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This is a brisf report on an investigabion

of the practice of storing liguid hydro-
garbons in condrolled uaderground caviblies

in MeFherson Counby, Kansas. The geologic
conditiens of the area, the btechnigue of
developing aborage and the operatlonal
methods and procedure are discussed, Special
attenbion was given to possible ground water
nollubion hazards sssociated with underground
storage prectices of exieting and provosed
installations, A summary of the repert and
donclusions are mresented.
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Introduntion

The storing of liguid produsts in combrolled cavities underground
hos been precticed for a punber of years. The fivst installation wes
developed ut Renken, Texes in 1949 for the purposs of shoring anhydrous
amsonin. Since that time more than 500 million gallons (12 million
bbis) of underground storage capaciiy exists in the Hid-londinent
rogion. Tewus, Loulsizca, Oaklshoms snd Ksnses use a eslt fovmation for
the covity development and storage.

The storing of liguid pebtrolewm gos in Kansas in the Hubchinson
sait womber of the Welllngbon fermalion wes initiated by Natilonal
Copperative Haflivery Assoclation at Comway.  The fivst storsge cavily
was completed and pub in use in Mareh, 1993. A% the prosent bime HCHA
hes Pive atorage cavibties with a total capecity of & little over %4
milifon galions (232,592 bbls). Skelly Dil Compsay's insballation
istated jJust a mile wewt of HORA hap eighd storage cavities in use with
a combined storage of 11 willion pellons (263,299 bbis). BHoth fnstalls
tions sltore only 1igpid petvoleum gese. The Skelly instellation sbores
propene ges (Skelgas) while HORA has butene, propsne and Iso bubone
stored under grownd,

Underground storage fsciiities for liguid pelroieum pus serves
several purposes. The principle advanteses sre conservation of -
ratrolouws products and econmy. In addibion bhere may be considerable
pilitery valus in storing lorgs quantities of patvoleowm produche wndeys
geound whers thay sre lses socessible to snemy abbaok and stratepically
located for omeriency wse. ‘

Liguid petrolevws gov suth o8 propane,; bubane, and LFG sre produced
during the vefining of crude oil. The demund for these products is
sesgonable since the principle use is Qor domestiec heating, To meebd
the sessonal demand it im necessary bo store suwrplus ges prodused durding
peviods of low dewmands, This nevessitebtes lavge storage facilities.
Surface stovage of the gas in high prossure contalners iz very cxponsive,
Tt has besn estimeted that bthe cosd of high pressure stesl storage
faeilities above growd yans sboub $20. por barvel, vhersas equivaland
wnderground storage cosbs approxisstely $l. per barrel. Decsuse of
this expenee LU 4v repordsd that much of the gas produced prior te the
uoe of underpround storape was wasted dwdng pericds of low consumpbion.

Bince large storage facilitles can be consbrucied economicslly,
undergrovnid, the industry makes use of uwnderground storege for move
effpctive wbillzation of lransportabion fseilities. During periods of
Low consumption the product is woved from the vefinery to storage syeas
much clogser be the poink of consuupbion. When conpumption is heswvy,
the wroduct 15 removed from stborsse and transperied fo the consuney
over & woch shorier route. In this manner the transportation fzeilities
are epbt in constant use during the year by hauling from refinery to
stornge arsss in the summer and hauling frem storapge o the conmumer in
the winter, This resulis in muoh greater essurance of mweling the
winter desond for the product as well as o veduced cost to the ConSumePe
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Other advantages of underground storage to the petroleum industry
are reduced maintenance cost for sborage facilities, savings in the use
of stesl, and the elimination of many above ground operational hazards.
The wniform temperature of the underground storage and the use of a
column of salt brine for meintaining the necessary pressure to keep the
gas Ain the liguid state are less hazardous than surface storage for
operating personnel. The large capacity of the developed cavities {up
to 50,000 barrels) and the eass of handling the product is of great
value to the industry. The actusl loss in storing the product inm under-
ground cavitiss is considersd by the indusiry to be quite small ag
compared to above ground sborage. Records of an actusl test run on one
of the early Texas installations gave resulis of 95% recovery on the
initial use of the storage cavibty and up to 99.7% recovery on contimued
hFicis

Area of This Report and Existing Facilities:

The two existing installations in HeTherson County are located
just west of the City of McPherson, They are opsrated by Skelly Oil
Company and National Cooperative Refinery Association., The Skelly
installation is located seven miles west of the city in the NW/h NW/L
WE/l Section 30=19-4f {see Plate #1)}. The installation includes 8
gborage wells, (i more are heing developed) an Arbuckle disposal well,
dehydrators for removing moisture from the stored gas and leading facili-
ties for both trucks and rail transpertation. The product storsd is
propane gas. The installation occupys an area of about L0 acres includ-
ing the railroad loading facilities. (See Plate #2)

The Hational Cooperative Refinery Assoeiation installation is
located aboubt one mile east of the Skelly site and within the city
iimits of Conway, The legal description is the W&¥/h, SB/h, Section 29,
Towneghip 195,, Range LW, The NCRA installation includes 5 storage wells
(one additional well being developed at the present time), an Arbuckle
disposal well and pumping squipment to transfer product from the storage
location to the Refinery in MePherson (See Plate #3). All product is
brought in and sent out through a pipe line. The Refinery at MePherson
provides the other facilities for handling the product.

