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- V'»practlces was necessar

E METHODS or rSllUTTING OFF WATER IN oI AND
T GAS WRLES. o

i ';.’

By F B TOUGH R

doubtless be under con s1derat10n and dlscussmn s6 long as there are
enough known'" depos1 s of oil ‘and gas: remammg in the earth to
- -make. their révelopment proﬁtable ‘The Bureau,of M1nes has, re-
peatedly called attentron to the. 1mpor}:ance of’ protectlng oil or gas~
" sands from the encroachment of ‘water, and the purpose of th1s paper
1s to’ summarlze ‘existing’ knowledge of methods and- dev1ces L
Water may, gain céss 1o~ an oil- bearmg formation from several
3 ,sources—from Water sands above or' below ‘those_ contammg the o1l

or by encroachmg thropgh the oil sands as'the oil is withdrawr. In -

: sllort it may enter awell from the « top, bottom, or side.” Stich i i

gress of water 1s ‘a. most serlous detrlme t‘to the recovery of o1l from
.g_the ground .-' o ‘~

Ry }propertres has progressed
'1ncreas1ng thought labor, and” money have ‘béen expended on various
'methods, dev1ces, and equlpment for arresting the rmgratlon of water
P nto the porous stratacontarn-
. _ Cin he oil: ﬁeld development of Callforma it be-
‘came évident that -COT
order to’ meet ‘the cond1t1ons 1mposed by,
the poorly consohdated shale clay, sand; and bowlder beds pene- ‘

" ftrated as well as the: hard layers of" sanllstone and calcareous shale,‘

. 'from the older ﬁelds of the

-which vary greatly ‘in: -thickness,’ hardness, and frequency These
- hard streaks are commonly called “ shell, - and are so reported i 1n the
. well logs: - As; deeper -and deeper terrltory was prospected,. drlillers
e Eagt, as well as, from Texas and Loulsaana
‘ ﬁelds, took: part in; the operatlons The pract1ce evolved was; thus, -
“baged.on the W1de exper1enee of.a. mostlcosmopohtan group, of men. -

'who, cons1dered as.a group, were, not. hampered_ by, bemg l1m1ted to,

the ‘knowledge of the practlce at any one locahty i

7

'derable mod1ﬁcat10n of accepted dr1lhng.:
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8 S SHUTTING OFF WATER IN OIL WELLS."

The ﬁrst part of thrs paper deals with the Cahforma methods of
shuttmg off water in oil and gas wells. Subsequent chapters are
devoted to a brief descr1pt10n of some methods used in the Mid- Con-
tinent and the Gulf fields for shutting off water, and contain some
suggestlons for modifying California methods-to make them appli-"
cable in théese localities. - No effort is made:to,cover in detail all of
the Mid- Contment or Gulf methods for handhng water troubles
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DEFINITIONS OF- TERMS

Varlous patents have been jssued by the United’ States Patent. Of-' .
fice that cover partly or entlrely ) partlculariprocess or miethod' of .

“shutting off water. Tn this report names; such as “ Grahm float: plug,”

“Perkins process,” and “ Baker sure- shot plug,” aré employed ‘in"the -

same sernse as apphed n ﬁeld operatlons where the proCess or apph-‘ o
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‘ance Was: observed Suéh names, are used with quotation marks: to in-
dicate- that no respons1bll1ty for their legal’ ‘correctnessis. ‘assumed.
» Frequently two then Working in: different fields will solve a:similar
‘problem in pract1cally :the’ same - Way, and each. Wlthout any ] kiowl-
edge.of the other’s work.: :Thus it is no' reflection on any man’s- Work
if a certain. operat1on be descrlbed as havmg been conducted by ‘some
one'else.sr. T e p o N Y
~.Thé word “ cement?? refers to a- good grade ‘of Portland cernent

: Several .manufacturers are. now' marketing a cement especially pro-
._portloned and ground for use in oil wells " Of course any of ‘the -
- various: methods of cementmg can be used W1th any su1table cement- .

_ ing material. St T T e
¢ «The term . “ shell?’. 1s “ased tordenote layers of- hard sandstone or
~hard. calcareous shale penetrated by the drill. TSI

.. Thé. term blowmg}” a_welllrefers:to the: practlce ‘of: permllttmv _
: the gas to blow unréstiained in order to free the: Well of accumu lated
’ Water, or for any other, purpose ‘
1% Mud flush ™is ‘the ! muddy water used- for the purpose of ﬁushlng_ -
dr1ll cuttings out . of the hole, a8 d1st1ngu1shed from-“mud fluid,”
applied for sealing’ off i ' porous strata. iA full d1scuss10n of what ‘con-
stitutessmud fluid in Well -drilling;operations isgiven:on page 59;
.. The -term “ muddlng ” refers.to:the application of mud ﬂu1d to a .
well. -« A-well -to Whlch the mud ﬂu1d xmethod has been apphed 1s‘
‘said to.be “mudded:” s - . .- % :
-r'Fhe: term “ water: shut- ff ?-refers to shuttmg off a. Water bearlng
sandiin the well by anynof the methods used:: EERREER -
«ZA“ formation ? shut off-is-had when the Thole is so cased that the_
-casing;makes a tight- ﬁt -with the walls;of- the hole, Wlthout the:uise . -
of: cementmg taterial i ‘or packers T o m e Joo
“formation ” packer isa packer of’ rubber, burlap, or other ma-
terlal .Which:. presses: agalnst 2 formation - penetrated- and ma,{es a
tlght fit, between the casmg and the Walls of the hole PR T

|
‘ 'HARMFUL EFFECT OF, WATER ON PRODUCTION OF OIL AND;iGAS

As ther present paper deals exclus1vely with: Ways ‘and means for-
excludlng water- from !’an oil well- or a ‘gas’ well ‘o 'from’ stratal -con-

. tainingioi] ‘or gas, cons1derat10n may: first be- glven “to'the damage

loccasmned when Watet' is .admitted by: improper “drilling. - Al few
. observed facts, rather generally recognized in the production of petro-
_leum, have:a direct bearlng on’:the. subject.- These are stated bjrleﬂy ‘

" - in the following discussion: Coben

~ “When a new well is being drllled in v1rg1n or shghtly depleted
territory, little water will “run away ” or enter the oil-bearing sands,
and the small volume. so entermg is readily e]ected by the gas and
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is pumped out. The greater the degree of depletlon of the 011 con- -
tained in the sand in the vicinity of a well, the more readlly will the -
sand take water, and, likewiseé, the more difficult is the removal .
process. An 1mportant factor is the greater surface tension of water
as compared with that of oil. Another important factor is the de-
crease in the expulsive force coincident with the .exhaustion of the
gas. Water once admitted to the depleted sand hangs tenaciously.in
,the interstices, thus retarding the flow of oil to-the well. A new -

“well in 2 partly depleted ﬁeld or sand may suffer in this respect just
as an old well being redrilled. E : !

. It -is . well recognized in. Cahforma, Mld Contmcnt and Gulf
coast fields, and probably elsewhere, that such ingress of water is.
asually attended by a great decrease in the’ yolume of oil. produced

~ by the well or wells affected. ;. Tn addition to the causes just stated,
the chilling effect of .the water on oils of paraﬁin base may-cause the
formation of wax.in the sand adjacent to the well and, further retard -

~ production. | T

~ Many operators in eastern ﬁelds contend ‘that a small volume of

" salt water, which is usually of-a higher temperature than fresh water,
has.a beneficial effect’ on production, as its heat tends to offset the
refrlgeratmg effect ;of the expanding ‘gases as they. enter the well.
If any such beneficial, effect can:justly be attributed to the action of
‘salt Water, the effect will probably. be limited:to sands in Whlch the
water is present with the oil." The ‘effect of such water is very
different ffom that of water let dinto a well from an unproductive
sand.- Although the writer has mio .data to demonstrate-that the
~ salt water can not have the beneficial effect mentioned, he is of the
" opinion that the theory has been too- Widely applied as a justification
for the presence of water admitted to productive sands by 1nefﬁ01ent
"or careless drilling operations.

. Even if 1t cdn be‘proved that'as recrfmrds a partlcular drllhng op--

eratlon the entrance of a small volume of salt: water has actually
‘increased the daily production of oil, the condition is.not justified
untll the operator can also: demonstrate that the increase in produc-
tlon more than compensates for the cost of pumping the water. and
of replacing corroded tubing, casing, pumps, and other piping and.
fittings.. Also. the. operator should -be. prepared to offer some ‘con-
~ jecture as to: whether- the increase in daily- production, represents a
.greater ultimate extraction of-oil from the. propertv It mlght’
happen that a temporary stimulation of productlon would not.in-
crease the total recovery of oil. SN o o
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SE DA.TA ON CALIFORNIA WELLS.". '... . .

The detrlmental eﬂ'ect of Water ‘on- some California wells is
. gclearly shown in- the followmg extract from’ Bulletin' 73 o the

The dlagram here presented (ﬁg 1 and shows that
well -1-C wasg the first’ 1n the group;
in amount accompanled by ‘an equal
other
e11- -

It is 1nstruct1ve to 110}
ﬂooded the oil sands x m‘d'l -

Well Ne{ Aug. Gept- L Ock || NMov | .. Oec..| Jan | Feb | March) ARprit| Moy | Sune |

‘Sput down’
on accoynt of wpter
= *|trodble.

11 .
=]=C. - fRedritimg F
s . HNew -wafer string - pult.in..

i) . oo

pectritting &
Testing
~water

) ﬂwraye No..o bsrrels of f/wd per producing-days.

Rodriling. A
A Testing Liod

water !
String.

hown in the dlagram Another instance, from

’ the Kern:River: dlstrlct of-the- Californiafields, also 'reported- by the -
i Cehfornla ‘State Mmmg Bureau, W111 suﬂice for the ‘present’ purpose.

o 'rAIl mvestlgation was. made by the State M1n1ng Bureau engmeere, whlch’

B resulted in 1ecommendat10ns for - repan' Ini order to expedlte matters, it be¥

. came neceesary for the, St‘\te,ofﬁcmls ‘to - assume full charge of. the: well; and,.-‘
mth the consent of the ‘owner, placef a spec1ally selected :crew “of \vokaen on
the wb The crew ‘was- fu)rmshed by the S:mta Fe Co . and. dld excellent work.~ -

@ First annual report of the State oil and gas supervisor of Callfornla,-ﬁscal year

" 1915—16, State Mining Bureau, 1917, B, 114, R S SR T
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The daily production of oil and water’ from affected wells, before and after
repairs, is shown m the following table: . :

C o . v I

Data showmg results of efforts to . emclude [water from certam ml wells in

Cahforma . - .
o o - [
) ] ~ .| Production before_}. Production at‘ter
oo S _ repairs, : repau‘s :
© Well, . : -
‘ “Oil. | Water. | Oil ‘Water..
. N : ! o : - | Barrels. .| Barrels. | Barrels. | Rarrels.
Alma Jr. No. 1o i, Trace. - 150 - 0
Alma Jr, No,2_...... y - .. 0,4 12,000 {. Trace. | . ° 100
Alma Jr. No., 5... Trace, 1200°] . 10 Trace,
Alma Jr. No, 11 Trace, 250 S )}
Alma Jr. No, 12 - Trace, 200 10 25
Santa Fe No. 1 3 32 R 3 .10
Santa Fe No. 2 0 -1,440| ~(a) -l (o).
Santa Fe No. 6 5 250 - 41 20
Santa-Fe No.-10.. 5 4007 7 51 10
Santa Fe-No, 14.._. 5 i B 5 10
Santa Fe No. 18 7. 1,000 | - "7 .25
", Total.. S| 15,921 50 240

© aNét yet ngged for pumpmg . :' RN ‘

It is worthy of specml note that 1o new meehamcal methods were necessary,
to successfully . pluor the. well. - The sucecess of the. undeltakln‘r is-due to the.
fact that a thorough mvestlgatlon of condmons was made ina- smentlﬁc andf
methodical manner by the trained men of the State Mlmng Buredu Who deter-:
mined: which well of the group Was., admxttmu the* Water to thei 011 sands, as’
~well as’the most efficient means for excliiding it * *3 B : :

The repair work:cost in the nelghborhood of $10 000 requlred about ﬁve
.months time, -and restlted in ‘the ehmmatlon of two compressor plants, pre-,
v10us1y employed in lifting about 15; 000 bflrlels of . Water dfuly “which is now;.

" excluded : from the wells. . Elimination of . :the two compressor plants saves’
nearly 100 barrels of fuel 011 daxly, and stops other operating expense amount-
ing to about $.)00 per month. ' This saving amountsj to about $115 per.day.
Besides these econoniies, the productlon of 011 from- ‘aﬁ:‘ected wells” has been

" slightly increased, making the total daily savm about -$150, “which. is “v-ye‘lrly-
profit of over 500 per cent on the ekpendlture for  repairs. .

EXAMPLES FROM OKLAHOMA FIELDS

A. 31m11ftr instance from the Cushmg pool in Oklahoma may - be
of interest. Offsetting wells along the common: propelty line of two
ad]acent properties were making. great volumes. of water and small
~_volumes of oil. : One of the companies, on the recommendation of
the Bureau of Mlnes, cémented the bottoms of five of its wells. -This' .
worl resulted in more than' doubling the total oil productlon and
in reducing | thé water to approximately one- quarter of its former
“volume.- The-other operator refused to consu:ler similar‘work in his
twells and when last interviewed was still’ pumpmg 011 and water in
unchanged volumes. : '

. The superintendent of an Oklahoma property stated that he mlxed' ’
a batch- of cement and poured it-into a“well having about 1,800

feet of water in'it.. Finding that the cement did not set, he con-
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cluded- that it- would not set under.a head of water, Had the cement:
* set.after having.beén ,poured. through- such . acolumn..of water it

‘would, have:been a,most remarkable cement. Cement. ‘may.be carried
"into:a sand by a rapidly moving current of water;where it is qulckly :
filteted : out as :later: described -under’ the ““ McDonald method ” of -

" cémenting, but to ‘pour cemeént either dry.or neat, through a. statlc_.‘. v

column of water, thus permitting it to settle gradually to the bottom
of the.well, a process-that may. requ1re several hOUlS or days, is'not
to be con31dered LR SR :
Some oil-men’ contend that cement W111 not set under water par- »
tlcularly salt water., The, .general. use . of cement in"California and -
- Louisiana under both fresh .and: salt water has absolutely demon-.
strated that such 4anj oplnlon is 'untenable. The thousands of cubic’
yards. of concrete ; 1n breakwaters .and other . marme constructlon_
-might also be cited. i o - : T
.+ The.detrimental eﬁ'ect of w ater on., gas productlon is, too well
" recognized to require more than passmg mention. _It is common prac-
tice'torblow a gas well perlodlcally in order-to remove accumulated
: Water If .4 well is allowed. to fill too far with. water, the flow .of
' gas wilk: decrease and; may entitely cease.” Many good gas wells have
been entlrely and permanently killed by allowing water to stand on

- the productive sandsifor a considerable.length: of: time. This effect

~is due partly to the. ready compressibility. of gas, and, partly to the
fact that gas has no caplllary force w1th Whlch to: oppose the mgress

. of water. .4 . e

,' .MEANS FOR PREVENTING WATER TROUBLES

A most 1mportant!phase of shuttlng off water can only be "indi-
cated here It 1nvolves ways- and means for studymg conditions in
a’ field t0 enable’ the adoptlon of the best and most economical
- methods for handhng water and productlon problems in-new wells,
: and for repalrmg damage caused by 1mproper drllhng, or faﬂm es
»1n ‘materials of older uwells L .

An accurate and comprehens1ve serles of ‘records covermg opem- :

. 'tlons ‘and their’ resullts constituté thé Ffoundation for such work,
: ,Mere logs of wells, no matter how complete, do’ not suffice. Records. ‘
for each’well should kie kept showing the rates of prodiiction, and the - -

, percentage of imptirities, such ‘as Water, emulsion, sand, and mud.
: Such gages should be'f taken at regular; and not too 1nfrequent inter-
_ vals, and the results should be recorded on a spemal form’ prepared'

: Wlth due regard for conveniencé in ﬁhng ‘Such’ productlon récerds. -

are “in a,ddltlon to” those of lease productlon, plpe hne runs, and o

storage . : 3 )

» Dealing’ Wlth ‘the water problem in oil ﬁelds may be consider ed
in two’ separate phases, as follows:’ Drllhng precautions to prevent:
the incursion of water’ into pay strata; remedying such intrusion
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after it has commenced. If’any assurance was to be had of the uni-
versal success of drilling precautions there would be little or no need

- for keeping the records mentioned. -Costly experience has demon-"_‘
' strated that no such success can rat1onally be expected. The keeping

1

of such records is much like' fire' insurance. If] there are no fires,
the insurance is- unnecessary, but if ﬁres do occur, the 1nsurance 1s'v
most desirable. -

Similarly, when the presence of Water is observed in a field or..
a part of a field, it is of small value to hurry around taking cuts
every day' on the production from each of the wells within - the
affected area. If cuts taken -at regular 1ntervals are avaﬂable,

ssynchronous curves may be plotted, showing the increase in water

and ‘the decrease in oil produced by each well of the group. These
will show in which well, or group of-wells, the water first appeared,
and will assist in tracing its course. Moreover, if careful note has

" been made of the natural water levels and other characteristics of. V',

waters penetrated in drilling, such as sulphur content, salt content,
or whether: fresh or alkaline, and the temperature, etc., it may be.

. ,poss1ble to determine, or, at least, form a reasonably well- grounded
opinion as to Whether the water is from above or below the pro-' o
‘ductive sands. . v

- A certain company takes samples of all Water encountered if a rep-
resentative sample can be: ‘obtained. The samples are appropriately
marked and are stored in half- gallon ‘corked bottles. Most of such
samples.are never used, but occasions have arisen where information
based on a comparison of the chemical analyses of two such samples

- was worth to the company many times the cost_of collecting the
‘ samples and making the analyses.

It is most 1mportant to realize that the colleétlng and recordlng‘

-+ of such data is really inexpensive and can usually be effected without,

puttmg on extra employees to handle the work. :If some one ar- .
ranges a. convenient set of forms for the use of thé foreman, or -

~* whoever is best situated for doing the work, and supplies the neces-~

sary apparatus for making the tests, the most difficult step has been

taken. After the new duties have been - explamed and assigned to

an employee, his hearty eooperatmn can nearly always be relied upon, -
Such records should be in" duplicate, at least,’and filed in widely -

separated places, such as field and city oiﬁces, as a protection agamst_‘

 total loss by fire, -

An excellent discussion of tl’llS subjéct with reproductlons of forms =

‘ 1n use. w1ll be found in. Bulletln 73 of the Cahforma State Mmmg

Bureau

‘aFirst annual report of the %tate oil and ‘gas - supervisor of Cahfornia fiscal . year

191:)—-16 State Mlnmg Bureau, 1917, pp 110—116
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When. water trouble§ have been narrowed down to one or a few
wells, bridging; packer, or.other tests may become _necessary - to.
definitely .determine’ the | source of the: water, and to 1nd1cate the
prOper means for excludlng it, Lo v

- The rubber wall’ packer is con51dered A’ sultable testlng dev1ce, ,
though packers may aleo be used with hemp or other:fiber as a pack—
1ng material, either woyen.or.loose, when: set ‘insidea string of cas-
ing. A good example! 16f this usdge is the operation:- -of - the “ Crump--
.ton packer,” as described in- subsequent pages. i L :

_Various. kinds' of .% formatwn ‘packers (rubber, lead or other
matemal used to maker a tight fit between the casing and:the .wall of
the hole) are used in the Mid-Continent and Eastern fields for shut-+
ting off water. Genera}ly the packing material is rubber. . It is well
known that rubber is soluble in petroleum and many of its fractions,
and -will harden underwater or in. the air, thus losing the elastic

o property ‘that makes it, valuable as a packer. Therefore its use as a
. permanent paekmg materlal for ‘oil or, gds wells can not be con--

~ sidered.” Experience has.shown’ that gas wells frequently “will blow
. ot large chunks of the fubber packers sét in them to shut off water.
The .only safe use of the formation packer in oil and gas wells,
for any more-than a temporary shut-off, is when a large quantity of

" hemp of fiber is- used; and 'in add1t1on mud fluid is'circulated and -
allowed ‘to rémain back sof the. casing and above the packer Thus, 1f
rthe packer ever' fails] the mud will rush into the well, makmg the
source of the trouble ev1dent requlrlng nnmedlate repalr or plug-
' gmg ‘Even this use 1sll perm1ss1ble only Where no other means are
avaﬂable to; accomphsh the des1red end R

LSk

PROBLEMS INV OLVED IN EXCLUDING WATER

P

In makmg an 1ntelhgent eﬁ'ort to keep Water out of a barn or:a -
house or an oil or gas ‘well one must first. d1scover as. best hevcan’
where the water is gettlng in.- “As regards a-well, all Jpossible sources.

. -must usually be considered and checked. off by elimination until the

problem is solved. -In: the- California. ﬁelds, besides: -top.and bottom

waters, there.are large alixd 1mportant areas,where one or more water-
bearmg sands . are encountered between productive: beds. .In. some:
- localities . there are twol of these intermediate” water sands with
“valuable oil and gas bearing strata-above and below each water sand.”

Each productlve stratunl | is separated by 10 to 200 feet of shale from
the nearest-water, sand. above of below: it. s Obv1ously the water. cori-
" ditions "of- any _one welliin such ‘territory: might be the.basis.of a. -
long treatise; and a -method of.shutting 6ff water might be-ad-.

visable under some conditions ‘that_ would: not be best suited for an-
. other well under §01newhat dlﬂ"erent _cond1t1ons. ‘Again;; it may be--
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come necessary to use a.different method in. shuttlng off mterme- )
diate water than has been used in shutting off top water in the same |

well. The physical. conditions of the hole, such as friction on the
‘working strmg of casing and the position of lost tools or pipe that

may have been sidetracked or drilled past, the exact purpose of the ~

. job, and the apparatus available, all enter as.factors in the: selec-
" tion of a method for.shutting off water at a particular well.

- For convenience all the chief methods of shutting off ‘water are’.
described here as they are used in shutting off top water before: the-,

oil sands have been tapped by the bit. A’ general discussion .of
variations in the methods when they are used for shuttmg off bottom
or mtermechate waters is also presented ' : -

DETERMINATION OF PROPER SIZE AND WEIGHT OF CASING
' "FOR WATER STRINGS

Stated in its snnplest form, the problem of shuttmg oﬁ top water -

~is to make a water-tight ]omt between .a strmcr of casing and the -
wall of the hole at some-impervious stratum above the productive, -

sands and below the water horizons. Another and equally 1mportant-

consideration that is sometimes overlooked i is the necgssity of using
~ casing of such Welght that it will not collapse when the hole is bailed
dry.. Eyery water string should be so designed that it will stand

" the severe test of being bailed absolutely dry without ‘danger of

collapsing the casing, although, of course, it rs_not always practicable
to apply the test. In an area of high gas pressure bailing all the
“fluid out of a water string will often cause a dangerous blow out.’

A blow-out of this kind mlght easily cause the formation to cave .

“around the bottom of the casing and spoil What would have been an
effective and permanent water shut-off. Such local conditions, how-

ever, do not relieve the operator of the obligation -of so: des1gn1ng o
‘his water string’ that it will not fail when-production has décreased -

to the point where the well is tubedlfar below the bottom of the

witer string and all the fluid pumped from it. Every- operator
knows when he commences to drill that eventually the well will be. .
. pumped for every gallon of oil that will seep’into it, and he should
drill with this result in mind or not drill at all. - That is, he should '~
either put the hole down properly or else goiout of business- before -

" he ruins his own and What is more regrettable, his ne1ghbor S prop-
. erty also. = = -

- The.most ardent optlmlst of the 011 busmess—and it it were ‘not-

for'the optimist it is doubtful whether there‘would be any oil busi-
ness—knows that the resistance of a water string to collapsmg pres-’

_ sure decreases with age and usage. If thestring of casing when.

new be not properly designed as-to s1ze andtweight. to Wlthstand the
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mammum pressure to whieh: 1tJ wills u1t1mate1y be sub]ected what
“¢hiatice. ha's it ‘to"do! its Work after it-has*been in,the ground 5:or 10
. Years?."These'"Considerations fbrmg «out _the- important- question, -
o What Is the best méthod of computing the.size: and. weight of cas-
spartlcular "water - strmg?” A prerequisite to
such & computatlonv isfa’fairly. reliable estimate of- the, probable maxi-
mum’ pressure tendmg to collapse the casing. ! e -
To get ‘Suchi ah estimiite we' may -consider a Well W1th the Water
’ «strmg pr operly ‘set 1nfw_’h1ch the Water rises to the ground surface on
-the outs1de, all the; v 210 m’ f
_-the ‘pipe. " "These cond1t10ns glve a- minimum pressure -at the bottom
‘o£'the water ‘string that is ‘proportional to the depth at which the
~ water 1s shut off; the! pressure decreasmg toward -the surface, where
‘ 1t becomes” zero F or convemence "the ‘maxjmum éxternal pressure
- in pounds per square inch - may be computed by’ multlplymg the
“depth "of: the - ‘water \shut off in,feet by.the factor 0.434. Such a
aifethod doés niot” cons“lder the pressure that might be occasioned by
sloughmg of the side of the hole. However, the force of ‘such'a
“eavedin éan not be computed on. thi¢ basis of fluid' pressure and is so
variable that it can only be’ roughly estimated. . Tf the extérnal fluid
s drilling -mud- with a specific grav1ty of about 1.10 as compared'
‘with' water, the external pressure will be 1ncreased by 10 per cent,
‘"This’ difference ‘is m te thah ¢overed by the factor of safety, which
likewise covers thé’ fact that’ salty ‘Water shows ‘a greater pressure
than the factor 0.434 i;wﬂl give.” -
~ There are times 111i the hfe of"a Well ‘when'a shlftlng sand will
“sHear-6ff s strmg of casmg or collapse it, or even two or three strlngs
* - may be squeezed together until the sucker rods are held fast. - Such
condltlons as a 1ule can not be | foreseen and are most dlﬂicult to

va*partlculan formatlon,may suggest,extra precautlons so that ‘the -
- operator ‘williuse ‘therheaviest pipe.he:can get for.that-part of the -
- ¢ string exposed to. the' troublesome stratum I—IoweVer, the suggested
“méthod 'of computmg ‘the extérnal’ préssure ‘on g water strlng has
generally been found ‘entirely satlsfactory S R R

Lo e . R [
't." 1)’3,,.‘ ; 4 's H

il PRESSURES ;ALLOWABLE Ol\T COMMERCIAL WELL CASINGS

A ‘. T IRIUNLA ;J:«,‘J .
: I‘The next: step in thess des1gn of a: Water strmg 1s to determme the‘ .
pressures that may be safely' carried on the various -sizes of, com-
©umercial ;well casings.-. The. most authentlc 1nf0rmat10n .at hand on
+ this subject is-that rpubhshed by’ Stewart ¢...This paper . formed the

_“bas1s ‘ofta study ‘by:C: Naramore: and R.iS: Hazeltlne, at Coahnga,._ |

U“Stewart R~ Ty Collapsmg pressures of Bessemer steel. lap welded tubes, 3 to 10»
lnches in diameter: "Trans. Am, Soe. Mech. Eng., May, 1906, pp 730—822 D i

51704 —18
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. Cal, i 1911, ¢ Later, Hazeltme presented a paper“ on the. results of
Stewart’s work' as apphed to the needs of the-¢il .industry. FEither -

" of these. papers will repay a- thorouah study byxanyone facmg water

problems in drilling wells, . - ... i D .
The following abstract from’ Stewart’s Jpaperis of especml 1nterest'

-This research was undertaken for the pu1 pose of supplying.an urgent demand
for reliable information on the.behavior of modern wrought tub‘es when .sub-
. jected to fluid collapsing pressure; Hver Y, means, known to engmeering science
that could aid in, the aceomphshment of th1s undertakmfr has been used andl )
every - possrble -effort made to get atthe fruth ard have the research yield
tlustworthy data. It was planned and executed unider *the 1mmedlate direction
‘ot the author, at’ the l\Ieheesport works of the National Tube Co,, .and has -
occupled for-its ‘completion, duunfr a period. of four years, the time of one-to
.8ix men, - . . : - - A

Results of pz cscm‘ research. ~The prmc1pal conclusions to be dld\\ n f10m the'
results of the present resea1c11 may be briefly stated as follows: , co
1. The len"th of tube, between tmnsverse joints ténding to-hold it'to 4. Gir-

_cular forrn has no practlcal 1nﬁuence upon thie- collapsing- pressure of a conl-
mercnl lap-welded stéel’ tube s0 long.as_ th1s length is- not less than about six
(harneters .of tube. - . .

2, The formulas, as based upon the present researeh for the collapsmg pres-

sures of modern lap-welded Bessemer steel tubes, are as follows

- P=1,000 (1—\ 11,600 d2> .

P 86670 d-—l 386

*: Where- I’—-collapsmg pressure, pounds per square . mch
d—outsidé diameter of tube 1n inches
:tlnekness of wall in Jnches

4 N - ’ B
Sy N o -

Formula A is for values of P less. than 581 pounds or. for values of d,less:’
than 0.023, while formula B:is for- values greater than these. ) _
These formulas, W hlle strrctly correct for tubes that are 20 feet 1n length be- -
tween transverse JOllltS tendlng to hold thetn to. a ciréular form; are, at “tile
same tlme, substantlally correct for all lengths greater ‘than-about 'six’ diame-
. terss They have been tested : for seven sizes, ranging:from 3 to.10 1nches 'out-

“side dlameter in all obtainable commercml tlucknesses of. wau and -are: know
-to be-correct for this range. -

- By the foregoing -formulas one. may compute the probab]e col-:
lapsm«r pressure for any . commercral size, of casing. :

Metheds have been given for determining the probable pressure
that will be carried on the water string of a particular, well, -and also
the method for computmg the collapsing pressure of the casing; it

“remains to-discuss the proper’ safety factors‘ to use. Quotmg agam
“from’ Stewart’s report“ B R

Not one of the several hundred tubes tested falled at:a pressure lower ‘than
42 per cent less than the probable COllapSln"‘ pressure -while: 0.5 per-cent of the
-enumber of tubes failed at 37 pér cent, and. 2 per cent at 25 per; cent less than .

4 Haseltine, R. S Collapsmg pressure of steel tubes West:‘En:gineering,,.vol. 1,'.]uly,
1912, pp. 295-297. - . NN BRI N T



cou]d result ’from 1
2, When only a-
factor of S :

serted in the Well,za<serlous dlsadvantage The rdrllhng proverb
1 b Keep the hole as bigias you can as long as You.can”: 1s not tto be

bllowmg shows that 6} 1nch,L28-pound casmg should
f;}il w1th?a Water column of 9 380 feet @ne thlrd of th1s, or 3 126

be used ‘with a safety factor"of 3 S1mllarly 8;‘; 1nch or larger,

" sizes would net-meet the- requ1rements ‘with so.largesa- safety factor. |

If no m1stake occurs

NP

g d the holo can be; _ﬁmshed Wlth one more strmg

ST R
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TTABLE 1. ’Collapsmg pressm ¢s and capacwtzes per lmear foot of lapwelded steel
casing of sizes commonly used’ m Oahforma R e 'z

SO I A AR SEE M P :Collaps- B . “iater c - ¢ C
e N C oo . ing . } Equiy= { column | Capaci 2 a.clt
“gise. ‘Weig.ht Ouitside | Inside | Thick- pressuro ent, with 11)3 o p ¥

T " foot. diameter.|diameter.| " ness. . per water:-| safety - hnear lmcar

: o . squa.re column. | factor | foot . foot.
- ’ . P - inch. |. . P)oof2, . P
. < ’ - . o, Voo LTS, ) Cubic
" Inches. *| Pounds.’| Inches. | Inches. Inches Pounds. | Feet. * Feet. | gallons.o”y * fect,
4 16 . 4.750. 4,082 0. 334 . 4,710 10, 850 5,425-1.".0.6792 | = 0.0908
4% 12,85 5.000 4. 506 247 | 2,900 6,680 3,340 8281 1107
4% 15 5.000 4.424 288 3,610 1- 8,320 4;160 7982 , .1067
. 5! 20 6,000 5.352 .32 3, 7,580 3,790 |  1.1677 1561
, 61 20 6,625 6.049 .288 2,380 5,480 . 2,740 1.4916 1994
61 24 6,625 5.921 .352 3,220 | - 7,420 3,710 1.4295 1911
61 26 6.625 5.855 .385, 3,650 87410 5 20 1.3974 1868
) 28 | 8625 5.791 417 4,070 9,380 4,690 ] 1.3667 1827
6 20 7.000 6.456 272 1,980 4, 560 2,280 1.6988 2271
6 26 7.000 6.276 362 3,100 7,140 3,570 T. 6061 2147
6 28 7.000 6.214 393 3,480 1. 8,020 4,010 1.5739 2104
64 30 7.000 6.154 | 423 3, 850 8,870 4,435 1.5440 2064
.. S b
o7 7 26 8.000 7.386 307 1,940 4,470 2,235 2:2240 2973
8.625 8.017 304 1,670 { - 3,850 1,925 2.6204 3503
st [ 32 8.625 7.921 352 2,150 | - 4,950 2,475 2.5583 3420
8% 36 8.625 7.825 400 2,630 | 6,060 3,030 2. 4962 3337
-8t 38 8.625 7.775 425 2,880 | . 6,640 3,320 | 2.4648 3295
L 81| 43 8.6256 7.651 487 3,510 8,090 4,045 2.3863 3190
- 9% 33 - 10. 000 9,384 308 1,280 . 2,950 ~ 1,475 3. 5809 4799
- 10 40 ¢ 10.750 10.054 348 1,420 |- 3,270 -1,635 4.1210 5509
:10- 45 10..750 9.960: "X .305.| . 1,800 | ~ 4,150 2,075 4.0440 5406
10 48 10,750 9.902 424 2,030 4,680 2;340 | 3.9076 |, 5344
10 - 54 10. 750 9.784 .483 2,510 5,780 2,890°1 :3.9026 | - ..5217
), 47 - AL750 | 10004 - .375. 1,380 8,180 1,500 | 4.9334 . 6595
iy 60 . 11750 | 10,772 .489 2,220 - 5,120 2, 560 4.7307 | .6324
<11 5 40 12,0007} - 11.384 ..308 | . 840, 1,940 "970 5. 2827 . 70627
1 40 13.000 § 12.438 . .281 - 500 1,150 . 575 6.3083 .| 8433
[T 125 45 - |-+13:000) .12.360 | .320° T 750 1,730} .- 865 6.2298 | - L8328 .
S| o500 |- 13.000( 12.282| ¢ I859 1,000 | < 2,330 [ - 1,165] 6.1497 | - .8221.
12} 54 . 13.000-| * 12,220 -390 1,210 2,790 ;1,395 .6. 0869 . 8137,
=133 -50 I 14.000.] 13.344 T L,328. ] 640 F - 1,470 1 - . 1735 7.2508 |- .9705
. 15% 70 . 16,000 [, 15.198 401 790 1,829 910 9.4150 | 1.2586,

@ Flgures in thxs column determmed by mult)plymg correspondmg values in cublc feet by 7. 4805

Shuttmg off water at a depth of 3,000 feet is not uncommon in some -
of the California fields. . In fact, in parts of the east side of the Coal-
-inga ﬁeld the Wwater strings must be set between 8,500 and 4,000 feét
deep "The example cited shows that no matter how desu'able 2
safety factor of 8 may be, it can not be generally apphed to modern
drilling cond1t1ons. . Therefore, a safety: factor of 2 has been tamtly
adopted. in Cahforma practice, and’ so far has given rather general
“satisfaction. ‘The factor of 2 is sometimes shaved a little, but the
practlce is not to be recommended. oo -

One fortunate circumstance is that while a string of casing is belng
sub]eeted to severe drilling stresses such as pulling, drlvmg, and
jarring, the external and internal fluid pressures on the pipe are
equahzed Not until the string is landed and the fluid lowered within
" it'is any collapsing tendency developed thus drllhng and collapsing

stresses are not coexistent, . .
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s As mentloned th:l "'t1c presgure. developed ona Water strmg in-

below the natural Water level of the locahty Therefore 1t 1s, unnec—
essary ;to have the upper part, of the pipe as. heavy as the lower part
‘To; 1llustrate, 1suppose a Water shut off :was ;to be made at. 2, 900,
ieet with, 10 inch casmozj The StI‘lIlO' could be 1nserFed 1n the follow- ‘
ing sequence- end yet h‘lve as safety f‘lCtOI‘ of at least 2 at every joint
in the strmg | : : :

e E o - ey, " ! T NENEE "
Speéwﬁcatwns fo 2 0 foot 10 mch caemg havmg safety factor of at least 2 at’
: IO I B o GU(’/TJ‘ ]O’I/I’Lt O R R TR S T

S ;Ll' S SR 3

I A

s S R ’l{ [T R e N . 'VVeighf S »;;;:-
osad R P - = PR Y i
. ' Sequence: Length. ofcasing.|

Y , R SO

E St o em s D Feeto | Pounds) i 4o
; I(bottom thole) ..... ., 560 54

250 1481
. 440 45
N ¢ P AR ¢

N Although twol Welghts of plpe dre’ commonly nseds and somet1me5‘
three, in ‘making up‘thé string, the tse- of more than three weights
is-rare. The table of collapsmd pressures for différent sizes- and!
Welghts of" casmgqgwen in Haseltme s paper ¢ has. been W1dely used
amono operators ag? & ‘standard- for- detérmining the proper We1ghts
of! casmg ‘to use for VaI‘lOllS‘]ObS -Some operators-liave found: by’
. experlence that it'ig" adv1sable ‘to incrense the weight’ of ‘casing with'
the' depth of ‘the hole When the p1pe 'i& to be 'used as i Water string.
The Writer took occasmn to'ask a successful drlllmg foreman of wide-
e‘(perlence‘”and recocrmzed ablhty “what" Welghts of ‘pipe’ ‘hé would
adV]SG usmg for waterstrings at various depths: In 'round niimbers”
“his estimates were praetlcally the same as those shown in Table 1-in-.
the column “. Water column with safetv’ factor of 2. » His estimates
- were fromt- experlenee, as hie did not use: the table for’ collapsmg pres-'
sures" This example 1s c1ted here‘to 1ndlcate that’ orood practlce as'
developed by experience, lnvolvmg many costly fallures. is. in accord"
W1th experlmental data. SR j' Con Byl
CLASSIFICATION OF METHODS FOR SHUTTING OFF WATER IN:
OIL AND GAS- WELLS OFfCALIFORNIA ERSGTIE

RIS ,,.(H

In general the meth{ods of shuttlng oft” Water may be class1ﬁed .
under two. mam headlngs as’ follows i
1 Settlng the cas1pg in the formatlon
and W1th or Wlthout a mechamcal packer

x

," . -?'.'ti‘." [P .J)

lth or W1thout murl ﬁu1d

A

' aHaseltme, R S Collapsmg pressure of” steel tubes West Eng, ‘vol 1 .]'u]y, 1912 g
pp, 295-297. ’
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“9. Settmg the casing after cementmg materlal of “one k1nd or
another Has‘been placed between‘the casing and the wall-0f ‘thé hole. -
T Tiall probablhty the-landing method “of shuttmg ‘off- water has’

beén’ used ever since the first ‘watér string -was' set.’ “The methiod" *
depends prlmarlly on locatlng a stratum-that is.impervious to. water "
evén' ‘when'the éffective thickniess is only the' length of the -casing -

shoe,Lperhaps 18 1nches This method when used in ‘connection with' .
mud. fluid has been so thoroudhly described by Lewis and McMurray o .
“that there is Little to be added here. In drllhng a well, when it has
beern ‘decided 'to case off the fop: water af a certain stratum ‘the Tast’
10 to-20 feet of hole is drilled smaller, and the casing. is then set
firmly into it.. : The weight of the casmg is usually suﬁiment to force
the shoe to a good firm seat.
‘Some operators drive the casing untll there is a sharp rebound :
of the drive.-clamps. i Driving a water string' is rot. ddvisable,- and

. ds ‘seldom done now. except where laniding’ has ‘been iinsuccessful and

the operator is taking his only chance. of saving another string of
. pipe. Even under these conditions he must be caréful or he may

‘make a.bad matter. Worse “Of ,course, this refers-only. to driving a =

water string, and has no connectlon Wlth driving a loggy strmg of
. pipedn order to Joosen it.. L v .o
;. The, practlce of pulhnO‘ up 4 strlnfr of casing a Jomt or two frorn
the: bottom, throwing out the, calf—wheel clutch and: allowmg .the
casmg to race back 1nt0 the hole in order to.seat it firmly, is not.to be,
',recommended suoh a practicé, is hkely to ¢ pmch 7. the shoe or: bend
the casing, at, or near, the shoe joint: , The _drilling troubles thus pre-,
e1p1tated w111 not be dlscussed here as they are well known to drillers.
1, Instead of using a plam casmg shoe, -various types. of tapered shoes;
' and long shoes up to 20 feet in. 1ength have been used The tapered
‘shoe, of .course, seats more tightly than . a pLun one. Plate I 4,
shows a plain shoe An. effective form of tapered shoe is used by

the .Shell Co.-of Cahfornla, ;in casing its. rotary-drilled, holes. The v

shoe is there known as the “McDuffey shoe.” # It 18- lllustrated in.
figure ¢ 2, Tlns shoe 18 sometlmes referred to as™a barrel shoe, as it is

tapered at both ends.” For convenience in the shop it is;made in o

. three rings scréwed together. The purpose of the Bottom taper isthe
same as-that on:any other tapered shoe. - The object, of the taper on
the upper end of the:shoe is to give- better opportunity for the mud -
in the hole to settle down and fill any Grevmes) between the shoe andx
the sides of the hole. '~~~ ¥ R

The 1ong shoe s commonly made by puttmg a sleeve of plpe or
protector I‘ln("S over the shoe ]omt and turmng it down in'a Iathe to

& Lewls, J. O.,.and McMurray, W.-F., The use- of mud laden ﬂuld in oil and ga's Wells
- Bull.. 134 ;Bureau of, Mmcs, 1916, 86. pp AR L .

