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Y. 41 Flelds liscovered
e, Uain
(1) stratifraphy
The reviged paleontologicel determinntione on vells of the
Umirt fi0ld nre set forth in Speeisl Zevort Moo 23, Recant Devolod-

mente in Leleontologd cel Studles, Novembar, 1951, by Herlan R.
Beryquist of the Ceologicnl Survey. Dr. Bergquiet states that,

vAt lecst 5 @iagnostic fosell horizon nrrkers cen
ba trreed throush these wells. In the order of penetretion
" t¢hay ere o8 followe: A faune donincted by Yerneuilinoides
¥ £preers above the first productive sends, 300-l00 feet
telow the base of Zone F; Ammobaculites F and leevidentalium
#p. cpsenr about 100 feet below the top of Vermoullinoidee ¥
feunc: Ammobreulites tyrrelll appenrs 275=300 feeb belor the
top of Yerneuilinoides T feunc; Trochamming J appesrs et the

ezme horizon or rbout 20 to U0 feet below the first
Amnabsculites tyrrelli. st .

By reference to one or more of these foseil horizon markers,
1t hos been possible to correlzte a1l wells of the field. It hes
£1eo been found possible to correlate the producing sends of the
field by lithologic etudies, &nd the results agree closely with the
paleontology. :

Within the field itself no preonounced erosionzl unconformities
ere in evidence; dbut upon comraring the Unist strztigrephic eolwm
with that of the Titaluk, Squere lake, end wolf Creek wells, erosion
geems to have removed sbout 1,200 fect of Zone D-E sediments res &
result of pre-Zaone F uplift on the Umlet anticline. There are
1ithologic suggestions, without conclusive evidence, of an uncon-
formity &t the base of Zone G also.

Producing eands of the Umiet field are separetely described
below:

1. Immedictely below the lowest ghzlee berring Zone ¥
fogells and Above the first Zone DE fogsils © 90 foot ernd ylelded
production for the firet time in Umlct Tast Well Na. 1C ct 655 to
745 feet, although 1t had been water-bearing in Umiet Teet Well No. 7.

2, The "upper pay," orv #firgt Ruby poy. " of the Umint field
i¢ & persistent oil scnd throughout the field and was penetrated in
Umiat Test Well Bo. 10 at 1,060 to 1,110 feet. .

T, Thin lenticular sands 2t 1, 214 to 1,225 feet snd 1,210 to
1,223 foet in Umlat Test Well No. 10 heve ylelded some oil in verious
Umiat wells, but in others epperently are too thin and tight for
production. :




4, The principsl producing send of the Umint field is the
"lower pey," or "second Ruby pay," sbout 300 feet below the buse
nf the "upper pay." It uzs penetrated in Umint Test Yell ¥o. 5
from 730 to 1,060 feet.

(2) Structure

The surface structure ag mapped by the T. S. Geological
Survey is shovn as Figure 1, sccompeonying Revort o, 3, Stretie-
rephy gnd Structure of the Unizt Anticline, 19M7.

The =ubsurfzce structure as presently interpreted is shown
on the accomvanying Dreving Ko. 1331-A. In respect to the sub=
surfzece fzulting, other interpretatione than thet indicnted on
Draving No. 1331-A are possible. The amount £enfé extent of elosure
north of the main east-weet fmult 1is undetermnined.

(?) ¥ellg Drilled

Tleven welle hrve been drilled in the Unist field. Fo. 1
wes drilled to 5,005 feet in the west end nf the field and vas
ebendoned in 1946, It had enod. shovings and some oll in cores,
but production wes not obteined. A core test (later called Umiat
Test Well No. 3), drilled in 1916 on the snutheest flank of the
gtructure to & depth of 572 feet, vos completed as a producer and
mede 25 bbls. per day on & test efter some remedisl vork. Unlet
¥o. 2, drilled to 6,212 feet in 1ch7, vas locoted only & chort
distence southemgt of the core test; and elthough saturnted oll
gends were cored et shallow depths, the well could not be made to
produce. It was believed thet the rotary methoé wes the direct
cause of sealing off the productive sunds, for they are within the
permefrost, and any wveter lost to the formations would freeze end
form & barrier. To elimincte this poseibility, the next well, No.
4, north of ¥o. 2, wos drilled with ceble tools with only enough
£luid in the hole to permit proper action of the tools. 01l vms
tried; but when it was found to be unsetisfactory, & brine wre sub-
stituted of sufficient concentration that it conld not freerse &t
the temperatures encountered. Thie well was completed in 1950 at
6 totel depth of 84O feet. It was mot drilled deeper; toole and
junk 4in the hole to 802 feet prevented further penetrztion of the
Jower gand. With an average deily nroduction of SO bbls. of 36°
API gravity oil, the results encourcged further explorztion. ¥o.5
wae located down dip from No. U end very mear to Y. 2. 1t wrs
drilled in 2 similar menner to 1,081 feet, end wes completed vith
both zones open. A npralonged test chowed the well cerable of 350 to
400 bbls. per dey. XNo. 6 was located in line vith Yo, % and Yo. 5,
dut snother locrtion dovm the d&ip. thile it hed excellent shovings
while drilling end indicated on test thet 80 bbls. per day of oil
could be pumped from the upper send, 1t ves absndoned at & depth of
828 feet beceuse of junk in the hole up to 761 feet, end beczuse of
exceggive caving of the hole.
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Instecd of 4rilling cnother vell close to o, 6, ¥0. T was
stepyed out another locztion down the dip end wes carried to 1,384
feet; but the sunds cppeared to be wet.

%o. 9 wes loceted 2t the eanst end of the field at e point
egtimated to be the ecuivalent strztigrephicelly to thnt of Xo. B,
In order to obtain informetion on connzte wrter, 1t vrs drilled with
oil-base mud. Conpleted in August, 1951, et & depth of 1,257 feet,
on prolonged test the well produced &t & rcte of 250 to 300 bbls.
per dey. Ileter, ccsing vas cemented on the bntton mnd the cesing
perforcted by strges in an attempt to leern the exrct locetion of
the source of production. Apperently the cone-shot perforating was
unsucceesful, and further teeting was postponed until a2 bullet gun
could be tried.

No. 8 wes drilled neer the axis of the structure to gein in-
formation on the thruet feult 4dentified In No. 1. This well obtsined
60 bble. per dey of oil production on & test nt 1,080 feet; dut when
the lover pay scnd wes encountered &t 1,230 feet and drilled to 1,327
feet, & flov of prs wus encountered. After 8-5/8 inch cesing wes
cemented 2t 1,231 feet, the well gouged 5,858,000 cubie feet on &
flow test. The well wes temporarily sugnended, It is believed thet
thie well is isolated from the rest of the field by two faulte.

Becruse of the uncericinty of the true structural and gtrati-
grephic plcture, Umiet No. 10 was drilled to the northwest of Yo. 8
in sn ettempt to penetrate the mein feult sné test the sands on the
north side. The foult wes epparently penetrated et gbout 230 feet;
enéd the upper sznds on the north side of the feult are sroductive.
Beiling teste indiccted sbout 96 bble. per day from & sznd 650 to
740 feet end 220 bbls. ver dry from one &t 1,060 feet to 1,112 feet
believed to be the "upper ney! sand. The hnle wes crsed off &t
1,332 feet because of caving conditions, anf the ®lgwer pay" send
wee encountered at 1,535 feet, but it hed little oil <ovm bo 1,573
feet where the hole wes suspended beceuse of crving conditiors. It
was the intention to drill both fo. 8 and No. 10 deeper with &
Failing rotery at some later date.