A water well owned jointly by NCRA and Skelly 041 Company is
Tocated aboubt two miles east of the NCRA imstallations, SEfl SE/L Nw/h
Section 27-19-4%}, This well produces water from the McPherson
Pormation (Fguus beds) and is rated at 420 gpm. This well suppliss the
needed water for dissolution of the salt in developing storage.

Proposed Storage Facilities:

The Security Underground Sitorage, Inc. have made application for
the ingtallation of storage facillibies in this same area. The product
to be stored is jet fuel for the United Staites Alr Force, The facilities
requirved will be similiar to those in use by NCRA or Skelly 01l Company.
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The propesed losation for the storage site is sbout ome mile

southeast of the HCRA installation at Conwsy (Sce Flate #1). The
location is the SE/L 39/ Section 28-19-L%. The disposel well
application is for a shallow disposal sone into the Wellington formation
at a depth of 415 feet below grownd level, The locublon of the disposal
well is to be the NE corner of the BW/L Wi/l Section Jei9-if. The
watar well for this installation will be locabted a gquartsr of a mile
aast of the disposal well in the N2 corner of the N/L Section Shei7-bl
{(Ses Flate 1). Plate L shows proposed storage wells and facilisles,

Geography and Usciomy of Btorsge Areas

- The geographlosl requirvements for undergyound storage arve well
satisfied in ihe arsa west of MoPhorson, Adeguate trangporbstion
facilitioe, the Santa Fe Rallvend and U.5. 50 ¥ Highway, are present.
The noed of falrly lorge waber supplies is provided by the proliferous
wabsr bearing choracteristics of the MePherson formeiien {Boues beds).
‘The Hulehinsen Balt mewber of the Wellinghon Formstion is favovably
located both ae to depth sud avesl extent for developing santrolled
cavities. The close proximity of the WONA Refinery added the initisl
iwpetus to the wdevground stovape instellation, '

The setusl storsge Facilivies ave developed by dissaludtion of a
galt layer which underiies the area at a depth of 360 to 40O feet.
This sel¥ layer averages about 250 feet in thickness and iv imterbedded
with thin shale stringsrs throughout. 4n ddenlized oross section (plate
5} i¢ included to glve proper prospechtive to the stratigraphy of the
ares. Plate 6 is an exach seals reproduction of the lithelogy of the
pert of the erea. ‘this cross section was prepared by Willls Gaberman,
Gonsuliant for dr. 9, He Billue of Security Underground Storsge. The
data for conetructing this profile was obbtained from radic-sctive logs
vun on best boles drilled acress Sections 27 and 28, The use of radio-
aptive logs 18 a8 exect an any sothod huown for osbiaiming subswioce
data.

Test hole logs and existing date indicate the installations of
Bielly 011 Company, NORA snd the propossd storsge cavities of Security
Underground Storage, Inc, do nobt lie in the ares underiain by bhe water
bearing portion of the MoPherson formation, The only wmaterial that
conld correlate as belng of Pliestocsne to Recent sge (he MelPhevson
formztion is matorial of Plicstocens age) 4o the wery thin mantdil of
silt and elgy with some sandy clay thel owerlies the eunbive aresa, The
thickness vardes from a Peather edge on the higher grownd bo possibly
ben: feet in the lover areas or draws, This meberisl ie nob known to
garry recoverabls ground water in this imwediate wres.

The bed-rock formation in the area of Skelly and NCRA installation
ax well ap the proposed storege cavities of Seourity Underpround Storage
i® the Winnesceh Shale. This vock layer is predominately cowposed of a
red siliy shele with thin beds of gray and geaon shale. & Ffew wery thin
stringers of impure Uypsum and Limsstone as well os zeoversl thin silby
sand leyers avre alst prosent, The Ninnescah phale thine o a festher
odpe a8 it approsches the srea underisin by the wabter bearing wordion of
the MeFherson formation. & fow domestic swd stook water wells derive
water from the silly sond stringers lovtabed at a dapth of 60 to 8% fest
ngar the base of the Nlnnescah shale,
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The entire arss is underlsin by the ¥ellingbon shole Tormation,.
This shole uederiies the Hlunssecah formation end fomms the Hadrucl
vhove the Nimnesdah pinches cubs. The wmaber baaring porblom of the
MoPherson formution is, therefors, uwndorisin by the ﬁ@liﬂngtun shale
in this goneral arsa. The %oisl lhickness of the Wellington iu aboub
700 faet, The apes of undergrouwnd sterage has a 300 foot gootion of
shalae, varicolored in the uwwper part grading to o gray fissel shalel a
fow shisly lime stringers sud sope gypown snd avhydvite lenses are lunlape
hedded throughoeud thils shale ssotlon.

The Hutoldnsom Bald mswber underiies the wpper shale section of
the Hellington 'irmﬁ%imme The Balt seobion is apcroximaitely 250 feed
thick ag indicnisd by coves obbzined from test holes. This section hes
numerous thin lﬁmtiﬁdlﬁ?_ﬁhﬁLﬁ steingers interhedded, These silingsrs,
with one sxeapblon, vavy from o few lnches bo wore than a foob in Hhidcke
nasse Une shale bad iz aboud § bo B feat thick sed appeurs to be falrly
congishbant as bo ovesl oxient snd dépth snocunitered in the salli musber,
Howawer, all the interbeddad whale i very impurs, conldalning gypoum,
aall and anbydrite in Vawyiﬁg amounie. ‘Ihe shale seoblon below the salb
is aboud 150 foot thiok and is simillar to the shale overlylhg the salb
e