-
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A. CASING SHOES.

1, Baker shoe; 2, plain shoe; 3, “‘grahm’' cast-iron float plug in the rough; 4, plain shoe with
‘‘grahm’’ float plug screwed into it. The casing shoes are made of tempered steel,

B. “SURE-SHOT"” CEMENTING

C. HALL CEMENT PLUG,
PLUG,




. fluid are- not at all” dependent on

o Watel_' strmg 1s to be Sétisa “ shiell, ”‘f :

METHODS FOR s‘EﬁTTING 'OFF WATER' IN' WELLS ‘OF GALIFORNIA. 28

ot

the des1red dlameter-‘ ‘The purpose-
of the’ 1on<v shoe s 6" give ‘gréater:
contact’ surface between ‘thé -shoe -
and. the landmg fo}rmatmn Al-
: though most ‘strati’ When--in thm"'_ ’
layers are” somewhat perv10us, -
: fairly thlck layer of the same ma-
terlal ‘is frequently entlrely 1mper-f*
~v1ous 6 the passage of water; The -
lonfr shoe ‘Is des1gned to' take ‘ad-"‘
Vantage of such a condltlon ‘
It is necessary in- nearly all parts )
of the California fields to keep ‘the
hole full of water or, mud ﬁuld at
all tlmes during the drllhng Drlll- .
ing' with a dry -hole is almost un-
‘known Thus, in drlllmg throughv‘ s
the alternatlng ‘and-ihdther cavey -
R shales, saiids;” and“clays ‘the fluid’ -
becomés somewhat ‘mud- laden both‘
inside ’ ‘and outs1de of the casmg,
' e"‘v"en‘."‘whe - onlyiclear ivatér’ “hiis
been run’into:the hole, ' Whén- theé -
casmg is Janded fora ¢ formation”
shut off ‘this ﬁuld’tends to-settlé be:t
tween thé plpe and- the walls of the
. holé ‘ahd-to improve the immediate I ¥
effectiveness -and ‘the” pefmanéncy
of’ the ]Ob ‘Asthiege condltlons
: pertammg to thé ude’ of ‘mud- laden

11
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whether the casmg 1s cemented or.

S034"0.D/a: s o
- 9% 102 f|H.

st |

- the ‘water.” The’ wr1ter is. 1nchned i
to believe' that thie part this” played" ’
’by the mud is rather more 1mpor-~

tant than is often reahzed o

B 'If ‘the formatlon m whlch “the”

'Whlchv would ordlnarlly have to be
reameéd to 1t A,the casmg throuorh o
thé's%nall hole is drilled ‘a foot of = .

18 inches into the ,shell and the FieURE 2.—McDuffey barrel shoe.
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s

casing set into it, as descrlbed The driller- usu‘tlly keeps the casing
close to the top of the shell -when wsing, cable tools and keeps 2,
tight. drilling line, thus maklng a close hole but httle larger than the
tools ‘themselves. =~ .

This method of landlng a water strmg w1thout cement s httle .
‘used at, present in California- ﬁelds _except in rotary- dr1lled holes
and in shallow terrltory .where there is httle water to. ‘contend
with. As a matter of fact, even in such terrltory, and-also i in rotary-
drilled holes full of mud fluid, it is. usual ,nnonor the’ operators to.
_cement. the water string. -The landing method is descr1bed herem
_chleﬁy because many- producma wells have hfxd their water - strmgs
" set in this manner, which may be resp0n51ble for a cons1derable
share_ of the water trouble in these fields at the present tlme '

s

GENERAL DISCUSSION OF METHODS AND OBJECTS OF .
S CEMENTING T

The second d1Vls10n of methods of. shuttmg oﬁ' Water in the clasmﬁ-
cation adopted herein includes all methods and processes .in Whlch
cementing materials of one kind or another are used inside the well.
“The various methods described in the followmg pages have as, thelr
object the placing of the cement between the casing to be cemented
and the wall of the hole, and at or near the bottom of the hole 80.
that the casing may be landed. on: bottom, thus: prevetiting. the hqu1d
‘cement from running back inside the casing.: The quantity . of, cement
used ‘on a single job.varies from one- -half ton to 30 tons (2,000
pounds per ton). Sufficient’ time, usually 10 days or 2 Weeks, and
~in exceptlonal instances a month,. is-allowed, for the cement to set.-
At the expiration of the settmg time work, on the well is resumed
- The first work.to be done is to test. ‘the effectiveness of the cementlng '
- job. The California law regulating water shut-offs and other ph‘tses
of the oil industry is. presented on pages.97 to 115.. -
There are several advantages to ‘be oralned by cementlng, as fol-
lows: - C . P
If the casmg is set in a hard stra,tum there is every chance for
the cement to fill closely all 1rregular1t1es betWeen the . Wall of the
hole and the casing, thus preventing . water or. other ﬂu1d from
passing around the shoe of the water. strlng to the 1nter10r of the
well. :
- The cement may be forced severa,l hundred feet up, behlnd the
casing, thus holdlng it firmly i in position and reducmg the posmblhty
of its being bent by unequal setthng of the walls of the hole, or of
being dented-by-a bowlder sloughmg in agalnst it., Two 1nstances
will suffice to show how far cement. may be forced with pumps up,
behind a strmg of plpe ‘At a Well in the West side of the Coahnga

Py N N
ol TR
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ﬁeld 8 strmg of 81—1nch casmg was cemented at 1,100 feet with 248
sacks of cement pumped in by the tubin@ method. The cement was
pumped up behind the. casmg until it came out at.the surface. At
another well in_the Buena Vista HIHS dlstmct of’ the Midway field
the water string had,}been'cemented at- about 3 000 ‘feet: When the
well was abandoned. & d’ an attempt ‘made’to.recover the upper part
of the water strlng a the bottom had: been plugged the water
string was found to. be cemented to the next laiger string of pipe,
the shoe of which" Was at about 2,000 feet. Thus the cement. had
risen 1,000 feet’ outs1de of the water strlng -
Many -operators cement'watel strlngs ina rotary hole even where
it is generally assumed that the ,mud will be sufficient to make a
Water—tlght job - Wlthout ‘the*use “of cement. The ‘purpose of- this
practice is inore to remforce and support the p1pe than to perfect
~ the seal. Also, it is hoped that; ‘the; cement will retard- deterioration
of the casmg from c0’rr0510n The opera.tors beheve that this use of
cement is somewhat like. Acarrylng fire insurance.on a’ bulldmg A
~well is & costly 'imprdvement to a. piece of property and is worth
protectmg, as-the loss’

‘to’ the- .operator if water breaks into the well
“and destroys a. valuab\e'oll sand-would exceed the-cost of the well
many fold. Sometlmes such‘a hole ocan be plugged and the destruc-
tion arrested, but owin “-"to lost’ tools or casing, or to'a crooked hole, it
may be. mechamcally_;mposmble to plug: the hole properly. It is
the old story of the ¢ o ce-of preventmn versus:the: pound of cure.
b ”antage n cementlnfr a -water string is in
’ ﬁlhng up between the: ch‘snig and the wall of the hole with a material -
that takes its initial: set within & day .or two.: A firm’ mass is thus
built around the casmg “which, though it may not ma,ke a perfectly -
.water-tight bond elther between itself and the- casmg, or between
itself and the forma.tlé?n, will aﬁ'ord the mud” and. ,cavings an ex-
- cellent opportunlty as»they settle in the hole to’ seal “every ‘crevice
" and pour in or.around the cement:mass. ‘The cement thus acts like a-
nonrotable wall packer, affordlng the mud the best pos51ble chance
"'to do its work,  liigie ;' Lo b '
“The value of cement as ¥y safety factor on o water shut-oﬁ' is well .
" illustrated at a well-in'the Sunset’ ﬁeldi This -well-was ‘sunk with ~
a rotary drill to appro*nmately 2,400, feet and the’ 10%inch casing
“was set with no other casing in the hole ‘ The drlller stated that the
last 20 feet of the hole had shown a little: fgas g and oil'in the shale. It
would have been’ exti f,ely dlfﬁcult to hiave plugged “such an open
“hole 20 feet from the h tom-and have the: plug solid enough to.cement
on it, as the hole woulc _probably have caved in before the job could
have been completed Moreover, the « showing”? seemed insignifi-
~eanty and’ the ca,smg “was not to go through the 011 bearmg shale, biit
merely to extend into it for 20 feet. Accordmgly the casing was put
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DUMP-BAILER ‘CEMENT‘ING‘ PROCESS. ’ 2T

in and’ cemented‘by the« Perkms ‘process,’”’ 4 tons ‘of-cement: belng:

' used (See fig.'8:) ‘Firther work demonstrated that this oil-bearing .
shale ‘was ‘about 40 feet thick dnd comnstituted thé_ ofily pay-stratum .

_penetrated by the well. ‘»Inmdentally the' well- proved to:be.a_good -
producer: for. that: locahty, and no water troubles-iwere encountered

- The'cement had: ewdently ‘been forced up behind :the-pipe and made
a--shut-off *above the: vil-bearing shalé;.leaving .the. bottom joint.of -
the water string extendmg 20- feet into th1s formatlon W1thout let-
‘ting any water-into;it, - _

One more noteworthy instance ‘may be cited’ from the Buena Vlsta
Hills-of  the Midway field.; There a well flowed: for about two years,
making several hundredrbarrels of clean 011 da1ly 1F 1nally produc-'
tion.ceased;-and - When cleanmg-out tools. ‘were-Tun mto the hole, it

. was found that both the oil and the Water strmgs Were bent near thef
bottom of the .water string:. The-oil; string wa -pulled but parted_
néar the bottom of: the 631 1nch Water ;string. . The two lower Jomts
of -this 65-inch. string jwere rlpped| oﬁ' and. dr1lled up £0. stralghten
the-hole. Fearlng that this.work mlght have broken the:cement out-
_side’of the remaining part.of; the water: strlng, the company had the.
“water:bailed. out of the hole to-the'1,800-foot level. | For several hoursg
there wasno ‘change ifi-the water level fAs the strlng of 6% mch “pipe
" was Holding hack flowing water,- -the test was beheved to be adequate '
Additional evidence of thé: eﬂlmency of- the cementlng was furmshed
later when. the redrllhng was completed as: the,,wellr agam became &
_ producer. of clean oill It is 1nterest1ng to note, that th1s Water strmg
_had been. cernented w1th _only:35 sacks of.. .cement, Wh1ch had been
placed- with a dump baller such as that shown in. Plate II for by
‘this method the cement is not forced as hlgh outs1de of the Water
string as can be done by.a pumping. method - -
{4 The-two 1nstances cited -will .suffice- to show;

th Value of makmg. '

- Water is. seemlngly small or.is, great In; fact it. has been the, .expe-
rience of the Bureau of Mines; engmeers that Water condltlons Where.
comparatively.: easy to:overcome may- be overlooked and neglected _'
IR DUMP-BA;LER CEMENTING PRocE' ‘ E

;.,Lt

lﬁ{t:‘ . i '_; ?; -; GENERAL REMARK i

,of cement is dumped 1hto the bottom of the! well CAs many TUDS @re
made w1th the ba1ler as may be necessary to depos1t the entlre

water shut- off; asepermanent as poss1ble whether the danger of top o
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never be lowered in one load: - - After thisis done, the tasing.is pulled.
p 20 to 40 feet off bottom,-or so that the shoe will be.above the.

o cement, level. - The casmg is ﬁlled with water and then closed at the .

top with a:steel plug; or -other suitable fitting, and is'lowered firmly
to the bottom of the:hble. There being no'outlet at the top of the'
. casmg for the water, the cement can not enter,at. the.bottom, so.it™ -
takes thie only open.course and rises outside the casing; filling the.
space’ between the casmg and the walls of the hole L,

e DESCRIPTION OF DUMP BAILER. T

Therc are several types of dump Vailers in. nse; a]so, there are gov-.
eral Ways to ‘transform an ordinary dart- baller ‘into™'a makeslnft‘
dump bailer,, but such makeshifts are unsatlsfactory and- hhely to
cause trouble. A 'satisfactory type of dump bailer is the one shown
in Plate IL 'The: shell of this bailer is of two! joints of pipe swaged:
~"to éonnect in-a couphng of the same external diamete; s the joints.
Asthe ballers vary in 'size according to the size of casing inswhich:
they are to be:used; dlmensmns are omitted here. The bail ¢ termi=
fates in a- bottle neck through which thé rod b is free to slide. . The:
enlargement at the lower énd of this'Tod is bored as a rope socket to -
recéive the §- -inch ‘wire dump line ¢. - The- rod is provided, with a lateh:
d;in general des1gn similar to that on the shaft-of an.cld-fashioned
umbrella The- upper end ‘'of the rod is threaded to screw into.the
bottom of 'a tool joint. ‘This joint has a pin on its top to make up
Wlth ‘the box of the'rope socket so that the dump bailer may be. run
on the drilling line. - Riveted tothe bottom of the bailer is an-annular
steel Valve seat ‘The valve ¢ is of steel and in the form:of a trun-

cated cone.” Of' course; a ball would do the work as well as the’

cone. The wire line, or chain-if preferred ‘which connects the rod &
sith the’ cone ‘must-be babbitted; or otherwise securely attached to -
‘ both rod ‘and cone, as the entire weight of the bailer arid contents -
must be carried by the dump line or chain. It is worth noting that if.
gither of these two babbitted connections -fail, only the cone, or at
worst thé cone ‘and the ‘dump line, will -be Ieft in the hole, as the
shell of the bailer will hang on the butt.of the rod b.

When this bailer is Tun to bottom, the Tod shps down through the
bottle neck in the bail, thus throwmg about 3. feet of slack in the
connecting’ cable. . When the -bailer is lifted again the latch -en-

- gages with the bail and the entire device is brouglit to the. surface with
the valve. dangling about 8. feet below the: valye seat. - There is thus
mo possibility-of the bailer not dlschargmg 1ts contents In running
suchyabailer,in-a ‘hole full of fluid it tends to ﬁoat if lowered too rap:. -
ddly. The latch. will then trip; the bailer, and dlscharge the contents
.Such an; acmdent is partlcularly ant to occur when the ﬂllld level 1s-
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severra hundred feet below the surface Such premature unloadlng
may ' fake place W1t_ bit e driller’s’ knoWledge ‘and“go: undetected
- unt11 the ]ob is found {o"be’ tnsuccesstul. 'All this trouble will ‘be
av01ded’by care in !lowerlng the bailer slowly enough allowing’ no‘
‘glack i’ the’ dr1111ng cable! Tn ‘the- type of “construction-illustrated .
in Plate‘II more than two ]omts of p1pe may be used 50 des1red ‘

N Y £ rLE e 0 gy alo

;‘-ME’I‘HOD OF USE. RIS .::,'l,‘-.,‘: o

7

a I order to reset the latch for another Tun, the shell of the’ ba1ler
- must ‘be. supported and" the ‘rod lowered enough tor allow the1atch
" to be pushed into the rod and so held until the’ rod ig’ pulled up
through the’ bottle neck “This"can’be done more convemently “with
- the top of the* ba.11er near the derrlck floor than By restlng the bot-
‘tom of thé’ bailér of ‘the? floor;” A’ convenient method: is to’ ‘have'two
pleces of timber’4’ by* 6’ inches by 2 feet eoped t6 i the" baller, With
two Tong bolts conneetlng ‘their ends "By’ drawmg the bolts tlght
“the wood clamps W1ll’gr1p the' baller and, restlng on'the top copling
o the Gasing, hold ‘it ‘while' the' Jatch is set.  The-bolts’ may ‘be 160s-
ened and the bailer. lowered through the' clamps,gwhlch are’ then ‘n
place when the balle vagam raised through them. -
The dump-baller hod is frequently used when & Water strmg is -
‘to be sefwith:a. relatlvely small amount-of cément, siy, less than 2
tons.  The cement is mixed: in"a-box on the derrick:fldor!in batches
-according 'to the: capaclty of ‘theé bailer. - After cément has been: wet,
it should not; be held .gver-for- the next-Batch. Surplus cerhent, after
“the. bailer has beenriﬁlled should -be discarded. A convenlent rule
‘is to: ﬁgure that each: sack of: cement: ‘wheni mlxed ‘will occupy 1 15
cubic feet. This, of course, allows. for:the excessiof water used: to
obtain the necessary fluidity; as well as. to prevent the cement - from
~taking its initial set too quickly. = =1 300 #bial Cer s ont el
The bailer latch is set and the bailer hung in' the hole ‘with: the
::shell seated on the cone valve ¢ so that the top of the shell comes:level
withithe floor:and--under. a’ spout or swing ‘pipé’leading fromithe
cement -box. ‘- The’ bailer: is ithen- loadedrand run: to “bottom:.in- -the
manner describeds - It is‘advisable to ‘have o bailer large ‘enough!so
«that, the period from:the time the first-batch ‘of: cement s wet: until
~the job.is completed will not exceed two-hours: Tt'is 1mportant to-have,
enough men with- hoes at Work to insure that.the mixing -of. each
batch is commenced:. as soon: as ‘the last of: the: preceding’ batch Has
*left the mixingbox, and’ ithatrthe mixed cement will' not-have to: be
kept wa1t1ng -for- the: baller * Frequently;: while a drlller and” tool
- dresser aré’lowering: ands‘dumplng abailer; pulling out andfesetting
uthe:latch - and- getting' the bailer. int pésition for the rnext charge of
‘cement, the other ‘ment getthe:cement: ready : to. pour.:”. This-ist the
ideal arrangement, but, one dares not speed up the bailer movéments
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' to any; great, degree,, and as more; than five hoes in, say, a 10- sack mix,
does not.accelerate ‘mixing,, the controlhng tlme factor, i is the depth
,of . -the hole. | Nevertheless when cementing a deep hole” ¢are can be
taken that the mlxed cement does not have to wait: for the’ baller If
the dry cement is plled 1nto the ‘high- end of the m1x1ng box away
from the ‘outlet, and a noazle be-used. on: the Water hose so that a-high-
pressure stream of water may be played back and forth-across the.
" box impinging on the pile of cement 0'asto cut and mix it in slices
2 to-4 inches thick, the.cement.not only mixes.more quickly; but with
~fewer lumps and consequently requlres less hoemg than 1f mlxed
entn'ely with hoes.;: 7. S, :

- During- cementlng, the. hole should be kept full of wa,ter, 1f poss1— )
bl “After:all the cement has’ been dumped, the casing is filled with . .
water and set as: descnbed The well should be left undisturbed. at
least 24 hours before the pressure. within the casing is released After
thlS ‘time it is advisable to stretch the casing as. much as e\perlence .
has shown is allowable. .. The casing:is then hung on clamps in ‘this
p051t10n 50 that. 1t i$ held both at the top and the bottom; otherw1se
_the p1pe ‘tends to bend from its own weight. . .

‘l

CEMENTING— PLUGS AI\TD THEIR USE

OCC&SIOII‘Llly 1t is. desn'able to cement a hole that can not be ﬁlled
to the top: with! water, as the water runs. away in a :sand -that. has
a -hatural water level some 'considerable depth below -the. derrick
ﬂoor 80 that all the available water that can be’ run into.the hole will

not- raise the naturaliwater level, ‘nor continuous bailing greatly =

lower.it. - The best solution:for such a. problem may be to-use one.of
. the other: ¢ementing. methods described in- subsequent pagéss: v

.- Sometimes, equipment - for the‘other methods is not aveulable S0
that the dump bailer must be used, . Again-conditions may arise
that make- it undesirable. to- ‘pump ilarge quantities-of cement’ back-
.of ‘the “casing. - The- chief difficulty -of cementmg with. the dump
bailer.in a;hole in which the natural water level is low is that after
thé cement has been m1Xed and: placed there will be an: aircolumn
. above the water in the casing. ~This air will compress as the casing
is Jowered, thus allowmg the cement -to ‘remain- at- pracuca,lly the
same level: insidé the casing as outside.. :Moreover, if the casing has
been set on bottom, filled with water, and-the ﬁttmgs put on, when
- the ;casing. is- hfted therwater will- 1mmedlately run out,. washing
the cement;away from the bottom of.the. p1pe (Of course, the height
cof: water column that' would be requu ed to ‘give suflicient weight to
" force.the cement up back of the casing .and 'still not .entirely out 'of
~it, could be calcilated. -:Such a calculation is necessarlly based. on
numerous fundamentalw assumptwns, and the results are untrust-
WOI‘thy e e It aarRe R PR S PT R e
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i
=

T SURE-SHOT . CEMENT. PLUG.

G JFor cementmg sa hole in Wl’llch the. water:level.ds. low,:a. dev1ce
-stich as the ; suresshot icement -plug 7 (PL; I, B, Pes 22), or: the « Hall
cement. plug "y /(Pl @) ;imay, be. used These two devmes are for
1dent1cally the jame; purpose, that; is, to tightly. close the bottom of
the casing to. be. cemented afterthe cement has been dumped through
the zcasing 1nto the: bottom:of. the hole so-that. ‘when: the, casing is
- lowered :into -the« hquld cement,’ the plug will. not ;allow: any cement
» to:reenter the .casing,’ but. will. force.it up on.the; outs1de In other
' words,j these plugs are wdes1gned .to:do. the,work. ‘of. the column of
Water and:the: tight-head, prev1ously descrlbed Wlth the except1on
of: a. few: small parts, both -of:these plugs are made of thm cast iron
soxthey can be €asily ’dr1llediup after the cement has “set,. Ty

The sure- shot plug. (PL I, B) is lowered into. the’ hole by‘attachmg

the eyebolt at the_top_to the .dart of the bzuler If the water re-
51stance tends to -stopithe passage:of the. plug, ‘the ,welght of the

permitting the. water to flow, through the’ plug

;theceyebolt, thus opening the ivalye.in:the .

’l“h'e. plug hasxm its: v_shell’*four slots through which-may. slide stove

bolts -that hold the:lugs: to-the hody: of: the.plug. - This, constructlon
swill:be: clear- by, 1nspect1o,, of Plate- I, B. : There i ig'no:spring: tend-

B .m—g\;to close the: valve jat, the, base of-the plig; - ThlS is.done-by :the

“weight of the. casing.. The casing is:lifted till. the shoe is:éledr ofithe -

. .jcemetit:beforethe :plugzps inserted. . On: passing: out of the: casmg‘the
- wslips slide:down ;the rconical; sha,ped* body of the: plug. resting firmly.

-ont.the base -atia . When the, ‘bailer’ is’ p1cked up,ithe slips: willgbe -

;pulled up ﬁrmly under, the casmg shoe and stopped in'this pos1t1on,'
‘thus plugging the bottom 6f the,casmg, ‘whitht is- then' set -on tbottom, ~.~
dlsplacmg the liquid, cement: A, (quick- Jerk with: the-sand linie lelL_‘, LT
: pulltthe; eyebolt: Gut.of the cast poppet‘valve, -and: thus release-the

_baller,,whlch pulls the: eyebolt W1th it to;the surfacéic il fHfil

This plug may not make a -water- t1ght Joint at the shoe;: and a,_"'-

;llttleicement ‘AY: WO
never -heard. of- such
:such leakage: will be

’,back into,‘the, casing,- though the ‘writershas

;Oceurrence;. and;rls of. the ;opinion’ ithat -any- -
egligible:. :Such a-,smallileak’ as might-be -
afforded between th1s plug: and ithe shoe will: generally besstopped .
when; the plug and. shoe are-forced: 1nto ‘the :landing’ forination by - .. .

‘the vgreat we1ght of casmg ThlS plug is: chara,ctemzed by extreme -

,s1mphe1ty of. constructmn ~andi¢an be. movedlup and‘downum the - -

casing as occasion may’ nécessitate. until. such time. sis* it ‘has reached
its-destination. . Not ~until such destlnamon is reached does it become
_ 1mposs1ble to pull the plug back to’ the surface e -

T

< e Patented by ‘Carl Baker of Coalinga, Cal: i IR, 24 IR
,_szanufactured by*the Bunting Iron Works, ~of’ Coallnga,,Cal [ N

£‘.,«éf’: i iZ 65 SRS I N 74 e i ‘,;l"‘z:r‘-'u;% Voo cnnr gl T aand G
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CIATL CEMENT PLUG..

" The Hall cement plug (Pl I, ¢ ) is dttached: to the dart of "the
"bailer by the eyebolt ¢‘and pushed dowx thie hole in exactly thé same
‘manher as the Baker plug Thevalve-in the bottom is: openéd by
the ‘pressure " of : the bailer -on - the eyebolt extendmg through the
center ‘of the-plug. SRR e i
- There are two sets of steel balls which act as slips: The set -b
'shown in the long1tud1na1 grooves in the miain’ body of “the: plug
prevents it from being pulled ‘or pushed up ‘the casmg * Thie ‘other
‘set‘of balls-are much smiller didmeter and’ ‘placed in the ball | cups ¢
“around the- vertical rods d. These"- ‘rods are ﬁrmly attached to, the
. 'base-of the plua a and extend upward through the-ball cups’e’ o' the
. cap of the plug. As the lonmtudmal grooves are deeper at the' upper
ends than at-the lower, the balls in them rest against the- casmg at
all times and Wedge ‘between the casing and the inclined” girooves ‘at
the first upward’ movement of the plug. This upward moverient s
occasioned by a pull on the eyebolt when the plug has reached its
destma,tmn -The eyebolt being attached to the valve f closes it and
‘at the same time pulls up -thé base- . This- squeezes the ‘Tubber g
t1ghtly egalnst the casing, - makmg a water- tlght ‘contact. The balls
+-in the cups ¢! gr1p the rods and so hold them that the'basé ¢ can’hot
slip: away from the mair body of the, plug, thus holdmg the rubber
ﬁrmly in its compressed position. R
‘Care must be taker to have a suitable and substantml mark- on
the sand line so as to stop the-plug in-the bottom joint of- the caSing
“and- yet not let the plug leave the pipe.- If this plug is:run below
‘the casing in all probability. it will heng on the edge of theishoe: and
‘can not, be’ pulled back into the caging. “Even' 1f. by‘ehance it shoild
‘start back into the casing the balls at:b would: prevent its ‘getting hlgh
~enough 'to allow' the rubber.g to set:in the pipe.’ : After the: plug s
lodged in the pipe, the strmg 18 lowered to lthe bottom ]ust as Wlth
the sure:shot plug. - .
- With the Hall plug there will: alwmys be 57to 10 feet of cement’ in
the “casing beneatli the plug; as to attempt! placing thé plugcloser
‘than this to theshoe would entail risk'cf’ gettmg, it below the-casitig.
»However, there should be no d1ﬂ"10ulty in drllhng out siich-an amount
‘of cement.” When, using ‘this plug a driller mist remember that’ efter
it “has ‘once started: into the casing there is no chance’ ‘to pull’ it out‘
© without -drilling it up, as: to pull-it back as mueh as 6 inches’ séts
.Jt S0 that 1t W1ll go nelther up nor down ~; B _f-’ W

- TUBING METHOD OF CEMENTING

The tubmg method of eementlng casing in, Wells is subject to many
 variations ind odifications: - Theessential-feitiires” are that the
~ lignid cement enters the well through tubing usually 2 to 8 inchey

e Loy _; T

e Sl



TUBIN‘G METHOND',OF CEMENTING. . , 33.
: W :

ing d1ameter~whlch extends to within a few feet of the bottom inside '

. of the casmg that i is tl) be cemented Some prov151on must be madeJ
- to ‘prevent the cementlfrom backmg up between the. tublng and the"-

casing, -and to. force. 1t to go up between the casmg and fthe’ wall 7of
“the: hole..,: For this, ,purpose a packing’ device of .some kind 1s used:’
\Vthhx seals off. the annular space between, the tubmg and the casing.

The packmg deV1ce may be placed at elther end of the stran' of :
'.tublng or at any 1ntermed1ate pomt For mechanical convemence ,
. it s customary to. put fthe packmg device elther at-the bottom or the '

- .. top,of the tubing.-

In .cementing a Well by the tubmff method the drlller should]
: make :sure: that ﬁu1d yvlll mrculate before any- other Work such as.
putting ‘in tublng i istarted: » If- water can: not be forced from
- inside of the casing around the. shoe andup. outs1de of it, it is obvi-
4ously useless to try to force cement through Assumlng that it has_
~ been possible. to get c1rculat10n W1th water or mud fluid, the tublng
‘may - be inserted with: the packer on the' bottom A disk’ packer is,

' v.frequently used fors such jobs, . although any - other type of packer

- meeting ‘the general requlrements will ‘do..“The cement is mixed -and.
_pumped by the method described under the -discussion of the upper:
Vpacker or tight- head (method of ceménting with - tublng7 on:pages -
34:to 37, After the cement has been mlxed ‘and pumped in under the
_ packer and followed by suﬁiment Water "to flush the tublng clear of
’.cement a, stopcock or gate, at the top of the tub1ng is closed, and .
the casing is lowered to the bottom: of' the hole. = After the’ ‘casing
is thus set on bottom, the tubmg, together Wlth the- packer, should be -
pulled up enough to free the packer before any- res1dual cement has
an opporumty to set. After the packer has been ‘thus loosened,
'Water is. pumped down the tublng and back to the surface’ between
<the tubmg and the casing in order to wash out any cement” from

- inside the casmg The tubmg is then pulled out, bringing the packer :

.vw1th it.- This done, it 1s adv1sable to completely fill the casing with
water and close ‘the top Wlth a plug or. other suitable fitting, and to

leave ‘the. hole in this (condltlon while the cement sets. In fact, a ..

column of water should’ be kept inside of 'the. casing after any cement-
]ng job in order to counteract ‘the tendency of the liquid ‘cemént t6"
ruan back into the casing through any: stray channel under the shoé.
‘ Some operators £0 50 far as. to.set a pump to hold a certain water
. pressure on the’ casmg,,perhaps 50 pounds per square inch or more;,
' as.may be requ1red The pump is watched and is so; regulated as to
- vcounteract any leakage 1n the ﬁttmgs and to malntam a steady pres-‘
» 'sure on the well. .
T The dlsadvantage o “the bottom packer is that it may leak cemént
tinde high-pressure'and by- pass so.much of it-above thé packer that
‘the packer can not be pulled. The operator will then have to drill the =
51704 —18—3 o~ N . .
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cement and the packer out of ‘the bottom of the water str1ng,)w1th
' perhaps a.joint or two of. tubmg “To avoid the p0551b1e loss of tubing -
there should be a left-hand thread- connection'between the tubmg
-and the packer. ' Even though suﬂicwnt cement' may ‘have: been.

forced outs1de of ‘the casing to make a water-tight'job, the severe T

pounding of 'the tools' while drlllmg up cement ‘and: ]unk will, prob-
ably crack the out51de cement and may even tear a Tole i i the Water
string itself. ' : I ' ik
This disadvantage has been overcorme by omlttmg the packer att
the bottom of the well and using one at the top instead.® - There’ are:

: several top packing devices in use.’ " Two forms of top packers, or
tlght heads; as they are commonly called, are shown in Plates III and
IV. Another form'is shown in Plate V, 4. cTT SEEEY
In add1t1on to changmg the position of the packmg dev1ces, there

" are severdl variations in ‘the' methiod of m1x1ng ‘and. pumpmg the ce--

‘ment into the tubmg " One ofthe best systems in use 1s that operated
by ‘/Vﬂham T Scott of Taft Cal.” o T -

' CONSTRUCTION AI\TD OPERATION OF SCOTT CEMENTING OUTFIT

As shown m Plate VI, the Scott outﬁt 1s mounted on 8 stout Wagon
to fa0111tate its transportatlon "It is hauled by team or motor track'-
to a convement pos1t10n near the well to be’ cemented. - The- main

:Ccatures of the. outﬁt are the wagon, water tank, cement mlxer, “sin--
ole cyhnder steam engine to drive the mlxer, cement pump, small
suctlon tank, and top packer or tight casing head. - :

The: water. tank is'a galvamzed iron tank of convement size, et -
curely mounted on the rear of the wagon and ﬁtted with a 3- mch
ﬂqnge in ‘the bottom connected to the 3-inch suction {ine to the. ‘pump..
This, line has a. 2- 1nch ‘intake from ‘the main Water supply line, and

“also has a 2-inch branch dlschargmg into the top ‘of the tank ThlS
tank is used for gagmv the water pumped after ‘the ceinent.’ St

The cement mixer. was bu1lt by Mr. Scott according to his own
des1gn The mixing barrel is a. plece of 12}-inch casmg about 63 .