Umict No. 11 was located vell north of the main frult; end
beceuse the pay sands were expected to be found deeper then the base
of the verm=frost, it wes felt thrt & test Arilled with rotary,
using nil-emulsion mud, would give satisfsctory results. Drilling
hed not commenced by the end of 1951.-

(4)  Drillins Methods

Umiet lo. 1 and Ho. 2 vere 3drilled with Nationel 50 rotories
using water-base mad. Umist No. 3 was drilled with e Foiling rotery
i using water=bage mud, Wells Nos. 4, 5, 6 end 7 were arilled with &
Lo : Bucyrus Erie osble-tool rig, using ennough dbrine in the hole to meke




~ tho tools work properly. Umiat No. 8 and No. 10 were drilled in o
‘elniler menner with o Cardwell spudder. No. 9 was drilled with
the ¥ailing 1500 rig with oil-bsse mud, and Fo. 1l wes planned for

& Cardwell rotary with oil-emulsion rmmd.

(5) ?Droduction

Actuel production tests geve the following retes: Umist o,
3+ 25 bbls. per day end Unizt No. 4, 92 bbls. per dzy in the upper
sand with the top of the lower sand exposed. Umiat No. 5, 70 bbls.
per day in the upper send and 350 to 400 bbls. per dey with both
sonds open. Umiat No. G, 250 to 300 bbls. ver day with both sends

open.

Bailing tests showed indierted rates for the following wells:
Umizt No. 6, 30 dbls. ver 3ny in the upper send. The lover ernd wog
not reeched. Umict Fo. &, 60 dbbls, per dey &t denth 1,080 feet.
Uaiat Wo. 10, 96 bdbls. per doy from & depth of TUO feet end._220 bbls.
poer dey from 1,112 feet.

Vell Test Denth  Bple.Tor Dey Test Depth Sbls.ier
Umict ¥o. g P 572! 25
" Yo. b ‘ . go2! 92
" No.5 P, L1t 70 P. 1081 350 #
¥ Mo, C r. 1257 o%0 4
" Xo. 6 B. 828! 80 -
*  lo. 8 , B.  1l0go! 60
" ¥. 10 3. 780! %6 B, 2112 220
Tntentiol with present welle - 1077

. Fotentlanl an Basis of DeGnlyer and MacNoughton's Acrecge
figuraesg: .

. Bbls. ' Eble.
Acreg Yo, of Wellg ver Doy rer Dey
250 ‘ 10 350 8,750
250 10 320 8,000
750 5 300 22,500
1200 120 250 30,900

500 50 Lo 2,000
) Total 1,250 -

N

(6) - Estimates of Reserves

A study nf the Unlsot Field was made by DeColyer and MacNeughtun,
end a report was submitted under date of 4 June 1952. Assuming their
estimetes to be reasonsble with respect to probsble productive sres,
thictmass, porosity, =nd comnste water, we would 1like to point out
that we bolieve & recovery fretor of 30 to 40% could o erpected ty




ropressuring vitk gee fron other gources, end. this should not be
lese within the permafrost. 4 reccpitulation follovws:

RECOVERABLE RESEXVES

Probcbls Minimum Erobsble Maoximum

S.P. Send - 500-1000 A.,
45 f£t. thick, 17% :
poroeity, 45% weter 4, 696,000 2,393,000

# & 1-A Sends, P50-500 ,

C A.. 18 ft. thiCk. 15%
porosity, U5% water 795,000 1,590,000

32 Sonds (South Blk) 2250- : _
ugpo A., 18 ft. thick, .

154 porosity, %0% water 7, 790, 000 15,580,000

4 Sende (Xorth 31k} 500~
1000 A., 18 ft. thick, _
144 porosity, 40% water 1,770,000 3,459,000

#3 Sonds (South 31k) 1000 ’
2000 A., 10 ft. thick,
15% porosity, U5% voler 933,000 . 1,878,000

#3 Sende (North Blk) 250- o
500 A., 10 fi. ikick, ‘

15% porosity, 45% weter 205,000 A 410,000

# Sené (South Blk) 2200~
Yoo 4., 75 ft. thick,

164 porosity, 1% water 71, 84,000 63,687,000

# %end (Nerth Blk) 250-

500 A., 75 ft. thick,

164 porosity, 414 water 3,620,000 _ 1,239,000
sals 51,619,000 103,236,000
(et et et
b. §impoen

(1) Stratigravhy

. ~hellow eofimente presert 3v tha Tepe Clmpear arce are typlcally
~¥omplified in Simpeon Core Tests Fos. 12 to 71, inclusive. they con-
eist of unconeolideted gravel, send, e£ilt, end clay of the Cublk
Tormation of Pleistocens ege; sha les with unpimportent lenses of send
o” the Colville group of Upper Creteceous egn; and clternoting shrlesp
end locelly oll-boaring sends of the upper part of the Kenushuk group
of Lower Cretacoous age. - o

Deeper formations are typified jr Simpeor Test Yell Jo. 1 below
980 feet cg durk gray shele with unimporient thin lentleunlar gente nf
the lower MNanushuk grozxp to 2,885 feel, dasrk gty Torok gh:le vith
sends in the besal 600 feet to 5,290 feet, bleck ghrle of bascl Cre-
teconus age to 5,70 feet, Jurcseic ehnle eand eend to G,C05 feet,
Trinssic eende to ,5L8 feet, rnd slightly mctemorphosed pyritic
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. 2,000 to 3,000 feat.®

gshale of unknown age to 7,000 feet. Ko oil or gos occurs below
“the upper Nenushuk sectlon in the Simpeson field.

The interpretation of subsurfsce stratigrephy of the

Sinmcson fleld is appropristely set forth in & Discussion of
Goolagy by C. A. Everett 1n Section ¥ of the Completion Reoort

e e ——

of Simoson Core feste sog. 13 throush 2, znd by C. L. Mohr in
Saction ¥ of the Completion Report of Simpson Core Tests Nos. 23
to 31, irclusive. According to thelr interpretation (cuoting
from the latter report),

"The seismograph resultes indicate the eristence of
u slightly deformed &nd neerly horizontal formntion et
depthe of 1,000 to 6,000 feet with its upper surface
locally trunceted and incised by ernsion £t unusunlly steep
angles and unconformebdly overlcin by & younger formetion
differing somewhzt in reglonsl dip end gtrie from thet
below ...

#mlectric loge of cors holes &re coneble of eufii-
clently eood correlation end interpretztion to confirm
the axistence of the unconformity su~cegted by seismogreph
evidance, £nd especizlly the uniforn ee.sterly dip of the
underlying formation.

*By micropaleontology the underlying formation is
1dentified ns Zone E of the Cretaceous, end the averlying
Yeds are found to runge from Zone ¥ uwpwerd, possibly in-
cluding Zones G and H. Thin remnants of Zome F ere known
to be present on the tops of some buried toposrephic highs,
but it is not yet clezr whether the rough tepegraphy wes
ecrved by pre-Zone F or post~Zone ¥ erosion.