The Bobehlngon Salt mepber of the ¥ellinston Tovmabdon has several
somes thed have wery bigh permeabillity and poveoaity. In zeversl
Grilling tests, actual cavities heve besn oucouniteved. This areas of
patursl cavitlies znd high @ﬁ?@ﬁ Loy ls wery likely due to the nebural
isaching of the sali gone by ground water, This lsached sres sxlobs
along sn approximete aovbhesouth Line frow 25 wmilss nordh of the Storage
sres bo & prester dimbance to the south. The numerous sink heles aﬂd
lapger depreosions such as ?ﬁmam lake and the mersh aves west of o
J@F%@r@ﬁn are Hhw resall of the dissclution of the Balt wewber and the
groaduel setbloment of the overeboepden into the leached area of the salte

This fringe svea dong the esgtorn exbent of the salt wmewber has
been wsed for oil fleld brine dispogsal. The fireb disposal well in this
seneral ares was pub in ues in %ap»umhew 1953, Bince that date theve
ars & bobal of 1% daevessl wells using this zone feor brine disposal.

The sotual configuration of this "Lest Clroulaticn¥ zove in the
Wallinglon formstion 5 not Known. ﬁﬁﬁ@v&r, it is falvly wwll
satablished that this zone of high pw”&ﬁ ty lg rather naerow in widsh,
The east bo wept boundry is lislted io lees then one-hald mile in the
gras esst of the Btovape albss. Approxisately simtesn miles bo the
novth, this sone h&g sbout the same widih, Iy doss, however, bhroaden
to sround 1 bo 1% miles in width in Saline Cownty, which is a2 distonce
of about 2% miles frow the storzse ares. This hraaaﬂaing of the "Lost
Civeulation’ zowe is probably due to the lssching of the noothern edue
s well ag the eastern edps of the Salt member. The Salt zone is like
wiRG amnaid@rabzy thinuey and 1@&% poveistent in aresl sxtent in the
ares of Saline County.

The Sali nmowber hus sbout the sane thickness south of the sborays
aren a9 1t doss ab the storags @ites. The "Lost Circenlatlion! zong is
imown bo exist thres miles Soubh of the slorage arce and ig in use at
thiz loostion for oll fisld brine dispossl, The same 20me hasg baen
sncounterad in the drilling of oll tesbts further south. IH is reasonable
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to expect that this leached zone does exist along the entive length
of the Bastern fringe of the Hutchinson Salt wember of the Wellington
formations This leached mone is overlsin by a shele section similiar
to that encountered in the storage ares and the shale appears to be
fairly wniforr in thicknese throughout the Horbh-South extent of the
BONS ¢

Technigues of Constructing Storage:

In developing underground storage it is ilmportant thet the eaviLy
be located abt sufficlent depth to avold ruptwre, Liguid pstroleuvn fuels
such &g propane, butane and L.F.G, exist in the gaseous state under ‘
normal temperature and pressure conditions, Since the fusls sre stored
in the liguid stete; pressure must be maintained in the storage cavity.
The oil industry considers that 1.0 to L.l psi subsurface pressure is
exerted by each foot of overburden. For a margin of safety the industyy;
therefors; uses a minimum depth for storage of onme foot for esch 0,9 psi
which may be exerted on the formation to avold raising the overburden,

As an ewsmple, propane has a vaper prossure of 200 psd at L0DO P, Theraw
Tore, propane would have to be stored ab a depth of at least 222 feet as
based on vapor pressure considerations alons. A greater depth is
negessary to allow for the additional pressure that must be exerted o
move the produch in storsge operations, In oracties in this area the
shovage temperaturas are less than 100° F, and the storage depths are
congidarably gesater than 200 feet.

~Plate #7 is a eross<sectionsl sketeh of s typical subsurface storage
installation, The irst step in construction consists of drilling into
the salt formation and sebiing and comenting the surface nipe {A)s
Cementing of the surface pipe consists of circulating cement grout bto the
surface so that the anvnular space bebwesn the drilled hele and the nipe
is completely filled. WNex$, the conductor string (3) is mwy inte the holes
to a depth approximately B feet below the seat depth of ithe surface pipss
The bottom of the condustor pipve sstablishes the roof of the gtorage
cavity: The thivd or injectlon string of pipe (C) iz set to the lower
depth of the cavity te be developed. This nipe is set on o concrete foob
ing at the base of the drilled hole., The pipe is perforated. near the
bottom bo facilitate the injection of water iato the storage formotion
duping construction,

An important factor for successful sterage is to mpintain 2 sals
saction between the top of the cavity and the botitom of the surface pipes
Prior to actual dissolntion of the salt to form 2 cavity, the annulua
{space between pipe A and B} is filled with the petroleum product 6 be
storeds As the cavity is formed, the petrolewm product from this snnuluvs
spreads out to form a protective cap at the top of the cavity, This
prevents contaelt of the brine with the roof and thus waintaing o
protective salt section between the product and the cement grout surrounde
ing the svrface pipe.

The storags cavity iz developed by injecting fresh waber through
the injection string. The water circulates upward, takivg salf inte
solution, and is discharged through the anvwlar space bebween tne
conductor and injection strings (pipes B and €) to disposal facilities.
in this manner a cavity is fermed with the approximate shape shown on
Plate 7.
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The water used in developiiy the cavern is metered, and spaciflic
gravity deterninations ars wade ab howrly intervales to detersine the
peroent saburabtion of discharged bring. By ubilising this deta it 1
pousible o compuds the volwes of developed stevass. 4 baereel of
shorege volume 1s developed for sach 6,1 barrels of ssburaied brine
discharged, The rate of stovoge devalopmont is on the order of 100
duys per 25,000 bbl. of storage capselity for sxisting instellationg.
The wate of development is, howevepr, dependant upon the capacily of
the waber systesm and the dispossl system.

