference tests conducted,
including location of tests, name of company
involved, and results.

9.5 Relative to the installation of corrosion control facilities,
the following should be recorded:

9.5.1 Installation of CP facilities
9.5.1.1 Impressed current systems

(a) Location and date placed in service.

NACE International
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(b) Type, size, depth, backfil, and spacing of
anodes.

(¢) Number of anodes.

(d) Location of groundbed anodes with respect to
wells, pipelines, and other structures.

(e) Specifications of rectifier or other energy
source.

(H) Type(s) and size(s) of buried cable.

9.5.1.2 Galvanic anode systems

(@) Location and date placed in service.

(b) Type, size, backfill, and spacing of anodes.
(c) Number of anodes.

9.5.2 Installation of interference bonds and drainage
switches

9.5.2.1 Details of interference bond installation
(&) Locations and names of companies involved.

(b) Resistance value or other pertinent in-
formation.

(c) Magnitude and polarity of drainage current.
9.5.2.2 Details of drainage switch installation

(@) Locations and names of companies involved.
(b) Type of switch or equivalent device.

(c) Data showing effective operating adjustment.

9.5.2.3 Details of other remedial measures

NACE International
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9.6 Records of surveys, inspections, and tests set forth in
Sections 4, 5, 7, and 8 should be maintained to
demonstrate that applicable criteria for interference control
and CP have been satisfied.

9.6.1 Current drained from the well casing should be
recorded at intervals consistent with company
requirements.

9.6.2 Other electrical measurements should be
recorded as required to monitor the CP for each well
and to satisfy the criterion for CP of the wells.

9.7 Relative to the maintenance of corrosion control
facilities, the following information should be recorded:

9.7.1 Maintenance of CP facilities

9.7.1.1 Repair of rectifiers or other DC energy
sources.

9.7.1.2 Repair or replacement of anodes,
connections, and cable.

9.7.2 Maintenance of interference bonds and drainage
switches

9.7.2.1 Repair of interference bonds.

9.7.2.2 Repair of drainage switches or equivalent
devices.

9.7.3 Maintenance, repair, and replacement of
electrical isolation devices, test leads, and other test
facilities.

9.8 Records sufficient to demonstrate the evaluation of the
need for and the effectiveness of corrosion control
measures should be retained as long as the facility involved
remains in service. Other related corrosion control records
should be retained for a period that satisfies individual
company needs.

15
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Appendix A—Casing Potential Profile
(Nonmandatory)

A.1 Introduction

A.1.1 This appendix describes a typical potential
profile tool, its function, and use. Procedures for
interpreting data are covered. This appendix
supplements Paragraph 4.3.1 of this standard.

A.1.2 The name “casing potential profile” has been
widely accepted. The measurement is actually a
potential difference, and the plotted data represent a
casing potential difference profile. The tool measures a
potential difference between two points on the casing
as opposed to the potential of a pipe as measured in a
pipe-to-soil potential in evaluating pipeline corrosion.
The term potential difference is used interchangeably
with voltage (IR) drop.

A.1.3 A casing potential profile should be performed
under the direction of a person qualified by knowledge
and experience in this particular endeavor.

A.2 Types of Casing Potential Profile Tools

A.2.1 A typical casing potential profile tool consists of
two contacts positioned 3 to 8 m (10 to 26 ft) apart on
tubing and separated by an electrical insulator. A wire
is attached to each contact and brought to the surface
to a voltmeter. The tool is moved along the inside of
the casing to take voltage drop measurements as
needed. (Refer to Figure Al.)

A.2.2 Some of the contact devices are:

A.2.2.1 Spring-loaded knives that continuously
contact the casing while moving up or down.
Tension is increased against the casing wall by
manipulating the position of knives.

A.2.2.2 “Pipe  cutter” wheels permanently

tensioned on spreader arms. Wheels
continuously ride the casing wall at constant
pressure.