“The 2ome E gection carries seversl remarkedly nlean,
even-textured, porous, and permeable sands in which oil ie
found at shellow denths £t end near the tops of buried
hills. The simnlest znd most reasonzble interrretatlion is
thet oll origincted in Zone E ond migreted vestwerd up the
regional dip through the gonds ir which it accumuloted
locally where the trunccted edges of the snnds were topn-
graphically high and overlein by the impervious Zone ¥ cnd
younger shales. So fer as is kmown, no feulting or other
etructural deformation is present. Fracturing undoubtedly
ig prevnlent in the permafrost end might hove permitted the
escape of oil end ges bo the surface, forming the well
knowvn seepages of thls area. :

AThe magnitude of the relief of the buried erosion
gurfece 1g much grester than commonly found in subeurfrce -
geology. It represents buried mountein sides sloning &t
the rate of 800 to 1,000 feet in & horizontal distence of
three=ouarters of a nile with over-sll verticel rellef of

&




An elternate interpretation to thet quoted above is pre-
gented in U. S. Geolopglcsl Survey Speciel Report o, 25 bY
Thomas G. Roberte snd Florence Rnbinson, who support & theory
postulated by Thomas G. Payne that an unconformity night have
been developed under submerine conditions by erosion of uwncon-
solidnted Zone E gends by high-density turbidity or gravity
ourrents subsequent to & slight elevatilon of tre marine shelf ot
the close of Zone % time. : '

The selsmograph picture of the Simpson area seems to cop~-

flict with the theory of submarine turbidity-current erosion end
deposition, in that some 3,000 feet of reglonel east &ip affects

" Zone X deposits, whereas little or no engt component of regional
dip ie recognizeble in the overlying Zone F and younger sectinn.

(2) 3Structure

Seismograph mapping of tho gstruciure showe procticelly To
departure from reglonal dip et and near the Simpeon fleld.
Tlectric log correlations of Zore E horizons in core loles of
this arec 2lso show simple east dip. The 01l sccumulation is mot
eccounted for by locel faulting or folding dut by a etratigrephie
trep created by the deposition of impervious shales over rough
topographic eurfeces of Zone E scnds end ehales. O1l eccumuletion
4s in sends &t or nesr the tops of buried hills snd mountains,

(3) Hells Drilleé

There were 35 wells drilled in the Cepe Simpeon aree, 33 of
which were core tests in the Simpeon Seeps &ree. The depthe varied
fwor ghellow holes of 200 to ~00 fect Lo Tnlee 2,505 feet Coop iIn
the Seope area. Simpeon Teet Well Fo. 3 to the southwest drilled
to 7,002 feet, end Forth Simpson Test Well XNo. 1 to 3,774 feet.

(4) Drilling Methods

Simpson Test Well No. 1 was drilled with a Netional 50 rotary
rig. Forth Simpson Test Well No. 1 end Simpson Core Fole No. 28
were drilled with s Cardwell rotary. The rest of the core tests
were drilled with & Feiling rotary.

(5) Production

; ‘ procuction was obteined in only two wells in the arec. lore
Hole Bo, 26 wes drilled to 1,171 feset but czme in flowing fron &
depth of 306 feet. Core Hole No, 31 came in flowing from & depth
of 355 feet. On flowing tests made at & loter date, Core Hole Wo.

26 made 130 bbls. per day average, and No. 31 mede 120 bbls. per ¢ay.




The oil was a 197 API gravity (e reffin-base oll, but it had & high
pour point and is not easily handled in cold weether.

(6) Estimctes of Beserves

Becauee of the lack of lmowledge of the structure or the
trap from whick these two wells produce, BNy egtimate of the re-
sorves would be hypotheticel, and no attempt has been made here tu
make such an estimate.

c. Figh Creek

-~

(1) Stratirreshy

The gurfzce formation 2% Fish Creek Tast Yell Fo. 1 is the
Cubik gravel of Quaternory &ge to 2 depth of 57 feet. Below the
grevel e shale and sand section, probably representing both Zomo R
and Zone I, extends to the epproximate deptn of 1,000 feet. Below
this depth Zone G sends and sheles with et least one importent coel
bYed extend zpproximately to 2,270 feet. Zone F ghzle extends Irom
here to 2,830 feet, the gupposed position of an uneonformity sevarst-
ing the Colville group (Zones F through I) from the Nenushuk group.

The oil eend wes found ot 2,915 to 3,020 feet in the top of
Zone ¥, the uppermost member of the MNanushuk group. Belov thie,
ehales and thin sends extend %o 4,170 feet, then & shele to 5, 330
feet, silty sheles and thin sande to 6,200 feet, and shale Yo the
totsl depth of 7,020 faet. Sediments from 2,915 teo 7,020 feet
belong to the Nanushuk groupe.

{2) CStoucture

In the aree surrounding the Figh Creek well the recional dip
of the producing horizen 1s sbout 50 feet per mile recrly due east,
as shown by the seismograph dete. The well is situnted on 2 gtruc-
turel terrace vhich 1is very slightly developed, but irmedietely cast
of the well there is about 100 feet of esst dip in one-half mile.
Before the regionsl eest dip was developed, there might have been &
slight closure around the locality of the well, but no closure is
meppeble at present. For & distsnce of three mlles west of the well
the total amount of eest dip does not exceed 50 feet.

The ceuse of o0il accumulation et Fish Creek sppesrs to be
stratigraphic rather than gtructurel, since the well kmov uncon=-
formity at the bese of Zone ¥ immediately overlies the pay gond,
end e pinch-out may exist. The seismograph results do not depict
conditiong comparable to & gtretigraphic trap, dbut neiiker do ithey
precent eny contrery evidence.
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- Since the socumlation of oil at Fish Creek does not eppear
" ta be dependent on a local enticline or other well defined struc-
turel feature, the extent of the oil deposit camnot be estimnted
end might be very large. The importence of the dlscovery has not
been sdequately explored by drilling. - - ao

(3) ¥ells g;nigg

One well wag drilled in the Figh Creek aret end carried down
to & depth of 7,020 feet. The well wes plugged back and redrilled
trom 2,5% feet to 3,018 feet to teet & sand which hed shown some
0il on a drill-gtem test. It was completed on the pump for the
disappointing rcte of 12 bbls, per day of very heavy asphalt-base
crude o0il of 13° to 1U® API gravity.

(%) Drilling Methods

4 ¥ational 50 rotery rig was used in drilling the well with
water-bege mud for eirculating fluid. : o

(5) Eroduction

On the pumping test the well produced at first at the rate o
12 bbls. per dey, but dropped off to 8 to 10 bbls. per day with somo
entrained weter end a little gas. '

(6) Zetimates of Keserves

Mo estimste of reserves has been mede, &s it is felt they
probebly ere inconsequential, , L




5. Gsg Fieldg Discavered
a, Darrow

This field, loceted cbout 4«1/2 miles southeast of the Barrow
camp, wes discovered in April, 1949, end since instellation of lines
and equipaent by July of that year hes supplied the eams with fuel,
Sterting with thae firings of one bollsr, the uszge wes increessd es
fast o8 it wes possidble to comnlete buwrner instellations, until
only a emall part of the camp wes left burning fuel oil.