THe largesh, existing underground giorage cuvity in McPherson
County has o capacity of 2,229,028k gallons, This is the H.leR.4. Hoe 1
cavity which dig the oldesl one in use in the avesn., The avorage eavily
siee te sbout L.5 sdllion gallong. The follewing tahle shows the
gapacitiss of individusl cavities at this time, Some of thege aye
still uider developmeni.

Sterage Coeviby Capaelby in Gulions
Btk Yo, 1 2,829,008k
UCHRE Noe 2 &, 3h2, 1l
HURA Yo 3 2,130,826
HORA oo 1,898,556
HERA Ho. B L5300,075
Skelly Nos 2 Lol 668
Swelly Yoo 2 1,552,766
5tmily Hos 3 1,839,304
Seally Hos & 2388478
Skelly Yoo B 1o 306,00k
Bkelly Moo § 1,178,213
Sty Yo, T 1,050,000
Suelly Noo 8 1,070,000

- ihe eavities developsd dn the salt mesber range frowm aboub 59
faob in height o approximaiely 205 feet, 'he top surlucy of the
developed cavitlsy range frow agprosimately LLE to 570 Dest bulow the
grownd surlzca.

Operation of Shorses Faedliticss

Petpolew produets sbored 4% the NORAL instellatlon ave broughd to
the sborage sibe by messe of 2 b inch oipe Line From the HOBA yofinery
losated Just south of the City of ¥ePhorpon. FProduois stoved abdb the
Skally installation ave Lrought in by highway or rellvesd trsngportstion.
Freillitdes sre provided at the storage sres for loading and wlosding
trucks or reiluay card. ‘

In storage operation, the product is pumped through a piping
syetem to any desired storage unit, The product is always injected inte
the annulus Letween pipes B and €, (See Plate No. 7) Since the siorage
cavity is filled with fluild, the input of product displaces brine wpward
through the injection pipe (). The brine is then removed by a piping
syetem to deep disposal facilities, Since the brine within the bavity,
has a greater density then the petroleum fuel, there is a physiocal
sgparation of the brine and fuel within the cavity. As fuel is added
the brine is lowered in the cavibty., Fuel may be added until it reaches
the perforations at the base of the injection pipe. The fuel is kept in
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a ligunid state by the columm of brins maintsined in the injection
pine, The pressuve exeritsd by this ¢olumn of bripe balances the
pressure exerted by the confined fuel,

The removal of the fuel from storage ils normally accomplished
by the dnput of brive in to the injection pipe (0) and displacing
The product through the amulus between B and €, The storage
gysten is kepb full of fluid 2t 211 timee wnder normal operations.
The reasons for this are (1) the cavity, as such, needs the suppord
of the fluwid o insure against possible caving of shale stringsrs
and -{2) the handling of the produch, both on injection and removal
is greatly simplified by having the system full of fluid., Sgturated
brine solutions must be vwsed when vemoving fuel alter the cavity has
reached the maxinum size intended or further dissoiution will sccur,

The proposed installation of Becurity Underzround Storage, Ind,
will differ in one respect from the existing installsations., One of
the requisites of the contract between the Alr Force and Security
Underground Storage, Inc, is thab one storage cavity is to be eguipped
with & Reda svbmersible electrie pump, This cavity »ill be filled
with product {det Foel) in the usual meaner and ther removed at a very
high rate with the pump rather than by displocement with brine, It is
anticipated that caving of the probtruding shale stringers {as shown on
Plate 7} will oecur during the rapid removal of the product, This
caving will probebly cause severe damege 19 bhe pumping eguipment;
however, damage should be limited to the storage equipment in this
particulsy cavity., It is very unlikely thet the surface pipe or
concrete grout seal will he demaped. The possibility that the overs
burden would collapse into the cavity is extremely remote considering
the smell size of the cavity compared with the overburden., Rapid
removal of fuel with the Reda submersible pump is & feasibility study,
‘and it does nobt ‘Constitute roubine storage operation, '

A pipe retwork carries displaced brine fyom the varieous storsge
cavities (both_during davelopment and storage operation) to subsurface
dispomal fecilities, The principle unit is the dispesal well, Single
dimposal wells, thevefore, serve each of the existing storage
installations, Flate § shows a cross-secticnal drawing of » typical
disposel well, The Skelly and NCRA disposal wells each discharze brine
inte the lower Arbuckle formation at 2 depth of about L,200 feet.

The Skélly dimporal well consists of the following strings of pipet

8. Surfoee pipe. 165 feet of 13 3/8 inch. 0.0, pipe cemented
from sest devth to the surfaca,

be Intermedizte string. 730 feet of § 5/8 ineh 0. pipe
cemonted frow seat depth to the suwrface,

c. Conduchtor gtring. LO33 feet of 7 inch 0.0, nipe cemenied
from seab depth upward Lo an undetormined elevation.