- feet long with a feed hopper as shown- in the 111ustrat10ns This
hopper feeds the dry cemént to the mixing barrel below.. ‘The feed

“ s 1egulated by a sheet-iron doer operated by ¢ 4 lever ¢ (PL. VI, 4).
To .insure umform feed and to break up any’ lumps in thedry ce:
ment, thus. preventm(r it from, cloggmg in the hopper, there is'a shaft
'ﬁtted with radial iron pms The pins are about 3 1nches Iong, made "
f 1-inch round iron. The end of thls shaft and its drive sprocket. .
_are shown at b.  This sprocket is. chain driven from a ]ack shaft,
whichis in turn dmven from a sprocket on the mam hne shaft of

v "See Wiggle, W P Method of cementmg walls of a hole 0. 8. patent 1057789
\Apr1,1913 . .
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.o BUREAU OF MINES * .- : o EE

| cementing pumps .-

T M0 W 27Connections from |

. E . . 1 m— N F . i

ce B B N| connection




BODA) ////////////d//d////

. HONOLULU CEMENTING HEAD. * -

i

. - : .. : BULLETIN 160 PLATE 11 -
‘2 “Connections From S
‘ cemanf/‘ng.pum,os' o

///

IELITIIIITI ISP s ISITIIIIIIITLLLILIIIFIIIIT IS T IS III I s \\\\\\\\\

/////

?4???//// Ry




TUBING}METHOD oW CEMENTING‘- A 157

the mixer; thus: causmg the small feecung shaft:to rotate at greatly
reduced rate of speed compared to the 'speed of the.line:shaft: - ~:iv
“The end of the mixing’barrel-under:the feed hopper is closed by an
ordinary cap to fit 124- inch 10-thread. .casing.- In theicap-are. three'
holes: -The central hole. admniits’ the'drive. shaft;:.and acts as'a’beéaring
" for ito-The othetr ‘holes,oné on either.side of the center;! ‘admit water
into the 1hixing barrel “The two intakes provide a more umformi
distribution of water than would:be. p0551ble with ‘only one. :The
line: shaft “4s’ ﬂanged dlrectly to the -engine shaft; .thus: ' gaining.
strength, snnphclty, and ‘compactness: by a: straught -line+drive. ‘The:
bearmg at the discharge end-of -the: niixer .is held by & semlclrcular"
cap as shown in Plate VI, B. - This cap is held in place by three:cap:
screws; and thus can be' easﬂy removed.. The cap ‘screws also ‘permit:
accurate centering of the line' shaft wher. adjustments may be neces-: -
sitated-from the: replacmg of broken,mlxmg blades. 'The small three-
_bolt: shaft coupling shown at ¢ (P1-VI, 4 ) may be disconnééted: and
the: adjacent sprocket taken oﬁ',- thug: leavmg thé-line shaft free ,to'
beremoved. for cleaning-and repairs: = . o sd s g
"« The 2- inch line shaft has a:set of.cast-iton mixiig blades (Pl V B)
mounted on.it: These blades-are. cast: with lugs on ‘onesside of the:
hub.and notches at 90°to;them on’ the opposite:side.t; When-a, set’ofi
blades-are shpped ‘on the shaft the notches on: the ‘orie* will mesh: with:
the lugs on the next’ dd]acent hub, thig each successive: ‘blade is:held*
at 90°.t0 the :one precedlng fitz: Such an- arrangement causesithe
entife’set tosrotate as o lr,mt without -any.radial: slip. . Two bladés: at:
‘each -end.of ‘the set-and one or two in-the-middle are attached toithe?

shaft with set screws: - ThlS construction permits the: easy and qulck o

replaceinent of broken blades: and :obviafes; - any machinesavork: on%
them except that necessitatéd by the set. screws.- "The;iblades! belng of - -
cast iron may “break’ if: allarge nut, bolt; or-other plece «of ‘iron: gets- .
into the:mixer by accident - along Wlth the _cement. -It’is far:-better to

have. a broken blade in the' mixer than.a'shutdown in'its" operatlonh RN

Obvmtlng a-shutdown after the mixing oficement: has oncé startedas

most’ 1mportant* as the et ‘cernent would-not only hévé opportunlty'

. to set in the mlxer, but delay- mlght mean failure of-the entirg cement-:
ing.job. The mixing blades:are about 61\1nches Jong: from the ‘center*
~‘of:thé hub to the perlphery "*Thé- p1tch ‘of-thé.blades i is’ such that.as: -
one-looks into the discharge end of the ‘mixer :the- shaft must Totite.
in a clockw1se direction.! ‘This direction ‘of : Totation.. tends to cleam '
-the cement away. from the bottom of the feed hopper R

_ “If the main .shaft of the- mixer Totates at-400 rewolutlons ‘per min-
ute;:a ton of.cement (20 sacks); ‘can- be mixed -in+23-to3:miinutes.}
The cement :passes’ through -the chute at the: dlscharge end::of- the
mixer into small suction tank d. (Pl VI, 4), from which it"is “taker
dlrectly by the pump ‘and forced into. the well w1thout the necessity
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.~ oft'working-it at-all with hoes. -The lelng is éntirely- mechamcal
thus reducmg labor-and accelerating the.process. SRERE
'The engme used is a single- cyhnder, 44 by 5! mch, Clark steam ‘
engme, and gives entire satisfaction.. :
. A 10 by 4 by 10 inch Snow duplex pump -is used to. force thL
cement into-the tublng ThlS pump W1ll deliver at ‘about 7 50 pounds-
gage pressure. .
A small galvanized-iron tank of. about 20 cub1c foot capacn;y is
used as-a suction tank.  Almost any strong’ ‘tank or box ‘of 10°to. 20°
“cubic foot capacity will do for the purpose.” The tank should not,
"however; be of a low. squatty de51gn The ob)ect is, of course; that"
. 'the suction tank carry as small a quantity. of cement as possible so.
- it will be drawn off. by the pump as fast as it is mlxed allowmg no.
time for any settling to take place in the stction box.- :
-The top packer, or tight head, is des1gned in_ many forms. .-
*.Plate 'V, ¢ shows ‘the tight head used. by Mr. Scott when cement-
ing .a strmg of 8%-inch casing.” The sack Wrapped around. the
tubing is more ‘to illustrate the necessity of packing than to recom-
mend the method illustrated. Ordinarily when this head is used a
“steel plate bored to take the tubing is slipped over the last joint be-i
fore: it is set up. This rests under the top couphng of. the tubing
and presses soft hemp or other packing. into the annular space be-'
tween. the tubing and the tight head. ' :
- Plate V, 4, shows a tight head used successfully in the thnga
and Sunset ﬁelds ¢ This head is bored to allow passage of the 3-inch
tubing, but not a coupling, and must therefore be slipped onto the -
- last. ]oint"of tubing before the latter is set up. The head is then
screwed into the top: coupllng of the. casmg to be.cemented. The rim;
of the hole through the casing head has a small bevel turned around
it to receive a, ring of hydraulic packing that is put around the tub-
ing and under the coupling. The follower plate may be. dra,wn ﬁrmly
- down on top-of the coupling by the stud bolts if necessary. :

- Some operators:in the Midway field have had difficulty Wlth vari- -
ous types of tight heads.that requlre ‘packing to make a tight joint
between the tubing and the casing head. The trouble was occasioned
by leakage around-the packmg toward the finish .of the.cementing
job,;when the Lighest pressure is naturally used. “Toget around this
* difficulty the Honolulu casing head shown. in Plate IIT (p. 84) was
‘designed and has preven satisfactory. In thls head thé packmg 1s '
replaced by threaded connections. ‘. '

. In- using-either the Honolulu or the Southern Pamﬁc Co head,
the tubing must-be lifted:in order to’ prov1de a relief vent for wash:
‘ mg surplus cement out of the tublng and casing after the tublnor has

‘aMade and used _by the fuel department, Southern Pacific Co.

B S
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been landed Wlth a Scott head: this operat1on is accomphshed by o

' 'openmg the 2-inch stopcock near the pressure gageir .=~ - .
‘The tight head 'of - the: stuffing-box type (PL IV, p-. 35) cons1sts _

\ of a’stufling box and follower drawn down. by two Finch stud bolts.
The tubing Wlll work through this-gland, or, if preferable, a‘coupling
may be set.on top of" the follower, thus- pressing the- packing: more
firmly’ together, as shown in-the drawing. - With this type of head it -
is-not'necessary to set the weight of the tubing on the follower gland

_to .compress the packing, hence the bottom of the tubmg may be set = -

‘at any desired depth Wlthout regard.to the position of couplings. at
‘the surface. . It is believed: that this form of ‘stuffing ‘box- if :thor- .
oughly packed Wlll prevent leakage under the most severe cond1t10ns~ i

grerz“ - : ,:,‘ 1‘(

CONDITIONS UNDER WHICH TUBING METHOD IS USED:_‘;:,'

*Thie' tubmg method is apphcable to cementmg Water strmgs ‘that
’are not llkely to-« fxeeze “on standlng while the tublng i5 bemg in-
serted ‘In’ general, the usual practlce is that the tubing method ‘is
not used ini’ the hole where mud.flush has been' éirculated durmg\_
’drﬂhng lee every other generahty, this one has’ exceptlons For
1nstance, one of the large ‘companies in the Mldway field uséd the
“tubing method in cementmg water strings in a rotary-drllled hole
- When this’ company hés finished makmg the hole and’is ready to 5ét -
'_ casmg, the-drill: plpe is pulled out and. the tubmg stood 'in the der-
‘_ ‘rick before’ the casing s ;started. " The tubmg may “theri [be’ 1nserted‘
L ‘far more quickly after the casing is all in the hole"than- Would be
pos51ble 1f 1t had to be 1nserted by smgle ]omts R .

. R Jal.;».' ; ‘.lz_
CEMENTING BY TUBING- METHOD \WITH SCOTT OUTFIT

~.', \4 '-") '. , Jl B
The Scott cementmg }equlpment 1s used 1n; connectlon Wlth .the .

tublng method, but the m1x1ng and, pumpmg ‘mechanism may be and
', as:a matter of fact is used for. cementlng without the use of, tubmg
'x; In. cementlng ‘with the, Scott: outfit.the: first step, as in all Other
: tublng methods- of cemehtlng, is, to get clrculatlon Thls 1s done :
"eithor with pumps at the Well or W1th the cementmg pumps Suﬂi—-.y )
- cient water: must, be stored in temporary tanks at the Well to mix -
the cement andto dlsplace all the ceiment from the. tubmg, and more
water than thls, elther JAn tanks or in'a rehable pipe- hne system 1s
des1rable for reasons glven later, - The outﬁt is set’up, near the der- A
- rick and connected w1th ’the local steam and Water supply hnes ‘;A s
smafll platform is built bes1de the m1x1ng machlne yv1th a Walk ~to
_the- ground Thls must be so arranged and the dry. cement s0 placed
that there will be no delay in feedlng the, mlxture As. stated thls
machlne handles a ton- of cement or 20: sacks, every 21 61;3 mmutes,
that is, a, sack every 8 or, 9 seconds All wires or strmgs must be taken
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--off - the Sacks before mixing is started.’ It has been found:advisable
- to have the cement handled by four men, two working at*a time and
‘relieving -each. other ‘at frequent intervals. If more than two.are -
.dumping- cement at a time they will get in‘each: other’s’ way. and -
'rétard rather than.accelerate the work. When - everythmg s in
readmess clear water is pumped into the tubing at a, Plate VII,
_until:returns flow from the relief pipe b at the casing head. The
relief cockiis then closed tvith the pump still operating and with the
‘casing 3 .or4 feet off bottom. This should start the circulation around
‘the casing as shown. in. yiew B, Plate VIL. Water is then started
-through:the ‘mixer by . opemng valves e, d, and @, Plate: VIII, and
.closing stopcock. .- The mixing engine ¢ and the punip are started ‘
and the dumping of cement into the hopper is commenced. The most
satlsfactory consistericy £or the cement mixture is determined-by ex-
_perience. If the mixture is sufficiently thin to be readily -handled by
: the pumps it has ‘an_excess of water. A- cement should ;never be
mlxed any. thmner than this unless an eff01t 18 belng made to force it

A

: excess of Water Th1s method of estlmatmg ‘the ﬁu1d1ty i rough but. :
satlsfactory A small excess of water doubtless retards the settlng'
of the cement, but does not weaken it to a dangerous degree o ’

Before actual cementing -is’ commenced a computatlon must be

g ;made $0 that the operator W111 know how many inches of water must

be pumped ‘out of the gage tank to equal the volume of the string of -
: tublng If the gage tank regularly mounted on the outﬁt has insuf-
ficient capacity for any: par’mcular job, an auxiliary tank must be set
1f such-an.auxiliary tank is placed near enough-to the pump.the. water
' may be drawn from it by merely" droppmg the 3-inch suction hose °
' mto it, thus reduclng the amount of ‘pipe ﬁttlng “After dll the cement
has been mixedand pumped into"the: tubmg, the' computed volume
“of’ water ‘with usually a’sinall excess, 10 per cént ot less, is pumped on
- “top’ of the cement (0 PL: VII). Thisis accomphshed by closmg ¢ and
“k(PL VIII) and gagmg ‘the water in‘the tank at the same time. In'
this way the water ' passes through’ the, mlxer and. ﬁushes it clean |
“When th1s is' accompllshed stops b and f are opened and a, d, and e
) are closed ‘thus by-’ -passing the : mixer and sendmg the water dlrectly
“to’‘the; pump. When'all the wash water is ‘in, the casing is- S6t ﬁrmly
+"on the’ bottom of: the hole Under normal conditions. this will stall

o the _pumps. By opemng the relief valve b(see PL VIIL' and ¢ Pl

VIII) at the ¢ casmg head all cement that may have rermained éither i in -
"the" tublng OF in. the casing above the bottom of the tubmg will be
: washed out’ by merely keeping the pump gdéing. : o
After gettmg c1rculat10n at. the beglnnlng of the JOb 1t is unnec- ’
essary t6 stop ‘the pump or the movement of cement or 01rculat1ng A
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Cement mixer

 Water tank--.
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er-tank.
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SECTION )
PLAN AND SECTION OF SCOTT CEMENTING QUTFIT.
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‘ ﬂulds unt11 the ]obcr rentlrely completed and” the casmg is safely

landed. 1f the op tor does not wish to have to- drill any cement’
: out of ‘the cas1ng ublng riay be’ Iowered to ‘within-a’ few: inthes
lor'a foot of the b tom ‘and all'the remammg cemenit flushed but by

. fw ater belng pumped inito the tubing. ’ Notvvlthstandlnor the difference

" in the’ spec1ﬁc graV1t1es of cement and’ water, it is'a’ remarkable fact
'that a large slug of hquld cement ‘with' water both abéve atid below -

it may be pumped down'a strlng of 3-inch’ tublng, and if desired ¢an

“be pumped ag’ 1, t5 the surface throu(rh the space between the tubing

and the casing’ w1thout ‘éxCessive 1nterm1nghng between the cement
and the water.. .1 :

I must be: born mlnd that no: barrler, not éven a cement sack,- ‘
“is'used between the cement and the’ water i ‘this process, A strlkmg
"mstance of pumpmg Lcement back to the’ surface’ between the’ tubing

-:and the casmg ocerréd at one: "of the’ Paclﬁc Mldway Oil Go.swellsin
the’ Sunset oil field where’ hqu1d cement was pumped ihto 8 10- ihch

hole, about 1 600 feet deep, through tubmg It was des1rab1e in this
'partlcular well 1o’ pump in all the cement that the hole would take,.
so 18 tons (360 sacks) was: mlxed and pumped in; Of this’ amount
2 or 3 tons was washed pack to-the. surface. - When the- cement came-

. to the surface it was in such usable condltlon that a tank" was® placed -

:_' tch 1t The tank full of 11qu1d cement was: hauled to 4 garage .
yon the property where the cement was mixed w1th sand’ and used for

flaymg a concrete ﬂoor in the bulldlng ThlS condltlon of the cement

5

;;;;

Of course, "if the tublng happened to extend only 2 few 1nches 1nto
the liquid cement: at the: bottom- of the Tole, only those few inéhés of
©cement. would. be. Washed back and the cement, mrrrht then be s6

- diluted on reachmg the surface that 1t would notiset; but- where, say, '

;2 ton or; more, of, cement,ls 1nvolved -1t may be washed back ‘o the sur-

»face ,m» falr condltlon In most stances of th1s kmd there 1s no

usefu ".Lpurposes to- whlch the ret‘ rn, cement ‘may, be. put 50, 1t 18

,;usually} wasted. Fortunately 1t is usually pos51b1e to estlmate rather v

closely the requlrements of the partlcular ]ob

. tothe settmg of the returned cement when the chlef concern is. how
'71t -sets. underground One, 1mportant reason 1s; that 1f the cement
. sets. after, being. retlllrned to the: surface, any fallure to set under— ,
ground can not loglcally be attrlbuted to. the chaf‘ cter of- the cement -
~ nor to, the method, ’of . mixing - and placlng 1t4; .Another Teason is*
- fully dlscussed under “ Casmg System of Cementmg w1thout Plugs

)onpageSf)Oto 53 :;":?_E'.!‘. Lot e ol . . il e it

e dr Ty e } g\~ RIS 26 AN
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SPECIAL METHOD OF MIXING CEMENT! .
The Shell Co. of Cahforma uses an. ordmary concrete m1xer
“fastened- in the dlsdharglng pos1t10n The m1xer is set to. dump
into a long mixing box about 2 feet square - 1in “cross sectlon and
approx1mately 20 feet long (PL IX, Ay, A hose dlscharges Water

-into the mixer contmually as the cement is dumped in. Men w1th o

mortar hoes finish mixing the. hqlud cement as it travels: from the
concrete mixer at one end of: the long box to the 6- 1nch suctlon at
‘the other. From the box the cement is taken by the pumps and de-
livered to the Well , l

~ The two pumps, shown in the left foreground of Plate IX A
" are mounted on a low truck. One pump is for low pressure and the

’other for- high pressure,- and. they. are 10 by 6 by 12 inches, and 10

'by »3 by 12 inches in size, respectlvely The suctlon mamfold is so o

connected that it Wlll take reither cement from the. 1ong box or
water from a 8-inch’ connectlon ‘into .thé same mamfold The drs—
charge manifold and the steam connection to these, pumps are 's0
arranued that the operator may change from the low to the. hlo'h prcs—
sure pump, or ‘vice - versa, WltllOIlt stoppmtr the ﬁow of hquld-
‘through’ the tublng

" Some companies have a hose connected to the pump dlscharge
“manifold so that ‘the cement may be plcked up by the suction and
‘clrculated through the pump back .into a mlxmg box thus maklng
“the pump sérve also as mixer. Th1s method 1ncreases the' wear
'and tear on the pump and nece551tates m1x1ng all the cement before
_puttmg any of 1t 1nto the Well )
o USE OF ONE PLUG METHOD WITI—I TUBING Al

ETI

. LRSI S e j .

A V‘tI‘latlon of the tubmg method not' extenswely used - at present
~consists in placing a swaged- mpple on the bottom of the tubmg and
using a wooden bullet- shaped’ ‘plug, having “a d1sk of' leather or
rubber belting nailed. to the flat'end. This plug, pomt down, is

inserted into the tubing on ‘top of the' column “of " cement, and"'is -

pumped down with'water in the usual way." The plug Wlll stop. When .
it reaches the swage mpple, thus stalling the pumps and mdlcatlng
“the end point-and affording a check on thé computatlons ‘This-chéck
“is the one advantage .over the: common- method as descubed ‘above.. .

< “'The’ dlsadvantages are as follows IR I Ceh e

" 1 Cement often adheres to the snles of the tubmg and ‘subse-
quently’ settles on top of the plug; or else- the plug works down' inito
the cement leaving as much as 6 or 7 joints of ‘the tubing filled
with cement.” The tubing thus filled either has to be junked or else
the cement must be drilled out at considerable expense. A
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A. SHELL CEMENTING OUTFIT AT WORK.
Photo by C. W. McAlester, Coalinga, Cal.

B. PERKINS CEMENTING OUTFIT WITH STEAM AND WATER CONNECTIONS MADE.
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1

2. It is impossible to Wash cement out ‘of the bottom of the tublng
_;91" casmg after the latter has been set., -, . T

3. If circulation i is’ 1nterrupted all cement not already back .of: the
. casmg is left, inside of it to be drllled oub. , : oo

AR USE OF THE BAKER CEMENT CONTAINER
The ¢ Baker cement contalner”a is a dev1ce to. be used under cer- -
tdin conditions when: cementlng with tubing. . .The ;container is'pri-
mamly designed for use when.circulation may- be obtained, but ‘when
", it.ig:impossible to.gét a tight seat for the casing on the bottomn. of
.the hole:. : The condition may- be caused by lost tools which have been
s1detracked -and subsequently ‘fallen in. agalnst the casing, or “the
“casing.may have.becoiné:“ collar. bound ” so it may, be moved’5 or-10
~ feet, but not enough’to clear the couplings..: If the -cementing . ]ob _
be attempted under such condltlons by the ordlnary tubing' method,
or any of. the other’ methods, an opportunity is ‘afforded for the
.icement to run back into the hole from behmd the casmg when 'the ]ob
 is allowed to stand.
1., The’ container: is built of cdst iron and 18 attached to the bottom
.of: the tubing. by a: left:thand. nipple a, Plate V,:D. (p 86). This
:nipple connects with the lower ‘cone- shaped part-of-the. container b.
When the container has been lowered to the shoejoint, or as néar the,
'bottom of the casing-as may-be desirable, pulling ‘the ‘container iip a
,fewnnches or & foot,is. sufficient to: cause the slips ¢ to wedge against
= the 1ns1de of ‘the casing, holding. the:upper section of the plug’ firmly
rin the, casing. - Thus the-rubber @-is spread by the. cone- shaped ‘base

-, makmg a tlght sedl between the ‘plag and the casing. - Wheen the - -

cement is.pumped: down: the tublng it ‘will readily’ pass the valve e
~which is: seated by-a- splral, spring... The. cement can not, however,
: pass back through thls wvalvé or around; ithe container to get’ above 1t .
—-and; must therefore pass around the cas1ntr shoe and follow the. course
of mrculatlon T T S ' T e
When alli the cement; Ahas been: pumped in, the tubmg is discon-
nected from the plug by unscrewing. the.left- hand anlpple a. - Any
residual cement in the tubing may be pumped out and tothe surface,
_just as in the ordlnary tublng ‘method* The- container. is prevented
" . from ‘slipping,‘down: the, casing after: belng d1sconnected from” the -
tubmg only by the: fru’n:tmn hold of the shps and the pressure of the
cement 'on the bottom of the container. | However, if the cement. has
not pressure enough,to hold the. contamer in place, ot much is hkely
" to,runt back into the hole.,, -As the container is-builtiof light.cast iron
lt is easﬂy drllled up. after the.cement has set..: et e

AS

GBaker, Ri-C), Cement container U 8. patent 1035674, Aug 18, 1912
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42 SHUTTING OFF WATER IN OIL WELLS,

f . ADVANTAGES OF TUBING METIiOD g

The advantages of the tublng method may be summarlzed as
follows :

1. The method requires less time .after the 1n1t1a1 Wettmg of the
_cement to completlon of the job than any other method yet devised.

2. The operator can leave any desu'ed quantlty of cement 1ns1de
the .casing. .« - Ll i '

-~ 3. The storage space requlred for Wash water is less than that Te-
qu1red for, the casing method .of cementlng N LT

. 4. When. a-standard-tool hole is to be cemented by the tublng
method the volume -of water unavmdably cnculated around the

. casmg ahead.-of the cement is only-the contents of the string.of tub- .

1ng -This.is a considerablé advantage if the formatlon ‘back: of the :
plpe has a tendency to cave. . .. o o .

B DISADVANTAGES OF TUBING— METHOD

Dlsadvantages of the . tubmg method may be enumerated as: fol-

. 1. Time is requ1red to run-in-a’ strlng of tubmg ThlS usually
has to-be laid down aftér the job. in. smgle Jjoints :and ‘rolled ‘away
_from.the rig to permlt unloadlng of. plpe for the 011 strmg, as, Well
as other equipment. - : P

2. A]though ‘the: tubmg method is qulcker than the casing method
after the cement is wet the aggregate time required to do the: ]ob 18-
(0n51derably greater on- account. of handling the tubing.’ For- this

- reason some.form of casing method is very popular among-operators

for mud-flush holes—particularly for. holes drilled: W1th rotary tools.
.This is because ‘of a_desire-to reduce the delay to a- mlmmum, ‘espe-;
“cially in a rotary hole, as thé wall of-an uncased hole in- Cahforma »
_will not stand long. - Alsoiin.a tubing job eithér the drili p1pe must
“be laid in-- s1ngle Jomts as- it is pulled’ out- and the tubing must’ ibe -

-~ stood up or else casing will have to be- done .with a string of tub-

ing as well as a strmg of drill pipe- standlng in the derrlck 1mped1ng
~the work- of casing the hole . RTINS

: CASING METHOD OF CEMENTING

In cementmg casmg by -the casing method:the 11qu1d cement is”
pumped down inside the casing- itself without the -iise of tublng,
“bailers,. or--other containers of ‘any kind. There are two general .
-methods’ of performing this operation, as- follows .‘ - =

-1, -A-plug or:barrier-of suitable' material - hnd const,ructlon is’ used

below and another abave the column of cement, separatmg it from '
the-other ﬂalds 1n the holé during its passage down the casing. - v
2. No plug or barrier of any kind is used, elther below or above

~ the column of cement durlng its-passage.
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USE OF L'.l.‘\NO PLUGS (PERKINS PROCESS) NGRS

,,,,,,

The former method 1s oommonly known 1n Cahforma as t e ‘¥
k1ns process,”“ the main features of which' are as follows
L The c1rculat1on is Stabhshed downward th‘ ugh the casmg ‘

and up outside 1t R e o

2. Plug No: 1 is 1nserted At the top” of the cas1ng The fittings

are then replaced and the cenlent_,‘pumped in on’ top ‘of this plug N

" 3. When the des ed amount of cement has ‘been pumped into the
l cas1ng the’ pump are shut down and Plug No 91is 1nserted on top of

<.

: 'the cement. -The ﬁttlngs are agaln replaced Water is then pumped -

in‘on top of plug No 2, forcmg 1t down the’ hole Thus the slug of .
'Vcement travels dow _n51de ,the ct smg, pushlng plug No 1 and the .
. water or dulhng mud ahead of it and having a; column of water
: :_behlnd it. (See Pl XIII, p- 48 ). ,‘The plugs not- only keep the cement,_
“from 1nterm1ngl1ng w1th ‘the. othér - fluids in the hole, but’ play a.most
/1mportant part In. the mechamcal operat1on of the: process; . Each
outfit ‘consists “of 'a 3- ton motor truck on, wh1ch the pumps’ are
" mounted; two pumps -Jow. and high pressure, 10 by 44 by 10 inches
~.and 10 by 34 by 10 1nches two ‘or’ more galvamzed 1ron boxes for
m1x1ng the cement — .

1nches shorter i eath: of the other ”d1mens1ons Durlng transporta—'
' <t10n ‘one’ "box may:be placed insi ,'e' thd other. ‘‘Fach’ box has a 2 1nch
' angle irén around: the rim-to stiffen ahd ;relnforce it o =

"Plate" IX, B(p.: 40) shows’ ano tit" backed in bes1de a Tig and
“with: the steam end’of the: puiiips’ connected “The lelng boxés werer
still chained on’ the rear- of ‘the’ truck When ‘the 'photograph wis -

- “taken.’ Each” box has one—half of o 4:inch 4 e;umon riveted to

“the ‘bottoni' as a” relnforcement for “the’ d1scharge opening’, “One ofv
these out],ets i shown i’ Plate TX, B, protrudmg ‘from“the bottom
~of the tnixing box’ almost d1rectly above the i Tear wheel of the’ track

These outlets must {Jbe placed. one 1n the upper left hand corner of‘
the ﬁrst box. and the other_ln the upper rlght hand corner of ~the
second box, as one looks mtol “ .

charge opemngs are ' losed by wooden stoppers whlle the cement is

. -¢ Perkins, A A, an.d Double, Edward, Metnoa of cementing 011 wells U S.. patent .
R 1011484 Dec 12 1911 Lz . S

er 'T‘box is of the - same~depth, but 4 '
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, belng mixed. The stoppers may be pulled out. part or all the way,
- thus regulating the flow of cement into the suction box. = .. .
"~ The suction box is of- galvamzed iren relnforced around the rim
. with 2-inch angle iron. .The box is 9 feet deep and 2 by 3 féeot at,
the top. The sides slope to a bottom' 1 foot’ 10 inches. by’ 9 “feet 10
1nches, thus havmg a batter of one-half- inch. to the foot;. A’ p1t is

B dug beside the truck. fqr the suction box, which is set Wlth its vim - ;

; ﬂush to the’ ground surface. “By this’ arrangement the. nnxmg boxes
‘may rest flat on the ground and.yet have their dlscharge openmgs set
-over the edge of the suction box, thus savmg the labor. and’ e\:pense of
elevatmg the, lelng boxes, A 3-inch suction. plpe from the hlgh-

pressure pump and. a 4- 1nch pipe from’ ‘the low ‘pressure pump-are

o dropped into the suction box: (See Pl. XTI, 4. ). This illustration also_

“shows the 1: 1neh mlxmg hose in “the’ central foreground and the

" corners of the. mixing boxes as they are set. “When the photograph :
was taken: the cement had béen mixed atid- the wash water was being

pumped into the casing The exhaust steam from the, pump- in: the e

f background may be noted

Lo RLDeS. LT T e g

The two plugs, although chﬁ'erlng in detail, have many pomts ‘of

construction in common: The bodies of both plugs, or barriers, as
they. are termed.in. the patent. spec1ﬁcat10ns, are commonly rnade of
,Cahfornla redwood though any good clear soft wood, such as: white
_pine or sugar pine, would have ample strength As ‘these plugs
must be drilled up after.the cement has set, the softer the wood can
be, and. yet do its work; the better it is for the purpose. This re-

_quirement is- kept in mlnd in makmg No. 2. plugs which are turned .«

“'down between the’ two ends to remove superﬂuous stock.: The bodies
~are fitted with Wooden stud bolts 1 inch in diameter with 4 threads

- . per inch in the plugs for 43-inch casing, and 1} inches with 3. threads

per 1nch for sizes used in 63-inch and. larger casings. “The stud bolts

" are 1n one or both ends of the plug accordmg to its des1gn and- are

, b',held in place by transverse wooden pins, the Wh1te ‘ends. of Wthh
‘show -plainly -in the photographs reproduced as Plate. XII The‘

i _'flat washers or, disks’ are made of ordlnary rubber beltmg7 such as is

_ used for the standard r1g :
Plug No. 1 is made in. ‘two des1gns Tho ﬁrst type 1s the tall_

.Vbottle necked plug shown to"the left of each group of plugs in
Plate XIT, 4. It has'a rubber washer at the top, and at the bottom: *~ -

The bottle neck is 1mmed1ately under the. upper Washer, Wh1ch ds
held in pos1t10n by a smgle Wooden disk on top. of it. . These plugs
are 3 feet long over all: "This. length i9 approxunately constant for =
use in all sizes of casmg ~This type is used -for all* ]obs except where

a:“ Graham ” cast-iron gulde (4. Pl I, A, p. 22) or similar deviee is



’
. BUREAU OF MINES

BULLETIN 163 PLATE Xt

A. SUCTION AND DISCHARGE END OF PERKINS CEMENTING OUTFIT,

Note heavy (1,500-pound) fitting on end of discharge line, also 1-inch mixing hose connected
into the discharge of the low-pressure pump.  Two-inch line to well is shown at .

B. STEAM END OF PERKINS CEMENTING OUTFIT,
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. A. PERKINS CEMENTING PLUGS.
a, b, Plugs for use with 4}-inch, 15-pound casing; ¢, d, plugs for 63-inch, 28-pound casing;
¢, f, g, plugs for 8t-inch, 36-pound casing.

%

B. PERKINS CEMENT PLUGS DISMANTLED.

All three plugs are for use in 8%-inch, 36-pound casing. Pluga is for use when no float plug
is used on casing shoe (see eand bin Plate X1I, A." Plug b is for use when float plug is
used (see Nos. 3 and 4in Plate I, 4, also Plate X!I1). Plugcis the upper or second plug

and is of same design for all uses, varying only in dimensions to fit size of casing

employed.




- -first plug for suchi obs
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used:’ Such a gulde,‘ ior. ﬂoat_plug,x as 1t s termed in, the ca,taloo'ue, is’
coinimonly: used - for ‘Setting - ca,smg in-an rota.ryv«hole ‘Plate XTIT.
(p 48) shows a shoe; gulde an the:casing: represented: in’ ‘the. different
views.and- 1llustrates«clearly the necessity: of altering thie design of the .
As the wooden phig can. not:pass: out through; )
~ the shoe gulde it is ribcessary to provide some means for,the.cément..
to:by-pass :and. get out, ‘around ' or:through thé-plug:in. order- to be
" ejected  from-the casing:’ ~Plates XTI, and+XII1 show ‘one- method - -
of meeting: this need: # Two washers' are put near-together at.the top
of this: ‘type of plug and: thefbase is enlargedto prévent, any.chance of
its passing .through the shoe guide.»'No ‘washers. are.-used ion' the;
lower end. ' In-orderitospérmit:the.cement to; pass outtof the casing: -
after tlie::shoe gulde} has. arrested. théi plug,-a 3-inch hole, is bored .
vertlcally into ‘the bottom and joins others from either sule of. the
plug, thus forming a Y. -The pressure'of ceiment on top of the plug
bends down the rubber disks, as shown in C, Plate XIII allowing
.~ the cement to pass tllrough the Y. and orut the bottom of the plug
Plug No 2'is of the same constructmn for all’ kmds of ]obs dlﬁ'er-?f
ing only 1n dlameter, which is such as may be requ1red to ﬁt Varying -
sizes of casmgs “The' essentml d1fference between 1t and the No. 1
plugs is in the leather cup placed on the'top: Thls cup is much like”
. the leather cups commonly used in oil:wéll - ‘pumps, bt i 15 “of larorer)
diameter. The object of.this leather is.to effectiyely: -prevent, liquid
from aboye the plug passmg around it at any tlme during the. job,
and. Wlthout regard as; to Whether the progress of the plug has been
'ftrrested or not. , “q- ” . :
“For plugs to ﬁt 63- 1nch casmg and smaller sizes, s, the fubber Washers :
have a diagmeter’ o16; elghth of an: 1ihch - greater ‘than the’ internal®
diameter of the correspondmg size, of’ casmg “For. 81-inch casmg"
“and Sizes larger, each ‘rwasher has a dlameter one fourth 1nch Ureater'
than that ‘of the cwsmtr _f‘j Sl TR e e
. Thé: various wooden disks aré’tiirned’ out of Oregon pme W1th thef
graif-running across the dlsk ‘at right- angles tQ the'; grain in the body' -
of the plug: When set‘ up The disks’ also have flattened places or
- wrench squares’ on them meg to their shape, these disks are njore’
~easily broken-or spllt than the Tedwood body of-the plug! and hénce
- dre’made of harder wood Oregon pmé, which' is muchi'like the.ordi-
nary Eastern yellow l,pme n phys1cal’ character1st1cs s generally :
usedforthedhsks "g I :i . - '

2 B ;

A . PR S

. r WATFR METER df, ~{ R
The water meter 18 prov1ded to. measure’ the volume of Wash water
v _as it is pumped-in .6n.top. of the second: plug: Water-should pass the’
meter-at sufﬁc1ent ratei tmcomplete the: cementlng ]ob in-an: hour.” ‘Of

courise; many successful ]obs take a’ greater length ofitime? tllan this,:
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but one hour seéms about the maximum limit for des1rable condltlons

As the pumps are usually sloweéd- down toward the end of the job,:

owing to the increased: pressure; the meter should have a capacity of.
. apprommately 50 per cent over the.average rate of supply for the en-.
~ tire job in order to- pass a large volume of Water durlng the earher.
- -stages of operatlon Co Trret e : :
~Unless™a most reliable water - supply in- adequate quanultles is at .
~ hand; local storage must be provided, not only equal to the volume-of -

" the casing that is to be cemented, but a little in excess of thig volume.

‘Tt usually happens that such. local storage has only a small static head.

above-the meter.and suction box.. Under these conditions a -small

. duplex pump-about 4} by 8 by 4 inches, set upito force the water to
. the meter, Wlll overcome the d1fﬁcu1ty and accelerate the entlre ]ob

. MIXING Hosn AND NOZZLE. 'S L

The h6se isal- ifich hlgh pressure hne connected to a ﬁttmg on thef
' Vlow—pressure dlscharges- (see- PL. X, p. 42, 'and Pl XI,: 4, p. 48).

 This pump will deliver at about 400 pounds pressure per square inch, = \
~ which is far more than is requrred for’ mixing purposes.. The’ nozzle

consists of a. piece. of 3-inch pipe, 3 or 4 feet Jong and securely o
: clamped 1nto the end of the hose R

OPERATION OF TWO- PLUG PROCESS

AH Water reachmg the cementmg outﬁt must run through the
meter and be handled by the pumps. (See Pl X, p.49.) Clrculatmn
- should be established either with the mud pumps at the well or with
" the pumps of the cementing. outfit. = After the, fluid or wager is cir-. -

culatmg, the casing:should be set on bottom afew.times t0 see whether.
the pumps will be stalled by so domg It they are, no cement, is apt
“to run back into the casing after it-is permanently landed. - As a'num=
ber of hours or even days.may be consumed in getting good circula-
tlon, the cement miust be. protected from mmsture and should not be

dumped until” everythmg is-in readiness for’ it. . It should then be = »

divided between the mixing boxes and plled in the ends opposite the
~discharge opemngs By running water into thesuction box through :
the meter it may be pumped throuch the 1- inch. hose and the mixing.
nozzle under a strong pressure;  While this is bemg done the valves
¢and d (PL X, p. 42) of the dlscharge line into the well should be, -
closed. . By playmg this powerful jet back and forth across the pile ’
so as to slice it in thin layers, the cement is mixed -more easily and
~‘more thoroughly thar .with Hoes alone. ' In addition. to the.mixing
nozzle there should be 4 to 6 men with hoes at each mixing box. -
. While the cement is. being mixed, part_of. the-crew is engaged.in’ -
removing the;steel bushing from the:top of the casing and inserting: -
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- plug” No: il In‘ reference tolthe water- supply connectlonsf at ‘m
(Pl X) it’is” 1mportant that! 'the High: pressure line have'a stra]ght
connect1on irito' the’ low- pressure line from the storage: tanks to“the:
~ fagter. . fNumerous Set= ups “havé been observed in which- this- feature.
was overlooked and' the high“pressure line connected at 90°-into the
low- pressure ma,nlfoldI The' result of such a connectlon frequently:
is that the hlgh pressure stream divides  on entering ‘the manifold,
part going' ‘fo'the’ meter and part backing up“into- storage tanks thus*
haking ‘it 1mpos51ble‘ to use Water from the’ hlgh pressure 11ne and5
the!storage-tanks: &multaneously : i Tape U
* There is"a top and ‘bottom to each plug, and.. it elther is put in' -
Wrong ‘end 1p sérious’ idifficulty-i is’ hkely to- follow: ; After the’ ﬁrst »
plug- has ‘been: 1nserted ‘and- the casing- connectlons replaced every—
Athmg is'in readmess to' recelvefthe cement.. - s lREOe w3l
"The pump man; aftér opemng valves ¢ and c (P1H X)) starts the -
loW- -préssure’ pump:- while ong-of the. m1x1ng gang “piillsthe- stopper' '
from-the cement box’ outlet at k and léts the hqu1d cement " TR - into
the suetion. box as fast‘ as-the pump ‘removes it: *The" ‘lelng “boxes
* are! emptled in this way ohe after the other. Throughout ‘this opera-
tion ‘the stopcock under the pressure-gage connéction” should-he kept
losed 'to’ ‘preverit the g gage froin. becommg fouled w1th cement “When:
tlie ‘cement has. alk been pumped into ‘the -well; the- pumps are fun:a -
few strokes on w‘tter 40 clear them and the dlscharge line-of - cement
and: are then’ shut down. - The: ﬁttmgs are: removed: from the-casing:
. for the “insertioni of plug No! 2.3 "While this is ‘being accomphshed
: the ‘meter ‘must be- carefully réad -and the" readmg recorded. When'
the? connectlons ‘afe again. made’ at the well, the j pumps afe’ started
Water belng run through- the ‘meter to the suct1on box (Pl X))
st Well 10 Theasure the volume of the l1qu1d cement in"the boxes before B
- punping it into: the Well* A ton of cement When mixed and-wet oc: -
3 .cup1es about 23 to 30 cub1o fect. - By computing. ‘the"volume of the
- ¢asing (see Table 1, p- 20), it is‘impossible to- pred1ct with-a fair.de- -

' )'gree of! accuracy »the*meter readings at- -which the first and seeond

plags, respectnely, should” strlke bottom Of course," if- everythmg
goes all right the pumps will-stall when the second: plug reaches the
. first (sée D, PI: XTIITY, and there would be no rieed .of the meter were
. “itiot for- the absolute rlecess1ty in $ome-jobs of knowmg in advance
wheti the first plug 1s’due to reach the bottom 6f the casing:’
Unfortunately this system has one point in: common. w1th every_
',other oil-well- dev1ce yet dev1sed in’ that it will- sometimes-not” work ;
out:as expected “Whentrouble’ oceurs it s usually diie ‘to a cave-in
shuttmg offthé mrculatlon ora’ spht ]omt 1n the: casmg allowing the
‘cement to"pass ‘out “the’ s1de of the pipe, orto some: such cause, for
wh1ch the cementmg process 1s: not to ‘blame:: ' o
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Normally ‘the weight of the cement as it descends in-the casing -
is sufficient. to cause .a.pressure less- than atmospheric’ on the dlS-
. charge connections from the pumps. .. The immediate resultiof this,
_reduced pressure is a speeding up of the pumps, the action being:

really:that of a siphon. This siphoning effect-gradually diminishes -
until- the first plug has reached the shoe guide (¢, P1l. XIIL), or, -
the bottom of the. hole, or until the various liquids inside and: outside .
‘of thé casing have established equilibrium.. After equilibrium has
~ been attained the pressuré will begin to build up- to perhaps.200 to
' 950 pounds _per square inch by the time the;second plug has en-
" countered- the first (see D, PL XIII) When this - oceurs, there is
- usually a ‘perceptible jump to 300 or 400, pounds per square inch.