The ussge hag varied sessonzlly from £bout one-querter
million to one~half million cubic feet of gus per day, and the ser-
vice has been interrunied only & few times for short terlode., One
of thesa put the camr back on fusl oil for a month vhen the firgt
well, South RBerrow %o, 2, wrs destroyed by fire befnrs the stand-by
well, South Barrow No. Y, could be comnleted. 3efore this heppensd,
the tubing and eczsing in South Barrov Jn. 2 becrme plugged with the
formetion of hydretes during the coldest weather, end gns production
ves interrupted for & short time until the obstruction wes cleaned
out. Beccuse of the mechanicsl condition of the casings =nd tubing
on South Barrow No. Y4, this has not held up production, because pro=
duction is meintained through one of two annuli vhile the tubing is
used only to blow the accumulcted water from the botton,

The discovery well, South Barrow No. 2, was drilled to a
depth of 2,505 feet. The gps-vroducing sznd was encountered between
2,330 and 2,440 feet, and the initial well head pressure was 1,020
Pe.s.i. )

The second well, South Barrow kn. 4, found the producing send
between 2,352 snd 2,472 feet. It was drilled to 2,538 feet and en-
countered bottom water below 2,500 f{eet, but was not plugged back.
The initizl well-hecd pressure on this well wes 1,010 p.s.i: end
though it has been producing one-fourth to one-helf millien cubic
feet of pre a day eince it was put on production, 13 Mcy 1950, the
drop in pressure heg been very little, In fzect, it could be
eccounted for by veriection of the gauges. Beciuse of this, it seems
1ikely that the field has & water drive.

be  Gublk -

Two wells drilled on the Gubik structure nesr the mnuth of
the Chendler River praved thieg to be & ges fleld of mejor size.

The first well was Arilled nesr the &rex of the structure and
proved gee to be present in commercisl cumntities in &t lerst three
sends by setual tests. A study of the electric log indicated at
loast ten other gaes sands of eguivelent wvelue which were not tested.
One of these, from 1,576 to 1,635 feet, 1s believed to be that vhich
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blew out in Gubik No. 2 with & flow estimated to be necr 50, 000, 000
cubic feet por day. It wee the only send tested in Gudik No. 2
whleh ghowed evidence of gas in commreinl cuantities, although
teats were made on nearly all sands in this well below 1,145 feet—
15 guceessful tests in 211,

c. Umist

A pes zone of about 95 feet in thickness was discovered in
Umint Fo. 8 2t 1,232 to 1,327 feet. It is believed that this grs
is coming from the lower Umict pay send that is sepersted from the
rest of the field by two faults end is therefore not £ true gns cap
in this sand. If this is true, it couvld be produced without affect~
ing the rroductivity of the szme sand in other parts of the fis=1d.

The closed-in well-hend pressure built up to only 275 v.s.i.,
but on & flow test it nroduced at the rate of 5,858,000 cubie feet
per day through & 1=-1/2" orifice with & surface flow pressure of
85 p.s.1. On a flow test at 500,000 cubic feet per‘ the casing
pressures remained constsnt at 275 p.s.i.

\
f{

<

é. Uolf Creek

Wolf Creek field, while gas is present in st lezst five eands
which were tested, is not & field of mejor commercial importcnee,
O0f the sande tested, the highest volume of flow wes 881,000 cubic
feet per dey through open hole, The highest volume through the 5/16"
bean of the formetion tester wos 445,000 cubic feet. There ere
other sands that the electric log indicstes might have about the
same valus, but there 1t no reason to expect any greater volumes or
pressures from them.

Thie field would have considersble velue for locsl use, but
the volumes end pressures are too lovw for the field to be of eny
great value 8s & source of commercial esupply.

e. QOumnlik

Some sands in Oumalik Yo, 1 were found to econtzin gne under
high pressure, but they were not located accurately nor tested.

. High-pressure gns threatened to blow out when the well had
reached & depth of 2,756 feet, and 10=-3/U¥ casing was cemented st
2,762 feet to protect the hnle. A formation test wae made of ths
shut-off with the cement drilled out of the shoe, &nd a weak blow
of ges reached the surface in 35 minutes and continued for the rest
of the flow period (1 hour end 5 minutes). A bottom-hnle pressure
of 1,000 p.s.1. was reached vhen the valve was closed for 20 minutes.
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leter with bottom at 3,24k feet the well started heading ges
agein; end efter the rems hed been closed for tbout 4-1/2 hours,
the pressure 2t the well head hzd built up to 1,350 p.s.i., and it
took 20 minutes to bleed the grs off through 2 1/2" opening while
pumping mud in the hole to replzce it.

The electric log indicated possible ges sands 2,570 to
2,620 feet, 2,692 to 2,739 feet, end 2,740 to 2,785 feet. A
formation test 2,762 to 2,851 feet took 55 minutes for the weak
blow of gre to reach the surfece.

All indications ponint to the probsbility of the ge.s zones
being those above 2,762 feet, &nd that lack of & perfect cement
job permitted gae to reach the hale around the shoe of the 10-3/Ln
casing. The electric log indicztes that no gas is present in
lower formstions down to 10,000 feet, Below that depth to 10,82k
feet there are streaks of sand that might contain gas, but the
self-potentinl curve indicates very low permeabllity.

As no satisfactory flow tests were obtained on any of the
sends in this well, the velue of the field as & gas producer is
questioncble.. It 1s believed that there is sufficlent gus present
in gonde ebove 2,760 feet to furnieh fuel for a cemp and the rig
boiler, but commereial production is doubtful.

f. Mezde

No gns sands were recognized when drilling this well; but
after the total depth of 5,305 feet was reached, the hnle was plugged
with cement to 3,038 feet and two formation tests were tried to test
& zone of porosity found by the electric log at 2,949 to 2,975 feet,
The racker falled to hnld, and & dbailing thes lowered the fluid to
650 feet, when gos entered in some quantity. A mecsurement indicated
g f£low of 300,000 cubic feet through a 1/2" orifics at 39 v.s.i.
Ieter, efter more fluid was beiled out, the flow increased to 718,000
cubic feet through e 1/2" orifice at 110 p.s.i, and 1,132,000 cubic
feet through & 1" orifice at 35 p.s.i. A series of bailer runs
showed considerable ges in the mud down to 2,100 feet, but little
below 2,600 feet. " cesing was cemented at 2,784 feet end gun per-
forated from 2,559 to 2,560 feet to test the shoe and egain at 2,690
to 2,696 feet. With the packer set at 2,434 feet, two runs of the
gwed started & strong blov of gas, but the packer was pulled before
eny definite results were obtzined, ond the hole was Junked following
operations to remove the tester, which wvas stuck vhen a hemmer wnsg
accidentally dropped down the hole.