The National Cooperative Refinery Association disposal well has
the following strings of plpsi

ae Burface pipe. 240 feet of 8 5/8 inch 0.U, pipe cemented
from seat depth to the surface,




be Intormediste siring, 3938 feed of § 1/2 inck 0.D. pipe.
hig string 15 comented froem sead depth upward to an
undeternined slovation, In addition, thir string is
cemented from 2 dapth of 683 feet bolow ground level
to B8O feet Imlow the &wf&em

¢s Gonduubor steine, 3975 faot of plastic costed, 2 7/8
Tneh U0, Tubing, ’

- The surface pips is plaoced for minary nmrotectlon of fres

matar, The intermedints string 18 placed thromsh the sals %%‘im
for proteobing of the condvcbor steling ageived g2lt dotion, The
sondnebon m@}rﬂm gnryien the bwine %o the dﬁ:«mami& formaiion, The
BmA mﬂmml well also differs from the Skelly disposel well in thal
the anmuler Spsce hetween the dntersediate and conducbor shed ngs ig
Filled with diemel fuel (A.P.I. 33). Thic is dons to dokect any leak
whﬁ.eh ey &ewl@w in w‘* thor the intermwdlate or conductor strings.

Gonsbruotion f@ﬂ%}m‘r’*é& of the proposed Security Undergrowmnd Storvage
disposal woll differ considerably from the two exinding dlsposal walls,s
Az praviously mentionsd Yhe Secwsity Underground Sto Compsny well
Wil dndecd brine inbo the Ylest O ﬂ:::ﬂ.utw Yozome of the ¥allingion
for M“iﬁism This iz & depth of aboud 00 conprrad with the Arbuckle
srdection which s aporewime: tely EOO0 lset,  Thin dispossd woll, beogpuse
of Lvs Jooation with vagpeed o the Zow Beds, will have 265 wa%:. of
puifpes pipee & 208 Foob depdh iz conpidered o be bale w tho despesb
portlon of bthe Sguus bods, ‘I‘E:m gorfsce plpe will be 13 578 dineh 0.0,
gjig% and $% will be cemented f‘v ™ Hent wg;sth to tha ﬁnw%‘acm The
eondurtor strdng will be B 5/ fnch .0, pipe cemented frem cest depth
m ihﬁ% ‘?ﬁrfm@ﬁiw

The proposed disposel well will have a saepling tube fsotalled on
Pw&i'&* a%

the outslde of the suzfuce pipm. The sawpli ng ﬁ-rétz-.r:. will tem
the pelnt wheve the cesiny leaves the send and gravel of i
Heds and aniors the shels formabion. This fubs 110 ailow
of waber ab the base «f the aguifer, A4uncther stipuiad &
thig shallow disposel well g the fnstelladion of o contdmuous rmn&mimg
devies 40 vocord the stabic lewvsl of fiuid fv the disnosul ?m*ﬁ,as*.m@ A
vpper 1imlt is o be weindsined and this leval i not S0 rise sbove cY it
deépast part of the Hguus Seds, ALL brine injscted inbo this woll is
o be by grevity ab the well head,

A
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Joliubion from Underground Storare Uperatblonss

Arvoungd B &;y Ly Z&%’t’}& prOpE pollution wae dedocted in two wabew
walle on bhe Rey Burns S i lovabed about 12 mile norbh of
the Skelly c.mdmwmmci s e Shortly therealfer Lt wag Jound
that e demsstlo wator well on the Skelly sborape side was algo
polluted by propano, (he sxsch lovation of the faem is tho 58/L, 19w
19, HePhsrson Gounby, Fiale 1 ahows the locablon of the fapm with
map&@t o the Shelly and BORA shorege sites. One of the Burns?
wzils i 2 dowesbie well lm&ma at the houpe and the other iz a
sbock well locoted sbout 78 fest to the Tast of the heuse, The houge
woll s a drilled and cased well and the othor is a dug well, The
wells are avound 80 feet deep, and they devive waber from the
weathered conteocd zone ab the base of the Hinvesesh fovmetion,

~

WL




Gas ssmples were collected frowm the two wells on tha Burns
property and Podblelinliak analyses were porformed by live L. Pe
Aesohlinan, Chief Chemist for the Nationsl Cooperative Refinery
Asgociation, The snelyses were reported as followss

Identificatbion House Yell &t@@k Hall
Honwcondensible (4ir) 38.64% O 7h.T8Y
Ethane. 2e2% _ O3l
Propsus 58607 27 olih

Hutane Lt Do 56

Analyses baged on airefrves samples:

Ethans 3eTlik Lodlf
Propine By Ol FTed3
Butans L2 . o?é

Fela Wm¢1ua e that the princinie hydrocarbon amméﬁtuant
' jvewan@u It wag reporied bhad the propens shoved by the
aulowml fefincry Asgociatlon is ethane free, since ethane resoval

wad B2Y the ruzxqury@ Beell snounte of bubane are reporbed to

tial detegiion of propune ﬁﬁllw Wion of the above
wabay aeliis, veatigative ovaww&% was wndertalien by Skelly
ULl Compeiy Sﬂmaia* wora eollected Ifrom wells in Cowwey,
Trom an sbandoned v& ¥ owell on the HHA stovape sibe, avrd from obher
waber welly ln b ‘r@u@ Rona of toe additionsl wells tested weére
Tound Lo ns polluteds The tests included o furm well aporoximabely
12 wile psovrih of the day Burus favin,

stdon of the Surne' fawm wells, Skelly 041 Company
and ROLA provided a cer gupply fres of gas pollabtion for Hr. Duris,.
since bhen dkelly VLl Compsny bas leased bhe Burns properity and the

Burne Family has awoved, Ure of The parposes of Shie schtion was 50

avold the possibility of demags thab mizht resalt 17 an explosion should
OUEGLY

dmoacte of Lol

"