A.2.2.3 Spreader arms with contactors that are
opened and closed by an electric motor or
mechanical means from the ground level.
Pressure against the casing wall is adjustable.

A.3 Effect of Electrical Resistance on Data

A.3.1 Variable circuit resistance affects voltage (IR)
drop readings. Because the electrical resistance of
steel casing is extremely low (in the p-ohm per m
range), the equipment design and procedure used to
measure voltage are critical. For example, the voltage
measured across approximately 6 m (20 ft) of casing
can be in the range of 1 to 5,000 puV. The resistance
portion of the electrical circuit consists of the following:

A.3.1.1 The well casing between the profile tool's
upper and lower contacts.

A.3.1.2 Other permanent tool fittings and cable
and connectors.

A.3.1.3 Contact of the knives to the casing wall at
each setting.

A.3.2 Resistance tables for the various casing grades
are available.”> The resistance of the casing for a given
API® grade changes as downhole temperature
increases.

® American Petroleum Institute (API), 1220 L St. NW, Washington, DC 20005.
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The resistance of the casing can be measured prior to
installation.

A.3.3 A voltage (IR) drop measured across a given
length of casing and total resistance can be used to
calculate the current flow. The resistance value should
be corrected for changes caused by temperature and

SP0186-2007

A.4.1 Thermal voltage differences between upper and
lower contacts, casing wall, and knives. This is caused
by the contacts riding continuously on the casing wall.

A.4.2 Resistance between contacts and casing wall.
Foreign material on the casing wall can increase the
total resistance and give an erroneous voltage (IR)

grade of steel.

A.4 Other Influences on the Measured Voltage (IR) Drop

© = Voltmeter

To Lower Contacts To Upper Contacts

Collar

Cable to Service
Truck

Upper Contact

— \Well Casing

— Electrical
" Isolator

Lower Contact

Collar

FIGURE Al—Casing Potential Profile Tool
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drop reading. Some foreign materials commonly
encountered are corrosion products, scale, petroleum
deposits, corrosion inhibitors, and moisture.

A.4.3 Ineffective electrical insulation between upper
and lower contacts.

A.4.4 Electrically conductive fluid in the casing and in
contact with the tool.

Use of Instruments
A.5.1 Voltmeters with a high impedance and resolution

of 1 pV and a short response time are required. They
should also have AC rejection and be temperature

A.5.2 The accepted procedure is to connect the
positive (+) terminal of the voltmeter to the lower
contact of the potential tool. A positive reading
indicates current flowing up the casing (from positive to
negative), and a negative reading indicates current
flowing down the casing.

A.5.3 The tool is stopped at a given location in the well
casing, and the IR drop readings are repeated, if
required, until an acceptable one is obtained. An
acceptable reading is one that is consistent with the log
and other available data.

A.6 Data Use and Interpretation

compensated. Instruments should be calibrated A.6.1 A typical example of a casing potential profile
annually. plot is shown in Figure A2.
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FIGURE A2—Typical Casing Potential Profile Plot
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B.1

B.2

B.3

A.6.2 Considerations in interpreting casing potential
profile data:

A.6.2.1 Abrupt or inconsistent changes in single
readings may indicate poor contact of the tool with
the casing wall.

A.6.2.2 Data taken from a production casing
shielded by other casing in the well are not
necessarily indicative of current gain or discharge
from the production casing to the formation.

A.6.2.3 A positive slope of the plotted voltage (IR)
drop versus depth normally indicates an increase
in the amount of current being picked up by the
casing.

A.6.2.4 A negative slope of the voltage (IR) drop
normally indicates a discharge of current from the
casing.

A.6.2.5 Changes in slope are caused by a change
in current or resistance. Resistance changes can
be caused by:

(@) Change of wall thickness (e.g., corrosion,
manufacturer’s tolerance).

(b) Change of API pipe grade.

(c) The bridging of collars by the contacts of the
tool.