The valve.n (Pls: X and XIIT) is closed and the casing is set on-the
bottom. In every job observed the entlre computed amount of water,
© was used ‘and usually an excess. 0f.10-to 30 cubic -feet was: needed

This excess represents 0. 75 0.8 per cent of the total wash water: used -
So much for a well with which everything goes accordmcr to,sched-

‘Sometimes an operator is forced to take a chance .on trying to

'cement a well when conditions are not favorable. .Suppose .that

everything has started all right and the pumps have been forcing the -

_ cement down -the hole for one-half hour and the’pressure builds up
and reaches 300 or 400 pounds: The question immediately arises,

~ Are the plugs down, or has the hole caved sufficiently to retard cir-

~ culation? The meter, of course, gives the answer. If the computed
_volurhe of water has been run through the meter, it is time to set the
" casing; if not, the high-pressure pump must be used. =~ - -
As it is 1mposs1b1e to foretell whether the hwh -pressure pump will

b needed; all ﬁttlngs on the discharge line must be designed to with-

‘stand the high pressure. In this connection 250-pound fittings are
‘not to be considered high-pressure fittings, merely because they will
' probably withstand a ‘pressure of 800 or 900 pounds before. burstlng
Only. ﬁttmgs rated by the manufacturer to.work at as high a pressure
as the maximum delivery of the high-pressure pump- should ‘be used.
An operator who does not provide fittings of such a character is guilty
of criminal negligence, and the mere fact that he may have used low-
‘pressure fittings a thousand times:before is no mitigation for_ job
1001, on which a fitting blows up 4nd kills some one. This para-
graph applies to other phases of the oil business ‘as well as to -
cementing.- :
-Ordinarily from the computatlons one can- tell about When the -,
first plug should reach its destination and can (be watching the pump
) _carefully at this stage. ‘A slight momentary tendency to slow down.
~can usually be.noticed, followed by a couple of: .quick strokes of the
pump. Resting one’s hand on'the pump will wsually - facﬂ]tate in’
v detectmg such a v1bra.t10n Although it-is not absolutely necessary
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to know: when' the ﬁrst plug‘reftches bottom, ‘the knowledge is a check s

.. on ‘the: general progress: iof the’ Work ~and -is.well worth observing. :-

- The casing:may be- moved up and down as much and as often as

the- driller deems.advisdble while-the ccement ‘i descending. When' -

the first plug is withifi 100 or-150 cubic:feet from the’shoe, as. shown:

'by the ‘meter, :the ‘driller should lower the casing tintil the shoe .is -

only. a-foot or 18 inches. ;oﬁ' bottom.: This will not hinder: mrculatmn,

but'will prevent the: ﬁrst_plug from-going entirely-out of the casmg, ‘o

thus+léaving'it as*a: ﬁrm stop. on--which. the second plag may land.

‘This- procedure should. be followed. even whena shoe guide-is used, -

such- as:is:shown in: Plate XIII, as such a guide may be broken or-

- pulled off the casing and; ishould not be trusted alone to-stop-the plugs.

As:soon as the second ‘plug ‘has- stopped,.the valve.n '(Pl. XIII)

is'closed and the casing’ lowered -t6 bottom, as described. : Ordmar11y,~ "
- this-valve should be left closed: for at’ least 24 hourstafter the casing -

has beenset iri orderito‘leave.a-column of water-on top of the plugs:
to prevent. thé cement-from: runnmg back into’ the- casmg if the’shoe -

~has not made a water: t1ght séat on’the formation. '-It is hardly:

necessary ‘to say concerning: this cementing process,.as is true with -

- others,<if. there is an>accident: ‘which ‘causes: the  cement :to lodge in-

: ,-pressure, Wthh increas

the casing the cement:should: be cleaned out 1mmed1ately before 1t
has a chance to set. o o : s
In thls process there 1s usually some dlﬁ'erence m the actlon of

e

tools, and When it is- 1n a rotary or mud-flush_ hole In a hole filled

w1th mud ﬂuld the ﬂu1dﬂ1s forced ‘out, of the ca,smg by the Water on
top of the plugs, ‘and there comes 2 “time ‘when. the. welght of the .

Lolumn of ‘mud, cement gand w‘rter 1ns1de the casmg is less than that

pletion of the’ ]ob the pumps must compensate for this d1ﬂ"erence of

first; in other Words, the pumps must compensate for the dlﬂ'erence in

'spe01ﬁc grav1ty of the cement and the mud as compared with that of

~ of the mud’ ﬁuld outs1de ‘of the casmg From then on to the com- ’_'.

the! water For, th1s rea‘son in a hole ﬁlled W1th mud fluid the pres— .1

sure will' frequently commence to bulld up before the first plug
reaches bottom Ilowever the 4 Ancrease is more rapld after the plug

has reached bottom, for the cement as Well as the mud 1s bemg ralsed .

back of the casing. J

Suppose that the pumps do not steadlly bulld up the pressure and
the meter shows, say, 15 per cent of the water already 1n Whenever
thls happens 1t is. adwsable to get_a handful of the returns and-see
if they have any odor of fresh cement about them One can often

detect the ador; ofs cement 1n'the; muddy returns long before he can, -

see the cement. Sometlmes a hole in the casmg or.a spht Jomt W1ll
51704°——18—4 o
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'steadlly untll the second plug reaches the L
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“allow the cement to pass 1nt0 the returns Wlthout going around the

shoe. Every now and then, say two or three times while the cement,
is being pumped down, the driller can lower the casing to bottom.. If
this procedure did not shut oft circulation when first-tried it will not. .
-do so at a later stage of operations, but, on the other hand, if it did

- shut off circulation before- tlie ]Ob was started: and will not do so
A later, the chances are that the casing has parted, proba.bly well -down
in the hole; otherwise the driller would have noticed the jump when "

~ parting occurred It is entirely possible in a shallow hole with a

large quantlty of cement that the.latter may circulate clear to the -
surface in a normal and successful jobx - Ordinarily such excess of
cement will not beused_ in a shallow hole. If the foreman in c¢harge
becomes convinced that something has gone wrong and that the best
‘policy is to pull.the casing, mud fluid, .where available, should be".
started in. 1mmed1ately on top -of the water. The fluid will tend to
keep the walls of the hole from caving if the well isin a lcose forma-
tion, and also will assist in flushing the cement.out of the hole so that -

’ ‘ it will not set and have to be drilled out.

In any of the pumpmg methods it-is customary to connect the dlS- ‘
charge line from-the pumps to the casing by a long swing of other’

. flexible connection, thus making it possible to raise .and. lower the i
- casing as the job progresses. -

CASING METHOD WITI-IOUT PLUGS OR BARRIERS

Inm the foregomg pages three excellent cementmg outﬁts for mix-.
ing and pumping cement into wells have been described. As any
one of these can be used equally -well on any pumping job; the only-
remaining step to con51der is what happens after the cément, leaves +
the pumps. | .

It the Scott outﬁt were used Wlthout tubmg, or the Perkms with- "
“out plugs, one would' have the casmg method w1thout barriers. In
‘other ‘words, the hquld cement may be, and, 1n fact, ‘sometimes is,

, pumped into the casing on top of the liquid i in' the hole—mud fluid™
" or water—and is forced down the hole either by mud fluid or water

above it. This procedure is like i 1ncreas1ng the diameter of the tub-
ing used in a tubmg job till it becomes too: large to go inside the
casing so that the casing itself must be used instead. The Wash water
may be either gaged in tanks or run through a meter. - L

Two 1mportant questlons arise 1n regard to thls method as* fol—‘

] lows: ' ;

1. ‘Will" there not .come’ a tlme as’the’ dlameter ‘of the tubmg 1s.

_ increased* whern -the - cement bemg heavier than ‘the mud fluid or -
- the Water, ‘will work down into the hghter ﬂuld below and beconie -

S0 dlluted that it W1ll not set? 0 vh o Ee AR
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 pounds.of water to: 1

o _the glass jar: away; fr
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2 How W111 an _o
) to land h1s casingt. . :
To .answer the. fir questlon it is. Well to deﬁne 11m1ts and to con-.
81der casmgs betwee the sizes of 3-inches,and 10:inches. - Strings-of:;.

124 ‘inch. .casing are, sometimes cemented for ‘cértain. drilling advan- .

- tages galned thereb but rarely is a string of- casing- larger than 10
inches in diameter; mented ‘by.. a. pumping method."’ It is- fair to..

¢
assume that if ‘the: cement does not ringle . with:-the -other: fluid in.?

. the hole. under,condltlons favorable to. 1nterm1nghng it W111 not do
S0 under less favorable ¢onditions. .. :

B Cltatlon .Inay, be made of.two Wells havmg unfavorable condltlons
under “which the cement set In both these wells the peculiar con--
dltlonsqu,‘the _job: ﬂmade 1t 1mposs1ble to . foretell - how ‘much
cement would: e’ requn'ed henee al considerable. excess had. torbe -

~ provided to insure a. suﬂiment siupply... Both illustrations are from the -

- widé experience :of. Mr -F. W.:Scott, of Taft, Cal., who Wwas:in per-
sonal charge of; the. Work One Well belonged to’ the Pacific Mldway ‘
0il Co., near Marlcopa, Cal. -(See_p. 89: :)ar A

The other -instance? 1nvolved a:bottoms: hole qob n. Whlch it was |

' 1mportant ‘that ‘the ce ent, should £ill -85 .feet: in the bottom of: the .-

. hole, but-no more: he Thole 3 was 4,135 feet deep in‘the east side:of *
‘the . Coahnga “field.r vForty two.. sacks:; of:-cément --were ‘mixed, 40 |

0"pounds of:. cement rand pumped to the bottom

through 2- mch tubmg' ’ xhen ’the cement: was. 4ll+in, the; tublng was
pulled up:35. feet offj,‘ ottom and the. pumps: started foréing: Water

. ng,until:-the cement: above ‘this ‘point- was allswashed.

back to. the surface betwpen the 2-inch- tublng and the:6- inchi-casing.i!

Mr. bcott was, klnd enou0'h ‘to-cateh a«sample ofsthe Teturn cement .

in a quart preserve: and express. it- togthe writer-after the cement -

* had set. - Ten days ) the, sample had; been canght,.the writer broke::,

i ‘the cement: and: found it-set-hard: - There:-
‘had beén no shr1nk1n§ «C ;ment -cakesway from: the .wall of. the-i»
jar, as wag demonstrated by the’ hlghly glazed surfice ofithe cake, andf

by the impress of the{label pressed in the: glass “When the jar was first”
opened the top :of the cément; wa,sasuﬁimently soft:to be easily scraped:-
with a knlfe, but ;the' lower part, was hard. “Though. this slug-of -

. 'cement gave. the(appearance of)havmg suffered -considerable dilution -

‘when in- the: hquld ‘condition it-had. set hard enough for ordmaryr :

well purposes. Al Hooh T e

The Whole force 0

tor determme the end pomt and know, When ”

RO

in ordlhary cementln
:pumped down tublng
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* of friction agamst casmg and tubingy augmented by ‘the’ rlfﬂe action
of the couplings on the tubing, the agltatlon is. considerable; The
conclusion seems ]ust1ﬁed that when cement is pumped down inside

. casing 10-inches in.diameter or smaller; without' the -use-of plugs "
or barriers, the cemerit mlxture and’ the other fiuids in the hole tend
to intermingle; though as a rulethis intermingling is not seriots, par- -
ticularly when the cement has' orlgmally been mlxed Wlth only a
small proportion of water. : -+ * - . S .

-The second question as to how to- determme the time to land thef

* casing brings out a serious weakness in' the ‘method: -As either a -
meter or a gage tank may be used, the relative’ aceuracy of gaging
or metering the wash water is not the questlon ‘at. issue. Consid- "

-ering that' such-gaging is usually done in '50-bartel or 100-barrél:
tanks that have been -dumped off the trucks numerous times, and

had their: sides- dented, to be" afterwards driven out to restore more-

or less. the original shape of the tank, the writer thinks thé-relative
accuracy of the two systems is about the same. The meter is more -
easily read than the low gage wet- line mark on a notched stick, par-
- ticularly if the cementing is- done at night. ‘The use ‘'of the meter
~ .also reduces the chances of error by ehmmatmg one set :of compu-"
tations. -All things considered, assuming no errors in computatlons, :
‘the:general average-of 10 cubic feet of allowable variation between
the volume of méasured water and-the actual capamty is a 2;500-foot
hole of ‘10-inch casing is a’close limit. This is an allowab]e error
of -about 0.7 per cent, and is here ‘applied alike ‘to both methods of .
‘measurement. Ten- cublc feet 'in 10-inch casing occupies about 18
. linear. feet; that is, an operators computations' should allow for
-leaving at least 18 feét of cement in the casing to obviate the possi- *
bility of Washmg the cement, ; away from the shoe. "He may find either
no cement-or about.36 feet of it in the casing, according to whether :
the allowable-error has been plis or minus. = Many operators do not
‘object to this feature and sometimes. requlre that 10" to 20 feet of' E
cement.bé left in the hole.. .~ = =~ A - ‘
Theére: are two causes for such a reqmrement—ﬁrst the fear that "~
too much water will pump “the ‘cement not- only: to ‘the bottom but -
up outside the casing and away from the' shoe joint to a point where
it is not needed. An excess of water will undoubtedly produce such -
a result: ‘The second cause is the claim that the latter part.of a batch
- of cement.is “ mushy ” and had better be cleaned out of the hole later"
. than to be put behind the casmg and not'do its work. This conten-
tion is supported: by the results at nunierous wells, where the’ cemént
left inside the casing had ‘a few feet (at:somé wells 20 feet) of -
) mushy, chalky deposit on topy the underlymg cement being set hard.

So firmly-is this conviction held by some operators that even When"'“ ’

usmg the two- plug method- they drop - timbér 4-by 4’ inchés by 20
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feet long into. the casmg; between the plugs, which W111 stop the
second plug 20:-feet .above. the- first, thus .leavingthis amount. of-
~ cement in the bottom of the casing: This practice does not refer to

* 'Instances; where. a- tiinber, say 10 feet long, 1s:used to. obv1ate the .

danger of-both plugs.escaping from the:casing: -7 =1 J wr "2 i
<1t seems probableithat the* mushy ” cement constitutes that which
has adhered.to thejinside of the: casing “and:. gradually settled to
. bottom much> dlluted ror-is composed:of good: cement-left inside the
icasing. and prevented ifroin :setting by mechamcal agltatlon, such as
© the working of gasior:some other.cause. - . T
.-On-the other-hand, there is a' serious dlsadvantage to drllhng hard
i cement out of.a water! string.+. Any pounding or grinding ‘inside the
- casing: has. & itendency: fo ccrack’ and loosen-the cement mass-formed
~around the exterior:.of the .pipe! :If some form'iof casmg method
‘isto be used, the writer- would- prefer .the two- plug system without -
<the use ofa tunber between the. plugs, unless,-owing 6 ‘certain pecu-
+!lar conditions, of: the hole, such a timber should be necessary to “pre-
Vent the second plug as: well as, the ﬁrst from escaplng - ~_“‘1‘ .

B n? o S . B ' l.;,v

ROTATION OF CASING,_ UBING CEMENTING H

) Some operators have devoted cons1derable attentlon 6 the poss1-
bility of cement channellng .around. the casing. 1nstead of forming a
solid sleeve between thé casing‘and the wall of the hole. * The results
:rofisuch an ‘occurrence and thermeans' for. preventmg it by underream-

*»ing’ when cable: tools are’in iuse are 'discussed.-in. subsequent pages.
Underreammg s fiot” apphcables»to water strlngs set in aJrotary-

. drilled hole. : SURT (511 S D

‘Some three or four years ago an effort: was: made by the Standard
011 Co, operatlng i the'Kern River:field, to-overcome. the channel-
ing d1fﬁculty and to insure ia ‘more un1formadlstr1but1on of cement
-.around -the- casing by rotatmg ‘the ‘casing. ‘while- -cementing” was’in’ .
:-progress: - The.rotation was accomphshed by the use- of tongs The .
practmeswas dlscontlnued st

Recently, -iti’ the spring: of 1917 Mr Rlchard Sperry, of the Gen-

- eral Petroleum Corporation, developed: a- system for rotating water

- .strings while cem.erltmg, and he has used . it extenswely on :the

*".Belridge .property- of -the.company:~ Water. strlngs' on this- property

‘are cemented .at approx1mately 600 feet below: the surface in: rotary

“ holes. " tAfter- the’ ‘hole. has -been-drilléd' to: thé requlred depth the

casing is 1nlserted and circulationiis obtained .withithe’ pumps in the

- usual ‘manner.:- The. casmg is' set ‘onca - splder swhich rests. on the

rotary table, as:shown.in: Platel XIV;,.4: The spider-is prevented - .

< from shpprng ‘by steel pins set.in the sockets .in-the!top: of the: rotaryt

- table designed- to :take-theadjusting. screw:posts ‘of ‘the ‘grip' rings.
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.. The casmg is handled with the. swivel. . "The table is' rotated con-
.-tinuously at about 16 revolutions per mlnute :while the: cement is
- being pumped down. - As the “ Perkins process” is‘used, some quick
..and -convenient method must be provided for.the-insertion-of-the,
plugs into the casing.  The heavy. steél flanges at a (Pl XIV, 4)
- are for this-purpose. - These flanges are held together by eight ng
bolts attached to the -lower flange.: : looi o

-On the face of the upper flange is a concentrlc groove to take hy-
drauhc packing which seats on the: bottom ﬂange and prevents leak-
age. Mechanically this system as-a rule: opemtes with entire satis-
faction, though an occasional crooked hole may preclude the possi-
blllty of rotating the casing.. Just to what:degree the procedure will

: =increase the percentage of successful jobs is as.yet unknown, as few

: holes cemented in this way ‘have been tested to:date. :
All threaded connections between. the rotaryt table and the sw1ve1 ’

- should be left-hand in order to prevent their backing off. - Although

-the proper number and size of the bolts inthe flange depends on the

. Welght of the’casing, the friction of the formation, and other such

considerations, it must be kept in mind that such a fitting is not de-

. signed for pulling“a loggy-string- of 1 plpe -~ When’ such work is to be

done, elevators of a suitable kind must be used
i QUANTITIES OF CEMENT USED _ L
To attempt an estlmate of the amount of cement requ1red even in.
a.general way, is much like trying to estimate the number of bricks

. in an ordinary house without knowing the. thickness of the walls, or

the length, breadth, or height of the house. There are obv1ouslv
. many variablé factors; such as the volume-of the annular space be- |
tween the casing and.:the wall of the hole, assummg that the latter -

:is a true cylinder cencentrlcally surrounding the casing; or' any: cav-- .
ing that may have. taken. place during ‘drilling, as-well as fissures,

.erevices, Or . perv1ous strata: into which-the liquid. cement may -perco-
. late; also, in some wells it may be desirable to force the cement a long
Way up behind the casing, whereas in others it may not. .. - .

. Tt will thus be seen that the man in charge of the partlcular opera-
. tion must depend chiefly on his own ]udgment -estimates,\and com-

. putatlons Nevertheless, the ﬁgures following are offered in order

- to give persons unfamiliar with. California, . pracmce a- quantitative
1dea of the character of cementing operations there, but the figures
should be construed merely as approximate. "t ;. -

- Each hole is assumed to be in good condition, W1th no large caves
or. other unusual conditions, . The figures are prepared to.cover

. cementing 6f the: casing at least 1,500 feet- below the surface 'F_'or

shallower jobs, less cement than: the quantities given is used.
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A. METHOD OF ROTATING CAS-
ING WHILE CEMENTING WITH
PERKINS OUTFIT,

B% CRUMPTON PACKER. [j"\( STONE PACKER.

o)
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Appro.mmate qutmttty of‘ cement used -per job in cementing water strmgs uAth
) any one ‘of the pumpmg methods accordmg to CGl@forma pmctwe

BREL

Quantlty

o - of cement
Size of casing. _used, tons.
10-inch. - 6 to 12
83-inch.. 1 ___- 4 to 8
61-inch .8 to. T
4i-inch_ -~ 2to 4

‘ PROPER CONDIT ON' OF HOLE AND OF CEMENT MIXTURE

Numerous general '.,condltlons aﬁ'ectmg the ‘various cementma
processes have been left for cons1derat10n as'a. Whole rather than un-
der each méthod.- : - :

_ The ultimate: shape of the cement mass when set ‘and. its drstrlbu-
tion, radlally as well as vertically, have much to ‘do with its effective-
ness. It is well known that a string-of casmg w1ll not hang con-
\centrlcally Within the;‘hole that neither casing not hole will be abso-
-lutely straight, and’ that at ] many ‘points.the" casing will be in contact
with the wall of the hole ‘It is impractical to’ drill. a hole enough ‘
larger than the casmg to prevent .conditions such as "described. -
*_ When' the- cement is} forCed up.'the hole outsidé, the ¢asing there will
- be no cenient at such v hoints of contact and there will be-a dep051t
on'the oppos1te sidé of the. casmg (see B fig. 4) ranging from 8 or
4.inches up.to several ifeet thick in cavmg formations.. A local pro- -
jection of the-wall in eontact with :the’ casmg here or.there will prob-

|

o ably not Jeopardlze the result of the cementmg ]ob If, however,-the

* contact pomts are so numerous that they- const1tute a hne of contact -
connectmg a -water. sqnd above’ with thé bottom of the casing, thus
. permitting the water'to flow into the 011 origas’ bearmg strata along
~ this line, as 1ndlcated‘§by the arrows: in "B, fig. 4;!the cementing job
* has failed: - When this condltlon arlses the cement is said to have
5 'channeled around the: ‘hasmg , : : ‘ _
" The casing' is not: protected at the contact pomts from corrosive .
water, and, although it Would be h1ghly desirable to protect com-
pletely the entire strmg of casing against contact w1th ground water,
" such protection-is mechamcally 1mposs1ble w1th cement ‘alone.
4, figure 4, in the writer’s: opinion : represents a . typical well-

‘ 'performed cementlngfi ob in a mud-fluid hole. "The'cement has been

forced up “around thef,lr_regular pr0]ect10ns of the sides of the hole,' _
filling the: large crev1ces, and trapping’ mud here arid there in the -
“smaller crevices. It seems unhkely thatthe. cement would wash all
the mud’ out, of these small spaces. -On’ thls feature hmges a much-
.argued questlon as to the adv1sab1hty of -4 thick mlxture, 40 pounds
of water to 100 pounds ‘of cement, or; a - thin- letUI‘e,‘ﬁO pounds of
water to 100 pounds of cement The erters adv1ce is to use the

SeTarloLr e en Sh ey L e
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--thick'mixture;- and uf the physmal ccnclltlons of the-hole make it un-
~'wise ‘to thin the mud -ory-for other reasons,. Washlng of the hole is
‘deemed adv1sa,ble, 5to: 15 barrels of :water may: be-run ahead of :the
+'cement in*either. tu]gnng or.casing rdethods This advice is based : on
the well-known-. fact that: Portland cement whén wmixed: thin - will
-.grade.out on setthng, leaving a. falrly compact . cake at:the bottom: of

s the column after long standlng, an(j grading toia mushy: chalk at the
- top. Intimate contact of cement p (rtlcles is esséntial-to afirm bond
a,nd proper settingiin the cement mass.. “When cement is mixed with
.:an.excess. of water!the ‘fiper: partlcles settle: more slowly than- the
“.coarser: ones, thus producmg the gradlng tendency and attendant
weakenmg of the: mass. i The: greater: the- excess:of water the more

pronounced . are . these.effects. - Cem‘ent manufactmers have ‘worked

-. faithfully and- with considerablésuccess: tOfdevelop «a cemént - that =~

. ‘will-show- this gradmtr action as little as_possible, but have not-been
able entirély ‘to overcome it even: 1nr ‘the best cements.on the market. -
:-Some of the ordmary cements made for building purposes will not

: set-at.all if mixed with’ 60, per cent or more,of; water by. weight.

- - Tt may. be worth ‘while for anyon‘e cementmg. wells to- take d thin
"-batch of ‘cement and et it ‘set under ‘water in a: quart prese1ve jar. or
“+ a tall bottle!: After 110-days, When the container'is:broken off and: the

i+ cement. is tapped Wlth a nail-or point of a Jead’ pencil the variation

“+in hardness from bottom ‘to.top will be-évident. - Moreover, any. ce-

’ment -when mixed - Wlth a1 great excess ‘of - witer ‘has its ultirhate -
strength .greatly reduced and the time requ1red for it to set is also

- greatly: increased; a'- most important’ factor in- cement used inoil or

gas wells. Moreover, when- cement | is' mixed -with more-water than
" -1:is needed to satlsfy the chemical” Tequirements, 'the water ‘will ‘work
‘to the top, or, dlﬂ'erently expressed ‘the cement” will settle through
- the:water:to the bottom of the: contammg vessel, whether it'is a jar, a
. concrete form, or an oil well. “Hence, as regards a thin mixturesdin a
< awell,:the. cement,vvlll ‘tend +to -settle) to..the bottom' of .cavities and
- crevices, leaving the water to. fill the upper parts, thus defeating ‘one
of the chief objectsiof cementmg Although it is difficult to elinirate
- ithis caving, tendency,;lt can be. reduced:to.a minimum by filling all
irregularities of: th;e -hole . as :completely..as 'poss1ble ‘with; a. per-
.manent material. Any cement mixture that is fluid enough to pump
~ will contain an excess of “water; dnd the settllng action described
. will take. place to- +{a greater .extent] as"the. excéss-of water “is in-

- creased:: Hence this condition should not. be augmented by .adding
San unnecessary excess of water, . Itiseems probable that there will-be
..no_cément in,some.small spaces surroundlng pomts where the casing
" -.isin contact, with.the.wall:of the.hole. - These; spaces will doubtless,be

<small, judging from:the:sharp impréssion made.by. a mold on.cement
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miied as here advised, and taking ‘into-consideration- that in.a .well.
the cement.is under the pressure of a column-of water or mud that .
in some wells amounts to a thousand pounds per square inch. These
. minute spaces will naturally:be filled either by the mud fluid or by
- water, accordmg to which material happened to.occupy the hole when
the cementing job commenced.:*4, figure 4 (p. 56), illustrates this
“condition in an irregularly shaped. hole, Wlth cement ﬁlhng the larorer
spaces and mud the smaller crevices. :
Although it is-practically, if not physmally, 1rnposs1ble to prevent -
."contact at some points between a string of casing and the Wall of the
hole, it is practlcable when. using cable or pole tobls to. prevent such.
- contact from ‘occurring within 10 or.perhaps 20. feet of -the bottom
of the water string by enlarging the lower part of the hole by under-
reaniing. Such enlargement, of the: ‘hole must not extend too far ver-
- tically.. Tn the writer’s judgment :15 feet vertically-is.a good aver-
~age for underreaming, but the’ larger the: diameter of the reamed
part of the hole, the better. If a casing shoe is used, as is universal
in California practice, it is adv1sable to leave ‘a couple of feet of
: tlght hole at the bottom of the well.- (See A, fig.4.) If the holeis
reamed for any great distance;.say 40 to. 60 feet, the -casing will
probably corhe into contact again-with the wall near the bottom and
“defeat the entire object of the reamlng On the-.other hand,. if

~above will center the: casing and hold ‘it entlrely clear-of the walls

below. ' P : oo
. The advantages gamed by the use of cement mfly be - summalued ,
-as follows: : '

1. All large spaces are ﬁlled Wlth a ﬁrm 1mpervmus materml which
will tend to prevent sagging or bendlng of the pipe, and; by ﬁlhng
the cavities before nature gets a chance to do 1t,.w1ll retard cavmg of
the walls of the hole. A -

2. The cement WIH prevent the escape of the mud ﬂu1d from behlnd
the casing.. =

8. Cement has been known to form a Water tlght barrler betweenv

" oil- and water sands cased:off behind the same string . of plpe, thus
preventlng 1nterm1nghng of: the oil and:the water. '

PREPARING A WELL FOR CEMENTING

There has been considerable controversy on -the adx'lsablhty of
" washing a hole free from mud, or as nearly free as possible, before
‘the- cement mixture is- pumped in. .When cement was first coming
into general use for oil and gas well purposes; oil men: considered
"it absolutely essential to thoroughly wash the hole with water prior
“to cernentlng Expemence gamed Wlth the use of mud flush ‘in the .

only the lower 10 or 20 feet of hole is enlarged, the constricted part ' -
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rotary and clrculatoryI systems of dr11hng ‘has occasmned a revision
--of. opinion. . Instead .of, being a detriment, mudfluid ‘s now- rather
. generally ‘considered i bénefit .to: cementmg operations.- . -
‘Before further d1scuss1on, it is well: to-define the term:* mud ﬂuld ”
X Such a fluid may: vary from clear water ‘with a. spe01ﬁc gravity of 1
as' the lower limit- toja- pasty mass of mud with: a “specific. gravity
. of about 1.45. as the. upper Timit, for California uds:: “Mixtures of
-:mud fluid ‘used in" dnlhng in’ different Cahforma fields range.in.
.. specific: gravity from d 05 to.1.15, thatiis, they are 5 to. 15 per cent
. *whéavier than' water.®: nThe term: « mud flaid ”:is erroneously applied
- at'times. to a mlxture of mud-¢ontaining: fragments of shale and sand.
Such::cuttings may . thlcken the: mud ﬁuld but should not be- consid-
ered as.a part of i, as they will ‘settle in a. holé;and’ brldge above
~~the. couphngs of a strmg of casing and cause. it to** freeze * or-to be-
5i-come ¥ collar. bound ? ¢ If ‘this! mixture ‘be run: through a flume:or_
- séttling Atanks to+ remgl)ve the reuttings the remaining. fluid- will-not
¢, :séttle except to a limited. extent; after which' the settling action prac-
« tically. ceases, provided the air:is-excluded.” J. O% Lew1s, ‘petroleum .
- technologist- of «the!.Bureau of: Mines; conducted some- dinteresting -
sexperiments -onthe. setthng of mud “fluid -and has ini'the ‘bureau’s. -
. ”San Francisco: laboratory samples. ofmud :fluid taken from drllhng
- <wells. - They:are in: long glassitubes. Some.of’ these have: stood in
_the tlghtly closed. tubes for- two ‘years.. If - slender ‘glass Fod. be
" inserted in ahy of these tubes it.will settle. 1mmed1ately by-its own
weight to the:bottom: of the: tube sin other .words, in two years’time '
=1.there-has been- n0z,appre01able tendency for the mud to ‘harden or
- cake.~ In its present condition,: after standing two years, this mud
_. could be handled by. pumps almost-as.easily as' when ‘obtained from -
.. 'the driiling well; and"is a good 1llustratlon of What is meant by the
term “mud fuid.? =i, } ' )
" Besides havmg ‘the" mud free. from drlll cuttings it must be: thm -
i .itjenough to be lifted’ on the. rising column of cemet. ..Tf the mud is
- ~allowed to-thicken it. Wall become so plastlc thatitiwill- -hang tightly
. in the more.restricted parts of the hole:and allow theicément to break
- throughl at’one ortwo. poirits and: thus channel. The mere fact that
thére is a con81derable' difference. betweén. the spemﬁc gravity ‘of
”heavy mud- and :that’ of ‘even a-thini cement mixture. does not-mean
that the cement will llft the colutn:of mud ahead: of it, as-the factor .
of v1scos1ty, ‘or, as. regards thlek muds one mlght say, plasticity,
" is 1mportant To. 1llustrate, a mmture of mud b.50 thlok that it would ,

-

-
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4 Lewis J 0., and McMurray W .E., The use of mud laden ﬂuld 1n 011 and gas wells :
F Byl 134 Bureau sof Mmes 19186, p. ‘14'
( behe clay,‘ used ,was from rotary dmlled holes ln ‘the Sunset M!dway ﬂeld Cahforma

. li‘.‘
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not drop out of an inverted: bea.ker had a spec1ﬁc grav1ty of 1 41 as
- compared with water, yet a cement mixture with 60 per cent of water -
" by weight would have a specific gravity of:2.2. If cementing with
such mud-and cement mixtures were- possible; it is unlikely-that the
- cement would lift. such ‘a column .of thick mud W1th0ut channehng

through1t L e L
Wherever mud flush is bemg USed care should be taken to have

 all the fluid in the hole free from cuttings-before eementing opera-
. tions are commenced After the hole has'been -drilled, circulation
_-should be maintained, and, if necessary; the mud should be thinned

until all euttings. have settled out in the flume. This precaution may

+.cause-a delay of an hotr or two,: ‘but. Wlll usually save. several Thours,

before a jobis finished. oy E - o C
1In setting casing 1nto a. rotary: hole, Where tlns precautlon has not
been taken, it frequently happens that when the casing is still several

- hundred feet off bottom the fluid in the hole 19 so thick with cuttings |

that the pumps delivering at 400 peunds per square inch fail to start
circulation. - Not infrequently- under: such conditions.the. casing is

- pulled up 40 to 60 feet into-the derrick with:the pumps; operatmg to
-keep it full of mud. The fittings at the top of the casing:are then

closed and ‘the casing is lowered as rapidly.as poss1ble into the hole.
‘This- method will  doubtless set up; within-the pipe, pressure far

. greater than the- capacity of the pumps and will often start circulation
- .around the shoe, or sometimes ‘through: the side of the casing by

“splitting a joint of the pipewith the consequent trouble.and loss, -
The internal pressure thus set.up is:most. difficult:te compute, as

. 'the condition” of the hole; the thickness of the mud, and many other

.'factors unknown, and - -variable enter into the Iprololem For example,

if - the . hole is crooked much of the weight of the.casing may be

carried by friction. The veloc1ty with Wthh the: plpe 1s lowered

- also plays an important part in the pressure built up. v

.. It was impossible to obtain -experimental -dataas to the amount '
of pressure; so developed,’ for the reason that as soon as the danger

- .was realized by the operating and contracting companies, they issued
.. orders that, when circulation.could not be started with the pumps,
_the casing -must. be .pulled .out-of the: hole, until the. pumps could

_start the mud, when the casing was ta be - Worked to bottom Wlth '

. pumps mamta.mmg mrculatlon all the way.

EFFECT OF AGITATION ON CEMENT IN A WELL AND
’ PRECAUTIONARY MEASURES N

Puttmg cement into a holé in whlch there Wlll be any cons1derable'
agitation by movement of water or gas is. useless Such agitation will

“either prevent the cement from setting at all, or will cause it to set -

in such a loose condition that cementlng Wlll be far less effective
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"—than E:3 good landlng ]ob Wlth ! column of mud back’ of the casing:
and Wwith no cement at all ::By proper use of " mud laden* flaid such
conditions have beén- overcome at many wells. - T

- In shuttmg ‘off top water two methods are: used “for quletmg gas— i
theuse of mud fluid and' the use of hydraulic: lime, Local, geological;
" and mechanical condltlons vary sofgreatly that-it:is" diffictilt to, ,gener- -
“alize'in fegard to:the best method of :procedure: : If, the casing is'set’
in an open-hole there is 1o Way to’ make a satlsfactory seal between
it and the wall of ‘the hole “thus:any water or-gas’encousitered is:
free to heave all the mud out of the hole from behind the casing if
" _there is sufficient presstre in thé sand.” If the' agitation is not violent,

it can,often be. quleted iby circulating’ thick mud fluid into the casing-
and up. outs1de it.. "If.trouble from.. gas or_water .can: .be foreseen: .
from previous drllhng, it is advisable to set and, perhaps, cement ..
a larger- string of casing above the troublesome sands. When- they.

- are reached with the water. string the. space. between the pipes can -
then be closed off . Wlth _gas clamps. The mud, can then be pumped ..
in under hlgh pressure.. -This.method. has another igreat.advantage— f :
the operator may use thmner mud which is not so easily. cut or made.,.
_to froth froin-gas pressure as a’ thlck ﬂu1d and: it will also penetrate

much farther into the .gas or. water:sands.. . .

After such a mudding:job.has been completed and usually from t1me
to time durlng it, the water stmng,must be moved upsand ‘down.the
“hole aboit 25, feet. or enough to “pass couplingé.”” This‘will prevent .
- mud-from bulldmg up.on_the pipe. and the. 51des ofithe hole,-thus

restricting the subseque f- passage: of -cement to a small channel with .
the consequent results & ready discussed.... The cement may then be
placed by any of the Var1oius thethods; to, sult the conditions. S

All cementing processes depend . for their success on, two funda- B
" mental requisites which. the operator: should. fulfill to the best:/of. .

“his_ability, or not:use cement;at all. | Thesejare (1), eﬁ'ectwe prepa-v., :

ration of the hole to receiye- the cement sand (2) therough. m1x1ng of: .
"the, cement . in the, smallest proportlon of.. Water that ‘Wlll g1ve the ..
‘necessary ﬁuldlty .»4_;;;” O LT I AP A

Too: frequently experlenced men; become S0 accustomed to an oft—
. repeated- p1ece of: work:- that ‘the_‘work, is. performed: mechanically:
Thus cement is: sometlmestmuzed Wlth a large excess of water and.
* pumped into a hole that .i is gassy: and Jis-poorly. prepared to. receive .
the cement. . If the two. requlrements prev1ously mentioned are falth- :
’fully met and a good grade.of Portland cement; is used,;the operator
has .every reason to, look for. a successful shut-off; ., When about to -
* cement for the; first-time it is advisable. to make a. few tests with the .,

- cement. .to; be. psed and: the water-ayailable . for mixing-it.. If.the,

- local supply is satlsfactory and the cement-mixed with it will set
firmly under ‘water and in a reasonable time, the operator may pro-
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ceed as descrlbed "There Wlll be httle opportunlty for underground
water to. interfére seriously with the setting of the cement, as such
water will usually be driven back from the.hole by fresh water or . .
mud. Of course, such interference is chemically poss1ble, and wheri .
. thorough.. washing of the hole, before «cementing, was in vogue, the, ',
chances of such. interference -were greatly augmented. - However, if |
the hole.is properly prepared and the cement.mixed with. suitable
water, the writer is of the opinion that the. character of the under- -
ground water need not occasmn great anx1ety : .