It agn attempt o determine the cavity or cavibties whioh were causing
pellubion, prossuve checks vwers made on stovage cavities wasd For propans
stovage. This procedurs consisted of applyving 275 pefede raur@ pih Lo Re v

on the annulue containing the stored pwoduct ab each cavity for g 72
hour pericd. Prossure recording ¢ﬁ%b?um&%tﬁ were used for & conbinuous
ﬁﬁ"mmmmm%mwmﬁe MMﬁzm}MWﬂﬁwa 3 mede on the MWD .H.4. pnusbey
i and & cavitien snd on &ll alghd of the ;ﬁ@im? cawitien, Thess cheols
have been completod and both cownanies heve roported ihat none of the
praggure cheoks showed s¢gﬂ»$$ﬁuwﬁ prepEure vedn s?”mwaﬁ thoa lodiceting
that the ssswmed siorage lﬁaﬁ i not deteddable in this manser

Asother gnaﬁe af the 1nuea%igatian<h@ing made by the oil companies
has been the inwtallation of observation wells on the storsge sites,
Fouwr such wells were constructad by | HORA around the periphery of the
storage arca and the abandoned we t&r well, previcously mentiened, is
alse being used for this purposs.  Theoe %@1@3 vary in depib from 80 te

9% fast. Ukelly Ol Company has eunstructed § similar obsarvabtion wells
on the Skelly property. The iatesy information avallable indicates ithe
propans pollution doss exieh in uhﬁ&ﬁ walls, although testing is nob



gomplets, In addition, the Skelly obssrvatlion wells bave not
provided any information that would indlcate which storsge cavily
or cavities may‘ka,tna souwrce of the escaping gas.

{Une observation well on the BURA sropasriy has shown Indiceaiions
of zas scouwmulation on an explosion meter. Abtempis to collect &
sufficlent sample of gas frem the well for gas anslysis have been
wneucesssale 4t the present tims the wells are being remcdsled in
sn attompt bo colisct samplew sefficient for ges analysis. Tt is the
opinion of HORA that presend informabion does nob Justify any
conglugions regerding pollubion of the mﬁ&@vva?ioﬂ wally on the BUR4
ghorare sibte,

Heoant convarsation by the sriters with ¥r, Osgs Yse, Production
ﬁa@artmanhg Hational Gooperative h@iinary Assoeiation, Wiehitz, and
e vo Yo Juskam, Chdef Unwinser, Skelly Uil Company, Tulse, Sklshoma,
{ndicate that the exaet source of the escaped gas has not been found,
The Wo. 2 &nd Ho. 3 3tovag@ eavities on the Skelly wroperty have bsen

Cempbled, and Lt 1z assused thad these cavibles ave suspected. Eolh
brmenies repoyt thabt evnbinued efforts are Lo be made Lo locats and
vorract the sourse of pollution. Ekelly Uil Cumpany reporis that two
additionsl ob «ww;*%ma walls ars ngunﬁd for condtiuntion on the Plrne
Tarm, 3 compaiy plans to investlgate wore thovoughly the
mrnmﬁ boe "wilz%@m aroa and to debermine whabher the guaniity
of « paw is loeressing or decroasing.

o

mTlen octuzwﬁm by Lhe m?LtG?F.””’iag this investigation

Indicate Bhat the wnst 31Pw‘v'mankﬂ@~ﬁ in staraze congtruction is the
sscane of cas avound the basse ihu suplade plpe due to o poop cemant

Jobs Thig would nob bBe poss lJ§q 3T an dmporvious sxlt section is

mainteined botween the roof of the cavity and the ﬁarfac@ uipge
Therainre, 1b WaWId s w that the detestion of any gas (petrolewn
apodnet) above hhe ﬁﬁ&“ tha surdace oipe would indiczte o defective
awlty and Jha noamid ty of wollatis duch a best could be
necomrtished by F?amﬁ%ﬂﬂ tha storage upL% with saturated Lrine and then
mpming 2 radioes r%%va log to detersine 2f petrolewn nroduchs da ewl&%

shove the base of the murfsoe pdon,

num"&,y and Gonslusions

The practice of storing 1iguid peivolevn products undergrewnd has
been in use slice late 1949 in the Hide0 nhinent vegion and =ince Late
1952 in WoPheraon County, Kanoas. A% the oressnd time thers ave iwo
updergronnd sborsge lnstellations in opersbion ln NePherson County,

These instsllstions zve located nesr Conwey, Kensss and 2re opeyated

by the Skelly 041 Compeny and Hotionsl QOQ“??uui"f \af*wa¢y %ﬁwaalabinnq
mkaily 311 Compamy hog 3 ut@?ﬁ&ﬁ savities in "“a and 4 eavivies uoder
P@%qtv¢cﬁiaﬂ with & totel storege capacity of sbout 11,000,000 willons,.
HERA ham 5 storage mavihi@@ ﬂzvlnw & botal capaciby of approximabely
D500, 000 ﬁﬁﬁlﬁﬁ@e‘ Fropans, butan@3 and Tse bubsnw ave the petrolewm
produets beling shoved, Th@se products exist in the gaseous shtate umder
normal Lemperaburecand progsurs &an&a%iamsﬂ but are stored under pressure
in the Liguld stala, ; ‘