A.6.2.6 Each voltage (IR) drop reading taken on a
section of the casing (typically several meters)
measures the long-line current. The local anodic
cells are not detectable within the span of the tool.
Current pickup is not necessarily uniform along the
casing between tool contacts. Therefore, the
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current density at a given area on the casing may
be greater or less than that indicated.

A.6.2.7 Casing potential profile data give a
reasonable indication of the amount of current
flowing and indicate a direction of current flow.
The data cannot be interpreted to determine
whether sufficient current is being applied to
cancel all corrosion cells.

A.7 Well data for each well can assist in interpreting
potential profile readings. These data may include the
following:

A.7.1 API grade, diameter, length, and weight of
casing joint and its location in the well.

A.7.2 Collar locator, used to facilitate positioning of a
casing potential profile tool between collars.

A.7.3 Electromagnetic logs, which help determine
changes in wall thickness and grade of casing, and
allow evaluation of the inner wall surface condition.

A.7.4 Formation resistivity logs that identify strata that
may alter current distribution.

A.7.5 Leak history and repair methods.
A.7.6 Other types of logs for a given well can aid in

interpreting casing potential profile data. Refer to
Paragraph D.7.4 of Appendix D.

A.8 Interference Testing with the Casing Potential Profile

A.8.1 The casing potential profile tool is valuable when
used to determine electrical DC interference. Data
obtained pertain only to the conditions prevailing at the
time of the test.

Appendix B—E-Log-I Test
(Nonmandatory)

Introduction

B.1.1 The purpose of this appendix is to outline the
procedure for performing an E-log-1 test and to give
guidelines for interpretation of data. This appendix
supplements Paragraph 4.3.4 of this standard.

General
B.2.1 An E-log-l test should be performed under the
direction of a person qualified by knowledge of and

experience in this particular endeavor.

Prerequisites to Performing an E-log-1 Test
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B.3.1 All buried metallic structures must be electrically
isolated from the casing.

B.3.2 The temporary groundbed should be located at a
sufficient distance from the well to give optimum
current distribution along the well casing. When
feasible, it should be placed where permanent bed
location is anticipated.

B.3.3 Other buried metallic structures should be
located.

B.3.4 Foreign rectifiers or other DC sources that could
influence the test should be located.

19

SED_RT_0050



SP0186-2007

B.4

20

B.3.5 The locations of high-resistivity strata that make
it difficult to force current through underlying formations
should be determined.

B.3.6 Placement of the reference electrode should be
based on well depth, well spacing, and distance to
foreign structures, and it should be beyond the
influence of the test groundbed.

Test Procedure

B.4.1 After the equipment is set up (see Figure B1l),
the test should be conducted according to the following
steps.

B.4.1.1 The “native state” potential, i.e., the
potential with zero groundbed current, should be
measured and recorded.

B.4.1.2 The test should then be begun by
impressing current through the groundbed onto
the well casing at the predetermined level (typically
0.1 A, as in Figure B2, for the selected time,
typically two or three minutes).

B.4.1.3 At the end of the selected time, the current
flow should be interrupted and the potential should
be observed. Within a fraction of a second, the
potential will drop abruptly. It will then begin a
gradual “decay.” The potential of interest is that

B.5

just prior to the start of the decay. This is
frequently referred to as the instant-off potential.

B.4.1.4 The current interruption should last no
more than two seconds. A higher current should
then be applied to the casing at the next
predetermined current level. Typically, increments
from 0.1 to 2.0 A are used.

B.4.1.5 The current increments should be
selected to meet the requirements of individual
conditions and to ensure the proper interpretation
of the E-log-I test.

B.4.1.6 Time intervals should be consistent
throughout the test.

Interpretation of Test Results

B.5.1 Figure B2 is an example of an E-log-l curve.
Casing-electrolyte potentials and current applied are
plotted on semilogarithmic scales. The interpretation of
the curve is dependent on the experience of the
operator. The current required is usually taken at the
intersection, point A, or the first point lying on the Tafel
segment, point B.