There are a few sende in this well vhich contaln ges; but like
Oumalik No. 1, any estimzte on possidle potenticl would be highly
conjectural. One was mede, however, based upon few facts and many
essumptions; and a possible reserve of 10,600,000,000 cubic fest for

the one structure was estimated.
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. Some gps was encountered in the one well drilled in thie
field ebove 1,879 feet, but a test &t 1,646 o 1,675 feet proved
the sand to have low volume and nressure. A test 1,847 to 1,879
feet gave & strong blow of gas, but the weter flowing with 1t :
prevented metering the gzs flow with the equipment &t hand. The
lover part of this sand was undoubtedly weter-becring, but the top
tventy feat at the well locntion was & good gos zone. The eleectric
log indlcstes that the upper portion of a few other sands would be
productive of gas, but volumes and pressuree can be little better
than rough estimates. . A

From the volume of gas ond. pressure on the test st 1,847 to
1,879 feet, it may be assumed that thig field could be developed
into one of commercisl value.

’ 3 h. Others .

Ssnds in other wells in ~arious partes of the Reserve con-
tailned gns, some associzted with 01l as at Fish Creek and Cape
Simpson, vhile in othere the gas was associsted with water as at
East Topegoruk. Titaluk No. 1 hed & little ges at 3,000 feet, and
the electric log indiczted other possible grs zones, but the
permezbilities in the sandes of this well were so low thot it 1s
doabtful if production of value could be developed.

None of these areas showed sufficient volumes of gag to
warrent development as & fuel source with the exception of the
middle seep &rea &t Cepe Simpson, and this for local use only.
Simpson Core Hole No. 16, when bailed down on a test for oil efter
the rig hed been removed, flowed sufficient ges out of the bore
hole thet it prevented the hnle being filled with weter to stop
the flow. It is known that thig flow continued for at least a
year. The actuel volume and pressure were too small, however, to
be of value except for local use.




: So. Barrow Umiat Uniat
Well ~Ho. 4 k. 6 Yo, 6
Depth Irod.-25381 808t-§25" ?.D. -825¢
Dete L 3252 8-31-50 3-6-50
Comment Ylovn out as Boliler scmple Vith oil

: frozen ghunks

Calcium, p.p.a. 12 20 15
Megnesium, 65 24 20
Sodium, " 5¢ 320 11,600 2,450
Carbonate, " . — - -
Bicerbonate, * 7L 1,200 3,350
Sulfate, " Lo 50 685
Chloride, * 8,160 16,800 1, k00
lodide, " 1.3 2.6
Sulfide, "
Silice, - Kot detected 5e2
Iron, " )
Totel Solide, p.p.m. 14,1457 30,115 1,927.8
Spec.Grav.c €0° F. 1,009 ? 1

T. Production Potentirl of Fields Digcovered and Regservolr Estimctes.

011l has been found in the Reserve in only three sreas. 0f these
the Umirt Field 1g the only one that czn bde considered as having com-
merciel volue at the present time. If produced by repressuring methods,
it bas a possible reserve of 50 to 100 millinn berrels of 36% API
gravity oll. Its potential, with the wells that have been tested, is
only ebout 1,000 bbls. a day, dbut by fully develoving the field on a
ten-acre specing, the potentiel is estimated at 65,000 bbls. ver day
on the besis of DeColyer and MacXeughton's minimunm acreage figures.

Two wells at 3Simpson Seeps wers completed, esch flowing 120 to
130 bdbls. per dey, but the o0il is toao heavy (19° API) to ehip by pipe
line in cold weather, and the structure is highly problematicel, es
these were the only wells of 31 drilled in the &rea th=t had more than
& fev showings of oil.

Figh Creek discovered & small guentity of & very low grevity,
139 to 14° API, asphalt-base 0il below 3,000 feet. The well pumped.
8 to 12 barrels e dey with some water and & 1ittle gas.

- Gegs bed beern found in many pleces in and nesr the Reserve.
Three flelds, South Barrow, Gubik, and Umint, ere of nroven econnmic
importence; two, Meade and Sgusre lake, are believed to be, though
no accurate tests were made; end two others, Oumslik and Wolf Creek,
shoved sufficient grs flows to be of value for locel use, but reserves
are believed to be too smrll or the pressure too low for a me jor

supply.

South Terrow field has en estimoted reserve of 5,000.000.000 to
7,000,000,000 cubic feet and & potenticl vwith the one well of ebout




5,000,000 cubic feet per day, zlthough sustazined production seems
to be linited to asbout 500,000 cubic feet per dey, basuuss of the
formation nf hydratee at higher rntes. This field has supplied

the Barrow Camp with the mejor part of its fuel since July, 1ShS,

A roviged estimnte of the reserves in the Gpbik field plrces
them st 222.000,000,000 cubic feet in the sende upon vhich success-
ful tests were mrde &nd & poesible 295.000,000,000 cubic feet if
sands are included which appesr on the eleciric log to heve similar
charceteristics. With o probability of at least 15,000,000 cubie
feet to 20,000,000 cubic feet per well per dcy, and & proven tcreage
for £11 sands of 3800 nmcres, & potenticl of 600,000,000 cubic feet
on & 100 ecre spacing is indicated.

Uict No. & eree is thousht to be isoleted from the rest of
the {1eld by two feults., The votential of the No. 8 Well is chout
6,000,000 cubie feet end has been tested et 500,000 cubic femt per
day for 11 days without showing a decline in pressures. The g=s
regserves ian this sand have been sstimated 2t 4, 700,000,000 cubic
feet, usinz the following data and computations:

Umist No. & wee completed es a gos well after penetrating the
lower Umizt sand & distance of 91 feet. This sand is ebout 200 feet
thick in umist No. 1ll, =nd we are assuning that sbout 200 feet of
this would be effective in Uniat No. 8.

After cesing wes set et 1,231 feet, the well was blown daily
for 2 few hours; and teste mede af the {flovw on July 29, August 3,
and dugust 14, showed 2 stecdily increcsing volume under identicel
conditione. Yhese volumes were 1,893,000, 3,715,00C, =nd 5,859,000
cubic feet respectively. The cloeed-in pressure built up to 275 p.s.i.

on a flovw test of 11 éeys durrtion, 26 Mey 1952 . to G June
1952, & continununs flow of 5C0,000 cubic feet per dny ves mointeined;
end the tu»ing pressure dropred only to 271 p.s.i. end remeined con=-
stant thereafter to the end of the test. The casing pressure
remeined 2zt 275 p.s.i.

Using a thickness of 200 feet, ondaree of 4lS scres 28 shovn
on Mep 1331=A, a2 porosity of 1l percent, and e comnte-water content
of 35 nmercent, we heve en aveilable reservoir pore epace of 32L,688,000
cuble feet.

Then 324,688 x 520 (300 x 1.042 - 100 x 1.014) . » 735 000,000
1. "\ = [P Ad ] ’

523 ( 14, }  cublc feet
Using en average of 250,000 per day, Y,735,000 = 18,950 days = 52 yee:
250




¥hile thase cclculstions ere believed to be conservative
and ere besed upon £ few known facte, there are & number of figures
used which ars conjectursl and upon which assumptions necessrrily
had to be made. Any differences in these could slter the produc-
tion considerably; £lthnugh 1f we allov & contingency foctor of
50 percent, thse supply would still ‘be 26 years at 5oo,ooo cubic
fest per day.

The &ade ell showed evidence that certain gande had
velusble gns reserves, but the hole was lost becruse of mechonical
trouble before edegucte tests conld be made. Estimetes of gus
reserves have been made on the five sands which myppeared on the
elactric los to bYe gre sands, using assumed pressuree equal to the
hydrostetic head of fregh woater. A revised estimte indicotes &
poseidle reserve of 19,600,000,000 cubic feet in the Meede No. 1
structure. If the arefcs in the Ernet end West Mesde structures,
vhich are higher then the scme contour in Meade No. 1, &re included,
there might be & reserve of as much as 249,000,000, OOO cubie feet.