-
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The principle facilities invelved in m&arwmmd storage
operabions are tho undergronnd cavitiss, salb brine diencsel welle,
and Prash wuaber wells. The slerage cavities avre located in the
Hebohinsen BSals menber of the Yallington Tormation. The Halt ssciion
ig abont 280 feet thick, and it 1s interbedded with numerous, thin
lenbicular shale stringers. The Lop swwises of developed cavities
m:&g«a from apsraximabely 415 to 570 feet kelow the grommd surface,

Savibies are Formed by punping fresh water into the salt fommation,
dissolving the sslb, and removing the watew Lo disposal wells,

A third uadsrgroved storsge project is belng vnderishen Ly
%{*uﬁ‘iw Tnderground Stovese, Iac. The principle differance ip the
pronosad ,:mjﬁm ar eompared with owisking mﬁftﬂw 1 ,,a%ic”n in HeFherson
County is thab the product to be stored is jei € (o tionid at
oyrdinsry Jhﬁ:xai'&‘}_ﬁw caturs and ovas suve) and thet the wzlt wabar dlenngal
'«*:314. i o dischargzs inte thes "Lost Clrevlation” sone of the ¥ E.*?,lmwtzm

rovmabion a2t a focotion in which the well ypenetrates the watsr bearing
mri, ion of the NePhevson fevmstion or “}ﬁ;qmw Beds®, The twa oxisting
.ﬁiia?ﬁmﬁl walis dlsecharzs to bhe towmr sruckle formation ot o depth of
ahouh H200 Feebt which is counsidersbly deeper than ths “emat O i"r*cm‘}, whd.ont
f.,e:m@ of e Vallinghon formatlon,

Eﬁt}mgvmmd gtoraze of petrolewm products hag proved very
saviafactory from the ina:%u.s*hx@f,r shandpoint., Undergreund storage is
reportad bo coat aboub 51.00 oer barrel of capac ti.h,f gompared to zround
£20,00 ver barrsl for surisce storage in sheel containers, Hscuuse of
waducod costs, mush grattsr sborage capacliy is bSolng provided for such
nroducts 88 oropaae, bubane, snd L.P.G. This peraits the industry bo
ConsSeTVe Ti thay ‘ah'm woshe iﬁqme sroduete durdng low :iﬂ”ﬂﬁﬂ.i pariods,

The oll indusbry, in general, ‘hm a vary good reputation for
pollution wrevention and abatement. ¥ith proper managensnt the industyy
will - %m*"ﬂ without deliberately causing poliuwbion, Siorage areas avre
chosen Ho ingure adeguste thicknessss of salt and avgrbardaen For the
injeckion pressures to o ussd, snd the sguicuent af s is mew and i
ingbslled with the best kuowm mothods, 1% is resoried that the fow
failures which have carfmwmi }n uwndergrewnd shtorage wors contributed to
Faulty techai quss in dféwtﬂ_@;}.ﬁ@‘k}‘fbe The pirineiple eoaknasy appears to be
Taitlure bo meintainm thé roof of the cavity below the botbom of the surface
plpe by means c-;éf' the a3 08De

Shovase losses are guite diffic
shere should be considsinbla val

3 to detersdne with s *mwy,, yab
¥ "www%% Lhe nosb aoourshe

dnforantion possdl v anibse Iatbinl lomses appesr Lo be
&8 hiph as L 3 hrannlog e m:mh beneatl roul ladgse
within the cavi mg @’Jﬁa» Siaag nawar are gowowhat lowsr. Ay Little

ag Da 8% noz besp reportueds Thy 043 Company and HGBA de pob heve
apeurate ai&uu i3 :::wmggw s m;&:. 'L‘ WA We,v‘m:mum whm,; spmiallablions)
hewaver 5 LOSHER 7 gutimnisd 8% 3 be 28, Yowe f;a“’ theoe
logons ave e& W h argd Wlow mf:%.* Gue wo meindensnoe of
the gas swap i bhe

+1l~



Conclusions rolabting to possible pollolien hasurds to Iresh
wehar swpliss sre 1isted below as followes

le The wrlersround sbovape Farllities fav storing Tiguid
oty oen mrodvets of Brelly OL) Cowmpeny and Habieonal Coopprative
fi'ﬁbhﬁ@ﬂg abpeniation ay woll s8 the proposed Job fuel storege
Faeilivier of Soowed i::y Undarpround a:wr'a;fs& CIna are. suny Ze:zc:,«;mta»ﬁ
Taguele 53:* the waber bpering povbien of the Fé{‘&bi}““‘*‘@‘}!’i Porepiion {(Eones
Seda .

5 ansl HG o

nob 3
Lhe A . w oariiisd mm sncountored boe
z»m};i'-';mmf»ﬁm wrﬂ mﬁmm Sobh walls ars complobted o bhe loeew dvbuskle
furmatlon and use this sone Dor the dis ;{sa&a&l o wing. otk are
gonsidersd safs from o polliukion stondpoind.

saation of the dleposal well Poy Ssoureily
g "Ii‘s::ﬁ ie '% sbad in the aven hﬁﬂ‘c%"i?ﬁa&ﬁ.-.ﬁ by bha
DREGTLEE wi on of the Motherson formetion. This propussd
toeation will ponetrste e,-umﬂ..i:a 135 fest of the ““cm”*« Budp®s The
sneneaal mx*mm is the Lot ﬁfimum thon® mens uz t,hfi Hallingbon

Foymntlofe ””h*i 2 zewd has been In use for wors than 23 yesrs by o
il industry for the porposs of brd w@ disposele “‘*f*" ok _
Civeulation” zine of the Usllingben formoticn zmm‘zz% fiuid shat im

pasurally hi@;h g;; sszia:xmw thzede The addibion of murs ninerslised waley
cannst concedvably barm the ground weier mmrim- in the Tommetion,
}“ﬁ additiong there are 15 wells presently In use thel injsct o3l Meld
wrine indo this sone, snd ne heown pollution has resvllied.