' USE OF PACKERS

The use of packers for- shuttmg off water can hardly be treated in -
detail with any degree of satisfaction: Wlthout gomg deeply 1nto the
subject ‘of drilling methods. :

The packers used-in California practlce are. usually placed elther
on tubing or on small sizes of casing in order to restrict the diameter
of the well to promote. flowing. Packers are also set on casing below
a leak in the.water string,: thus preventmg the water from enterlng
the’ productlve part of the hole. “A wall packer, in the $ense that it -
is sét in the.wall of the Kole and not.inside another string of casing, -
is almost never-used in the poorly consolidated shales and clays con-
stituting the formation overlying the oil zones in'these-fields. -

A exception is the packer built by Mr. C- W Storie, of Maricopa;

- Cal; for a special job in the: Sunset field, wheré & flowing watér sand’ -
had:to be cased off in order to utilize the 011 meéasures below.. Several
attempts madé Wlth the usual cementing and mudding methods ‘gave
only temporary success. A’ packer that proved successful ‘was made - -

. around the shoe ]olnt with- old bull Tope and ball wire:. To make the -
.packer, the shoe joint was placed with thé upper end down on the

“derrick floor..- A board at the roof: made a -conveniernit'.place from :
which to work. -“Hemp bull ropes were cut in 35-foot 1engths and un-
twisted. - The strands were doubled’and the: loop ends tightly wired
_ to the pipe. 1mmed1ate1y ‘under. the shoe until the compressed hemp
- mat was flush with the outer edge of the shoe and extended entirely

.. . around the pipe: The loose hemp was - tled’every two or three feet -

- with a strand. of soft rope, as shown in Plate’ XIV, B (p. 54). " The-
packer was then complete, and, after being turned rlght end up, was '
‘placed as the bottom joint on the strmg of casing.. Of course, such -

- a packer might be placed anywhere in the: string so as to ‘set wher-
‘ever most desirable.” - As the: packer entered- the hole:each soft Tope

 string ‘was: cut, thus Teaving the long strands of hemp free to spread-’ *

. out’ at -any enlargement of the hole! When' the- ‘pipe wis set any*

movement of the water past the packer drewithe loose hemp 1nto the ’f-
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passage and automatmally clog ed 1t Mud setthng on top of the ‘
packer also assisted mglts effectiveiiess.This type of ;packer has three .
great: advantages; as follows:. Eﬂ?ectlveness ;»mominal cost (old bull .
rope-and bail-wire) ; does not’ occasmn materlal dﬂﬁculty it the casmg .
‘ 1s to be. pulled RS
BOTTOM-WATER JOBS

I'r'.'-- < TR : RS

:0:‘ N

When a Water sand has been penetrated at the bottom of the Well
- below the. productlve formamon and. separated from it by a. partlng, _
it is not always easy. to plug off; the water so tightly that when the
fluid is all pumped. from the hole, the plug will have sufficient strength
. to -hold back :the: ,Waterk, A re1nforced concrete - plug has -proved.
effective in, many suc ‘wellsy./The.. remforcement consists of old -
“wire’ drllhng cable :cut' int6. 10-foot or,12- foot lengths These-are

. burned sufficiently’ to draw. the temper. “Fach piece is .doubled on .

. itself and fastened w1th ;bail wire to others.treated and bent in the
same way. - All the free ‘ends of:the-cable are laid the same way in the.
‘bundle, which is of such size that it will slide_fréély .down _through -

" the casing. These - bundles are, dropped into .the ,casing with the
‘bent ends down ‘and:the cut.ends up,:so that-the’ package ‘will . not
catch in, the pipe: and. hang, for if sucha wad of annealed wire ever
brldges in.the casing it’ would -cause much- trouble As an‘extra ..
precautlon againgt: suchan occurrence,:tin cans: ‘may. be used over:the
lower end of; the: bundle _The: ;cans,, must. of course.be- wired . on-
tlghtly The: hole 1skthoroughly icleaned .out before the- first bundle .
of wire. line is-put in::Each bundle is tamped firmly. 1nto place with

- the: tools -4l Aat: bottemi bit belng used i This- ;process- is. repeated
until'a ﬁrm foundatlo -has been built and- ‘the soft wire mass Wadded
thoroughly 1nto the 1 egular1t1es of the.hole. On: top .of this mass.-

~ a’ canister: contammg vet concrete; is: then lowered bemg -attached ;

. to the tools with wire,: and is broken up W1th the tools and pounded

down on top of the wire line.. .: The camster is ‘made of - light gal—

: ‘,f vamzed iron'4.or 5 feet, long and" 'f ‘ahy ¢onyenient; diameter to:suit:

the size, of."the hole. ‘Theses canlsters should have soldered’ ]omts w

and. pomted bottoms to ‘obvmte xany danger of catchlng on the s1des :

of the casing; . E PP Lot - SRR

Concrete of’ about‘

llne pounded *togethe
T heeplugi is-thent allowe
10 days oF. 2nweeks ¥
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Nearly all oil-or gas Wells d1m1n1sh in dlameter ‘with. depth ‘hence
~ in plugging off bottom water, any bailer or other container used must:
generally be of small diameter.. This. necessitates more runs to ce- -

ment ia deep’ hole and is objectionable, owing to the greater amount_-.

_ of time required to.run the bailer or container to bottom and ‘pull-it-
out for another trip. For example, in a 3,500- foot hole 41 inches in
dlameter, it is a tedious task to dump 35 to 40 sacks of cement, and '
very likely the first part will take its initial set before the last batch

-~ ¢an be dumped. To avoid this difficulty a’string of tubing may be '

yun in ‘and hung a few feet off bottom with both the hole and the :

tubmg full of water. " The entire amount of cement to be used can -~

{heh be mixed in-one batch and- poured by. a swing "connection from -
the mixing box into the top of the tubing. “Water can then be imme- -
~ diately run into the tubing on top of the cement. - By its own weight
the cement will grav1tate quickly to the bottom of the hole and set

there in a solid mass.” This system is, ‘of course, one variation:of the -
tubing method as- apphed to bottom hole: Work Wlthout the use -of - -

pumps.

If-the bottom water has sufﬁment head to make it flow,. it is likely
to wash the cement.away before it can set, thus leavmg a water chan-
. rel:through the pluo which: will. Wash larger and allow more and
more water to_pass as time goés on. ' - -

A most ingenuous and highly: successful scheme for handhng such o

conditions was-used by Mr. C. W. Stone, of Maricopa, Cal. He: col- -

lected-a- quantlty of -0ld ‘hemp rope, unraveled.it, and chopped the -
strands into pieces:about 4 inches long.  These.were wadded into tin -
containers of 4-inch stove-pipe joints about 3 feet long::- Each ]omt '
was battered in at one end to- prevent the escape of the hemp! ‘Of.. -

course, different conditions will require more or: less hemp or burned - -

wireline,but in'this partlcular instance 12 tins of chopped hemp were -

put on bottom, care being taken not to break the tins.” If the tins are

broken at this stage of the work; the whole plan is defeated, as the
~ hemp-will be washed away by the ﬂOng water. Four bundles of
burned wire line 4 feet long were then run in-6n top of the tins, each
bundle belng pushed firmly to bottom with the tools. When the fourth -
bundle had been placed, the tools were hitched to the beam,.and tamp-
ing commenced. A flat-bottom bit was used, and the tamping was -
continued until-the wire had been firmly driven down on top. of the
hemp. ' This tamping broke the. tin containers, liberating the chopped
hemp which rose with the water current and lodged in the mat of wire.
line above. : Under such conditions the hemp would naturally be car-

" ried by the water first into'the more open channels, andi later into the’ .

more restricted water. .courses, and so on tuntil all. ﬂow stopped.” More

hemp and more wiréiline might have to be-used in some jobs tham in:: © _
the one descnbed "In thlS instance several layers were used.-until fin-- ..
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ally the: ﬂOW of Water d1m1n1shed, igetting. less and less at each stroke
of the.tools until it ceased:- flowing altogether. A’ concréte:cap.was
then placed on*top ‘of the plug: and built. up: to. the-desired level: Gen-
erally these layers are.mdde-5to 10.feetithick. . Mr. Stone has-tested
these.plugs by permittingithem to stand 42 hours afer the water level -
has been.lowered 2 ,000 feet iri, the hole and found* them’ rgatisfactory.
-+, When feasible:it is good practlce to: drillsclear :through a.bottom

) Water sand and 5 or 10+ ifeet: mto the shale- below;: ‘clean- the ‘hole

. thoroughly, and{ buildthe plug sfrom:the -bottom: .of::the - hole up.

- through the watér;sind and well-up into: thes formation-above:. The
plug then takes.a position ilike ithe -core: of 4 stopcock: ‘and: ‘is- sub-
jectedto- lateral pressure from- all silesibut not to. the heaving thrust

‘exerted:on a plugr extending’ onlyra little way into;: thezwater sand,
where:reliance is. placed ent1rely in" the. hold: the¢ plug may ha,ve n
the; overlying formation. - r i sln e . PR

1<To ‘indicate what. the: heavmg tendency - of a: ﬁowmg Water sand

. may be on a plug that does not extend -into and form a tight- seal

with thef formatmn ‘below. the-sand; assume’ thats the-bottom water

rises-to'sthe ground surfacé. in’ ‘2 2,000-foot. Hole..: ‘Wheri ‘all ﬂuld is -

~ rémoved: froin :the thole;: the,plug will ‘be under ‘athéaving. pressure

equal to. the’ static. pressureof: a-2;000-foot column ofrwater.. . This

pressure is: equal 10.870: pounds per square. 1nch ora heavmgfpressure

. -of about-22;tonson a plug +in-an 8 1nch hole SRt ,zaf ARSI

Vo
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oy T TESTING A WATER SHUT-OFF

[Ty
Fand

Whenever the character of the formatmns and methods of drllhng
w1ll perm1t the drlller should observe and note in the log book eny
: pecqhar charactemstms of Water encountered such as freshness or
sahmty and “sulphur - content also ‘the “natural level of the ‘water
"..in the hole, and whether there is any change 1n water level When
various sands.are. encountered 3w R

After the cementmg has been done and the tlme allowed for
setting ‘has: elapsed ‘the ieffectiveness of ‘the work:must:-be! tested
" Fhe,mere fact that thek]ob has+been- done in-a. worj'kmanhke MAHNST
- and.by approved: methods does ‘not fulﬁll an’ operators obhgatmn
" to"himself, his neighbor, or soc1ety in rgeneral The itest: consists .of-
 two phases Tn-'the fifst iphase the -water}is: bailed out, leavmg adry

‘hole, or; -at least,. ‘the i watér- should-be 1owered. sufﬁ01ently below " the -
natural water- lcvel of:the locality to create a reasonable external pres: -
sure on-the casing-1,000 to 2;000:feet isusually:sufficient. +- The wellds '
then:allowéd-to! stand 8 to 24 hours] or more: This.part of the test
is::made:before” anyires1dual cenient+has“been' drllledfout ‘of"the
_ casing, and is for the; ipurposei of- demonstratlng that there is no-leiik
of: Jany kindzin. thc»p1pe itself. In: the}second phase of“the test the -

‘517040‘—18 54 1]',,\5:«‘ RS BRI S 5 R 1" l L SR
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résidual cement is -drilled: out. ‘ahd a few Toct of'new‘ 'hole?is“dfilléd‘

ahead.of  the casing. Utiiless. there is dangei‘ of a gas blow-out or
~ some other. weighty consideration is adverse, ‘all the fluid should-be

bailed ‘out of the well and the: hole allowed to stand-~12 to 24 hours.’

- If the test shows that the cementing job'is not satisfactory, corrective

measures must be taken. If the second part of the test shows that.
the .water-is not shut off, effort must be made to determine whether-
the water is-coming around the shoe or through a leak in the pipe
itself. If -the water.is coming through a ledk.in the pipe and not
around: the shoe, drilling may ‘be, continued and.the well corapleted
in the. usual way. After the inner or. oil string has been set,.it may
be: cut. off somewhere between the shoesof the water string and the
leak, and the ipper part pulled out and: set back. on top: of the lower

“séetion with a packer between the two sections; thus preventmg the
water from entering the oil sands by way of the hole in the water

string. - The packmg should be of »more permanent matemal than_

- rubber. -

Plate XIV,. 0 (p 54) shows a packer known in the West Side
Coallngag,ﬁeld as’ the: “ Crumpton packer.”.: It is used to combat cor=
rosive water. Much:trouble has béen experienced in this part of the

~field by ground water . eating through the water, strings.after a few -

years? exposure. -The packer illustrated is set by the weight of .the

upper part of the oil string. This packer is strong and.simple in_ .

construction.  The packer has a sliding inner sleeve about 5 feet long,

+ so arranged that it-can not:pull- entirely out, of the outer sleeve that

is screwed into a couphng on the bottom of the upper section of.the

: 011 strmg The inner sleeve is wrapped with square hydrauhc hemp o
‘ packm as shown in the 1llustrat10n Any machine shop experlenced

in makmtf 011 well devices can turn out one of these pa,ckers w1thout
a workmg drawmg Co :

i _ USE OF HYDRAULIC LIME FOR SHUTTING OFF WATER

Reahzmg that well cementmg as commonly practlced wasnot always

eﬂ'ectwe, Mr. E..A. Starke, chemist- for-the Standard. Oil Co. of Cali-

fornia, applied himself to the problem of- dev1smg improvements.
Backed by the liberal financial support and: heaity cooperation. of his
company, Mr. Starke has done much experimental work-in the labora-

- tory .and. in the field with various kinds of. cementing materials, - If

results of ‘this work were published, they would: form -a .valuable

~ contribution to the literature of petroleum, and: it-is hoped that-some
day the industry may be so. enriched. : The material in this section

is used by the: courtesy.'of the -Standard ‘0il: Co., which furmshed
the data, ‘Mr. Starke making many valuable suggestlons .o ‘
_.As outlined previously; the problem that-confronted the operators

' was how to make a water- tlght andzpermanent shut-off in the poorly.
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consohdated fshales {and clays overlymg the' 01lr measures in-some; of
the Cahforma‘ fields.” Thisiwork: is: especlally difficult when there is .
i "the - hole by,seepage ‘of:gas or: by: flowing. orcigrating -
water.s:Inithe’ early-days; in:d ‘shallow terrltory andiswithiothérwise
v “favorable’ cond1t10ns,xfwater couldf be: shut oft ['with.; a falr degree/__“_w .
of satisfaction. by landlng a water- strmg,ﬁas hasfbeen -seen.” wCemert-
ing was introduced and greatly 1ncreased the -effectiveness of easy
_jobs and iade poss1ble othersl'{that ‘had formerly “been- it
As; drllhng methods. progressed;. eyen. cement Wasinob fent'relv sat1s- A
factory at-some; fwells, as;it did_ not set rAt ﬁrst the suggestlon was
made. that cement, Would not set m contact Wlth oJ1l Laboratory tests
demonstrated - that cement. w1ll not only set in contact, swith” 011 but
,when mixed.with: ] ‘cons1derable quantlty of 01l along W1th the Water
- If a water shut- off i is't6 be made in a. Well whlch has not entered the '
orl 'or.gas sands,,and; 1f there‘ 15 ‘only one strmg of casmg in the hole,
s0.that .pump. presgure .can. nhgbe applled it may e dlfﬁcult and
perhaps 1mposs1ble,)t :get. sufﬁc1ently high. pressure W1th mudfto
plug. the: pores of a.gas, or water sand If! the mud is excesswely
thick: the. cement, tends t0- break through 1t and ‘f‘channel » upt the plpe
- instead ;of. surrounding it-in a solid ,mass. ., T9.thin the mud‘may

cause a blow out oflgas Whlch w1ll«1n all probabﬂlty “;freeze ? the
. plpe '.«;,,;, & ,,‘:.,;’; e .i;‘;’-‘ S e ‘(
oA Ine general,.there are. three avenuesfof approach to- the problem
outllned as follows: = " " st gt i g e Tadaeder 4 T 1 B e
"1, To get a cemen.tlng material that will set under ag1tat10n and
ﬂalso possess the oth ’r requ1s1tes of moderate cost ease .0f’ handling, -
etc.. p o ST T
-2 To get a cementmg matemal that W ll 'stop the agltatlon so that.
'Portland cement Wlllr set and that also: possesses the des1rable com-

The Standard O1l Co a.s' a. result,
) zusmg vhydrauhcshme as; the mater1al

: inatmg agltatlon‘ that Would prevent i
Hydraullc lmle has propert1es d1ﬁer1ng w1dely from"those‘of'a 3
’ordlnary hydrated bulldmg lime. * "The. latter,, when mixe i
water to. form a;putty, will remain underzwater in: -this conditioi il
deﬁmtely, Whereas.hvdrauhc l1me sets “firmly- nder—~water ~The - .
 settingiis’ gradual ' nd although 4 pat w1ll be. fairly; firm’ after stand-
ing.24 houts inair 1t would probably xrequ1re 18ito" 24" days’ to set

o ﬁrmly under water; Thi§ test may be-made in an-drdinary drihking

glass, and perhaps rsave '$OMEcostly tmistakes. ; Although;such i test
1s & gulde, the author has not suﬂiclentfdataJ on Ithe uset of hydrauhc




)

68 {17 SHUTTING: OFF WATER.- IN OIL“WELLS. i+ ..o

lime to staté:that:every-linie that: Wlll set hard under’water s ﬁt o
use'in shutting off water in dr1ll1ng operations. An operator. contem-
plating the use of hydraulic lime will,do well to,make. the test men,
tioned and other rough tésts, suchias the thickening eﬂect when. dry
lime is mixed with the: drﬂhng mud. ~All such test ixtures. should
be allowed to-set- under water. I T S S LA BURINE SR ‘

SN i Py . \; s
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CHEMI.CAL PROPERTIES OF, I—IYDRAULIC LIM.‘E n

.,'

Ty
Table 2, followmg, presents analyses of different: brands of Gement’
~and of hydrauhc lime. One is struck with' the’ s1m11ar1ty of ‘the
constituents ‘and the dlvers1ty of their 'proportions. ' The' cements
represented in 'thé table are ‘typical of the best gradés of Portland
cemetit, ° manufactured especially for oil- Well purposes,- and ‘vary,
httle from each other in- chemlcal compos1t1on. “Of ‘course, the fine-
ness to “which a cement is ground hiis "miich Lto do with the -time
requu'ed for its settmg, a feature not shown by the chemical analysis: -
The’ analyses of hydrauhc llme show wide variation.” The German
11me, although somewhat hlgh in silica ahd-low in iron oxide and
alumma for use as Portland cemént, Would seemmgly sinter to a’fair
grade of nataral ceiment.’ There i§ an’ essentlal difference between
hydraulic lime ‘and ‘cément? “Céfient” rock, either natural' or’ pro- .
port1oned by analysis, is. s1ntered to 1n01p1ent fusion and then’ ground
very fine’ to manufaéture cement.- Hydrauhc:hme,ﬂm contrast 1s

burned and hydrated but is never smtered T L T
Vide a0l -(: o~ at . f

!

Vel TABLE "——Chenmcal analyecs of cement and hudmulw lmw

U . | Brand of Portland cement.' . Brand or source of hydraulic lime.d
(RSP .-“.:::..»13- R s R R R L LT N 2 e
:Vmc /t\‘zt _For- nia ‘u‘ t‘ el Ifédﬁg Car- | o | Com
onstl uen o TuzZ oun <. . Lime ar- Mare 0T~
mula. GOI‘%&“ oil- | Diablo: |1 Ger- '| [Plaster- | * ters "‘1¥aat%' mon or
e I cegli t.a| Wwell |.oilwell | man. Co , San | ville, |\’ | quick.
Frreu Seeteeplofgd oy, | COMONS ) age. . | cemente [0, - .3Fran- | Gas YRR lime.e
ment.b| - .. |clsco -l :
cpert | L Cfper |t .. | Pér. | Per.|’ Per

Percent cent. Percent cent, | Percent.| cent. | .cemk: | cent,
©'20.89 | 19.38°|% . ©19.51 | '15:04 | 18.10| ..1.00

Ferric oxxde T-.8.371 . 5.31 .

Aluihina - NP L1240 (.72 s02f 130
Lime ..

Magnesra .

Sulphuncanhydrxde

Ignition loss.. . ... . Lo
Manganese oxide ...
Carbon dioxide and -
volume: ;
Spemﬁc gravxty

a8 Paclﬁc Portland Cement Co. San Francxsco Cal Analysm made by the company
-+ 'b Sant Cruz Portland Cement Co., San Framnsco Cal. - ‘Analysis made by the company.
, ¢ Cowell Portland Cement Co, San Francisco, Call’ Ana1y51s made by the oompany s
- @ Analysis furnisted by Dr. A, Starke, San: Franciseo, Cal. . -
;; ve Marks, L 8. Mecha.mcal engme,er’s handbook 1916 p 568. .

s

l 1 ¢ b
“.Interesting: and instructive as the chemlcal analyses are,; they do
vnotAalone ‘furnish.: the -knowleédge of . physical - ‘pr,opertle‘s{that .18 80
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. 1mportant : The calc1um and magnes1um 1n hydraullc hme are 1n the
. hydrated form—-—Ca(OH) z’and Mg(OH) Hlbut: contam 1o water of
crystalhzatmn -The riame hydrauhc comes‘from the property lof -
sétting urider water: EWithotit this' property a-lifme cdn'niot properly
" be classéd as hydrauhc e Thelhydraullc lime used by the’ Stan-
dard Ol Cozis manufactured ¥: thePacific L1me & Plastér: Coy, of
-San Francisco. 4 It: us 16t 4 - ‘riatutal dime] bt is: proportloned and
mixed: Jhy ianalysis.: ¥ Such”a l1me has‘al marked- advantage over: a-
' natural hydraulic: Jime g thatqts components may ibe varied- at Will
1o giveit’ spec1al*qual1t1es for certam 1k1nds “of work fAg g poss1b1e
ith*Portland-cemetits =£F v. Hew i it o sl gl bkl
~ When hydraulic¢ lime Ccomes 1nto contact w1th ﬁnely d1v1ded siliéd
and the aluminum Jsﬂmates of .the .shalés. and clays, it combines to
form complex gelatlnous s1hcates the exact “chemical formula of
whlch 1§ not known “This jellylike ffss notionly swells percept1bly;
in' settmg but-. adheres*tenacmusly to the “wiills-of the “hole.” Any
‘carbon- diokide iri the’ gas ot & well Svill Teact: w1th' ‘the ‘calcium’ 0X1de
“of the linie t6 fofth chalk, the réiction Fausing o further swelhng of
- the-mass. Whén such**actlon takes place between the gralns ofa
| sand: the result is to'Gerdent the sandunto a compact mass surroundlng
theé hole. “The lateral thlckness ‘of thistitass i isy oft course, ‘dependerit
o' the depth of penetratlon ofithe lnne solutlon’mto thé formdtion.
Tt is- frankly adm1tted that & ‘néat hydrauhc hme has.a* tens1le
) strength -of only about two-thirds of! that developed by neat cement

. ',-J,A \:;

' Such a ‘cons1derat10n ‘has little- to- “dio! ~with "the”value- of cementlng

material ih ‘an“oil-wéll; so long s the iaterial -will ‘Set' and when -
set: will- have‘ a“tensﬂe 1and fcompresswe strength sufficient ‘to’ stop
the ﬂow of water ‘01" gas from agltatlng the Portland cement that :

.....

: to be cemented N -';“-“i wr

b Milkeof - lime! *(ﬁnely d1v1ded hydrate' lime ‘tHag: hagbéen: steam_,
- . slacked) ‘will in-some: wells ¢ombiné With'the s1hcatcs and aluminatés

~ofi the formation to' formh. gelatinous s1hcates, ‘and $Will prove as sitis- - -
‘factory as hydrauhc lime. This. reaction depends upon’-the’ favor-

able chemiical and’ phys1cal propertles ofithé: formation and- therefore »
can-not thé’ un1versally relied: tipont »If ‘hydralie. l1me contammg
ﬁnely divided Silidaand iron‘and alummum oxidé is uskd; its esden:
tials are self- contained-and hénde it had d"faf betet ¢hancéto do* 1ts '
work undertunfavorable:! 'condltlons* thanlthe milkof! hme. ‘and is -
- “ itherefore preferable' i ks gniani o il B o
v} Hydraulic lime igiixed’ separately w1th water and pumped 1nto
* the well ahead!ofthe cemént!! Wheén the two plug or' Perkms system '
of cementing-is useéd:the: hme solutlon ig pumped int6 th casmg on
top of the column of mud and’ahead of- the first plug, thusthe cement
follows'lmmedlately beh1nd the Tifne* solutlon i’ 1ts\course down “the -

24 s,.
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inside and.up the outs1de of the; casmg The main: advantage cla1med

- for the use of hydraulic lime is that when a solution of mud, as ordi:

narlly used in drilling, is m1xed with & solutlon of hydraulic: Jime

- azmuddy sort.of. plaster is-formed .whichiso coats the formation. as'to

greatly reduce and. often - ent1rely prevent, agitation from.gas or
moving water. This action::takes, ;place. when-the ‘hydraulic lime
Ppasses out.of the casing and.mingles with the‘mud in' the bottom of:a-

" well.. The writer suggests further that this-mixture of. lime and. mud

will make a ﬁrmer bond.; with..the - formatwn than mneat Portland

. cement, and that the Portland cement will in turn adhere more, ﬁrmly
~ to the mud and lime plaster than it will to the. ordlnary mud smeared

s1deofahole e _.'u-'\, H

AR ~"f=','r""r_ '[jll‘. PRI N
R SPECIAL USES ‘oF’ I—IYDRAULIC LIME b

‘,l .
'\l.r* N ; Joed

i If, mud ﬂush is c1rculated contlnuously as dr1111ng progresses, ther -

mud usually ﬁlls the ‘pores, of porous sands or gravels::. 0eeas1onally.
the mud runs.away, into. such sands .or, gravels instead of ,returning’
to the surface “Circulation is 1mmed1ately 16st.; , Nearly every driller
has e1ther had such an experience at one time or anether or. knows
of. Where 1t has.occurred, and realizes the d1fﬁculty of. reestabhshmg
c1rculat10n . Teams, are. often kept, busy, for days hauling mud. and

: manure, saWdust ete., .to; be m1xed ‘with the mud.in an effort to-¢log

the, passages: "The Standard 0il Co. handled; an obstinate. hole of
‘this kind.in the Antelope Hills by mixing hydraulic lime and manure' :
W1th ‘the mud in the, suction box...; This mixture’ filled the-channels

in, the sand and c1rculat10n was restored. Thoutrh the lime may. have
: cost money, Whereas the other materials ‘were free,‘the difference was
-more than oﬂ'setl by) the dlﬂ’erence in, hauling, and. labor charges, to
s nothlng,of the risk of allowmg the-hole ito_cave., , This risk i Jin-

creases greatly the longer the time before circulation is, restored ‘
‘For,work of this kind -the dry.lime may; be, shoveled into the liquid.
mud and mlxed W1th shovels or hoes, and. by, elrculatm(r it through
mud pumps xThe hme need inot -be mixed €Wlth water and , then A

' poured 1nto the mud RUCEERR L v.,,,:; SRE

3 RENY v‘.,_n..

‘ h1s phase of exclusmn of Water trom 011 and gas ,vvells o If hydrauhc '
: hme, or .some other more, su1table substance ithat-will set hard dfter

bemg m1xed thln,, 18, forced into each water. sand: when -encountered,
thus changlng the sand, into, a, hard lens ofumpervmus and. permanent ‘
sandstone surroundlng the casing, much expense;may be.saved in
drilling operations. . It might ; be ‘possible,. with: such 4 system’ to

-dr111 wells, W1th cable tools and use only:one strlng of-pipe, whereas

under present practlce one, or two, additional strings are used as.con-
ductor pipes, and ,water strlngs “The, saying thus, effected .would: be-

great, prov1ded the cost of seahng the, sands could be kept- moderate
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i If such a, process wére. developed it could be apphed to- 1nterme-~
dJate watér, permitting simultaheous productlon from the oil sands
- -above and. below the ‘water with:the;use of only one str1ng of surface

casing or an 'oil string’ in‘territory: where.the oil sands did not stand,

up. well. enough to’ make an: open hole: possible. To handle interme-;
diate water: by such:a method svould, of course, Tequire. packer of;
some kind set:below. the upper, producmg sand;and above the interme-;

- diatg water sand. The packer would :;prevent the hthlfymg 'solution.
from .entering the upperloll megsures, and thus, perhaps, sermusly :

- aﬁ?ectmg production, . . T :
It is the: writer’s.hope that the foregomg d1scuss1on may not only
acquaint. operators, with- What ‘has.so far been.done in .the- use of
* hydraulic lime, but may; 1nduce them to conduct further~1nvest1gat1ons
- bearing: on. the subject. and to; make their results, known,. whether suc-
" cessful or not. A knowledge of the hm1tat1ons of; a process is ]ust
"as’ essentlal a8 an understandmg of 1ts scope e

arl

s

WATER PROBLEMS II\T THE MID CONTINENT ‘FIELDS AND
METHODS FOR HANDLING THEM

Far too much dr1lllng has been done in- the il 1ndustry at’ large

o ) w1th a view, to striking oil and\athen selllng or.leasing ‘the property-

rather than Wwith the- 1ntent10ns~of operating - the. wells" unitil :the’

last barrel of commercmlly recoverable oil has" béen™ marketed and N

“tlie well§ have been: thoroughlyfand effectively pluggedl Mo1eover,

. it’may be said’ that:séme’ operators have manifested more 1nterest.;. ,
“in obtammg a‘clearance” paper-in‘“the form of a‘ pluggmg affidavit”

- than'in seeing that‘the plugglng hils been properly done.* Such oper-
- dtors,” through- 1gnorance “or crlmmal mdlﬁerence, will frequently

o employ a‘contractor who is far more 1nterested in gettlng h1s money
‘ than in fulfilling h1s contract R L '
It is’ dﬂﬁcult 1o concelve of conditions-that make 1t perm1s51ble L
to abandon an’oil,’ gas or prospect Well“WlthOllt eﬂ’ectlvely pluggmg -
“it-ds the .casing - 1slw1thdrawn [‘An excuse for' not ‘plugging an’. -
abandoned Hole'i 18 occaslonally heard to th1s effect: “The well‘'would -
not make:: a baller ¢ f‘iOll a*week; so there Wwas 1o use: gomg to the'ex: .
: ,pense of’ pluggmg A hole likeh that 24 The knowledge ‘that water "
' may travel through ) sand from a nonproﬁtable well and sp01l many S

N :, [ ‘) : ,§A i v l { e_'_..l .

In the M1d Contlnent ﬁelds there are three outstandmg requlre-

s LD TG TR Y L wi et e oA

‘-.

ments regardmg protect1on from water, as follows (1) Protectlon. 4
- valualole formatlon from a Water stratum ‘shut oﬁ" behmd the'
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sdimé casing,’ H2) shuttmg ‘off water from the hole by casmg, and
(3) shutting:off bottom water: =~©- i - = .
» 'With mud fluid: the first. requ1rement can be met and mud- ﬂu1d

* should be used wherever the formationtto be :protected ‘is of ‘valtie

anywhere in the district:~ In. regerd to the second: ‘requirement; allf
too little effort is'made toward a ‘permanent shut- «off, and:the writer.
believes- that - much of ‘the water trouble, Whereby production is de=
creased ‘or producma eXpenses - lncreased is ~caused by ‘top’ water
breaking intothe-hole from. arcund-thé shoe -and thlough leakmg
Jomts or casing that have become corroded. N Tt SNGT
"Bottom" water is likewisé" a caiise of ‘miuck:itrouble and expense
The- engmeers of the ‘Bureau of Mines who have 1nvest1gated -condi-
tions in the Mid- Contment fields are ‘all-of the opinion that a-great
reduction in' costs and ‘loss of productlon could” be ‘effected by the -

© repair of old wells and by greater care in shutting’ off water in new

. wells. One of the greatest opportunities to-day for incréasing eﬁi-~

. c1ency in the Mid-Continent old fields i is in tlle co1rect10n and pre-
_vention of W‘xter 1nﬁlt1at10n ' )

- Common faults in the Oklahotna fields are as follows: Not setting

_casing up- tight enough,.not using good casing. shoes, not selecting
- good casing-seat, using rubber wall packers for permanent shut-offs,

nonconformable shut oﬁs, not protcctmg casing against , corrosive
Water, and not 1ns1st1ng on absolutely tight shut-: oﬂ’s . el

- These- evils arise partly from -the contract system wherem the
drlllers of the wells have little interest in. making: permanent shut:
offs and partly from a hck of; apprecmtlon on the part of the oper-
ators of ,the_ harm -resulting from insecure. shut-offs. :Operators

'should 1ns1st that contractors make shut- offs that :Wlll be: permmnent

1nstead of lastmg only. unt1l the well i 1s' completed Such. temporary
results are obtained with the rubber wall packers, which expemence
has:shown to be far from reliable, :Another tendency..is for the

' operator to be: sat1sﬁed when the Water is practlcally shut off,i’ but

experience shows that the httle trickle of water in time enlarges and -
becomes a. stream. - Later-in the Well’s hfe the operator complains
about ‘how much Water comes in: the same sand with the oil. .. .-,
Cmble tools are almost unlversally used in: the M1d Contment ﬁelds '
and fr equently w1thout a; .calf wheel ; to handle» the casing. - Thel

: formatlons Stand up, well, so that dmlhng may- be done without s1mul—

taneously carrying the casing. .Usually the hole 1 is made to:a certain

pornt according to Jocal requlrements, and then the entire string of -
- casing is-sét-at one- tlme -as contrasted With' 1 usqge in’ cavmg formw-‘

tions, in which the casmg must be- inserted a_joint- at a-time, and
often in short lengths of 5 or 10 feet in order $0 keep the, shoe in
close prox1m1ty to the. bottom of the hole In the Mid- Contment .
ﬁelds it is customary to employ a casmg créw under contract When
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a -xstrmg fibito be St ' The ]omts are: usually -set- up by hand, fre-
quently-with- only a rope sling:» Tt is only with:- the deeper strings
that thetengine is-~ used for- settmg up ‘the plpe"‘ ot coursey ‘even
*heavylcasing :will notistand thepull of: a: drilling engine'on~ordinary
chain tongs:without, ‘damagé: “When. a producmg Well is to'be shot’to
stimulate production the: watér. string often’is’ puHed ‘up vell above
the shot. " Whernever poss1ble‘ ‘the-water 1string: ‘should * be set: far
' enough “above thé producmg sand- to-be safe from the: damage-6f'4, '

~ shot, so that there awill b&:ng- need'off movmg £he" string. -Then if thé

hole back ‘of the: piperbé filled Wlth fuid and- the-fhiid in- the‘p pe be
baled or swabbed till its level is bélow tlieibottomi-of the water stiing
befor‘ the shot is fired, the hkehhood of damagmg thé pipe even by
a heavy'Shot is demdedly lessened _ The feature to bé" emphas17ed is
the possibility of pulling a strmg of ¢ casing Wwith several hundred feet
exposed:toithe formdtion aftersit has béen set’ for: Several, years

most:California fields. this canmot:be done.rsiis- wp wind .
» Difficulties: in {the Mid- Contment reglony are: accurately summarlzod
'byiLeW1s and- McMurray,t :as: follows REATICR (RS et

The nataral- cond1t1ons.affect1ng the conservatlon of‘011 andlgas are unusuall;57 :
complex-in the “Mid-Continent ﬁelds *'There .are: a‘ large: snumber of sands. ‘con:
taining gas, oil,-or’ water, .80.: that. the. drill, may; penetrate many: different sands,
and in eyery,, concelvable combrnatlon _Plate. XV shows:the. combmatrom of
sands found 1n parts of the Oklahoma ﬁelds At‘ Blackwell Okla, gas sands
are found at mtervals from thhm a few hundred fee‘tgof the surface to a
depth of '8/400 feet.’ Gas is’ nearly always found assoc1ated Wlth an 011 pool
. aidimay!be: in- the “highér parts:of- the: sameé: ‘sandsihs fttie - oil; ‘or ‘1n ‘Sands
. above:ol below -the-oilzsand.. lPressures as :great. as 1,300 pounds per ‘square
“inch have been -found in jsome. of the: deeper,,wells and.flows, over 50,000 OOOv
u ber offwells The formatlons

’A!‘) (,,

Vi adanp

drllled Under’ contract by the 'dry hole method A
«J‘Under suchi Complex~ ‘conditions drllllng dn'a- dry hole 1siwastefu1 and danger-
~ous, :and to fully protect allthe; formatlonssby the. use :of scasings, packers and
bradenheads is often eitler 1mpract1cable -orimpossible., Oeeasrqnally the. gas

W111 1nterfere or prevent drllhng unt11 the preLssure has- been reduced 'I‘he gas
‘1s developed faoter than 1t can be marketed and to ﬁmsh the we]l so as to keep B

'to t‘lke smular precautlons -
. _Wlth”' ud® ﬂuld and Tuiany of' the leadmg operators both in Oklahoma :

and Kansas, are, using; this method -even . Where not, legally compelled
to. do so.. ’

o]

_ew1s J O and Mc’vIurray, W F TheAuse‘ of mud Ieden ﬂuid 1n oil and gas w!ells
Bull? 184; Bikedu of Mlnes“ i916; 5p* 51‘ SRl B R Lo T
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" In working up a: ‘new isystem of procedure, or.in adapting an.old

one to. new conditions, a few. failures are to be expected but: these,
if properly studied, become material assets by.reason of the knowl-

~ edge they furnish.., Such failures have occurred-with the use-of mud-

laden fluid in parts of the Mid-Continent field.”. Sometimes an oper- " -
ator will use muddy Water, or else will: pump into the well the muck

‘from.the mud sump; including sand, linye, and shale cuttlngs mixed
together; another will have trouble W1th the pipe “ freezmg before -

itican be set. ‘One such instance was reported when .the; casing was
entirely free to move about 5 or 6 feet up,or down, but would. ne1the1

pull above nor: go below these 11m1ts R ‘,/; :
e N

V ) SUGGESTIONS ON USE OF MUD FLUID AND CEMENT IN MID-

CON'I‘INENT FIELDS L .
. R [T

Smce the use of mud ﬂuld has become general’ in the M1d Contlnent o

“oil fields, local operators are developmg speclal practices. -.Prob-
ably- 2,000 wells-have been: mudded in-and many of the operators are

becoming experts in its use. The contentions of the Bureau of Mines
have been amply. ]ust1ﬁed bothi_as, to the benefits. of the proper. use
of mud fluid and as.to the. ‘harmful results when 1mproperly used.
Sitccess or failure has hinged prlmarlly upon two factors—(1) the

‘thickness-of the fluid-and (2) 1ts freedom from sand hmestone cut-

tings, or ‘coarse, materials,
As: stated elsewhere, mud fluid, belng ﬂuld Wlll not. be shut off att,_

' the casing seat, but the casing must be.set 1 in siich manner as to. retain
fluid behind it. ~However, mud fluid will force water back into-its ..~

native formatlon and- prevent it* from- enterlng the 'hole dnd. thus-
galmng access to other formations behind the’ cas1ng Ini' this Way _

N valuable 011 gas or fresh-water- and salt- Water strata can be’ protected :

from.an 1nterm1nghn0' of ‘their. - various contents thOugh all lie

" behind. the same casing. : Several strmgst of casmg, each securely}
'~ landed, would ‘otherwise be necessaryi i ‘

“The eXperlence ‘6f the Empire Gas' & Fuel Co. in the Eldorado

: ‘and Augusta ﬁelds, Kansas,, amply’ ]ustlﬁes thls statement Though o

the gas sands have been protected from. underlylng water sands only
by mud fluid :in the wells- drllled to. the deeper oil sands, water
has failed to mvade them, and the gas Wells requlre only the occa-

- s1onal « bleedmg” usually necessary The operatlons in these ﬁelds

demonstrate that 1t Is entlrely practlcable tol develop an 011 ﬁeld
and at the same t1me protect and utlhze the gas. 1n overlylng sands

LR

o -.; o 1\IETHODS FOR SETTING CA?ING WITH MUD FLUID N

RN

- There are severa} methods in-use-for- settlng a-string of casmg

_ 'Wlth mud ﬂuld back ofht and ; 1o one of these. ¢ can be’ termed the best
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Closed in with gate -
radenheads .
;Plugsed with wood staves-

Wt

Shale

. *Qlﬁémc’h casmg,4m_ feet
{( Casing unseated Shale

L

-1 B}]10-inch casing, 400 feet '/Broken shale

Shale and *‘ shell”*

Ushete

~ Shale and ** shell

[ waovewsow

A it
Casing unseated

Shale «

Shale

'/Sand

r inch casing, depth 1235 feet

asing unseated

Brown Shale

‘“Lime "
y -

" Shale

Shale

**Lime”

O

Shale

T ¢ QOswego lime"

Shale and ** shefl.”