Square leke had one send at 1,835 feet vhich peve 2 strong
Ylow of gre on & formmtion teset, but wveter followed too goon to
rermit € measurement to be mede with the eriticel flow praver.
Another sond at 1,660 feet flaowed soms ges on & test but £lso A
pulled some wr.ter. An estim:te on the reserves of these tvo sence
ves meds, which totals 34,000,000,000 cubic feet, '

}m,l.i’_ Creek Xn. 1 and Ko. X showed come rps 1n & few senfs,
but the rressures were guite low, £nd 1t is believed the recerves
here are not of major importence, £lthough there iz & sufficisnt
regerve to be of velue 28 r locel eupply for overitions in the
vicinity. The condition is somevhat eimilar tn Gunelik, where the
g2e pregeure ig high but the rands exe thin witkh low porosity. Xo
ettempt has been me.de at astimting the possible recerves in these
tvo ereas. = ‘ . .

8. Pipe Line Studies

On 31 July, 1951, Arctic Cmtmtors transcitted to the Offiocer
4n Charge of Construction a report on Crude Oil Transportation from
NPR No. 4 covering cost estimates for a nossidble orude oil pipe line fram
Umiat to Valdes for 8~-inch, 10-inch, 12-inch, and 16-inch lisea and for
capacities of 10,000 to 20,000 barrels per day.

: It was the mtent of this roport to enunerate the general cost . .
factors and to arrive at costs which would he of & reascnable order of .
nmagnitude for the cormploted lines rather than that the report should be
- & final detalled hydraulic design. All basic factors were included,
. such as unit costs and transportation methods banevtd most offi.ciont
: ror delivery or tha material 1n phoo. : . :
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7., Discoveries

a, 0il Deposits

Umist Test Well No. 10 discovered oil of 37 API gravity in a new eand
of important aapect, but the extent of the productive erea is undetermined.
This sand was 95 feat thick and was penetrated at a depth of 640 to 74f feet,
or at a ses~level elevation of plus 106 to plus 1 feet. The static fluid
level of oil from this horizon was found to be 6§15 feet, or 141 feet above
sea level.

0il was first noted entering the hole at 655 feet. When the depth
reached 753 feet, the hole was bailed 2 hours, recovering 2«1/2 barrels sand
and 20 barrels of oil, The hole was allowed to stand idle & hours, after
which the fluid level had risen to 615 feot. The hole was bailed dry in
¢ hours, recovering 20 barrels of oil. The hole was then bailed dry at
hourly intervals for 22 hours, recovering 88 barrels of o0il. The rate of
eutry was therefore 96 barrels per day.

Considering that the etatic fluid level is only 25 feet above the top
of the sand and 130 feet above the bottom of the sand, the formation pressure
could noet have exceeded 55 pounds per square inch; and this implies excellent
permeability. ™ells penetrating this oil deposit at a somewhat lower
vosition on the structure should have much better productivity than Umiat
Test "ell No. 10,

The lateral extent of the oil deposit represented by the 640-745 foot
send discovery of Umiat No, 10 cannot be reliably stated becauss of the lack
of structural control north of the main fault of the Umiat field. All that
is known is that this devosit does not extend as far dowa the north flank as
Uniat Test %ell No, 11, which found salt water in the same sand. Taldng the
averare of the maximum and minimum possibilities; or half the distance from
No. 10 to No. 11 as the northern limit of the o0il deposit, and assuming the
subsurface structure to be es shown on accomoanying Drawing No. 1331-5, the
estimated productive area would be approximately as colored in green or this
map, or 1,160 acres. This area probably should be considered as the meximum
for evaluation purposes until additional wells are drilled to determine the
actual conditions north of the fault,

Umiat Test Vell No. 10 also obtained oil production which tested at an
sstimated rate of 140 to 190 barreis per day in a sand at 1,060 tc 1,110 feet
referred to in earlier reports of Arctic Contractors as the "upper Umiat pay."
Owing to the fact that the 640=foot sand was not casec off, an accurate test
of the productivity of the 1,060-foot sand was not obtained.

For evaluation purposes, the estimated areal extent of the oil deposit
in the 1,060-foot sand north of the main fault may be based on reasoning
anologous to that used for the 640-foot sand, resulting in a tentative
maximum productive area of 1,160 acres.

One of the objectives of Umiat Test "ell No. 10 was to test the "lower

Uniat pay" north of the main fault, but a decision was reached to suspend
Operations before the well reached a depth sufficient to test this sand.
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b, Gas Deposits

Square Lake Test Tell No, 1 discovered gas deposits in sands et 1,660
to 1,692 feot and 1,835 to 1,880 feet. Formetion water was produced in the
drill-stem tests which yielded the gas in both of these sands. The electric
iog indicates the gas-water contact to be within the interval tested at both
horizons. According to the seismograph data, the well appears to be located
st least 40 feet structurally lower than the apex of the anticline, and
¢ince the structure is broad and flat orn top, the two gas deposits probably
cover an area of approximtely 2,800 acres, or 4.4 square miles, as indicated
on the accompanying seismograph map, U.G.C, Drawing No. 2481-A-l,

By locating wells higher on the structure, penetration of the gas-water
contacts could be avoided, and production of gas in commercial quantities
should be possible without early water encroachment.

Sstimated gas reserves are discussed in this report under Topic IV-D-=3,
Ustimates of Newly Discovered Reserves.

8. Production Testing

Oil-bearing horizons at 64C to 745 feet and 1,060 to 1,110 feet in Umiat
Test "ell Nc, 10 were tested only by bailing. The lower of these two horizons
vag tested without casing or packing off the upper; and consequently, no
eccurate determination of the oroductive capacity could be made. Complete
deteils of the bailing tests mre given under Topic IV-C=5, Test Vells,
tccording to these tests the 640-foot sand produced at the rate of 96 barrels
per day, and the 1,060=foot se&nd produced at a roughly estimated rate of 140
to 190 barrels per day.

Regarding the two gas horizons of Square Lake Test Well No. 1, it was
rot regarded as worth while to make prolonged tests of potential gas production
tecause the sands were making considerable water. Adequate production tests

of the gas could not be made without drilling anothar well higher on the
ttructure.

D. Fstimates of Reserves

1, Uniat Field

¢.  Summary of Farlier Estimates

At the Fifteenth Meeting of the Operating Committee in Jume 1951 the

:\‘ollowing estimates of recoverable oil reserves were submitted for the Umiat
ields :

(1) Arctic Contractors 64,000,000/107,000,000 bbls,
(2) Ravy (Lebsack) 2,000,000/17,000,000

(3) U.S. Bureau of Mines 151,000,000

(4) DeGolyer and KacNaughton 57,000,000

(5) Private industry 30,000,000 (4 10,000,0007)
(6) Milex ' 85,000,000
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A reascnable average estimate of recoveresble o0il was considered to be
70,000,000 barrels for the Umiat field.