B.5.2 If the E-log-I results have not been verified for a
given group of wells, additional testing such as the
casing potential profile log should be conducted.

DC SOURCE Voltmeter
(With Current Control) /:1
— o -~ Wire Reel
pSane i ane
p—
TCH
— Electrically Isolate or
Disconnect
Cable Reference Electrode
\l I
g ] PRV “
N
| | | I I Well Casing
Ground Bed
O

FIGURE B1—Equipment Set-Up for E-Log-I Test
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FIGURE B2—Sample E-Log-I Plot

Appendix C—Electromagnetic Casing Inspection Instruments

(Nonmandatory)

C.1 Introduction

C.1.1 Subsurface electromagnetic inspection in-
struments are used to inspect the casing wall for
defects. The inspection helps in determining a need to
install a CP system or in determining its effectiveness
after installation. These instruments fall into two broad
categories; one induces an AC electromagnetic field
into the casing wall and the other, a DC
electromagnetic field into the casing wall. A
comparison of these electromagnetic inspection
instruments points out the differences in the methods
of measurement and the significance of these
differences.

C.2 Corrosion Inspection Instruments

C.2.1 The AC inspection instrument derives its signal
by detecting the amount of phase shift measured
between the low-frequency transmitter coil and the
receiver coil. The transmitter coil is energized with a
low-frequency AC current, causing an electromagnetic
field to be induced into the casing. The field is
detected by the receiver coil, usually located 300 to
600 mm (12 to 24 in.) away.

NACE International

C.2.1.1 The amount of phase shift of the received
signal from the transmitter is related to the
properties of the casing. These properties are:

(a) Casing weight.
(b) Casing size.

(c) Casing grade, including permeability and
conductivity.

(d) Metallic influence outside casing, if inspected
casing is inside another casing (e.g., scratchers,
centralizers).

C.2.1.2 The predominant response is a result of
the change in the casing weight. Because there is
an “averaging” effect between the transmitter and
receiver coil, there must be significant metal loss
(e.g., by corrosion) with respect to normal casing
weight to cause a meaningful change in the phase
shift.

C.2.1.3 The accuracy is such that a change from

one API casing weight to another of the same size
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casing is detectable. It is responsive to the
change in the amount of metal, whether the
change is internal or external.

C.2.1.4 Supplementally, a noncontact electronic
caliper is usually available for added internal
information, and some instruments are also
equipped with a set of closely spaced coils to
provide uncalibrated indications of small defects.

C.2.2 The DC inspection instrument derives its casing
defect signal by detecting a disturbance in an otherwise
stable magnetic field within and surrounding the casing
wall. The stable magnetic field is induced into the
casing wall. A defect such as a corrosion pit causes a
field irregularity or “flux leakage” at that point on both
sides of the casing wall, whether the defect itself is on
the inside or the outside wall of the casing. This
disturbance can be created by a single pit, an isolated
defect, or by a group of closely located pits, i.e.,
general corrosion. The instrument sensors detecting
the field disturbances are small and are in contact (as
close as possible) with the internal circumferential
surface of the casing.

C.2.2.1 Signals emitted by these sensors are
caused by changes in the field disturbances,
which vary because of:

(@ The strength of the induced DC magnetic
field.

(b) Defect depth.
(c) Defect shape.

(d) Metallic influence outside casing (e.g.,
scratchers, centralizers, another casing).

(e) Casing wall thickness.

(f) Casing size.

(g) Casing grade, including permeability and
conductivity.

(h) The speed with which the sensor passes the
defect.

C.2.2.2 Techniques currently in use utilize the
amplitude of the sensor signal. Although casing
wall thickness affects the signal amplitude, the
sensor does not discern that thickness; the
amplitude response is usually calibrated to
indicate depth of defect penetration in percent of
the total casing wall thickness.