Bartlesville sand

Depth, 2191 feet

DIAGRAM OF WELL IN OSAGE COUNTY, OKLA,

Shows condition of well and way In which gas escaped to surface. Well was completed

May 8, 1914, with an open flow estimated at'22,000,000 cubic feet.

When shutin the

gas cut under each string of casing, which were landed in shale, and escaped into the

other sands.

Gas had reached the surface as far as 600 feet from the well, and fora

radius of 300 feet was issuing from the ground in large volume, when inspected on

August 11, 1915,
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or proper method for 'll ond1t10ns \lee a,ll other;oil- ﬁeld opera—
tions, this should be donetm the cheapest way- Athat is. con51stent with
safety and good mining. = R Y B Tt St O P
- For:convenience, the various methods are. summarlzed as follows
. Fllhng the.hole.; 1,th mud ﬁuld ‘with'a-dump, bailer;.or. through
tubmg,rso that- the Wall’of the hole will not, be’ unduly Washed - The ~
casmg is: then pumped down as.the. mud_cireulates: ;v o
P Insertlng the caslng to W1th1n a few feet of. bottom and pumpmg

fluid.and . lifting it: off ,bottom, and contlnumg pumpmg,untll sat1s- ‘
§ factory circulation is, obtamed A I TE VRSN U U S
In sall, these. methods ~ultimate | c1rculat1on 1s. essentlal and some
-,means should, be prov1ded for,testing. the specific grayity - forithe outs;
- going as,well-as the,ingeing-mud Auid: . "By this means, the operator
will be-able to determlne when no furthere dilution.of mud takes place
 from.water in:the, hole,{and by:inspection; of the mud he Inay deter-
_ mine:when,, gas and ‘oil, ‘1f any are\behlnd the’ casmg, are. _completely .
“mudded off.? - .0t Fogi FETRON ;
*,:"Method 1 requires. more tlme than elther of: the others, but ma,y be
‘applied wherever: method 2;0r.3 can; be. safely used, whereas neither
. of therlatter two imetliods; may always e ; apphcable swhere No.il
-is;safe; thereforesmethod: 1 is- recommended When a doubt exists. as
~ to the adv1sab111ty of;usmg method. 2: or 3 E R
* Method 8 has been successfully usediin: the Eldoradol and ~Augusta
fields of Kansas. - The Empire Gas’ & Fuel Co. has “mudded ” some -
300 strings of 124-inch:10-inch; and 8%- mch casing set at an average’
_depth of about 1,500 feet After the 8-inch- has been “mudded ” and
setl as"aewater strlng at approx1mately 2400 feet ‘the ‘10-1ich: and
12%-inch ’casmgs, Srhich-s Were ‘alsé mudded* R are pulled There has
,xbeen‘only shght dlfﬁculty i pulhng these strmgs ‘after they: havé set
oneto sévern ’months, and the practlce *has been amply ]ust1ﬁed in the
localltles‘mentmned' i Uy 5o
This* company reports the? use of U
grav1ty Awithiout - dllﬁculty ThlS is h‘
Buréan' of Mmes‘had thi "Théré
ig a"greater variatio fi thé relatlve spec1ﬁc grav1ty ‘4nd ﬂuldlty of o
muds ‘thian “had- been ant1c1pated For"example, the tests o all the

t"( e,

v1er than englneers of the

prev1ous recommendatlons had been ‘mideé with mud from Callforma, ST

) ﬁelds, and the mlxture of* such mud w1th i specifié’ grav1ty of 1 411 -
v(41 per cent heav1er’than Water) was so"stiff'that it ‘Would not~run!
'from an*mverted glass and’could not’ have been pumped AR O

“iThe experlence “of the. Emplre company Thas'shown Tot only that.
it is‘possible o’ recla1m the’ casmg’landed in"mud fluid, but that much’ :
less trouble 18 enperlenced than in’ pulhng the casing. from other ‘wells
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in ‘the same: ﬁeld in-which“such* ﬂu1d Wwais ot used - Grreat care is

‘always' eXercised: toiéxclude-sand and’hmestone cuttmgs from the

fluid: put into the hole: S e LT
Method 3 prov od: unsatlstactory for vsé in many wells sunk through .

~ the gas'sands of the Cushmg ﬁeld as ‘the rush iof mud’ aroind -the

bottom ‘of the casing when the casiiig was- htted from' its seat,’ fre:
quently - occasioned-’ collapsmd and somletimes butsting’ of the p1pe
As a rule, in'the Kansas fields mentloned there is cons1derable Water
in the hole, both inside and outside: of’the ‘casing.- Thus- When‘ the
'casmg 18’ lifted; the internal: columin’ of ‘mud- ﬁuld has toy 'overcome .
the ‘préssure of the-external ‘water column and~ its’ 1nertla, resultlng
in a greatly reduced velomty of the fluidas it- passes ‘oiitof the casmg
Although there is wateriin the’ Cushlng field in large quantltles in -
. the early days‘it was: usual]y ‘blown out: of thie hole from ‘behind -thé
‘casing” by the gas pressure as’ ‘fast ‘ag-it would. enter the hole, thus'
ehmmatlng any back 'pressure from’ the water:" b
;- In all:three ‘of"the- methods: for - placing mud fluid,’ cons1derable
,emphas1s ‘has been laid-on- circulation. - Clrculatlon is recommended
" when' the casing is to be subsequently pulled, and is desirable ofr other
]ObS even if the- sole ob]ect 4s ‘the-‘protection of strata behind: -the
dasing. However, it -may: occur - that such - protectlon is desirable'
where the necéssary .apparatus -for .circulation- is unavailable:!- It
may then be permissiblé-to’ proceed ‘ast follows ' Fill the> hole with
mud fluid; insert the casing, and seat 1t ﬁrmly on bottom‘ then‘
remove: the fluid from ‘withinls "ot heer s bl

I R TS T | ;;’ O AR c Ctens Lo enUn

L ’PREPARATION: ©OF MUD. I‘LUID e R LRy M

To prepare the mud the sump 18 d1v1ded 1nto two parts each Wlth
a separate dump, box., Throughout the . drllhng work,; efficient st
pervision is malntzuned to insure that. the mud- is; dumped . into ,one
box and. the. other drillings. into, the other When the, well, is ready
for mudding, a pump mounted on a speclally constructed. truck -and:
prov1ded .with suction -and ;discharge. connections, . similar. -to: those
shown in, Plate XVIL (p: 77); is hauled up;beside.the. mud-sump.
The:mud fluid is mixed to the. desired, .consistency by circulating, 1t
through the. pump, and the, mixing hose, back into. the mud sump;
The specific gravity is. determmed hy an, hydrometer 7SO constructed
as to.eliminate, any. error. of Lreedlng due ‘to the v1sc081ty of. the mud
. ﬁuld When the mud emerges.at.the surface 1t is'run into. the sand-
pit.. and not. returned 40, the well ThlS ,progcess -is contlnued untll‘
no more. cuttings, or sand .come up W1th the mud and unt11 the .
- returned. ﬂuld is of a satlsfactory spemﬁc grav1ty The casing-is
. then set ﬁrmly on . bottom, to.. aﬂord &, tight; seat Whlch will retam»
mud behmd ;the, pipe. When the ﬂu1d Wlthm has been removed '
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.. . COMPOSITE DIAGRAM SHOWING ARRANGEMENT FOR THREE MUDDING OPERATIONS THAT MAY. BE COMBINED IN.
’ HE"IDIV_I_DED SUME AND .CONTROL DOOR; 2) SETTLlN'G:FLUMES‘ AND CORNERl-BOX;

J

CU#ouf _D_éof/’ '

“2'Mixing Hose .

ACTICE. THE:,
‘0°(3) THE BOX |
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‘Thehob]ect of using: a,gthlck;‘mud s, twotold—ﬁrst to..make _ the.

o mud more effective against gas pressure; and, second to-get sufﬁment 7

Welght of, mud ;without forcing.it-so far back into the oil'or gas sand
that it will. penetrate into the;nearby Wells,(as mlght -oécur. 1f ithin
mud ‘Were used ,.‘“v-:l: I i i s et e i ol
It is not an uncommon s1ght in the Eldorado, ﬁelds to. xsee‘ two
or -even, three -wells: w1th1n 100, “feet, ;0f. edich,: other,\,each producing
from- dlﬂ’erent hOI‘lZOIlS and. protected from; the effects of. unsystem-

atic casing only byemud: fluid, < {37200, o R Y SRR £ 14

. Of .course, -this. method of. preparlng mud may be used Wlth any:
of the methods mentloned! forf gettlng 1t behmd the plpe The. mud _

»also be used -as the coarse imaterlal settles out nearer, the derrlck
o The fact that mud from the Jllmestone and, sand sump has been
used 1nd1cates (that further experience. ;may;show, that. if the drillings
receive . proper setthng before ‘use -the .use , of two;sumps _ may -be
unnecessary. .- Ifisa company, is drllhng only.a, feW wells, or for
some,other reason the. adequate supervigion-and., Jinspection; of .mud

~throughout drﬂhng operatlons is 1nconven1ent At would bé an: advan—_‘
tage, to; have ayailable; an outﬁt for -preparing mudi from: the unsep:

- arated drllhngs Such; an, Outﬁt jmight, be operated either,, by, caf
assocmtlon or local .company;: or under.contract and .ini:the hands
of a; competent man Would doubtless, be _satisfactory.- Both contract
and association systems have been-used -with: entire. ssuccess for han-
dhng the . cementmg operatlons an; Cahforma fields: S R R P
. A tentatlve de51gn for; a. muddlng ,and cementlng outﬁt As 111us-

4“ment 1nc1ud1ng a d1v1ded sump Such an. outﬁt may be used W;lth :

' _e1ther the .one- or. the two sump.systems.of handhng the. cinttings:

Further experlence may also indicate the.desirability in some-locali-"

ties, of a more thorough: setthng iof, mud than would be obtained by -

ﬁthe\sump method Aalone; partlcularly if."the. pipe s to.be- recovered

after; standmg with mud,,behlnd it, forj.a number.of ;years. .Plate .

XVII shows, v1ewsfof & portable muddlng, and ‘cementmgs outﬁt

: mounted for transportatlon SRRRS -

:.,.', P L ‘,",»'1;' .

4

XVII XVIII a,nd XIX 1s des1gned 1th the followmg ob]ects 1n '

.....

view: - . RSN
,-1.. To prepare mud ﬂuld eﬁ'ect1vely and §to c1rculate 1t 1n a. well
2 To have, the . outﬁt S0. mounted that it can be. set up. at a ’WGH_
and repacked w1th a, minimum; expendlture of t1me and labor: ..

¥ h

‘:::f.; . !h A “{ R L R LT _‘n’u-_’rt{ [OTSRETHS PEPRR PO
=t k . ; :




78 R SHUTTING OFF WATER IN OIL! WELLS: "'

'8, To -use the” equipmierit’ for X! cementmg outﬁt When’ cementlng

is to ‘follow the use of mud.- T e e

. The combined use -of mud’ and cementmg seems to ‘the wrlter the
most practlcable method ‘for much of the Mid-Continent: work. ! - )

In the Mid-Continent fields cementmg the Water strlng 1s~open to -

~ the following objections: - = REE RTINS T R
“1: If:the job.on-being tested after the cement has'set 10'days or so
proves 4 failure, considerable expense is entalled -for redrllhng orifor
puttmg in new casmg, and frequently a'reduction:in dlameter’of the
hole is necessary. ‘When' a' well is. to be: abandoned only that part
» of the casing above the cemert is- recoverable‘ st :
2. The cementlng job -itself' is expensive’ and de]ays drllhng con=
s1derably ‘This is particularly ob]ectlonable 1to drilling contractor's:

- To offset : these ‘disadvantages there‘ls the ‘one' gréeat advantage
that'a water string’ properly set up and-“ mudded ?»and cemented in
the firm formations such'as are common 1nx‘these fields' should bé-
permanent throughout the life-not only of the well but of the field:

1 Certain detalls regardmg correct” settmg of the casmg ‘are im-
portant. -~ A ‘water string of; ‘say; 8- inch' pipe requlres ‘just s much
forcerand’ probably more care: to' properly ‘sét up -the -joints: than
the same size pipéline. Frequently oil-wéll casing has a finer thréad
" than line pipe, making “stabbing ” (startmg of joints) without cioss”
threading more difficult, and ‘therefore requiring more constant vigi-
lance. - Moreover, ‘the strlng muit sustain the' tensional stress of'its -
~own weight in addition to an occas10nal sevette pull.” “After it is’set
1t must withstand a’ severe collapsing pressure durlng its ‘entire per1od
- of. usefulness “If there 1 isa leak in’ & pipe hne, 1t appears When the
* line is tested, as'does a ledl in a wafer strlng A leak in ‘- pipe line
can easily be repalred ‘whereas a leak iri-a water string’ miay be attrlb- :
~uted to ¢ poor cement,” ot perhapsto“a stray water sand just’ "below
the pipe.” * The “Writer ‘recommends- that, in" setting up the water
gtring-of an-oil or igas well; the! threads of each’]omt be cledhed of dirt
- and grit-and then be painted” with sOImné sultable dressmg, such® as 011
and white lead; ‘and_each’ joint set’ up firml§ - tith' the engiiie. ‘This -
latter requirement necessitates some type- of’casmg ‘tongs: thatwill
distribute the pressure as. unlformly as. poss1b1e around the, pipe, for
ordlnary ‘chain tongs it used with the - englne are - almost sure to:
damage the casing.. The force exerted by an engine is. ample to crimp
,the pipe ends when’ they"are foreed” into - contact or 66! stiip, the
threads. J udgment born of° experiénce is'the only gu1de for avmdmg
such trouble.
o A steel casmg shoe is adv1sable, partlcularly for the 1onger Water
strings. "~ The - suggestlon of 'reaming ‘the. hole, as" prev1ously de-
scribed (see fig. 4;'p; 56, s 4180 - apphcable ‘Heré; "'The' pumps used
for circulating mud ﬁul_d may be used also for cementing, thus.
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' nmtely equal lenﬂth and a’ corner setthng.box

-ifron, ‘relnforcedf'around ‘the”e

“bottoms’ ofathe“lateral.ﬂumes A" shown enter the respectwe gides of the

WATER PROBLEMS IN THE MID—CONTINENT FIELDS 79

mamtalmng c1rculat1on throughout the entlre ]Ob If the' hole has

_~been- filléd ‘with! mud‘ flid-and?the: casing’ set\‘w1thout cireulation, the _'

“cementing may. be done by the dump -bailer method:” “As-a-rule; it
Will'bé unnecessary. to uge large quantltles of cement—only sufficient

» ito Al back of the anter strmg for 40' to 60 'feet’above the shoe R

ﬂ“'}vh ,;t-*i*: S G DIRGELE S IREIRY| SR "
DESCRIPTIO -OF OUTFIT.. )

Lo il s e e

The muddlngfand‘cementlng Sutfit; suggested for use.in the Mid-

: Contment fields; is“shown:in Plate! ‘XVII motnted on' a‘lumber wagon,
.50 that it may be hauled from . well to well either by a’ ‘motor truck
-€oT ateam, - Were L contractor ort assoc1at1on to operate the’ outfit,

‘thetase of ‘o motor truck mlght prove’ advantageous ‘This must’ be
! ﬁ ";,,‘,‘ i l ‘__A

detérmineéd by local_cond1t1ons B R T o :
50T he  design: here- presented ~1s‘ oﬁ'ered only s a suggestlon to’ 1llus-»

itrite the poss1bihty of~develop1n " systemat1c and’eﬂ"lment method _

of procedure for. uch operat1ons ‘The experlence ga1ned in the

may be elumnated‘partly or totally, w1thout 1mpa1r1ng the- ut1hty
of thie* whole"’ The three‘mam parts of'the outﬁt ‘here descrlbed ‘are:
1‘ Truck (motor or other type) “of 110t less _than'2 tons rated

} ‘e R ' ST
The pump- should be. of a type des1gned to handle mud ﬂu1d dnd
of a capac1ty equallto that of i ordlnary duplex: steann: driven mud,
‘pump8 by 5tby’ 10f1nches or 10 by 6! by 10"inches.* The pump may -

be driven by any convement power, accordlng to 16¢al ‘conditions.

"~ Tt may even be- found convenient to; provide_for driving a geared

pump from the’ englne of the truck. - A duplex steam pump ig: shown )

m P]ateXVII SRUEERS O S I S s L T b

A setthng flume; 60 feet long is d1v1ded 1nto six sectlons of approx1—

‘mounted | on‘the truck m Plate XVIT and ‘iri~detail,
XV, and XTIX? ~THe generalirranger '
well is'shown in Plate-X (p. 4o

~ Thé"design ¢ills' for No, 19° (e

rti‘”‘

nlted States standard) galvamzed
A’ along the edges tof the: ﬂume'

¥, PRSACERA

sectlons w1th” nch ‘ffgle 1r n we1ghrng 234 pounds per foot

corner box about 2 1nches above the bottom of the latter, thus afford-

‘Thse are shown -
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inga, catch pocket: for the; cuttmgs The discharge. door at; theeoppo-

site corner.of the: box affords a qulck and. convenient:means. for Té- .

"imovmg these settlmgs ..;'r ¥ RPN S ST

Each flumesection (see Pls. XVIII and XIX) ,as Well as; the corner
box, is ﬁtted with, two wing bolts at. dlagonallyv oppos1te .COTners; with

.correspondmg slots at the other corners. - By this arrangement the -

various sectlons may be' held ﬁrmly, end to’ end 1n any convenlent

corne1 box that the local topography or other COIldlthnS make'

1des1rable e UL, R T R R

A set. of removable riffles, made 1n six 10 foot sectlons havmg the

‘general form of . _rope: ladder, s prov1ded y The. rifles; each 11 :

inches long and made of # by 2 1nch “strap,iron, correspond to the

_rungs and should be placed about 18 inches: apart.. The-sides-of-the

.....

ladder may. be, made of signal.cord or, galvamzed irons cham Each
sect1on should be prov1ded W1th snap. hooks at, one, end and, rlngs at

,,,,,,

ment of ﬁume These “ ]adders " may be attached to a couple of :
'sultable rods, one extendlna across:the end: of | Ahe- ﬁume ‘at the aell
and’ the other across the aperture of the ‘corner: box connected to the
"dlscharge, ﬂume These rods, of; course, need not be attached -tothe

flume in any Way and can be made of the ‘same material as the rlfﬂes,
and .should be about 19 inches long and have two drilled holes to take -
the snaps. Some prov1s1on must be made to hold the riffles on edge

‘ -One.way of domg this is: shown in. Plate XVIII Whenever the riffles
‘become . clog,qed Wlth debrls they may, be, 11fted out and the flume.

cleened w1th A square inosed shovel,.in far less t1me and much more
thoroughly than 1f the riffles’were statlonary A T e

P

r

o RS HA‘\‘DLING AND CARE or I‘LUMES SRR M P

The spec1ﬁcat10ns for ﬁumes and corner- bo‘c prov1de for hght

construction, so light, in fact,, that 2-inch angles may. be found more

‘desn"able than the 11——1nch,1ang1es prescrlbed meg to the 11ght .

constructmn it:is necessary to’ handle the ﬂumes with: some- care.,, It

"Wlll be not1ced that. the ﬂumes are. made in, lengths -as. follows ~Two

ﬂumes, 10 feet long, 2 ﬂumes, 9 feet 10: 1nches long, 2 ﬂumes, 9 feet
8 inches long. , Thus, . when the, ﬂumes are inverted they:may. be

_stacked compactly Lugs are, shown Welded .on ‘the end angles in-

Poer

- ,1nverted on them and to prevent the sect1ons from Wedglng together ‘
It 1s, assumed that durmg trans1t these ﬂumes will be held ﬁrmly to

,,,,,,

of each end angle of the two short ﬁumes to hold the chams on the

‘ antrle 1rons and prevent the chams from shppmg to the galvamzed—

1ron bottom TS P I T P THEETY IR Tyv
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T,,»‘,. o .. ik Lt SE’I‘TING “UP., THE FLUMES, T L

The hlgher end- O1f the setthng system is to be placed close to the
‘well so'that the returns ‘will ¥un into it., The lower end is to dis-
- 'charge into the mud pit-A’ (Pl XVI, p- 37 ). A slope of: 1"foot i in 20
“provides’a good grade: for the flimes, this grad1ent to’ be altered as

experiment may_ dictate: -A partition’ of boards ﬁtt1ng ‘the inside
of the ﬂumes is to. be placed at_some . such point as. ¢ in Plate -
X VI, to” prevent any ud from going toward the well durmg pre-
hmmary settllng -Iftwo. sumps are used, shale and slate cuttings
are, supposed: to be segregated in’ the. sump B by means of the cut-
out device: shown at D, cons1st1ng of a door with flaps . of beltrng.
ailed to- its outer and lower edges, i in order to insure comparatively
tight contact Wlnchever Way it may: ‘be swung; . By a tiller arrange-
ment, easﬂy made by bendlng a:piece of 1-inch pipe,. th1s door may
be swing so as to send the sand and 11mestone cuttings into the one
side of the sump, and the<cuttings from shale, slate, or clay into the -
other. By placing’ ‘the door outside the derrick ind extending the
‘tillei handle: inside,- _cleanmg around-the ‘door is facﬂltated ‘and ‘the
handle is’ also-out-of -the- way;, -on whichéver s1de it may ‘be swung.
With- these arrangements’there'is no exciise for-an- 1mperfect segréga-
tion: of . cuttings, as thére is* only “one ‘place’ to! dump the- bailer.
By:mounting back: of the'tiller a board scribed with the words ¢ “sand”
‘and-“mud”? at-its respectlve ends, +thie ‘chances of error in operatmn
will be reduced ‘to' & minimum. . ‘Such’ 4 sign will also serve as a re-
,mlnder until- the’ operatlon ‘of:the ‘device becomés ‘as’.much. second
_nature as turning. the throttle at the « headache ” post to the left in '
‘order to shut off steam 2 co

OPERATION OI‘ BIUDDING AND CEMENTING OUTTIT

"o prepare mud for use’ 1t is plcked up from the* sump B through
the pump suction and circulated, through the mixing hose back to
" .the sump until a cons1derable quantity. Has been mixed: "It is then
dischiarged into-the’ ﬂume at C.ahiead of ‘the wooden partltlon so that
it will flow toward the corner box and around to the receiving sump
"A. Tt may be found convenierit to eleminate the sump ‘A-and set the,
“flume so that the mud fluid will be returned to sump B, minus the set-

tlings,-or it may be found: more. desrrable and equally eﬂ1cac1ous touse -

‘the sump 4 and only oné main. sump 'instead of sumps B and B’ thus
. eliminating the segregatlon ‘of mud while drllhng v T

When the sump' 4 is ﬁlled the, ‘miad from it may be transferred to -

‘the Well by operating. the respectlve d1scharge valves and transferrlng

- the dlscharge line: frony' the' flume to-thé-connections on the well cas- -

“ing.- The mud is “then: admltted to the Well by Wh1chever system has
’ 51704°—18——-6
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been found most effective in ‘the partlcular locahty (see p. 7 4) and
the well is thoroughly “mudded.”- -

' A cement box 4 by “by 2 feet is spec1ﬁed which should permlt mix-
ing 2 tons of dry cement with water in one batch. In the.Mid-Con-
tinent field this quantlty will probably be suﬂiment for the ma]orlty
of cementing ]obs

[

. ‘COST OF FLUMES, RIFFLES, AND CORNER AND CEMENT BOXES.

To obtain a reliable estimate of the probable cost of the flumes,
_riffles, and corner and cement boxes, the plans were submitted to a -
large manufacturing company on the Pacific coast. - This company
- can supply the stated parts, fabricated, for $225 f. 0. b. San Fran-
'c1sco, Cal. This figure is based on the prices of labor and material -
in November, 1917, and includes an allowance of 10 per cent for profit.

- BOTTOM WATER ;

.

v Bottom water is common in the Mid-Continent and the Ilhnms
fields. The bottom water is frequently found throughout a wide
lateral extent. - The term “bottom water ” as commonly. used in these.

- fields refers to water underlymg the oil and in the same sand with it,

with no impervious stratum present to separate the water- bearlng'

part from the productive part of the sand. - A most successful method .

for excluding -the water from a well under such conditions-is- that

develOped in the Illihois fields.and known: as the McDonald process. -

M DONALD PROCESS 1‘OR CEMENTING OFF BOI'TOI\I ‘WATER I'N OIL AND GAS
WELLS

The McDonald process was developed by 'W. W. McDonald, of
Robinson, Ill. It -has beén briefly described.in a bulletin® of the
Illinois Geologwal Survey This process is especially useful in a
‘well that has been drilled or shot into bottom water, or where water
~has encroached. on and claimed the lower part of an oil ‘sand as
depletion has progressed It is partlcularly viluable in a shot hole,
because its- effectiveness is in no way 1mpa1red by any 1rregular1ty
‘in the shape of ‘the hole, nor by crevices or. fissures. o
- For successful operation of the process, it is essentlal that the-~~j

water sand’ take .water when the level in the well is raised above
_the natutal level of the water to be shut off. These condltlons are
typlcal of the underlymg water in the Illinois pools. . : :

+ Figure 5 shows a cross sectlon of a well being cemented by the
McDonald process. . The tubmg, usually 2-inch, is lowered into

. aIxav F. H., Petroleum in Illmms in 1914 and 1915: Illinois State Geol Survey
~ Bull. 33,. 1916 pp 87-88, .
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the well until the bottom end is 2 to 4 feet above the plane of contact
between the oil and the water-bearing part -of the sand. Th1s dis-
tance is designated ¢ in figiire 4. Determination of the exact situation
of this plane may be difficult of even impossible. . If the well has been
shot into water, this difficulty is obviously simplified. - In- any event -
the operator estimates the position of the plane, taking care to keép
~on the safe side the first time, and’ preferring to make a low rather
than a high estimate. -If insufficient cement is used, more may be
‘added at ahy time; but if the oil- bearing - part of the sand be en-
_ tirely or partly plug ged off Wlth cement the damage to the Well may
be difficult to repair. :
.. Tubing is commonly inserted w1th a wooden plug in the bottom to.
' exclude oil. . The plug may be knocked out either by exertmg
' pressure on the column of water in the tubing or by -running in a
couple of sucker rods on a line. Further experimentation may
show that the: water run down the tubing before cementing, as later
~ described, will rinse the tubing sufficiently free of oil to prevent
any ill eﬁect from 1t thus perhaps makmg the Wooden plug un-
necessary. - .
If necessary, “the tublng may be' set” over to one side of the hole.
to afford room for. the float that is run on a steel measuring line.
After the plug has been’ knocked out of the tubing and the natural
fluid level of ‘the hole-measured; water, préferably fresh, is run or
if necessary pumped into the tublng through the.connection shown
" at b (fig. 4).: This water will run away into the water sand. ‘As the
water runs down the tubmg, dry cement is sprinkled. into the 2 to 6
inch swage nlpple, serving as a funnel, on top of ‘the tublng The-
" cement is put in slowly, a handful at a tlme, at such a rate that one
sack of cement will be placed per hour. Ordmarlly two to four sacks
of cement is sufficient for the job. Water i is, of. course, kept contmu- -
ally running down the tubing as the cement is added. - -
As the water. runs-away into the sand, the cement partlcles are
caught in the interstices between the-grains. The action is identical
" with that of a sand filter. As the voids become more and more clogged

-with cement; greater and greater pressure is requlred to force the

water into.the sand.” Consequently the fluid level in the hole is
correspondingly’ raised. 'When the level has reached about 500 feet

~ above normal, no more cement is put in,.and ‘the flow of water is .

- maintained only long enotigh to flush all cement out of the t,ubmg
This done, it may be advisable to pulliout a joint or two.of tubing

to preclude any. poss1b111ty of the cement settlng around the bottom

- of the string. .- :

" The water Tlevel is then allowed to settle beck to a pomt 15 or 20

feet above the: normal for the hole. ‘The object is to obtain ‘a close

‘balance between the ﬂuld pressures on ¢ither 31de of-the cement with
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l

a shght advantage in favor of the -internal: pressure as a. precautmn
against any tendency’ there may be of the undérground switer forcing. .
the cement back, 1nto theihole. or causing sufficient, ‘agitation to keep’
it from settlng This: status ‘is ‘maintained for about'24 hours- by~
keeping. a man at the: well who tuns in-water in order:to. maintain the:
fluid level.: Then the.cement is allowed. to set for week or.10 days -
and:the, job-is tested by ;pumping. . If not enough cement has been
used, the entire operatlon may bé repeated as often as may be neces-
sary: to extend the plug-up.to the desired pomt in'the hole. .. A:'time:. .
saving variation is to run a small bob.on a mieasuring line inside tlie.
tubing -as soon as. the. cément has- set firmly enough that its level
‘may be detected. with the bob- and line. Then. if insufficient cement
~ has been used, more may be-added: without-further delay. . Rl
- In this process.the cenient fills the interstitial spaces and ‘crevices'
in. the. water sand for-some. distance from the hole, in -addition to
forming a solid plug in-the lower part of the hole.. The process has -
marked advantages over, merely ﬁlhng the bottom‘ of-the hole with

’ _11qu1d cement. .- " ol

" Question may.arise asto Why the cement doesnot enter and collect in
) the pores of the oil- bearmg parts of thesand, clogging them also.  The-
explanation lies partly in.the relative specific grav1t1es of the. water;-
cement,; and oil; but chleﬁy n-all probab1hty in ‘the -immiscibility of
water and oil, wh1ch naturally repel ‘each other. ‘Whatever the red-
son may be, the fact thatsthe cement-bearing water selects the water-
~ bearing part of the sand, has been so thorouglily established:for the
Tllinois conditions by Mr. McDonald’s work that this phase of the:
_problem need miot :deteria prospect1ve user of the process.-. ‘This

statement applies only when the 'operator-takes precautlons to avoid-

'the use.of too much cement, Wh1ch Would of course, plug off" the o1l
as'well as the water. - : :
After the cement; has set on such a ]Ob to pump the water out of.

the.oil sand and brlng the oil back inito ‘the Well may requ1re=sev-- -

. eral days, or a week.'- oo o0 el el a e

- 'USE OF LEAD PLUGS OR LEAD 'WOOL FOR SHUTTING OFF BOTTOM WATER IN'
" A WELL. '

In many parts of the Mld Contment and eastern ﬁelds good use
" has been made of lead plugs for shuttlng off bottoin' Waters where a

strong, unshattered, 'and Jimpervious- stratum exists between ‘the 011 :
“and the water sands Lead billets or lead wool may be used. Before

the lead is inserted the holeis plugged up to or bridged at«the pomt
* where the lead is to be used. - Wool is usually introdiced in small’
bundles and tamped on top of the bridge of plug. Perhaps 200 to’
500 pounds of lead wool will be thus used in a Well each bundle bemg
ﬁrmly tamped before the next is. placed
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There are many ways of mampulatlng the billet.form of. plug,‘-

ytwo ‘types of which dre shown in Platé XX. - The type shown in Plate :

XX, 4,hasa collaps1ble wooden base, which-is held together by thin
wire nalls This:-base is protected at the bottom by a tapered iron
ferrule and is capped by the.lead-billet:: When this plug is intro-.

~ duced into the casing and tamped with the tools on anobstiuction .
'such as the bridge, the wooden base telescopes, and ,owing ‘to the batter

of its members, clearly" shown in the plate, spreads to a firm hold on
the side of the hole, thus increasing the strength of the bridge and
affording a base on which to-commence. pounding the lead. The plug
illustrated is to run inside a-5%-inch hole. The other plug consists
of a hollow cylinder of lead 3 or 4 feet long and of suitable diameter
for the hole, with a tapered cast-steel mandrel. When in place the

© lead cylinder is-expanded against the wall of the hole by driving the
" mandrel down’info it with the tools. As shown in the plate, the

mandrel .is cast,with :a‘ mill ‘set to eliminate any chance, however
small, -of the mandrel working up out of the plug.: This type of
plug has a much larger effective bearing on ‘the wall of the:hole’

_than’ that previously. described, but is alsé more expensive, owing to

the larger quantity of lead used. Neither type has as good an
opportunity to fill an-irregular-shaped hole as the lead wool. The
chief advantage of the'lead plug is the short time i'eqiiired to plug-

- off bottom water when it is used. Moreover, no time 1s lost waiting.
- for cement to set, as in the cementing methods.

Obviously a lead plug should not be used in soft formatmns, no
matter how i 1mperv1ous they may be. . ’
It is the opinion of the writer-that in most Wells the use'of a

concrete plug’and. perhaps ‘some burned-wire line, as described under

California practice, has a.far better chance to be effective; as.a cement
plug will readily take the exact shape of a shattered. or irregularly
shaped hole. On:the"other hand, -the stratum may be of such a’

character that a. lead plug will not form an effective.seal. In. other

words, it is not advisable to assume that underground COIldlthIlS of

“an lmdetermmable character are. fworable

» WATER PROBLEMS OF THE GULF OIL FIELDS
In the 011 ﬁelds of the Gulf coast of the United- States cable tools

are used only for redrllhng, or perhaps for small deepenmg jobs.

Practically all drllhng is.done by the. rotary system The physical

" characteristics of :the formatlons penetrated ‘are in-a general way

similar to those of the fonnatlons in the Cahforma ﬁelds In both,
localities the drill penetrates poorly consohdated interbedded shales,
clays, and- sands, which offer comparatively little resistance to drill-

" ing. The chief difference between the formations of the two sections
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as regards drilling i is that 1n the Gulf, ﬁelds there are fewer hard,
thick streaks or ¢ shells;”” as they are commonly called usually con- -
sisting of sandstone and impure limestone. Also, in the Gulf fields
the shales constitute:a much smaller and the clays.a . greater propor:
‘tion- of the strata - penetrated than. in- Cahforma and usually glve«
less trouble, from cavmg C L

NEED OF KNOWLEDGE OF SUBSURFACE GEOLOGY BASED ON g
COMPLETE WELL LOGS Lo . e

Although the value of the rotary system of dr1ll1ng has been fully
demonstrated in Texas and Louisiana, as well as in parts of -Cali-
fornia, the rotary system. has one serious, drawback Ain that with this.
system -it.is: difficult:to determlne with - exactltude the character of
the formations;penetrated. Stated dlﬂ’erently, the driller when dI‘lll-

 ing in a rotary hole filled' with.mud fluid is more: hkely to pass

through a good.oil sand and record it ag sandy shale showing colors
of oil than when cable tools.are being used, without mud and.with the
casing carried close to the bottom of the . hole. | Doubtless many
drillers will d1sagree,w1th this statement, but it has been rather gen-
erally accepted by those equally famlhar with both methods of.
~drilling, .-,

-In the Midway- ﬁeld of Cahforma, Where rotary tools and cable
tools have been used. side; by side, this feature has become well recog-
nized. In that field oil sands:have been penetrated with the rotary-
.drill-and have been recorded as sandy shale showing colors of oil
and passed as unproﬁtable, the formation later delivering 500 to -
1,000, barrels of oil .a, day for a long period of time. Such an in-
stance was Tecently: reported from: the early drilling in ‘this field. -
A company. about to abandon an old welt that.had been drilled with
~ a rotary.drill tested an upper showing that had been cased off When

the ‘well was sunk. - The result was a large yleld of oil: o

‘When rotary drills -are used, dlfﬁculty is expemenced in corre-

]atlng strata, in adjacent wells so.as to set the varlous water strings " -

in the same stratum to prevent water from mlgratmg 1nto product1ve ‘
strata.®

‘Under these condltlons there i is, of course, all the more nece551ty‘
" for careful and detailed geological work In this connectlon two
facts should be recogmzed SR ,

First. The permanency "of -a dr1ller s employment depends largely
on his sustammg a reputatmn asa‘ hole maker.” That is'what he is
paid for, and if he does not make the hole some one, else will.
: Therefore his lnterest naturally centers around this feature of his

- “For further discussi-on of conformable water shut offs, see McMurray ‘W. ., and
Lew1s, J 0., Underglound ‘waste in oil -and gas ﬁelds and methods “of prevention
Tech. Paper 130, Bureau of Mlnes, 1916 28 pp. )
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work, and the. nature of the materlal drllled is of secondary impor-"
tance except when it shows considerable gas or oil. This statement

- is not intended to belittle the importance of the driller’s log, for in .
“such work heis the eye of the geologist. ~ The geologist should learn’
from the driller as ‘much as possible about drilling methods so that.
he may properly interpret the logs and know What value can -be
placed on various samples. o :

~ Second. The geologist or engineer must’ malntaln an mtlmate,
Airst-hand acquaintance with the drilling wells and must be so. equip- .
ped that he can wash many of the samples at the well.  He should
obtain the- drlllers opinion ‘not only of the material itself but as
to how likely it is.to. be fairly representatlve of the part of the hole:
- from which it is supposed to come.  The driller, the geologist, and
the company that employs them will profit by such cooperatlon
This is no idealist’s' dream but represents everyday practice in the'
mining of metallic'as well as nonmetallic- deposits, :including oil.
‘Nowhere in the ‘United States do the natural conditions demand such-
work more urgently than in the Gulf fields. This is true not merely

'~ because “it is’ difficult’ to obtam accurate: san\lples ‘with the rotary’
method of drilling, whieh: eéxperience has demonstrated is best suited .
for the local condltlons, but because the chief oil- bearing strata of the .
district are covered by an overlap ‘and do’ not come to the surface e
Their-existence is proven entirely by the drill. Since all estimates as
to the character, d1str1but10n, and continuity of beds of such prime
economic 1mportance is dependent on data obtained from:well ‘drill-

mg, the utmost care should be used in obtaining all the 1nformat10n .

posmble by proper sampling, and all data so obtained -should' be
recorded and-disseminated among operators for their mutual benefit.’
“Some companies operating in-the Gulf fields have very efficient --
- geological departments that" are’ glvmo' careful attention to such de-'_
tailed technical work. - -~ - : : :
‘Tt has also been reported'that"some‘ experimentation.is ih progress -

’ to develop a device that will pick ‘u‘p‘an accurate sample of formation . -

from a rota,ry hole. This is & move in the right direction, and if
such a-device is perfected it should be of great Value to the 1ndustry '
wherever rotary drilling is used. U -
Fi igure 6 shows a set of typical condltlons assumed to 1llustrate
the erroneous conceptlon that may be formed of underground’condi-
tions if drllhng data are‘incomplete, and the ‘resulting economic loss.
"View A is assimed to show the actual sequence of strat1ﬁcatlon
CWell1i is shown penetr atlng the water sand, but the log made no men-
tion - of it, although by good fortune the Water string .was landed

. ﬂl’hyes C. W and Kennedy, Wllham 011 ﬁelds of the Texas Loulsxana Gulf Coa%tal‘
Plain ; U. 8. Geol. %umey Bull. 212 .1903, D 23




below it; and:the well proved al good producer - from the- oil”" sand
beneath.. Well 2 was’ drilled by ‘a nelghbormg operator whohad*
been grven as- complete alog of Well 1 -as was' il ex1stence However,
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FIGURE G—Typical underground conditions encountered in Wen drllling

 Met

as the log made no mentlon of a water sarnd1 havmg been penetrated
.only.a few feet, above. the shut off point, he landed the water string in
‘well. 2 at approxnnatelytthe same depths a_}s that, in- well 1, feeling

Uit o e e e .
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per:fectly safe as the log of well 1 showed no sand of" any klnd for a

" couple of hundred feet above the oil sand.