T *56&%&& e::zi s,»z m o this sone under grevily al the wall
l‘iﬂé‘i@ will ersats an prassure at he 5{1}: b opone equivalent
By e T’muam CH ua fa;,lw”m c;r Flufd maly ned in the inouh string.
This colunn could m:;",, r bm a hassrd if the cengnt geout around both
stpiogs of plos & Patle f{‘lm imw Bhab an upper lizdt Jov the
shadle imm,,mm ?v.f J, T "E;h. ,-uf%; w is plaged E}Efl-i}“&‘ e does ;c;«:-xaﬁ
pordion of the fresh e annd :@" a?,su“.mi,,\ shen the onance of sissralised
Fleid approsshize the fresh watey mone frowm bhe ;mpui; me.% uﬁa Any
ahanes § &:@:‘ sebintdon of the Sguue beds by seans of the dispossl wells
with these condvols, ie very revois, If pollubion shovld oeour, the

instal mum of a sampling tubs w:i,‘%.’f nrovide for sariy detec m.tmo In
wiaw of conivals provided, vhs dimposal well is considersd sale.

H
i1

de Prop

ane podiublon of bow welle near Mw Bielly
GLL Oowpary
S8 i

I

ALy \v.\«‘:" M&vﬂi t”i&kﬁuﬁ.sam ¢‘%A1;gwﬁ,3~¥£irw(\si ;3 i ”’(mha«d.\.ﬂ&e LL«.E‘.Z SO
(;mm%‘f.? o 1’,» is pellution m 5 i. s '*m,ew.syly ”m;, aiihough L6 m.,:ab

siaulion vt vhad By Suelly or HOHA
inaballatl m% Both sow m,rawa BAVE wnkerlaken an
sorine bhe setrce of bhe peilubisn and a b rm”'
gulk o dedsmaine the axbent of pollintion
fratvad,

L

Li.kﬁ/ﬁ-k 44-' fuﬁt@ i

1%3-1 *.7

@zaéam' aveilabls indicatss thel the sellubed
srea is limited in area 1 oxbent and theb 41 will nod hare the Bgwm
bed water. The polluited aguifer ip the weathersd zoens ab the bose of
tha mwrs%mh formabtion. This aguifor serves as & source of supoly

for domestie sonsumpbtion by individuel users in lbhe Dmsgdiabe sves and

for gensrel fzrm use,

ﬂ &
&
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5e Ingufficiend dubm are availasble to justify definite
conclusions as to the hagerd or safety of underground storage frow
8 pullution &ﬁandpaint if it le recognized that occasional failures
are pessible in sny industrial project. Pollution hes occurred,
yot many instellabtions are reportsd to have besn in wee fovr deveral
years in other areass without known pollution, Collsetion of additional
data converning storags eanst?uati@n‘ﬁaahniqnasg operabion and :
failures should be wevtsken. It is cleerly indicated thob conirols
or safs guards should be esitablished to minimise any pollubion bazard
and to detect pollubdion that may coour ab the earliest pessible time
so theb romedial measures can be undertaken. The following itesms ave
submibbed for consideration sz contrels to safe pusrd undsrground
shoraze operabions:

s Installablon of cbeervabion holes,
The storage sitc should have observation holes gpaced
at intervals of sboub 200 feeb around the storage aves
Tha depth of the holes and smount of casing should vavy
on siternate holes, The déap holes should penetrate ab
loast 150 faet of the Wélliugt@n Shale with opsn hols
below the contect of the Winnesosh Shale o the boiad
Geptib,  The other holes conld Just penetrate the Hinnesvah
e with the totsl depth only a fow fest imte the
Linghon Shales Alr zamples from these holed should he
zollected at possibly monthly intervals and avslyssd for
gan content.

B AeAuets ha r'{.&lfwdw )
and exact revord should e kept of all products
and removed lrom thw sborage 9ite, ‘

A wecord of dnjection pressures shountd be maintsined vhen
shorage cavibles are filled with sroduche

]
@

T N YU, S
SRYLANY Buriade I §

ihe drill%d bmi satiing swilace plpe should be
““111 a2d to fthe c depbl onlye. 16 this depih has nob

aan predeler u¢na& it should be dons by rab-noling abead
Lo determice the casing polint., The practice of cutting
the nole to total depith before cesenting the sucrlace plps
does nob allow mﬁtimum condibions for aata3a1ng the bagy
posslble coment Job on tho casing,

oy
iy

Do A high pressure cement siuesge should be used to insure
bhe best possible pips conanvinge

Pe Contralizers should be used on sebbing the surfase string
of Pipe.e

G. Temperature logs should be run on the surface pine cemsnt
iob to insurs agamnﬁﬁ vold areas behind the pipes

H, The brine dispesal wells should have & means of sempling
the fresh wabler aguiley near the paint whore the casing
nenatrates the bed-reck formation. The water samples
should be obtained from the lower part of thé aguifer
preferably near the bederpck contachk. A routine sampling
progran should be mainteined and chalysis of samples made
& pormmment record,

13-



Y. In case of shallow disposal wells, a means to recovd
static fluld level of the injeetion horigson should
be provided. 4 conbinuous recording instrument with
permanent type records should be provided. '
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