C.2.2.3 Instrument sensitivity is normally limited to
defect depths greater than 20% of the casing wall
and defect areas greater than 32 mm (1.3 in.) in
diameter.  Accuracy of the corrosion defect
measurement is approximately +15% of defect
depth in ideal single-string conditions when the
casing information is known (e.g., weight, grade,
etc.)

C.3 The information presented in Table C.1 may be used to
determine which instrument is the most effective for certain
situations.

C.3.1 Normally, operating conditions for both
instruments are for temperatures up to 177°C (351°F),
pressures of 100 MPa (14,500 psi), and casing sizes
from 110- to 250-mm (4.3- to 9.8-in.) outside
diameters. Some instruments can operate in
conditions beyond these limits. The performance of
either instrument is degraded when run in a multistring
casing; however, the DC instrument’s operation is less
affected.

C.3.2 The running of base logs as soon as possible is
recommended for better evaluation of future data.

C.3.3 Clean casing walls result in more reliable
inspections.

TABLE C.1—Instrument Effectiveness

Type of Detects  Detects Small Detects Detects Detection Detects  Detects
Instrument  Casing Defects and Large Holes Casing of Outer Parted  Drill Pipe
Collars Defect Depths  in Casing Weight Casing Casing Wear
Change String String
AC Yes No Yes Yes Yes Yes
DC Yes Yes No No Yes No
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Appendix D—Well Completion Design and Other Factors Associated with CP
(Nonmandatory)

Introduction

D.1.1 The purpose of this appendix is to provide
accepted corrosion control practices for the design of
CP systems for oil production, natural gas production,
and natural gas storage wells and associated
aboveground facilities. A person qualified to practice
corrosion control should be consulted during all phases
of well design and installation (see Paragraph 1.5.)
These recommendations should not be construed as
taking precedence over recognized electrical safety
practices. Electrical grounding procedures at the well
surface must conform to local, state, and national
codes.

Electrical Isolation

D.2.1 Isolating devices consisting of flange as-
semblies, prefabricated insulating joints, unions, and
couplings should be installed to isolate the well
production casing electrically from other wells,
associated pipelines, gauge lines, and structures when
required to facilitate the application of corrosion control.
These devices should be properly rated for
temperature, pressure, and dielectric strength.
Installation of isolating devices should be avoided in
enclosed areas where combustible atmospheres are
likely to be present. Typical locations at which
electrical insulating devices may be considered are as
follows:

D.2.1.1 Where facilities change ownership, e.g.,
the wellhead.

D.2.1.2 At the junction of bare well casing and
associated pipelines and facilities.

D.2.1.3 At the junction of dissimilar metals (to
prevent galvanic corrosion).

D.2.2 Isolating devices

D.2.2.1 Inspection and electrical measurements
should be performed to ensure that electrical
isolation is adequate.

D.2.2.2 Buried isolating devices should be suitably
coated or wrapped with insulating material to
prevent electrical current transfer through the
surrounding soil.

D.2.2.3 Additional or special isolating devices may
be needed on pipelines containing conductive
fluids.
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D.3

D.4

D.5

D.2.3 The need for lightning and fault current
protection at isolating devices should be considered.
Cable connections from isolating devices to arrestors
should be short, direct, and of a size suitable for short-
term, high current loading.

D.2.4 When electrical contact would adversely affect
CP, well casings should be electrically isolated from
supporting pipe stanchions and structures.

D.2.5 When an isolating device is required, proper
pressure-rated materials manufactured to perform this
function should be used and installed according to
manufacturer's recommendations.

D.2.6 As much distance as is practical should separate
well casings, associated pipelines, and other facilities
from electric transmission tower footings, ground
cables, and counterpoise. Regardless of separation,
consideration should always be given to lightning and
fault current protection of well casings and safety of
personnel. (See NACE SP0177.%)

D.2.7 Plastic fittings used in chemical pump lines must
meet electrical and physical requirements.