The water sand in well:2, owing to its pos1t10n just below the L

shut-off point where the oil sand was expected, might excusably be

misinterpreted as indicating either an- edgewater condition, as shown

" in.B, or a lenticular condltlon, as shown,in ¢ of the figure. If len-

tlcular conditions happened to be cons1dered probable, further drill-

© ingin well 2 might tap the oil sand, exposmg it to-the ingress of the-
" water above and occasioning a costly repair job or the abandonment:
- of the well. . For reasons stated: later, the use of the bootleg to shut

off water is not’ cons1dered advisable practice, and-it is therefore not

suggested as an avallable method of procedure under these circum-

stances. . ;
If the water in the Water sand was not detected When penetrated :

_ by well 2'and the oil and gas commenced flowing when the productive .

sand was encountered another set of conditions would .arise. The
internal gas pressure in the well might hold or support the mud

. plastered over the water sand, thus temporarily. excludmg the water -
~ from the well. After a period of perhaps a week, or even more, the

pressure would decrease and the water enter the Well The gross pro-

duction might remain approximately the same, but. the net oil pro-

duction would be greatly diminished. As the oil and water sprayed
into the atmosphere together there would be great danger of their
becommo« emulsified. Moreover, thé water would probably soon
spread throtgh the oil sand and flood out well 1 also. If this hap-
pened the true underground conditions would probably never become

.- known. -

“This illustration might be. varled to ﬁt many types of cond1t1ons,
but the details given will suffice to show the actual financial loss that

‘may be occasioned by an incompletely kept log of the formations . - .

above those containing the gas or oil. The loss of money as well as of

otherwise recoverable oil unfortunately is not as fully realized as if =

the preventablhty of the loss were more geneially recognized.” Such
losses are considered preventable, as had the water sand.in well 1
been recorded, drilling in well 2 would: have:been continued with
utmost caution, perhaps at the cost of a: little time, until the water
sand had been-passed before, the water strlng -was set. .

The writer does not wish to leave the i impression that in his opm-_
ion lenticular conditions do not exist in the Gulf- ﬁelds, ‘but rather
that through lack of- data, they- may be assumed to ex1st more fre-
quently than is the case.

An inherent advantage of the rotary system of drﬂhng over OI‘dl-
nary-cable-tool drilling has greatly reduced the injurious effect on
a field from unsystematic casing of wells. The advantage referred
to is-that the rotary hole is automatically plastered with mud during .
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the dr1ll1ng, and the annular space between the wall of the hole and-

the casing is left filled with mud fluid’ when the water strmg is set, '
thus tendmg to prevent 1nterm1ngl1ng and dlsSIpatlon of the contents“

of various sands aboye the point where the cas1ng 1s. set. To a-

great extent. throughout the Gulf fields ‘water strmgs are landed an.

sticky clay or gumbo. ;
‘Cementing of the water.. strmgs is practlced more_in the ﬁelds of
‘ Loulslana than in thosev of Texas. The cement is usuplly placed by
the _casing method with one or two plugs, and althoulgh the Work 1s.
in general executed similarly to that descrlbed in the séction on Cali-

fornia practice, there are many differences in detail. In Louisiana -
. practice the second plug is usually a cylindrical piece of wood, about‘

18 inches long and.of § inch smaller dmmeter than the 'casing through

~which.it is to work. To the bottom .of this plug is nhlled a wooden
leg,2 inches by 4 inches by 8 or 4 feet long. On the top of the plug

is nailed a_disk of rubber belting which’ snugly fits the inéide of ‘the

casing, In addltlon, four or five cemeént sacks are Wadded on top of -

the belt rubber to act as packmg The first plug, when one is used,
y consists of a. sack of Sh‘lle cuttlngs twisted or rolled to ﬁt the s1ze of
the pipe: : i

When circulation of the mud around the casing has been obtained

and everything is in. readiness- for the cementlng, the pipe is set'
on bottom and several ‘stands of the 4-inch drill plpe, closed at

the lower end, ate lowered into the hole, thus dlsplacmor ‘sufficient -

mud fluid ‘to make room for thé cement. The- first: plug, if used,
. - is introduced and the.cement is run in on top: of it. -The upper
. plug is'placed on top of the cement, the pump - connectlons are

. made to the: casing, and the mud- pumps are started after the caging . h

has been lifted a foot or 18- inches off bottom The- cement is mixed

with clean sand, in a ratio of two. parts of cement to one of sand ;'
The ‘mixture, having a mushy con51stency, is poured into the casing

. through- a*spout. from. the mixing box on' the derrlck floor. This,
feature is very different from the practice in California where, no

sand is used for this type-of work, and the cement is mixed with.
water to such a consistency that it may be picked up ,by suction and
‘pumped into the casing. Also it is not advisable in .California to -
permit the full weight of the casmg to set on the botton for any con-:
siderable length of time, as the pipe will probably freeze it allowed .
to set long- enough to displace the fluid with the drill pipe. In.
Louisiana practice, the regular drilling mud is used through the -
pumps ‘to force the cement mixture down the casing.., Such a, pro-'

. -cedure requlres considerably less pump pressure than: if clear water
were used, owing to the greater specific gravity of. the mud. - Of

course the mud can not:be put through- a meter, and no reasure- -
ment is made of the amount used. -The end pomt of the ]ob is.
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determmed ent1re1y by the action of the pumps When the. leg of the
plug reiches the bottom of “the hole. If everythmg has gone. right
the pumps will stall when the plug redches bottom, and the casing
is then set ir'ninediately If there is any trouble, causing the'plug" .
to hang up in ‘the casing, it is ‘pushed to bottom with" drill plpe
* which is, of course, standing in the derrlck '
The circumstance most likely to cause trouble on \ such a- job is a
cave-in of the hole, which will shut off circulation: As-in the Gulf-
. fields the formations penetrated usually stand up well in a rotary- _
drilléd ‘hole, this danger is rediiced to a minimum, making the sys-
tem as used highly. s&tiéfactory for that locality .In éementing a’
string of 6-inch casing of, say, 2,500 feet it is customary to ‘use
about 25 sacks of cement 'md 12 sacks of sand. By the use of sand a

greater volume of cementing material is obtdined with comparatwely .
- small increase in cost, and without serlously reducing its strength,

although, of courss, such a mixture does not_have the strength of;
neat cement.2 If sand is to be used in this sort of a ]ob ‘the mixture
should be rather thick or mushy, as'in a thin mixtire the sand tends
to settle to the bottom of the slug of cement as it passes down the
pipe, and thus prevent the uniform dlstrlbutlon of sand and cement' :
around the outside of the casing. :

« BOOTLEG-PACKER »? SYSTEM.

- Although effort is made to- set “the: water strmg in ‘a suitable.

‘stratum between the lowest upper water and the first. oil sand,. this -
is not always accomphshed and as 6-inch pipe is customarily used
for water strmg in 2,000-foot or 2,500-feet territory, such a failure
becomes serious. It would probably be difficult, if not impossible;
in many wells to loosen such a string of casing even were it landed.
without cementing, and to set or cement the strmg of 4}-inch casing

- would permit’ nothmg larger than 3-inch pipe in the sands, thus

. restricting the size of the hole to an inconveniently small dlameter
To obviate such -8 cond1t1on the “bootleg” has been dewsed and is-
often used, biit is not, recommended. :

The “ bootleg” (fig. 7) is made of canvas or leather mveted orsewed
into the shape of an upturned truncated cone with the smaller end
the same size as the exterior of the string of pipe on which. it is to
~ rest.” The uppef end is larger, s0 as to rest agzunst the wall of the
hole, ‘but must, of course, be "small enough.. to. collapse and pass
through the next larger pipe shown as of 6-inch diameter in the
figure. The bottom of the “bootleg ” is fastened with wire wrapping -

¢ Humphrey, R. I, and Jordan, William, jr., “Portland cement mortqrs and their
constltuent materlals, results of tests made at the structural materials' testing labora-
tories,- I‘ox'est Park, St. Louis, Mo.: _T. 8. Geol. vaey Bull. 331, 1908, pp. 56-79, -
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to.the ._Z__l%-im_‘:'h casngust above a coupling ‘and isf}ilaced’ at.such a
point oni the string"that’it ‘will set in a stratum’ of gumbo when the
Eipe rests on the botton. ;»The gumbo must, of course, beibelow the
.- ' ;{,‘A -
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water sand, and--ideal .conditions require a bed .of shale above the
gumbo to-furnish’ the requisite cavings. i o .

2> The shale _Cuttii;g's—-andamud, are expected to settle around the.“boot-
leg” from above and make atight joint between the casing and the
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gumbo The action is similar to starting a bridge in a hole by using
a forked stick. Neither the bootleg nor the forked stick hold any
_considerable weight; merely enough to arrest the settling of ‘débris
until the lattér commences to bridge.: Sometimes in order to save
_ casing the inner string, shown as of 4} inch diameter in the ﬁgure, 18
-fitted with 4 packer to, set in the bottom joint of the 6-inch pipe. -
The upper part of the 4}-inch string is.then backed oﬁ' at a left- .
hand nipple above the packer and pulled out. ‘

_Of course, a “bootleg ” job should be tested as far as p0531b1e but
a thoroughly satisfactory test is not possible. 1f the well is pumped  :

and brought in as a clean producer, then the bootleg has probably
been successful ; but if some water comes with the oil there is always
& doubt as to Whether the “bootleg ” is leakmg or whether the water
is encroaching on the oil sands, or whether it.is working around the
41 to 6 inch packer, and the very nature of the device precludes test-
ing its effectiveness before drllhng into the oil-bearing strata. No -
" matter which way the water gains access to tha well, the ‘string with
_the ¢ bootleg ” on it must be pulled out. Then. either another “ boot-
leg ” must be tried or the 4}-inch string must be set as a.-water strmg,
which is by far the preferable method. :

When water has not been properly shut; oﬂ’ it sometlmes shows -
1mmed1ately, but even then the well is usually pumped for.a. while
with “the-hope that cuttings will settle around the “bootleg” and
make a successful job. On the’other hand, if the- well has sufficient
gas pressure to hold back the inflow of water. temporarlly, several-
days or weeks may- elapse before the gas pressure is dissipated suffi-

. clently to permit the i 1ngress of water. - The water will then probably
make its appearance in the form of emulsion. . At this stage of the
well’s life water on the sands is more serious than before the gas
pressure ' is dissipated, because the sands will take more water and -
“will not have the expelling force of the gas to remove 1t When the

“. repair work has been completed.

To pull the 43-inch string may or. may not.be p0951b1e accordlng
to the amount of friction on the string and other ‘factors. Even if -
the 43-inch string i$ loosened, it can not be. removed without lettlng','
_ the mud from behind it into the oil sands, which are, as stated, in
a most receptive. condition' and will probably never rehnqulsh all.
of the mud and water thus admitted. Such results will not always
follow the use of a “bootleg.” There are doubtless walls in- which

_ water is shut off with such a device now producmg in the Gulf
coast fields ‘after a long period of- activity, never having shown

" any serious volume of water. Nevertheless, when a company at-
tempts to use a “bootleg” it takes a chance' of spoiling valuable
property and diminishing the. gross. oil recovered from it; merely to
: .make a comparatively small savmg in first cost

e e e e e e e o e s - — S
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METHODS UsED ‘IN: GUI.F 'FIELDS FOR PL‘UGGING OFF WATER SAND IN
' BOTTOM oF WELL .

An eﬂ'ectwe method of placmg concrete for a bottom hole ]ob is
.’che use of cement ‘sacks. The concrete must be m1xed to. a thlck'-
‘consistency and - the- sack rolled in_at the edO‘e to form a-canvas
-cylinder of such -a s1ze that it;will- sl1de freely in the casing..- The -
sacks of-concrete are;pushed to the bottom and tamped into place
_:with the tools. < The ‘processis continued until the plug is brought
to the desired po1nt ;The precautions of properly. cleanlng the hole
~ before work is commienced, described in, the. section, on Cahforma
practice, should be- taken If remforcement is, des1red burned-wire
hne may, be used at 1ntervals throughout the plug ;

A successful plug,has. beén :built, by using. only the sacks from
'Wh1ch cement has hegn dumped but-not shaken, thus leavmg some
‘cement adherlng to the inside of the sacks and: retained in,the fiber-
of 'the fabric.. Six. or eight sacks-are wadded into"a bundle and -
.pushed:down_t the casmg with the tools and finally tamped to bottom
with a string: of free casing. “The plug is thus ‘built up, and when
‘complete.is held in. \place not only by. friction but also by the weight
.of the casing which is set upon it. - Only a few such jobs have been
. rreported but .all of these have been successful. :

xi - - e

; e - SUMMARY.

Suggestmns oﬂered herem for handling the water condltlons of

o 'Lhe Gulf fields may be summarized as follows:

- 1."No, effort should be spared to obtain as complete a log of each
well as poss1ble A detailed knowledge of the three ‘or four hundred
feet of formation overlying the productive. measures is far more im;
portant as a gulde to subsequent drilling than a mere knowledge‘
. of the characteristic »of the oil sands themselves. - -

2. Drllhng data’ should be freely exchanged among nelghbormg .
operators.. :

3. If it be determmed to get nothmg smaller than a 41 1nch casing
into the pay sands an 8-inch water string should be set; then the -,

.~ 6-inch string may be used as a water string if the 8-inch plpe fails to -

‘exclude all the Water Moreover, the entire string of pipe, used for

- ‘excluding water,’ should be left in -the well.. The upper part of a

_ ‘water string should never be cut.off or otherwise removed from an
. .active well. Tt may be recovered when the Well is to be abandoned,
if the hole is properly plugged
“'The insurance against damage to the well and the property by leav-
_ing the entire water string in is’ worth many tlmes the interest on the
money tied up 1n the extra, strmg of pipe.
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ENFORCEMENT OF WATER.PROTECTIVE LEGISLATION.

Another desirable. feature not discussed in the foregoing text is.
the enforcement: of adequate legislation regarding water protection,
-as ‘an operator. naturally hesitates to execute expensive -work on’his
wells for precautionary measures without some guaranty that his
neighbors will maintain their wells in an equally good condltlon As -
a prerequisite to- such legislation,'the majority -of operators miust be »
“alive to the exigencies of the situation and cooperate to inform the
leglslature of their needs and to assist-it in drafting leglslatlon It
is probable that the cost of effectively enfor¢ing such a law would
have to be met by a tax levied on the industry benefited.

_ Such work under the proper State department has several advan-
tages.. Every operator is held to a like character of work. A small
company that can not afford to- maintain a competent englneermg
" department has the benefit of such a department by the payment of
a comparatlvely small. th adjusted on an equitable basis according -
.-to-the size of the company and its operations, a tax which it can
easily afford and will usually be entirely willing to pay.

" Finally, a few “standpatters” who are so constituted by nature
that they assume -a reactionary attitude toward all progress are
forced to safeguard their own wells and property for their own pro-
tection and the public good. ,




CALIFORNIA LAWS RELATING TO OIL AND GrAS WEI.LS

Cahforma laws relatmg to the protection of natural resources of

AN A\CT Establishing and~creat1ng a department of the State mining Jbureau for the pro-
" .. tection: of the hatural resources of petroleum and gas, from rwaste and destructlon '
'J through improper operatlons in production ; prov1d1ng for the appointment of-a State
f oil ‘and gas. superwsor, prescribmg hisg - duties and power ﬁxing his compensation ;
* providing for the appomtment of deputies ‘and employees prov1d1ng for their dutles
- and. compensation ; providing for the inspection’ of petroleum ‘and gas wells; requiring
~.all _persons operating petroleum and . gas wells. to- make certain reports; providing pro- -
" cedure for arb1trat1on of. department rulings ;. creatmg a fund for the purposes of the )
act; providmg ‘for assessment of charges to be’ pald by operators and provxding for’
the collectlon thereof and making an approprlatmn for the purposes- of - thls act.

Vooow [Approved Jlllxne 10; 1915 Amended 1917 Chapter 759]

The people of . the State of Cahfmma, do enaot as follows ; o T 5 »

: Establishment of department—Appointment of supervisor ; § '

) SECTION 1 A separate department of the State mmmg bureau 1s hereby estab-
hshed and created to be %nown as the department of petroleum and gas Such
department shall be under the general Jurlsdlctlon of the. State mmeralogist
He shall appomt a’ superyisor who shall be a competent engineer or geologist
experlenced in the.development and production of petroleum, and Who shall be
de51gnated the “ State oﬂﬁand gas supervisor,”. and whose term of oﬁice shall be
four years from and afteir the date of. his; appomtment 1 v

- e

Appomtment of assistants—Compensation. DT T ! v

“ SEc. 2. For his serv1cesi in the general superyismn of sald department the-
'State mineralogist Shall 'recelve as compensation $1, 400 annually, Wthh shall
" be'in addition to his compensation ﬁxed in ‘'section 2 of the ‘act of June 16, 1913( .
relating to the'State mmlng bureau. The’ secretary of the Stdte mining bureau
shall receive for his serv1ces in connection with the department of petroleum‘
'and gas a sum not to exceed $600 annually, which ‘sum shall be in addltlon to,
) hlS compensatlon paid from the funds. of the State minmg bureau. b
. 'The superwsor shall recelve an ‘annual salary of $6, 000 and shall be allowed
~h1s necessary travehng expenses "The State mlneraloglst may, at the request o
“of the ‘State oil and’ gas superv1sor and subJect to the! c1v1l—serv1ce laws of the
State appoint’ one chief’ \c]erk at- a “galary of Hot to exceed $1 800 - annually ;
twelve office as51stants on stenographers, -each at a salary not: to exceed $1,200 -
annually ; four geologlcal draftsmen each ata salary not tp exceed $1 500 annu- -
ally; four petroleum engineers, each at a salary not to exceed $2 400 annually ;
twelye inspectors, each- at‘a salary not to exceed $1,800 annually !

. The add1t10nal salary hereln authorlzed to be paid to the- State mineralovist
. and the secretary of the State m1n1ng bureau and the salarles of the superv1sor
and of. the, deputles, clerks, stenographers assxstants and other employees shall
be pald out of the funds heremafter prov1ded for at the tnnes and in the man—
‘ner that salaries of other State ofﬁcers and employees are pald ’ )

51704".—18—,———,7 s oL : ‘ .97
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Dutles of supervxsor

Ske. 8. It shall be the duty of the State oil and gas superwsor s0 to superv1se
the drilling, operation, and mamtenance and abandonment of petroleum or gas
wells in the State of California as to prevent, as far as possible, damage to.
underground petroleum and gas deposits from lnﬁltratlng water and- other
causes and loss of petroleum and natural gas.

Appomtment of deputles and attorney.- el ._" i

* SEc. 4. It shall be the. duty of the State 01l and gas superv1sor to appomt one
chief deputy and five field deputles one for each of:the dlStI‘lCtS héereinafter

. provided for, and prescribe their duties and fix their compensatmn, “which' shall

not exceed $4, 000 per annum for the chief deputy and-not to exceed $3,600 per ‘ ’
annum for. each field deputy. Such deputies shall serve during the pleasure

of the supervisor. He ghall also ‘employ an attorney at a compensatlon not

'exoeedmg $3,000 per year, payable out of said fund, who shall also be attorney

' for each district board of commissioners ; such commissioners. may allow addi-
‘tional -compensation to such attorney in actual l1t1gat10n The supervisor, ‘the

deputies, and the attorney shall’ not be subJect to the c1v1l-serv1ce act

" Duties of deputles

SEc 5. Each deputy appomted by the superwsor ‘shall be a competent engr- :
neer or geologlst experienced in the development and production of petroleum.
At the time said deputy is appointed, notice of such appointment shall be trans-
mitted in writing to the board of commissioneérs of the district-for which said

_deputy is appointed. Said notice shall be given either personally or by mallmg

a notice of said appointment to the post- -office address of each commissioher.
No appomtment shall be final until a period of 10 days ghall have elapsed’ from
the mailing of sald notice to said commissioners. - In ‘the’ event the majority.
of the commissiobers notify said oil and gas supervisor in wr1t1ng ‘before ,the
expiration of 10 days from the date of said notice that the appomtment of sald

 field deputy is dlsapproved by them, then and in that event said field deputy

" "shall not be appomted but:said oil and gas- .supervisor must appoint some other

individual, as in this section pr0v1ded Each field deputy shall: rna1nta1n an
office in the drstrxct for whlch he is appointed, convenient of "lCCeSS to the
petroleum and gas operators there1n The office shall be open and the deputy

4 .shall be present at.certain specified tnnes, which shall be posted at such ofﬁce

Skc. 6. It shall be the duty of each deputy to collect all necessary 1nformatlon
regarding the oil wells in the district, with a view to deter mlnmg the presence
and source of water in.the oil sand and to make all’ maps. and other accessories
necessary to determine the presence and source ‘of water in the oil sands Thls
Work shall be done with the view to adv1smg the operators as to the best

. means of protectmg the oil and-gas sands, and with a view to aiding the super-

v1s0r in. ordering tests or repalr work at Wells All such ‘data shall be. Lept on
file in the ofﬁce of. the deputy oil .and gas superv1s0r of the respectlve dlStI‘lCt

f

Records and their use,: o : ER

SEc. 7. The records’ of any ‘and all’ operators, when filed with’ the deputy
superv1sor as herelnafter provided, shall be open to- 1nspectlon to those author-
ized in writing by such operators, to the State oﬂicers and to the board of com-
missioners hereinafter provided for. Such records shall: in no case, -other than

-those heremafter and in this section prov1ded be avallable as ev1dence 1n “court

-proceedlngs and no officer or employee or member of any board of . commis-

sioners shall be allowed to give test1mony as to the contents of ‘said recordS\
except at such court proceedmgs as are herelnafter provxded for in. the rev1ew
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ofithe-decision of theiStateé oil and'gas supervisor; or a board‘of commissionéts,
or in any proceedings ipitiated for- the enforcement of an ofdel of the super-
v1sor, or ‘any- proceedlng initiated for the:enforcement of a lien created by this
act, or- any . proceeding. - for the. collectioni of the assessment levied under, ‘and
' pursuant to- the prov1sxons of thls aet, or in eriminal- proceedmgs arismg out of
such‘records or. the statements upon Which they are based . .

it

Orders hy supervisor—Agents of operators ‘1 S ' - .

1

.SEG 8 It shall be the}duty of the supermsor to order such tests 10T, remedlal_
wmk as in-his Judgmenttare necessary to protect the petroleum and gas deposits
from: damage by undelground water, to the best 1nterests of: the nelghbormg
property owners and the pubhc at large,

. The order shall be ‘iny'written form,- signed: by the superv1sor, and shall be.
served upon the owner of the well,.or the local agent appomted by, such- -owner,
either.personally or by ,rnalhnﬂr A1 COPY of said order to the post -office’ address
:givenrat the time the’ .local agent is; des1gnated or if;no such local. agent has
been ;designated, by mamng a copy of:said ;order to.-the last known post: office
address of -said owner, or.if the owner.be unknown by posting a.-copy of said

\order in a conspicuous, ,place upon,-the. property, and publishing- the _same:-in
some newspaper of general circulation throughout the -county. in whlch sard :
well is_located, once a week: for two successive -weeks. ..y
i -Baid, order shall spemfy the condition. souglit to be remedied and the Work
necessary to protect- such  deposits, from- damage from underground waters. -
- For, this puipose ieach’ operator or owner shall designate-an. agent, giving: h1s
post-officé- address, 'who resrdes within the county where .the well. or ‘wells are
located, upon whom al} [}orders and notlces prov1ded for 1n this. act may be
served. . - - ... - .u . . : Co

ReJection of supervisor’s orders, and appea,l.

Skc. 9; The well owner or hig 1oca1 agent may w1thm ten days from the date
‘of servrce of any- order ifrom the’ superv1sor, ﬁle w1th the supervrsor or. h1s
deputy 1n the dlstmct vvhere the, property 1s located a statement that the .
: superv1sor 8. order is not: acceptable and that appeal from sard order 1s taken to -
. ,the board of comnnssmngrs. "Such. appeal shall operate as a stay of any order

C 1ssued undenor pursuant to the provrsxons of’ thlS act ey

Dlstricts, commissxoners, ele- tmn, recall,, -~

SEc. 10. F‘or the purposes of thls act the State shall be d1v1ded into ﬁve
dlstrlcts as follows: = ).
' Dlstrlct No, 1, 1nclud1nDr the countres of Los Angeles Rtversrde Orange San
Dlego, Imperial, and San%Bernardmo o

District No 2 the county of Ventura : :
. DlStI‘lCt No.: 3 1nc1ud1ng the’ countres of Santa Barbara, San Lu1s Oblspo
Monterey, Santa Cruz, . San Benlto, Santa Clara, Contra Costa, San Mateo
'z}lameda and San Francrsco ST - -

DIStI‘lCt No. 4 1nclud1n,,‘ ‘the countles of Tulare, Inyo, aud Kern

DlStI‘lCt No. 5, 1nclud1ng the countles of Fresno Madera Klngs Mono Mari-

. ppsa, Merced and all other countles 1n Cahfgrma not 1ncluded m any of sald -
other dlstrlcts - c . .
There shau be elected at the tnnes and m the manner herexnafter prov1ded
' dlStI‘lCt 011 and gas comm1ss1oners for' each such dlStI’lCt as follows

For dlstrlct number one “five; for dlstrlct number two, five; for dlStI‘lCt

'number three, ﬁve for dlStI‘lCt number four seven for dlStht number ﬁve,

ﬁve. e, i
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-Said district oil and gas commissigners shall be elected by vote.of the.com-
- panies, -individuals, copartnerships, .or associations,. who .shall’ have _been
assessed, and whose hames shall.appear on the last record of assessments’ (next
preceding such election) for and on account of the fund in this act prov1ded
to be raised, within said districts respectwely, said vote to be taken at a meet-
.ing to be held in each.of said districts respectively, and . on the thl[‘d Monday-
"in September of each year, such place and the time and detaﬂs of such meetmg
to be fixed by the state oil and gas supervisor,. and of which meeting at- least
two weeks previous notice shall have been given by letter addressed to each of -
said persons, corporations, copartnerships, and associations, entitled -to vote
as aforesald ‘at his or its post-office address or principal place of business. ;

At said meeting each of those. entltled to vote as herein provided may be
represented by one person holdmg the writtén authomty of such voter to act
for hun at’ such meeting.: )

“At said meeting each voter shall be entxtled to one vote for.each member ‘of
“the board-of district: oil and gas commissioners who are required to be selected
for sdch district. In addition thereto, in. each dlstrlct in ‘which five commis-:
‘sioners are to' be elected, each- voter: shall be. entitled, for' each one hundréd-
dollars, ‘or -fraction thereof, which said voter shall have paid in accordance
with his last assessment - ‘hereunder, to cast one vote for the two commissioners
who are elected for three years; and in each district in which seven commis-
smners ‘are to be ‘elected, each-votér shall be entltled for each one hundred
dollars, or -fraction thereof which said voter slhiall have paid in accordance
‘with hig last assessment hereunder, to caet one vote for the three commis-
sioners who are elected for three years. - In all subsequent elections the qualifi-
cation: of voters in the election of a commlsswner shall be the same as in the
election of the commissioner whose successor in office. is being elected.

-Baid meeting shall select by ballot; by a majority vote' of the votes repre-
sented the number of persons. as hereinbeforé specified to act as dlstmct oil and'
gas commlssmners for such dlstr1ct ' : -

‘In any ‘district entitled to seven commlsswners, two shall be cliosen for a
term of one year, two for two years and three for three years I any dis-
tr1ct ent1t1ed to five COmII]lSSlOIleI‘S, one shall be chosen for a term of ‘one year,
fwo Tor two years, and two for three years.

The chairman and secretary of the meeting shall isSue a wrltten certlﬁcate
to the State oil and gas supervisor, setting .forth the ,result of such electlon,
and the name. and address of each of the persons elected.at said meeting as the
district oil. ‘and gas commissioners for said. district and the term. for . Wwhich"
each has been elected. No person shall be eligible as a (hstrlct 011 and gas
commissioner who is not a resident of the district for yvhlch he is elected, nor
- shall any person be eligible for such position who - 1s ‘not actually engaged in

the busmess of oil or gas development or productlon Yv1th1n the dlstrlct o '

Upon receipt. of the certificate so made by the chalrman and secretary of
any such meeting, the state oil. and gas supervisor shall issue a certlﬁcate of
- election to the respectlve persons in.said certlﬁcate n.;uned as the district oil
and gas commissioners for said district and for the periods of oné, two, or three
years from and after the first Monday in October, 1917, as shall be, shown in
 such certlﬁcate, and until their respectne successors shall have been elected

Wlthln thirty days after their appomtment by the State oil and gas super-
visor, the district oil and gas commissioners for each Aistrict. shall meet at a,

: tlme and place within the. dlstrlct to be designated by ‘the State oil. and gas

superv1sor and’ shall thereupon select one ‘of the number as chairman.

The . deputy supervisor of the dlStI‘lCt shall be ex officio -secretary of sald‘
board, and  shall keep a record of, its proceedmgs, and his office shall be the
office of the commissioners. .

v
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- iSaidi commissioners shall serve without compensation, except. their necessary
traveling expenses. The traveling .expenses of . said. commissioners. and :all’
actual. expenses 1ncurred by or under order of sa1d ¢ommissiobérs in- the hear-
ing and- determination :and carrymg out of.orders appealed-to them,- shall be
certified: to said state supervisor, and ;when audited by him- and by the State
board of control shall be paid from said fund. ’ I e s

On the third Tuesday in September:of each year at an hour and places in
sdid respective districts to be fixed by .the ‘State oil and-gas: supervisor, and of
which notices shall have been given as heréinbefore specified, the successorof

_each of the district oil and gas commissioners, whose.term of appointment. shall -

expire that year, shall be- elected and’ ‘qualified’in ther manner and subjéct to
. the prov1s1ons hereinbefore 'sét™ forth,“and~ the~ term "of each shan be. for' a
. period of ‘three years from and after the first Monday in October next suc-
ceeding.

All, either, or any of the district oil and gas. comm1ss10ners elected in any
district may be recalled by the votes of a majorlty of the quahﬁed Votes of the v
"dlstrlct entltled to vote as to such commlsswners respectlvely In case there
shall be filed in the oﬁice of the State 011 and gas superv1sor, a wrltten petlthl’l -
sighed by not less than forty per cent of those entltled to vote as to the elec- )
thll of any comm1ss1oner or commlsswners, askmg the recall of such com-
m1ss1oner or comm1ss1oners sald State oil and gas superv1sor shall w1th1n ten.

‘ days thereafter, “order, and g1ve not1ce of, a specml electlon 1n such dlStI‘lCt to
-fill the office or ofﬁces of the comm1ss1oner or. comm1ss10ners named in sald
petltxon for recall and shall cause notlce to be g1ven of sald electmn in_the
manner, and for the tlme requlred for regular electmn and sa1d notlce shall
fix the time and place of such election, ‘ S

At such election, the coinmissioner or commlssmners named 1n such pet1t1on
for recall shall be votéd upon. as though candldates for electlon for the unex—
,plred portlon of the term for which' they, respectlvely, were 0r1g1nally elected

~and’ any other candldate or candldates may, ‘at, the same tlrne be voted upon
It shall require a maJOI'lty of all the quahﬁed votes entltled fo*vote* for such
commissioners, respectlvely, to constitute an election. In case less thdir '
majority- of all. dualified votes shall be: scast for any: candldate, said recall-shall
be: deemed .to-have failed :as to 'the commlsswner -eoncerning: whoses office.such
" vote was taken; -and in case such .commissioner “himself- shall receive a ma-
jority, of the votes, said recall shall be déemed to have failed; and in- either of
such - cases, such commissioner shall .continué: to -serve until -the..expiration -of
his term as though no: such.special election had-been held.:: But' in.caseé any
" person-:other than such commissioner- shall receive -a .majority: of the votes
for .such unexplred terin, then such recall shall become: effectlve and- the office
- of the commlssmner so.recalled shall be vacant and upon; wmtten certificate: of
such - election’ being filed with the State. ‘oil"and gas supervisor,.the person 5o
chosen and elected. for. such unexpired term: shall -become -the - successor: ‘of sthe
commissioner so recalled, and a certificate of his election’ for.such unexplred '

term . shall ‘be issued ‘and transmltted to.him by, the ‘State oil .and! gas- super- .

visor. - And like’ proceedings- ‘shall.be had in case more than, onew commissioner -
shall be.included in said petition for recall: ".- " - e N I R I T

‘T all recall elections qualifications for- voters and the numbers~ of. votes.wh1ch
théy will be entitled to cast shall be the same as'they respectively were 'in the’
election of the commissioner as to:whom such'recall election~is being held. tur

In case of-vacancy caused-by ‘the death, resignation, or '_removal from- district
or ceasing to be engaged in the business of'development‘ or :production of il
or gas-in‘the district as fo the office of ‘any commissioner, such-vacancy-.shall.
be filled until the next annual electlon by the: State oil and gas superv1sor, who
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shall appomt to . fill such vacancy an eligible person nominated in wrltlng by
the remaining commissioners of such . dlStI‘lCt i
-Upon any subJect in which anyicommissioner is personally interested, oriupon
which any corporatlon, copartnership, association, or individual by whom he. is-
employed is dlrectly interested’ as a party, such . commissioner . shall . not be
entitled to sit or vote, . R : i
The board of commissioners shall be entitled .to call upon the supervisor for
advice and written’ report upon any matter referred to the board of : commiis- .

. sioners;-and .the superv1sor shall be entitled to call meetings of the commls-
" ‘sioners at the ‘officé of “the field supervisor upon five days’:written not1ce to
~ obtain their written advice. upon any matters relatmg to his work w1th1n .
thelr dlStI‘lCt : : . et

’ 'Compla.mt mvestlga.tion, and order,

SEc. 11. Upon receipt by the supervisor or deputy- superv1s0r of a Wr1tten
complaint spe(.'lﬁcally setting forth the’ condition complained agalnst ‘signed
by a person, ﬁrm, corporatlon, or assomatwn owning land or operatmg wells

. w1th1n a radius of 1 mile of any well or group of wells complained agalnst
or upon the written complaint spemﬁcally setting forth the condition complamed
against, signed by any‘one of the board of commlsswners for the district in
which said well or group of wells complamed agalnst is sltuated the superv1sor
must make an 1nvest1cratlon of sa1d well -or wells .4nd fender a’ ertten report
vstatmg the work requlred to reparr the damage complalned of or statmg that )
no work is required. A copy of sard order must be.delivered to the complamant
-or if more than one each of said complalnants, and if the supervisor order the
damage repaired a copy of- such order shall be delivered to each-of the owners,‘
operators, or agents having in charge the well or wells upon Whrch the w‘ork‘
is to be done. Said order shall contain a statement of ‘the conditions sought
to be remedled or repalred and a Statément of the work required by the _super-
‘visor to repalr such condition. Serv1ce of such copie$ shall be made by malhng B
to ‘such persons at the post oﬁ‘ice address glven . .

Testimony, . S - ‘ o -
SEC. 12. In-any proceedlng before the board .of commissioners as herein
provided, or in any other proceeding or proceedings instituted by the supervisor
‘for the purpose of enforcibg or. carfying out the provisions of this act, or for
the  purpose ‘of holding an investigation to ascertain the condition of any: well
or wells complained of, or which in the.opinion of the supervisor may reasonably
be -presumed to be improperly drilled, operated, maintained, or conducted; the-
supervisor and the chairman  of the ‘board of - commissioners. shall have the
power to administer oaths-and may apply to a. Judge of the superior court of the
State of California in'and for the county in which said proceedmgs or investi-
gation is pending for a subpwna for witnesses to’ attend at said proceeding or
‘ investigation Upon said application of said supervisor or said chairman of
_said-board of commissioners said judge of said superior court must issue a
. subpeena . directing -said- witness - to attend $aid proceeding or investigation:
“Provided, however, That no person shall ‘be required to attend upon such pro-
ceeding, either with or without such books, papers, documents,  or accounts
) unless residing- within the same county. or:within’ thirty miles of the place of-
" - attendance. - But the supervisor or the chalrman of the board of commissioners
may in such case cause the deposition of Wxtnesses residing within or without
"the State to be taken.in the manner preséribed by law for 1ike deposition: in
c1v11 actions in superior courts-of this State, and to that end may, upon apphca- .
" tion to a: Judge of the supeuor court of the -county. Wlthll] which said ploceedlng
or 1nvest1gat10n is pending, obtain a subpoena compelling the attendance of “wit- -
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mnesses-and theé -production .of books; papers;: and documents: at:such'places.as
‘he may!designate w1thin the limits hereinbefore : prescribed..-‘Witnesses shall
“be’ entltled ‘to receive.the fees and. mlleage ﬁxed by law in.civil-causes payable
from the’ fund herelnafter created In® case of .failure -or. neglect on the part
of any person-to comply' with any_order of the supervisor as hereinbefore
provided,-or. any subpeena; or. upon ‘the refusal of;:any witness.to. t'estlfy to.any
matter regarding which he may - lawfully ‘be interrogated,: 6r ypon refusal or
neglect to appear and’attend-at any proceedmg or hearing on the day .specified, '
after havmg received a written notice of not less than ten days prior .to such.
proceedmg or hearing, or. upon his failure; refusal, or neg]ect to-produce books, -

-papers;. or ‘documents-ds demanded in. sald order. or subpeena .upon.such day, -

tsuch: failure, refusal, or neglect. shall .constitute a misdemeanor, ‘and "each
'days further failuré, "refusal, -or reglect: shall. be and ‘be deemed to be a
“separate and distinct:'offense, and ‘it is hereby_made the duty.of the dlstr1ct_

_attorney of the.county in . -‘which said proceeding, hearing, or 1nvest1gat1on is
‘to'be- held, to prosecute all persons:guilty.of v1olat1ng this-section by continuous,
.prosecution. until. such. person. appears. or. attends or. produces- such - books,
papers, or documents or comphes with said subpoena or’ order of the superv1sor
or chalrman of the board of comm1ss1oners.