In their Exploration Report covering Contract NOy-13360, Arctic
Contractors stated their estimate of recoverable 0il in the Umiat field as
50,000,000 to 100,000,000 barrele if produced by repressuring methods,

“ithout repressuring, their estimate would be 42,000,000 to 84,000,000 barrels.

b. Revisions of Barlier Rstimates

The estimate of June 1951 by DeGolyer and MacNaughton regarding
recoverable oil reserves of the Umiat field of 57,000,000 barrels was revised
in their report of 4 June 1952 entitled Preliminary Geological and Enginesring
Study of the Umiat Field to a possible minimum of 18,800,000 barrels and &
possible maximum of 37,600,000 barrels. Their revised figures include
allowances for production north of the fault in the newly discovercd shallow
pay of Umiat Test Tell No. 10 amounting to 1,300,000 to 2,600,000 barrels.

The U.S. Bureau of Mines estimate of 151,000,000 barrels of recoverable
0il submitted in June 1951 was revised in & memorandum by Ralph H, Espach
dated 15 January 1952, which stated as followss

"As a result of new data, becoming available from analyses of cores from
Umiat well 9, a re-evaluation of the reserve picture as given in the June 1,
1951 report was made. All data, excepting 'connate water,’ bottom of page 5,
remained the same. The recoverable reserves, using new connate water contents
in the calculationa, are 122,000,000 barrels., Pages la, 5a, 62, 7a, and Ba,
indicate changes made as a result of using Fipure 6a, representing the new
data, These pages and graph should be added to the original report.”

Reference to the text of the original 1951 estimate by the Bureau of
¥ines discloses that the fipure of 7,000 acres was used as the estimated
size of the productive area of the Umiat fisld. Recent calculations by the
Chief of Exploration indicated some variation in the areal extent of oil
deposits in the various productive sands of the field, but a fair avgrage
for the principal sands was estimated to be 5,120 acres for the south flank
of the structure south of the main fault. The size of the prodvctive area
north of the fault was estimated at 200 to 1,160 acres, but the productive
area north of the fault is highly conjectural. On the basis of reduced
acreage estimates from 7,000 to approximately 5,320 acres, the Bureau of
¥ines estimate should probably be reduced from 122,000,000 to approximately
93,000,000 barrels, Other undetermined variable factors pertaining to
production practice might increase or decrease these estimates.

_ _ 1o his report of 18 May 1951 on estimated oil reserves of the Umiet
field, Andrew Milek estimated 85,000,000 barrels of recoverable oil south
of the fault, using a figure of 7,000 acres as the averape productive ares
for all sands, Mr. Milek has not been requested to revise his estimate
on the basis of more recent well datag but if the recent acreage estimate
of §,120 acres by the Chief of Exploration were used, Mr. Milek's recovery
figure would be reduced from 85,000,000 to 62,000,000 barrels, Oil deposits
discovered north of the main fault subsequently to Mr., Milek’s estimate

would pernaps raise his estimated recovery for the field to approximately
70,000,000 or 75,000,000 barreis.




the mein fault, and he estimates the Umiat oil reserves as follows: Using
the figure of 660 barrels per acre foot of oil in place, as indicated by
George L. Gates for the more permeable sands of the Umiat field, e total

of 316,800,000 barrels of oil in place is obtained, Using a recovery factor
of ¥r. Egpach of 27% beth in and below the permafrost Fives 85,700,000
barrels of recowsrable oi} by normal ges-expansion and water-drive production
zethods, However, such methods of production woere presumed not to function
&t full efficiency in the permafrost; but by using gas injection for re-
pressuring and production of 0il, the effect of the permifrost would probably
be slight. An average increase in recovery of 20% for gas-injection over
normal pas-expansion and water-drive methods of production was considered

to be the minimum, On the assumption that the Umiat field should be produced
only with gas injection, the recevery factor was raised from 27% to 32.5%,

which gives an estimated 103,000,000 barrels of recoverable oil for tho
south flank.

¢~ Estimates of Newly Discovered Reserves

The discovery of o0il in a new sand at 640 to 745 feet north of the
zain fault by Umiat Test Tell No. 10 edds an undetermined volume to the
estimated reserves of the Umiat field. This sand was reparded by the well
geologist as having 88 feet of geod Permeability and 17 feet impermeable on
the basis of the drilling rate and the aspect of 29.5 feet of cores recovered
from 34 feet cut. Using productive acreage fipures estimated above under
Topic IV-C-7 Discoveries, the range of 200 to 1,160 acres north of the fault
for this sand gives 17,600 to 102,000 acre feet, Assuming 15 percent norosity,
47 percent water saturation, the total oil in place should therefore range
between $,800,000 and 57,200,000 barrels. Using Mr, Espach's recovery factor
of 27 percent gives 2,600,000 to 15,600,000 barreis recoverable by gas-
expansion and water-drive production; or allowing an additional 20 percent

for ges=injection, a range of 3,200,000 to 18,600,000 barrels recoverable
is thainedo

Applying similar factors to the send at 1,060 to 1,110 feet in Uniat
Test %ell No, 10, and assuming 28 feet of Permeable sand, as indicated by
the ¥icro-Log of Umiat Test Yell No, 1i, the estimated recoverable o0il north

Total recoverable reserves north and south of the fault would thus be
estimated by the Chief of Exploration at 107,000,000 to 122,600,000 barrels.

Simpson Seeps Field

In & report of 23 May 1951, Andrew Milek estimated the Simpson Seeps
°i1 f1e1d 4o ¢over a probable area of 710 acres. He estimated this area

should cortain roughly 1200000000 barrels of recoverable oil. This est:imate
has not bean revised,

= 90 =




3, Fish Creek Field

Previous evaluations have clasgified the Fish Creek area as noncommer-
cial, and no estimates of recoverable o0il have been recorded.

4, South Barrow Field

Previous evaluation of the South Barrow gas field has suggested a
reserve of §,000,000,000 to 7,000,000,000 cubic feet of gas.

5, Cubik Field

In their Exploration Report covering Contract NOy-13360, Arctic
Contractors gave their revised estimate of recoverable gas in the Gubik field
as 22,000,000,000 cubic feet in sands upon which successful tests were made
eand 2 possible 295,000,000,000 cubic feet if sands are included which appear
on the electric log to have similar characteristics.

6. Unmiat Test Well No, 8

The gas-bearing area surrounding Umiat Test Vell No. 8 has an
undetermined area, Arctic Contractors estimated that a reasonable recovery
figure would be 4,735,000,000 cubic feet, assuming the productive area to
be 419 acres; but this figure is very conjectural.

7. Meade Area

Recoverable gas on the Meade anticline was estimated by Arctic
Contractors at roughly 19,600,000,000 cubic feet.

B. EVALUATION OF PROGRESS OF EXPLORATION

1. By Committee

At the Narch 1952 meeting of the Executive Operating Committee, the
Officer in Charpe of Conmstruction appointed a committea "for the purpose
of setting forth the objectives of future exploration in Naval Petroleum
Reserve No. 4 and re-svaluating Navy's accomplishments to date,” This
comnittee consisted of Earle F. Taylor, Chairman, Commander M, V. Carson,
Commander R, C, Jensen, John C, Reed, Ted C. Mathews, and Valter R. Fillippone.