D.2.8 Isolation of high-temperature natural gas
discharge and oil lines requires special design
considerations for use of materials.

D.2.9 Nonmetallic isolators should meet specifications
for use in buried and aboveground applications, as
required.

Electrical Continuity

D.3.1 Consideration should be given to the electrical
properties of screwed casing couplings. To ensure
electrical continuity, low-electrical-resistance thread
compounds should be used.

Coatings

D.4.1 A dielectric coating used on a well casing
requires a surface that provides a good physical bond
between it and the formation or cement to ensure a
sealed environment. NOTE: Coatings used on well
casings require special dielectric, physical, and
chemical qualities, which are beyond the scope of this
standard.

Corrosion Control Test Stations and Bonds

D.5.1 Test stations for potential and current
measurements should be provided at the well to
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facilitate CP testing. Such use may include, but not be
limited to, the following:

D.5.1.1 Well production casing.
D.5.1.2 Well surface and intermediate casings.

D.5.1.3 Dehydration, oil pumping, natural gas
compressor, and other similar facilities.

D.5.1.4 Foreign metallic pipelines or facilities near
the well.

D.5.1.5 Gauge lines.

D.5.2 Test leads should be color coded or otherwise
permanently identified. Wire should be installed with
slack. Damage to wire insulation should be avoided.
Test leads should not be exposed to excessive
sunlight. Aboveground test stations are preferred. If
test stations are flush with the ground, adequate
conductor slack should be provided within the test
station to facilitate test connections.

D.5.3 An isolating device can be accommodated by
attaching an appropriate test wire and low-resistance
current-carrying cable to each side of the device.
These cables and wires should be appropriately color
coded or labeled and terminated at a convenient
location for bonding when needed. Shunts may be
used to measure current.

D.5.4 The test station may accommodate current-
carrying cable when a pipeline is utlized as the
negative return. Current-carrying cable or wire should
not be used as a contact for taking casing-to-reference-
electrode potentials.

D.5.5 Attachment of test leads and cables to steel well
casings and equipment

D.5.5.1 Test leads are usually attached to an
aboveground fitting, which is directly connected to
the well casing. Soldering or thermit welding may
be used to attach wire or cable when heating
requirements do not exceed the temperature limit
for casing and fittings. NOTE: Care should be
taken to ensure that specified temperature limits
are not exceeded during thermit welding to prevent
damage to the 7E)ipe by copper penetration. Consult
ANSI®/ASME"  B31.8* Paragraph 862.115 on
Electrical Connections and Monitoring Points, for
additional  guidelines on thermit welding.
Mechanical connections to flanges and other
fittings can be used if they remain secure and

maintain low resistance. Refer to NACE SP0169.°

D.5.5.2 Attaching test wires directly to the
production casing below ground level is beyond
the scope of this standard. Special consideration
must be given to requirements for cementing and
completion procedures.

D.5.6 Coating of test wire attachments

D.5.6.1 All test lead wire and cable should be
coated with a direct burial type of electrical
isolating material.  Attachments to fittings or
casings should be coated with a dielectric material.
The coating should be compatible with the existing
coating on the fitting or casing.

D.6 CP

D.6.1 Refer to Sections 5 and 6 of this standard for the
design and installation of CP.

D.7 Information Useful for the Design and Monitoring of a
CP System

D.7.1 Well piping system specifications and practices.

D.7.1.1 Total length, size, weight, API grade, and
location of each casing string in the well.

D.7.1.2 Electrical resistance of steel -casing.
Tables are available for various grades and
temperatures. ¢

D.7.1.3 Coatings (dielectric)—well casings and
connecting pipelines.

D.7.1.4 Cement types and grades, and locations
of cemented intervals.

D.7.1.5 Drilling mud—type, inhibitor.
D.7.1.6 Additives to cement or mud.
D.7.1.7 Completion data regarding backfill around
casing and the location of cement or other

material.