BRI P g e +
;Final decxsmn, and order by commissioners. s e Ly
_-“SEc. 18. Within ten days affer hearmg the evidence the ‘board of commlssmners
must make a written decision with respect to-the ‘order,appealed. from,.and in
case the-. same is affirmed or. modified, shall-.retain jurisdiction,thereof until
:such time ‘as the workiordered to be. done by such, order shall be finally -com-
pleted. - This. written ‘decision shall be ;served -upon the owner or his agent and
“shall- supersede the previous- order of the. supervisor. In. case no :written
decision be.made by said board of commissioners within, thlrty days .after the
-date of notice.by. the - supervisor: as provrded in -section- ten. hereof the order
of the supervisor :shall. be effective and’ subject only to.review by writ of
certlorarl from the superlor court as prov1ded in-section fourteen hereof

'B.epalr of wells by superv1sor—Rev1ew by superior qourt. .o

‘SEC, 14. On or before thirty days ‘aftér the date of servmg an ‘order of ‘the
supervisor, provided for in section elght Jhereof, or in cage of.appeal to.. the.
‘board:.of -commissioners on ror _before .thirty; days after date of servmg >the-
-decision of the board, as provided in sections twelve and thirteen hereof, or in

- the event. review be taken of .the .order of the -board of -commissioners. within .
ten days after afﬁrmance of such -order, the owner, shall commence .in good -

" faith. the. work ordered. and continue until completlon If-the work has not
been- so, commenced . and -continued;.to. complet1on, the supervisor- shall appoint
agents as he deems. necessary. . who . shall enter .the prem1ses and perform the

. work, Accurate account of such expendltures :shall be. kept and the -amount

» paid. from the fund hereinafter created upon the warrant of the State controller

Any . amount so expended shall constitute a- 1ien agamst the property upon
:which the work is done. The dec151on .of the board of comm1ss1oners in such
~case . may be. rev1ewed by writ of certlorarr from the superlor court: of . the
-county:.in: which the. district is- s1tuated if, taken Wlthm ten days after the'
-service. of -the.order - upon sald_ ovzner,‘ operator, or agent of said’ owner ,or
. zoperator as herein provided, of within ten-days after decision by the board of
commissioners upon- .petltlons by .the supervisor.. Such writ shall be, made
- returnable not. later: than, ten days after the issuance- thereof and shall dlrect
.the district board of oil and gas comm1ss1oners to certify their’ record in the

cause to: such court. - On the returr day the cause -shall be ‘heard by the court
unless for good cause the same be continued, but no continuance shall be




104 i SHUTTING OFF. WATER IN 011; WDLLS

permitted for a longer perlod than: thirty days No new-or: additional evidence'
shall be.introduced in the.court before the cause shall be heard:upon the record |
of the district. board.of:oil and gas” commissioners. The review shall not be
extended. further than to-determine whether:-or not "~ - @ .. c
"1, The commission acted without or'in excess of its jurisdiction. . . .

2. The order, decision, or award was proculed by fraud. e [

- 8. The order, decision, rule, or regulation is unreasonable ' SR
4. The order; ' decision, regulatlon, or award is clearly. unsupported by the .
_evidence, . ' :

If no review be taken within ten days or if taken in ‘case the dec1s10n of .the
-board is affirmed, the lien upon the property shall be.enforced in the same man-.
‘ner as the other liens on real property are enforced, and shall first be enforced
against the owner of the well, .against the operator and -against the personal
.property and fixtures used in the construction: or operation thereof, and then if
there be any deficiency against the land upon which the work-is done, upon ‘the
-request of the superviSor, the State controller must in the-manner provided in
-section forty- four of this act, brmg an actwn for the enforcement of said lien.

Gasmg—Wuter shut-off,” . : o o

Sec. 15. It shall be the duty of the owner of any well now drllled or that may
be drilled in the State of California; on lands producmg or reasonably presumed
to contam petroleum or gas, to properly case such well or wells with metal ‘cas-
ing, in accordance’ with methods approved by the superv1s01 ‘and to-use every

- effort and endeavor in accordance with the’ ‘most approved methods to effecutally -
‘shut off all water overlying or underlying the oil or gas-bearing strata, and to
effectually prevent any water from penetrating such oil or gas-bearing strata...

i\ Whenever it appears to the supervisor that any water- 1s penetrating oil. or
gas-bearing strata, he may order a test of watér shut-off and- designate a day
~upon which the same shall be-held. -Said order shall be in written form. and
_served upon the owner of said well at least ten days prior to the day designated
in said order gas the day upon which said shut-off test-shall be held. Upon the
receipt of such order it shall be the duty of the owner to hold said test 1n the
manner and at the tlme prescrlbed in sald order

Aba.ndonment of well,
‘Sec. 16. It shall be the duty of .the owner of any:well referred to in: thlS act
" before abandoning the same, or before removing the rig, derrick, or other operat-
-.ing structure theréfrom, or removing any- portion of the casing therefrom, to use
every ‘effort and endeavor in’ accordance with methods approved by the super-
visor, to shut off and exclude all water from entering oil-bearing strata encoun-
tered in the well. - Before any well is’ abandoned the owner shall give wrl'tten
hotice to the superwsor, or his local deputy, of his-intention to abandon such - )
‘well. and- of his mtentlon to remove the derrick or ‘any. portlon of . the casmg
from such well and the date upon which such- work of ‘abandonment or: réemoval
shall begln The notice shall be giveh to the supervisor, or his local-deputy, at
‘least five days before such proposed abandonment or removal. The owner shall
furnish the supervisor, or his deputy with such’information as he may -request
_showing the-condition of-the well- and proposed method of abandonment or re-
-moval, The supervisor, or his: deputy, shall, before the proposed’ date of aban-
donment or removal, furnish the -owner with a written order of approval of his:
proposal or a written order stating What work will be necéssary before approval,
“to abandon or remove will’ be given.' If the supervisor shall fail within the speci-
fied time to give: the odwner a written order such.failure shall be considered as'an
approvql of the owner’s proposal to abandon the well, or to .remove- the rlg or
casing -therefrom. ' RS o
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Commencement “of 'dnlhng. TR . e o .
-28Ec. 17.5 “The owner or operator of any well referred to in thls act shall before ’
commencmg the work of: drlllmg an oil or gas well, file with the superv1sor or
his local deputy,.a wrltten fiotice of intention to commence drilling. Such notice
shall also contain the followmg information : (1) Statement of location: and ele- -
vation ‘above sea:level’ of the floor of the-propsed derrick and drili rig: +(2)- the
~number or other. desrgnatlon by Wthh such well' shall be known which number.'
or deS1gnat1on shall. not be .changed. after ﬁhng -the notice provided for in this
section, without the, wrltten consent of.the supervisor being obtained therefor; ;-
~ (3) ‘the owner’s or operator S estlmate of the depth of the -pomt at which water
will be shut off, together with the method 'by which such “shut<off- is -intendeéd
.to be made and the size and welght of casing to be used; (4) the. owner’s or
operators estimate of the depth at Wthh 011 or gas-producmg sand or formatlon
will be encountered ;

After the' completron of any well the prov1sions of this sect1on shall a.lso ap- B
ply as far’ as may be,’ to the deepemng or redrxlllncr of any well or any opera-
tlon 1nvolving the pluggrng of any well or .any. operatlons permanently altering
in any manner the casing, of any well And provided further That the number

-or des1gnat10n by. which any well heretofore drilled has been known shall not
) be changed w1thout ﬁrst obtamlng a wr1tten consent of the superv1sor . ) v

"..Log of well—Prospect well C e . - A .o
.SEc, 18.- It.shall be the duty of the owner or operator of’ any well referred to’

in this act to keep a careful and -accurate log of .the drilling. of such well, ‘such
log to show the character and depth of:the formation.passed through-or encoun-
" tered in the'drilling of ‘such well and particularly to show ‘the location and
depth of the’ Water bearlng strata together with the character of the water en-
'countered “from time to txme (so far as ascertalned) and to show at what pomt
such water was shut off, it at all and Af not to. so state in such log, and show

’

completely the amounts kmds ‘and s17e of casmg used and’ show the depth at -

which 011 bearlng strata are encountered the depth and character of 'same, and
Whether all water overlvmg and underlymg such oil- bearlng strata was suc— '
cessfully and permanently shut off so’ as to prevent the percolatlon or penetra—‘
tion into. such oil-bearing strata such log shall be'kept in the local office of the
owner or operator, and together with the tour reports of said owner or operator,
- shall be subject, during business hours, -to-the inspection of -the supervisor; or.
any. of his deputies, of any .of the commissioners” of .the distiict, except in the'
. case of a prospect well as heremafter deﬁned Upon the completlon of any well,
-or upon- the suspension of’ Operations. upon any well, for a perlod. of ‘six months
ifit be a prospect well, or-for thirty days, ifiit. be in proven terr1tory, 4 copy. of
said log in duphcate, ‘and in’ such’ form as the supervisor may dlrect _shall be
ﬁled within ten days after such completlon, or after the exp1rat1on of said
thlrty day perlod w1th the ﬁeld superv1sor ‘and - ai like copy shall be ﬁled upon
the completwn of any addltlonal Work in the deepemng of any such well : .
The State oil and gas superv1sor shall determlne and des1gnate what wells are‘ '
prOSpect wells w1th1n the meamng of th1s act and no reports shall be requlred .
The owner or operator of any well drllled pre'vious fo the enactment of thlS )
act shall furmsh ‘to the superv1sor or hlS deputy a complete ‘and correct log in
duphcate and in such form a8 the superv1sor may d1rect or lis deputy, ‘of such .
well, so far as may be pos51ble together with a statement of ‘the present ‘condi-
tion of said well. S . . R a

Test ‘of shut off, R : ‘
- SEc. 19. It shall be the duty of the owner or operator of any well referred to
in this act to notify the deputy supervisor of the time at-which the owner or op-

.r
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erator shall test the shut-off of water in any such well, Such notice shall.be
given at least five days before such. test. The deputy supervisor or an inspector
designated by the supervisor shall be present at such test and shall render a:re-
.port.in writing of: the result. thereof to the supervisor, a duplicate of which shall
" be. delivered -to the owner. If any test shall be unsatisfactory to the‘supervisor
he shall so notify the owner or operator in said report.and shall, within five days
.after the completion.of such test, order additional. tests of -such work .as he
" deems necessary to properly shut off the water in such well and-in such order
shall designate a day upon Wthh ‘the owner or operator shall again test.the -
shut -off .of water in any such well which day may, upon the. application of -the

. owner, be changed from, time to time in the discretion of the deputy,supervisor.

Production reports. | . ' C e R e

SEc. 20. 1t shall be the duty ‘of every person assocmnon, or corporation p1o-
ducing oil in the State of California to file with the supervisor, at his request
-but not oftener than once in each month, a statement showing amount of oil pro-
duced during the period 1nd1cated from each well, together with its graVLty ‘and
thie amount of water produced from each well, estimated in accordance w1th
methods approved by the superv1s0r and the number of days durmg which
ﬁu1d was produced from each well, the number of wells drilling, producmg, idle,
or abandoned, owned or operated by said person, association, or corporatlon

Provided, That upon request and satisfactory showing a longer interval miay be
fixed by the State oil and gas superv1sor as to such reports in-the case of any
specific owner or operator. . ;- S e
This- mformatwn ‘shall be in such form as the superv1sor may des1gnate o

Penalty. : ' S : : T
SEc! 21, Any owner or operator of a well referred to in tlns act, or employee
thereof who refuses to permit the superv1s0r or his deputy to 1nspect ‘the’ s.lme,

. or who w1llfully hlnders or delays the enforcement of this’ act and every per:

son, firm, ‘or corporatlon who violates any prov1sxon of th1s act, is gu1lty of a
misdemeanor and shall be pumshable by a fine of not Tess than $100 or by
1mpr1sonment in the county qul for not less than thlrty days or by both such‘
ﬁne and 1mpr1sonment : )

Pohce power of the State. L C [T S ‘l. R
- SEc.-21a: The charges heremflfter prov1ded for are directed to be levied by
the Stdte of California as necessary in the exercise of its police power and .to
p10v1de a means by which to. superv1se and protect deposits of petroleum and
gas.within ‘the State of Cahforma in which deposits the. people-of' the- State

of California are hereby declared to’ ‘have a primary and supreme 1nterest

Charges assessed .
Sgc. 22. Charges leV1ed assessed and collected as lheremafter prov1ded upon
the propertles of every person, firm, corporatlon, or association’ operatmg any
well or wells for the production of "petroleum in this State, or operatlng any
well or wells for the productlon of natural gas in ‘this State which gas wel]s-

" are s1tuate on lands situate w1tlnn two miles, as “hear as may be, of any i

petroleum or gas well the production of Wthh is’ chargeable under this act,

shall bé used exclusively for the support and, maintenance of the department of' :

petroleum and gas herelnbefore created,.and shall be assessed and lev1ed by
the State mmeraloglst and collected m the manner heremafter prov1ded

Charges on oﬂ . ‘
SEc. 23. Every person, firm, corporatlon -or association operatmg any_ pe-

- troleum well or wells in, this State shall annually pay. a_charge to the. State

- *
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treasurer at. a: umform rate. per barrel of petroleum produced for the. precedlng,
. calendar.year at the time. .and-in the, manner heremafter prowded based upon’
a verlﬁed report as herem pr0v1ded . S : '

sk HA] . -
FR I ! . it . -

charges on gas.” ", ,' ; : . .
SEc 24. Every person ﬁrm, corporatlon, or association operatmg any gas Well
or wells m this State shall annually pay a charge to the State treasurer based
upon “the amount of gas sold m ‘the- precedmg calendar year at a ﬁned rate per
thousand CllblC feet at the t1mes and in the manner heremafter prov1ded based
,-upon a verlﬁed report as hereln prowded

Chargesion land. -~ ST " SRR . ) T

Skc. 25. Eveéry -person; ﬁrm corporatlon or association owning any 01l land
as determined by the superv1sor, -shall annually pay a charge to the State
treasurer at the time and in the manner hereinatfer. prov1ded Wthh charge
shall be a uniform rate per acre. Sald _charge shall be based upon a verlﬁed
report as provided. hereln Promded however, That such lands so assessed shall
not be called upon to- pay more than one-tenth of the total charges or moneys
proposed to be assessed lev1ed and collected under the prov1swns of th1s act'
for any one year. - v

SEc. 26. The charges assessed lev1ed and to be collected under the prov1s1ons
of this act ghall be in addition to any and all charges;-taxes, assessments -or
llcenses of any’ kmd or nature pald by or upon the propertles assessed hereunder

Annual financial estlmate

Sec.-27, The St’lte mlneraloglst shall annually, on or before the ﬁrst Monday
in Marech, actmg in conjunction with the State board of contrgl, make an esti-
- mate-of the-amount.of .moneys -which shall be requiréd to carry out the provi-
sions .of- this :act: M o Caye

“At the .time of makmg such estlmate the State mrneraloglst »shall” report to
thee. State board- of. control the amount of money in the petroleum.and gas fund
on the day such estlmate 1s made, less-the:amount of .money necessary.for the

- support of the department ofxpetroleumfand gas.for the remainder. of the fiscal
year, -and’ the amount’of -such estimate shall ’ in no event exceed tlie difference
between the amount thus' determmed as remaining in the petroleum and .gas
fund at the end of the ﬁscal year and'the sum of $150 000. - - - . - el

Annual reports by owners.

SEC. 28 The State mlneraloglst shall prescrlbe the. form and contents of all ;
reports for makmg the’ char‘re or- other purposes to carry out the intent and
prov1s1on of this act, Wthh form shall be . ma1led in duphcate to the- person .
: N ﬁrm, corporatlon, or’ assoc1at1on owmng property or assessed under the pro-

Y1s10ns of this.act. 7 -

'SEc. 29. Every person ﬁrm corporatlon or assoc1at10n chargeable under the
provisions of ‘this act’ shall ‘Within ten days after the first Monday in- March of ’
each year, report to and ﬁle with the State mmeraloglst a réport, in such form

" asvsaid officer ‘may prescrlbe,rglvmor any and all items of 1nformat10n as may be

deinanded by said report and necessary-to carry olit the provisions-of this act,”

Wthh ‘report shall be verlﬁed by such person or oﬁicer as the State mmeraloglst :

may ‘designate. - . 'T- Pl : - - .

SEc 30 I any person, -firm, corporatlon, or assoc1at10n chargeable under the
prov1s1ons of ‘this act shall fail or ‘fefiise to furnish?the ‘State mineralogist
within- the time presc_rlbed in this ‘act the verified-report provided for..in this
act, -the Staté' mineralogist must note-such failure or refusal in the.record of

-assessments ‘hereinafter in this act provided for; and must make an estimate of
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the petroleum or .gas production or-landed area to be'assessed.of any: such.

. person, firm, corporation, or -association, and must . assess the same' at. the

" amount thus estimated and compute the charge thereon, Whlch assessment and

charge shall be the assessment and charge for such year. And if in the succeed:
ing year any such person, ﬁrm corporatxon, or assoc1atlon shall ‘again’ fall

og1st shall make an estlmate as aforesald which estlmate shall’ not be less

_ than ‘twice- the amount of the estimate - made by him for the prev1ous yearf

and shall note such failure or refusal as above provided, and the said estimafe so )

made shall be the assessment or charge for said year. In case of éach succeed-
ing consecutive failure or refusal the said State mineralogist ‘shall follow the
sane procedure until a. true statement or report shall-be furnished.

Penalty
SEc. 31..Any Derson, firm, corporatlon or association falhng or refusmg ‘to

make or furnlsh any report which’ may be required pursuant to the’ provisions -

of this act, or who wilfully renders a false or fraudulent report, shall be guilty
of a misdemeanor and subJect to a finé of not less than $300 nor more than

N $1,000, or by lmpnsonment 1n the county jail not e\ceedm" six months, or both

such ﬁne and 1mpr1sonment for each such offense.

Extension date for. filling reports. . = , . .
_.SEC. 32. The State mineralogist may, for good cause shown by order entered

upon his mmutes extend for not exceedln(r thirty days the time ﬁxed 1n thls act

for filing any report herem prov1ded for.” o :

a

Ra.te -of agsessment, : ' : - 4
SEc. 33. On or before the-third Monday before the. ﬁrst Monday in July of
each year the State mineralogist shall determine the rate or rates which shall

produce the sums necessary to be.raiseéd as provided in-section twenty-seven of

this act. Within the same time the said State mineralogist shall extend.into
the proper .column of the record of assessments hereinafter provided for, the
amount of charges due from each person, firm, corporatlon or association. .

Sec. 34. Between the first Monday in March and the third Monday. before the
first Monday in July in each year, the State mineralogist must- asseSs and levy
the charges as and in-the manner provided for in:this act. . The assessments
must be made to the person, firm; corporation, or association owning or operat-
ing the property subject. to assessement hereunder on the ﬁrst Monday in
March. If the name of the owner is unknown to the State mlneraloglst such
assessment must be made to unknown owners.. Clerical errors occurrmg or

. appearlng in the name of any person, firm, corporation, or assomatlon whose
property is properly assessed and charged, or in the making or entenslon of any '
.agsessment or charge upon the records which do not affect the substantlal‘

rlghts of the payer, _shall not invalidate the assessment or charge o

/Equalizatxon. . : o . . .
. Sec. 35. The State mlneraloglst and the chairman of the State board of con- g

.trol and the chairman of the AState board of equalization shall constitute a

board of review, correction, and equilization, and _shall.have all the powers'and :

perform such duties as usually devolve upon a county’ board of egualization
under the provisiong of section three thousand six hundred and seventy-two of

“the Political Code. The State mineral’oglst shall act as secretary of said board
and shall keep an accurate mmute of the proceedlngs thereof. Said board of ~

review, correction,-and equahzatlon shall meet at the State capitol on the third
Monday before the first Monday in July of .eag.h year and remain in session

S
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from day to day until the’ ﬁrst Monday in J uly f01 the purpose of carrymg out
the provisions of this sectron B . . e Co

o o7

I’ublicatlomof assessment notxce. ) ’ T - Co
SEC ‘88.'On the third Monday before ‘the ﬁrst Monday 1n July of” each year
the State m1neralog1st shall cause to be published a not1ce one or more tlmes, 1n
a da11y, or Weekly, or sem1weekly newspaper of gene1a1 c1rculat10n publlshed in
. the count1es of . Fresno, Kern Los Angeles Orange Ventura, ‘and Santd -Bar:
para and such other countles as may contain lands or produce oil of gas
charged under and, pursuant to the terms and prov1s10ns of 'this act if one be
pubhshed "therein, 'otherwise ‘in ‘a- newspaper of ‘general mrculatlon publlshed
n'the county ‘hedrest to Stch county des1gnated herein in which no- such paper
is pubhshed that the. assessment of. property-and levy of charges under and in
pursuance of this act has been completed and- that the records of assessments
" containing the-.charges due will be del1vered to the State controller on the first
Monday: inJuly, and: that “if. any person, ﬁrm corporation; or "association is
_ dissatisfied with the assessment made or charge.fixed-by the- State m1neralog1st
he-or it may, at any time before said first Monday-in July,wapply to said board
of. review, ‘correction,. and -equalization.to have the same dorrected in any par-<
ticular: The said board-shall have: the power:at any tlme before said first -
Monday in July to- correct tlie record of assessments-and may increase or de-
-crease any ‘assessment: or -charge therein if in its judgment the evidence pre-
" sented- or. obtained warrants such-action. Costs of such publication ‘in -any
. county shall ‘be pald from the petroleum and gas ‘fund : Provided, however, That
the omission to publ1sh said notice ~as ‘hereinbefore and in this section. prov1ded
shall not affect.the validity of any assessment, levied under or. pursuant to: the
: prov1s1ons of this det. " ' o P : .

ARecord of assessment "
SEC *87. The State mmeraloglst must prepare each year a book m one or
more volumes,,to "be called the “ Record of assessments and charges for the
i petroleum and ‘gas fund 2’ in which must be entered e1ther°1n Wr1t1ng or prlnt- R
»'1ng, or both wr1t1ng and prlntlng, each assessment and levy or charge made by-
. him upon "the’ property prov‘tded to be assessed ang charged under this act,
'descrlbmg the property assessed and such assessments may be clagsified and
' enteled in such separate parts of sa1d record as saxd State m1neralog1st shall
prescrlbe -
SEc 38 On the ﬁrst Monday 1n July the State mmeraloglst must dellver to
the State controller the record of assessments and charges “for- the petroleum
and gas fund, certified Lto by said State m1neralog1st which certificate shall be
substantlally as follows: “I, ._____ State mmeraloglst do hereby certify that
between the ﬁrst Monday in- March and- the first Monday in July, 19____, I
made diligent inquiry and examination to ascertam all- property ‘and ‘persons,
firms, corporat1ons, and’ aSSOC‘lathDS subJect ‘to assessment for the purpose of
the- petroleum and gas fund- as requ1red by the prov1s1ons of the ‘act of leglsla-
ture’ approved June 10 1915, prov1d1ng for the assessment and collectlon ‘of .
charges for oil protectron that"T have’ fa1thfully complled with-all the duties’
1mposed upon me by law that I have not 1mposed any unjust or double assess
ment through malice-or -ill ,w1ll or otherw1se,.nor allowed any . person,. firm, -
corporatlon -or, ass0c1at10n or property- to escape a just assessment or charge
.. through favor -or regard or otherwrse .- Bug ‘the failure to ‘subscribe such
_ certificate to such record of assesSments and charges for -oil protection, or any
cert1ﬁcate, shall not in- any manner affect the validity of any assessment -oT
charge...: : : .
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Payment of charges. .. ., - [ ‘ . - LI

Skc. 39. The charges: levied and assessed under the provisions of this act shall
be due and payable on the first Monday, in July in each year, and one:half -
thereof shall be delinquent on the sixth Monday after the first Monday in July
at six o clock p m. and unless pald prior thereto fifteen per cent shall be added
- to the amount thereof and’ unless pa1d prior to the ﬁrst Monday in February
next thereafter at six o’clock p m. an additional five per cent shall be. added
to the amount thereof .and the unpald portion, or the remaining one-half of
said, charges shall become delinquent on the first Monday in February. next
succeedmg the day upon which they become.due and payable; at six.o’clock
p. m. and if not paid prjor thereto five per cent shall be added to the amount
. thereof . R : - : R
Publication of notice of payments due. ' o ‘ B ' R A

-SEc. 40. Within. ten days after the recelpt of the record of assessments and

char(’es for oil protection the State controller must bc(fm the publication of'a -

notice :to appear daily for five days in one daily newspaper of general circula-
tion published in each’ of -the counties of .Fresno, Kern, Log Angeles, . Orange,
Ventura, and Santa Barbara- and such other counties as may contain lands or
- produce oil or gas charged under or pursuant to the ‘terms and provisions of
this-act, if one ‘be published therein; otherwise, for at least two times in a
weekly - or semiweekly paper of general circulation published” therein, or if

there be neitlier a daily nor weekly nor semiweekly paper of general circula- '

tion published in any one of such counties, then the publlcatlon of -the notice for
such county shall be made in a similar manner in a newspaper of general ¢ir-
culation published in the county nearest such county, specifying: (1) That he
has received from the ‘State mineralogist the record of assessments and
‘charges for oil protectlon (2) that the charges therein assessed and levied are
due and payable on the ﬁrst Monday in July and that one-half thereof will be
delmquent on the sixth Monday after the first Monday in July at six’ oclock
p. m.,. and that unless paid to the State treasurer at .the capital prior thereto,.
- fifteen per ‘cent W111 be added to the amount thereof and.inless paid prior to
the first Monday in February next thereafte1 at six o’clock p. m. an addltlonal’ .
five per ‘cent will be added to the amount thereof, and that the remaining one- -
half of said charges will | become deliniquent on the first Monday in February
next succeedmg the day upon which they, become due and payable, at six -
'o clock p. m,, and if not paid to the State treasurer at the. capital prior thereto‘
five per cent will be added to the  amount thereof. Costs of such pubhcation 1n
. any county ‘shall be paid from the _petroleum and gas fund.
Charges become lien, - : . R
. SEc. 41. The assessments and charges 1ev1ed undeg the pr0v1s1ons of thls act
shall constitute a lien upon all the property of every kind-and nature- ‘belonging
to the persons, firms, corporations, and associations assessed .under :the pro-
visions hereof, which lien shall attach on the first Monday in March of each’
year. Such lien shall be enforced and said charges collected by an actlon by
the. State controller as prov1ded in sectlon 44 of th1s act.
Charges payable to treasurer. : o : s

Skc. 42, All charges assessed and 1ev1ed under the provisions of thls act shall
- be paid to the.State tréasurer upon the order of the State’ confroller. The con-
troller must mark the date of payment of any charge on the record of assess--
* ments.for the petroleum and gas fund and shall give a‘recei‘pt’ for such pay-
ment in such form as the controller may prescribe. Errors appearing upon the
face of any assessment on'said records of assessments or over charges may be’

3
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o corrected by. the controller by:and with the consent of therState board of control;
in stich manner and at such- t1me as sald controller and said' board shall-agrée
upon ) ey T T I ',':A',;»:,‘,r",f’ﬂ

<Protest of charges:: ’ : .

‘Skc. 43 Any person, ﬁrm corporatxon qor B.SSOClathIl c1a1m1ng and protestlng
‘as hereln provided- that the assessment made or charves assessed agamst him
or it by the State mmeraloglst is vord in wholé or in part, may bring an-action
against the State treasurer for the recovery of‘the whole or any part of.such

. charges penaltles or costs pald on such assessment;: upon the: grounds.stated in

said. protest, but no. action ;may be; brought later than. the third- Monday in
February next following the day ‘upon whichthe- ‘charges were due, nor unless
such person, firm, corporation, or association. shall-have filed with:the State. con:’
troller.;at ‘the: time: of. ‘payment .of such: charges a. writteni’ protest. stating
whether the whole: assessment or charge is claimed to be void, or rf a part only,
what part, and the grounds upon which such claim ig founded,- and when 80
. pa1d under protest the payment shall 1n no case be regarded as voluntary. i
Whenever, under the prov1s10ns of ,thls sectlon, an actlon is. commenced
agamst the State treasurer, a copy “of the COmplamt and of the summons must .
be served upon the treasurer, or hlS deputy At the tlme the treasurer demurs
or answers, he may demand that the act1on be tr1ed in the superlor court of the
county of Sacramento, Wh1ch demand must be’ granted The attorney employed‘

© by, the State 0il and gas superv1sor must defend such actlon Promded ho wcver

the sa1d m1neralog1st may at the request of’ the sa1d 011 and gas supervxsor'
employ add1tlonal counsel the expense of wh1ch employment shall bé pald'
from the petroleum and gas fund The provrsrons of ‘the Code of C]Vll Procedure
relatmg to pleadmgs, proofs, tr1a1s and appeals are apphcable to the proceed-
ings herein provided for ; K
A fallure to be in such action W1th1n the tlme herern spec1ﬁed shall be a bar
agamst the recovery of such charges In any streh actlon the court shall have
the power o render Judgment for the' pla1nt1ff for any part or portlon of the
’ charge penaltles or costs found to be vo1d and S0 pfud by plalntlff upon such
“assessment * v ‘ : SR

3 o, tl“:- O R t’ R L A I I
Delinquent charges. : - ' . Juee ;;_' - PR

“QEC.” 44, The State controller shall ‘on or ‘before the thll‘tleth day of May«
next following theidelinquency -of ‘any charge as provided in this act, bring:an
action. in a court of compétent jurisdiction,.in the name of-the people. of the
State of California, in the county in which the property assessed is sltuated
- to collect any dehnquent charges or assessments, together w1th any penalt1es ‘or
costs Wthh have not been paid in accordance with the prov131ons of this act

. and. appearmg dehnquent qupon- the . records of assessments and, charges for the-

" petroleum and gas, fund in this-action, provrded for.

-1 The, attorney for the State oil. and gas supervisor shall commence and prose—
_eute such action _fo final Judgment and the provisions of the Code .0t C1v1l Pro- .
cedure relatmg to. service .of . summons, pleadings, proofs, tr1als, .and appeals

) .lre applicable to the proceedings hereln prov1ded for The State m1neralog1st
may employ additional’ counsel to asslst the attorney for the State oil and gas

superv1s0r, and the expense of such employhlent shall be p‘ud from the petro-
~leum and gas fund ’ . . r .
Payments of the penaltles and charges, or amount of the Judgment recovered

in such actlon must be made to the-State treasurer In such actlons the record
'of assessment ‘and charges for oil’ - protection,-or ‘a copy of:.s0 much thereof ‘as.
is appllcable in: gaid action, duly certified .by -the controller: Showing sunpaid
charges “agdinst.:any person,. firm, corporation, or asgociation assessed- by ‘the




'First askessment March, 1916., ' . ) . o -
"SEc. 45, The first assessment under the prov1s1ons of this act shall be as of.
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. State mineralogist is prima facie evidence of the asséssment upon the property,
" the delinquency, the amount of charges, penaltles, and costs due and unpaid to

the State, and that the person, firm, corporation, or association is indebted to
the people of the State of- California in the amount of charges and penalties

therein appearing unpaid and that all the forms of Iaw in refatlon to the assess-:

ment of. such charges have been complied with,

'

the first Monday in March; nineteen hundred s;xteen, -and the reports’ of petro-

‘leum production and sales of Zas herein provided to: be assessed shall be re-

ported for the calendar year ending December thirty-first, nineteen hundred
fifteen.. The lands herein provided to be assessed and charged shall be assessed
to the owners thereof as of the ﬁrst Monday in March, mneteen hundred six-
teen. -

.

Disposal of funds, -

Sec. 46, All the moneys heretofore pa1d to the State treasurer under or pur- N

suant to the prov1s10ns of’ thls act and depos1ted to the credit of the oil pro-
tection fund, shall be w1thdrawn from said fund, which is hereby abolished,
and dep0s1ted to the credlt of the petroleum and gas fund which is hereby

,created TAll of the moneys hereafter paid’ to the State treasurer under or pur-

suant to the prov1s1ons of thig act shall be depos1ted to the credit of the petro-
leum and gas fund. TAll moneys in such fund shall be expended under the direc-
tion of the State m1neralog1st., drawn from such fund for the purpose of this act

" upon warrants drawn by the controller of the State, upon ‘demands made by

the State mlneraloglst and audlted by the State board of ' control: Of the
oneys ‘in sald petroleum and gas fund when such actlon has been authorized
by the State board of control, the State ining: bureau may withdraw, without

"at the time furnishing vouchers. and itemized statements a sum not to exceed

$500 said sum so drawn to be used as a revolving fund wheré cash’ advances
are necessary. At the close of each fiscal year, or at any otlier time, upon de-

mand of the board of control the moneys so drawn ‘shall be accounted for a.nd ’

substantiated by vouchers and 1tem1zed statements submltted to and audlted
by the board of control. o

SEc. 47. All’ moneys recelved in: rep‘lyment of repair work done under the ..

order and direction of: the supervisor as hereinbefore prov1ded shall be returned

) and credlted to the' petroleum and gas fund.

Annual report by supervisor

Sec.'48. On or before the first dav of October of each and every year.the -
. supervisor shall submit a report in WI‘ltng to the State mineralogist ‘showing .

the total number of barrels of petroleum produced in -éach' county in the State

durmg the previous calendar year, together with the total cost’ of said depart- -

ment for the previous fiscal year and the net amount remaining in the petroleum
and gas fund available for the succeedmg fiscal years expense, also the total
amount dehnquent and uncollected from any assessments or charges levied
under or pursuant to the provisions of thls act.  Such report shall’ also ‘include
such other 1nformat10n as the superv1sor may ‘deen advisable, The State

’ mmeraloglst shall make pubhc such statements promptly after recelpt of the

same from the supervisor for the benefit of all partles 1nterested therem

Recording of leases, .

- 8rc. 49. The owner or operator of any lands or tenements subJect to assess—_

ment under this act shall, within six months after this act goes into effect; file

‘with. the,supervisor a certificate which shall contain the names of all the parties -
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claiming an interest in or to said lands and full description of the property
and the names of all parties in interest where such interest is held by lease,
license, or assignment.

Definitions, .

SEc. 50. Whenever the term * supervisor ” is used in this act it shall be taken
to mean the * State oil and gas supervisor ”; the term * oil ” shall include petro-
leum 7 ; the term “ petroleum ” shall include * oil " ; the term “ gas” shall mean
natural gas coming from the earth; the term * operator” ghall mean any per-
son, firm, or corporation drilling. maintaining, operating, pumping, or in control
of a well in any territory which the supervisor determines to be oil or gas pro-
duunrr territory ; the term ‘ owner ” shall include “ operator” when any oil or

gas®well is operated or has been operated or is about to be operated by any
person, firm, or corporation other than the owner thereof; and the term * oper-
ator ’ shall include “ owner” when any such well is or has been or is about to
be operated by or under the direction of the owner, except that all the pro-
visions of this act relating to assessments for the purposes of this act based
upon the annual production of oil or petroleum or sale of gas, as set forth in
sections twenty-two to forty-five, inclusive, of this aect, shall apply only to a
person, firm, or corporation operating an oil or petrolenm or gas well, and shall
not apply to the owner of such well if some person, firm, or corporation other
than such owner has been actually operating the well during the whole period
for which such annual charge is made, but in the event that the actual operation
of any such well changes hands during such period the charge shall be appor-
tioned upon the basis of the oil or petroleum or gas produced, and the lien pro-
vided for in section forty-one of this act shall be a lien against the property of
each and all such operators,

Approprgation first year.

SEC. 51. There is hereby appropriated out of any moneys in the State treasury
not otherwise appropriated the sum of $20,000, which said sum shall ke imme-
diately transferred by the State controller on the books of his office from the
general fund to the “ oil-protection fund ” created by section forty-six of this act.

The above-mentioned fund shall be available for the uses of the State miner-
alogist for the maintenance of the department of petroleum and gas and for the
necessary expenses of the controller in carrying out the provisions of this act.
When the collections paid to the State treasurer, as herein provided, equal the
sum of $30,000, then said sum of $20,000 shall be retransferred from the oil-
production fund to the general fund. The moneys received into the State
treasury through the provisions of this act are hereby appropriated for the uses
~ and purposes herein specified.

Constitutionality,

SEc. 52. If any section, subsection, sentence, clause, or phrase of this act is
for any reason held to be unconstitutional, such decision shall not affect the
validity of the remaining portions of this act. The legislature hereby declares
that it would have passed this act, anil each, SOCthll subsection, sentence, clause,
and phrase thereof, irrespective of the fact that any one or more other sections,
subsections, sentences, clauses, or phrases be declared unconstitutional.

Incorporated cities.

SEc. 53. Thlstact shall be liberally construed to meet its purposes, and the
supervisor shall‘have all powers which may be necessary to carry out the pur-
poses of this act, but the provisions of this act shall not apply to any land or
wells situated within the boundaries of an incorporated city where the drilling
of oil wells is prohlblted

51704°18——S8
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Repeal of previous law.

Sec. 54, That certain act entitled “An act to prevent injury to oil, gas, or
petroleum bearing strata or formations by the penetration or infiltration of
water therein,” approved March 20, 1909, together with all acts amendatory
thereof and supplemental thereto and all acts in conflict herewith, are hereby
repealed. Nothing herein shall be construed as affecting the provisions of the
act of June 16, 1913, establishing a State mining bureau.

To PREVENT WASTING OF NATURAL GAS.

AN ACT Prohibiting the unnccessary wasting of natural gas into‘the atmosphere ; pro-
viding for the capping or otherwise closing of wells from which natural gas flows; and
providing penalties for violating the provisions of this act.

{Approved March 25, 1911.]

The people of the State of Culifornia, represented in senute and assembly, do
enact as follows: '

SecTion 1. All persons, firms, corporations, and associations are hereby pro-
hibited from willfully permitting any natural gas wastefully to escape into the
atmosphere. '

Skc. 2. All persons, firmns, corporations, or associations digging, drilling, exca-
vating, constructing, or owning or controlling any well from which natural gas
flows shall upon the abandonment of such well, cap or otherwise close the mouth
of or entrance to the same in such a manner as to prevent the unnecessary or
wasteful escape into the atmosphere of such natural gas. And no person, firm,
corporation, or association owning or controlling land in which such well or
wells are gituated shall willfully permit natural gas flowing from such well or
wells wastefully or unnecessarily to escape into the atmosphere.

Sec. 3. Any person, firm, corporation, or association who shall willfully vio-
late any of the provisions of this act shall be deemed guilty of a misdemeanor,
and upon conviction thereof shall be punished by a fine of not more than $1,000
or by imprisonment in the county jail for not more than one year, or by both
such fine and imprisonment.,

&rc. 4. For the purposes of this act each day during which natural gas shall
be willfully allowed wastefully or unnecessarily to escape into the atmosphere
shall be deemed a separate and distinct violation of this act.

Skc. 5. All acts or parts of acts in conflict herewith are hereby repealed.

SEc. 6. This act shall take effect imumediately.
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