D.7.1.8 Surface well fittings such as valves for
access to casing.

D.7.1.9 Locations of metallic scratchers and
centralizers.

D.7.1.10 Locations of metallic stress rings.

© American National Standards Institute (ANSI), 1819 L St., NW, Washington, DC 20036.
™ ASME International (ASME), Three Park Avenue, New York, NY 10016-5990.

Casing resistance data tables available from Manager, Casing Inspection Services, Dresser Atlas, Box 1407, Houston, TX 77251. Tables
were based in part on data found in a U.S. Steel Technical Report.”
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D.7.1.11 Acidizing procedures.

D.7.2 Well and associated pipeline site environments

D.7.2.1 Existing and proposed CP systems.

D.7.2.2 Possible interference sources (see
Section 7 of this standard).

D.7.2.3 Surface environmental conditions.

D.7.2.4 Foreign buried metallic structures
(including location, ownership, and corrosion
control practices).

D.7.2.5 Site accessibility.

D.7.2.6 AC power availability.

D.7.2.7 Status of well's electrical isolation from
foreign structures.

D.7.3 Field survey, corrosion test data, and operating
experience

D.7.3.1 Electrical resistivity of the electrolyte (soil).

D.7.3.2 Electrical continuity (low resistance is
required across well casing threaded couplings).

D.7.3.3 Cumulative leak history.

NACE International
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D.7.3.4 Interference current data.

D.7.4 Well logs used to supplement other test data
utilized for design

D.7.4.1 Electromagnetic alternating current and
direct current logs (thickness gauge).

D.7.4.2 Electric log—formation resistivity normally
available from well completion data.

D.7.4.3 Gamma ray neutron log—determines
relative lithology for location of high-resistivity
formations.

D.7.4.4 Collar locator log—facilitates other logs
such as casing potential profile.

D.7.4.5 Cement bond log or temperature log—
indicates where cement is located between well
casing and formation.

D.7.4.6 Optical inspection inside casing.

D.7.4.7 Caliper log (mechanical feelers) to
determine internal wall thickness change or
defects such as corrosion pits.

D.7.4.8 Dual induction resistivity log.
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5-24

5=25

5-26

FORM 103 SUBMIT IN DUPLICATE L ver

HRESOQURCES AGENCY OF CALIFORNIA
OEPAHTMIINTY OF CONSERVATION

DIVISION OF OIL AND GAS

History of Oil or Gas Well

OperaTor Pacific Afaigh.’.ﬂ_iﬁ.s_,.ser‘!i,cs‘_,,99"!1?%1_51{ ... Fwp....... Aliso Ganyom = - - .-

Well No.......SFZU_ 88-2% . Sec..® 7. 3N R.AW . S.Bspoam
Sentember 5, 73 . i i}

Date g Tl L Sifhed. o s Bl R

P. 0. Box 54790, Terminal Annex
JLos_Angeles, California 90054 (213) 689-3561 __ Tite

(Address) (Telephone Number) (President, Sccretary or Agent)

It is of the greatest importance to have a complete history of the well. Use this form to report a full account of all important operations during the
drilling and testing of the well or during re-drilling, altering of casing, plugging, or abandonment with the dates thercof. Be sure to include such items
as hole size, formation test details, amounts of cement used, top and bottom of plugs, perforation details, sidetracked junk, bailing tests, shooting and
initial production data.

Before moving in California Production Service rig, pumped 50 bbls. of oil heated
to 250° into tubing to dewax the well. Rigged up and using McCullough, shot four
3/8" holes in tubing at 848B5' with deflecting bullets. Pumped in one 60 bbl.
batch of high gel polymer drilling fluid and obtained circulation with LOO bbls.
of drilling fluid,

Circulated out gas and oil from well and bled off trap pressure. Removed X-mas
tree and installed B.0.P.; including hydril, complete shut-off and tubing rams.
Pulled tubing