The committee spent several weeks preparing a report which was submitted
8t the Sixteenth Meeting of the Advisory Committee, April 1952, The obiective
of the comittee was stated as, "To make a reasonable evaluation of the
petrolgum potentinlities of Naval Petroleum Reserve No. 4 and adjacent public
lends.” Its problem was defined as, "To accumulate sufficient date by drill-
:25; §eology, and geophysics to provide information necessary for the evalue-

= 9 -
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DEGOLYER AND MACNAUGHTON
CONTINENTAL BUILDING
DaAtLLAS , TEXAS

PRELIMIBARY
GEOLOGICAL snd ENGINBERING STUDY
of the
UMIAT FIELD
HAVAL FETROLEUM RESEKVE ¥O,. 4

ALASKA
PFOREWORD
Soops of This report is a preliminary study
JInvestigation

of the Umiat oil field located in
Kaval Fetroleun Reserve No. 4, Alaska. It oontains geologioal mnd
engiueering data on the field and an eppraisal of the total proved non-

producing and semi-proven oil reserves under this field.

Authori ty This report is made at the reguest

of Captain it H. Meade, iirector of Newal Petroleun keserves,

Souwros of Information necessary for the prepars-
Information

tion of this report was obtained from
files in the offices of DeColyer and MmoNsughton in Lallas, Texas. This
fnformstion was furnished DeGolyer and MecNeughton by verious sources at

the direction of the DNPR.

m Irilling operations in the Umist srea
began with the spudding of Umiat Test Well No. 1 in June 1946, Al though
oil shows were encountered, this hole was abandoned as & non-produser in

Ostober 1946, The discovery well of the Umist field was a core test, now
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called Usmiat Test Well No., 3, which drilled through two oil sends betwesn
248 and 380 feet, This test was drilled in November 1946 and made an
estimated 24 barrels of oll per day on & 3=day pumping test, To date a
total of 8 o0il wells and Z dry holes have been drilled on this structure,
Exoept for testing of individual wells, this field has newver been put on
production.

CROLOGY

The producing sand seotion in the Umiat
field is» \;tliowd to ocour in the B~C zone intervel of the Lower Cretaceous
rocks. In thn' pest it has been the custom to refer to the principal produo-
tive sands in the Umiet field as the upper or Ruby No., 2 ssnd and the lower
or main sand, e have found this nomenclature to be inadequate snd hawe
prepared s type log (Fnclosure II) showing a suggested revision in the
naming of the various sends. lNoted on the type log are the microfossils
that serve to identify the ssnds.

As shown on the type log the youngest
bods encountered at Umiat are "G" sone., No sand dewelopment of importance
m.ﬁ in this zone. The underlying "F" zone ie principally shale; however,
one thin sand, the "A" sand, is present in Umiat Nos. 1 und 10.

It is difficult to identify ths contsct
between zonos AD and E henoce they will be referred to as one unit. The
first oocurrence of Trochsmuina "F* and Gaudryina “A" is cansidered to
mark the top of zone E and in gemeral, the bsrren intarﬁl above the
sommon oocourrence of Verneullinoides "F" identifies zone s In some

oAses & rere cocurrence of Vernsuilinoides F marks the top of zone D,

c o,

g,
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The “salt and pepper" sand snd the 1 and l-A sands are olassified as DE
ztone sands. As suggested sbove, common Verneuilinoides "F" is assumed
to be st the top of sones BC, whioch have not yet been individually identi-
fied. This marker ocours just sbove the No. 2 sand. Aimmobaculites "F*
is regognised as the indicator for the No. 3 sand snd Trochammine "J"
ocowrring betwsen the No. 3 end No. 4 sands is the No. 4 sand marker.

The ¥o. 4 sand as penotrated in Umiat

No. 1 is ocomposed of some four separste members; however, in view of the

genersl lenticularity of the sands at Umist they will be considered as
one sand body for the purpose of oaloulating reserves.

The lowest ssnd recognized so {far in
the Umist wells is called the No. 5 sand, snoountered from 2,776 to 2,810
in Umiet No. 1. This sand may form the basnl member of the No. 4 sand
group st positions higher on struoture than Umiat No. 1.

A major fault is recognised in Umist
No. 1 at a depth of spproximately 2,000 feet (~1,190) et which point
some 750 feet of beds are duplicated as suggested by sleotric log correla-
tion. In Umiet No. 2 the fault is apparently present at a depth of 2,360
feet (-2,000) on the basis of Schlumberger correlation. Although it is
not eonolusive, Umiet Ko. 10 may hawe encountered the fault plsne at
approximately 210 feet (#637) end Umiat No. 8 may have orossed the fault
in tbe upper one or two hundred feet. Assuming that all of ths sbove
points are pert of the ssme fault plane and not separate en echslon faultis,
the fault plene will have a dip of approximately 26 degrees in the vioinity

of Usiat No. 2. iie believe that the steep surface dips reported on the

north flank of the structure are related to the fault some and probably
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do not refleet structure. That this is a post~scoumuletion fault is
suggested by the fsct that in Test Well Ho. 4, the No, 4 sand was oil-
bearing at a depth of =230 fest whoreas it was gas-bearing at e depth of
<500 to =576 foet in Test Yell No. 8. This suggests further that a ges
cap may have existed originally in the No. 4 sand in the south blook
(Enolosure I). e are tentatively placing the ariginal gas-oil contaot
at spproximately ~200 feet. It is possible tlat thig socurce of energy
may have been responsible for the various seeps that exist in Umiat Lake.
The effect of these sseps on the possible gas socwsulstion in the No. 4

sand is unknown,

WIIKAIION of RESERVES

Aversge basic data for these sands sre
shomn on the type log. The net sand determinstions were based primarily
on the eleotric logs, and in the cable tool drilied holes where no elsctric
logs sre available we have used 50% of the gross sand logged ss net sand.

For the purpose of caloulating reserves
that portion of the Umiet field lying :éuth of the msjor east-west stirildng
thrust fault will hereafter be referred to as the “south block™ snd that
part of the field situsted north of the fault will be referred to as the
*"north blook™.

In making reserve oaloulations we have
placed the base of the permafrost at 800 feet below the sur{sce as shown
in Enclosure I and have ocsloulated the reserves on the basis of e recsovery

of 6 perocent from the sands in the permafrost and 12. percent from the

sands below the permafrost,

4.
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In view of the results obtained frem
analysing the cores of Umiat No. 9 as reported by George Gates in his
memorandum dated March 18, 1962 we have used a connate water wnlue of
40 peroent for the No. 2 sand, 47 perceai for the ¥o. 4 sand and in the

abasuce of representative data we have used 45 percent for the other sands,

RESER VisB

"A" Sand This ssnd is present only on the

flanks of the Umiat strusture and scoordingly hes been penetrated only

by Umiat No. 1, 8 snd 10 and perhaps in the very upper pert of No. 7.

The sand in the south blook outorops snd therefors is assigned no regerves.
A balling test in Umiat No. 10 from a depth of 532 feet indicated the send
to be tight in that srea and therefare we have not given the "A" sand any

reserves for the north blook.

"Salt and Pepper" Gand Although core data are meager this sand

is indicated to hawe a comperatively high porosity and permeability; however,
inasmuch ss the sand apperently outorops in the area south of the fault it
’is concidered to hawve no wvalue in that area. As shown in Enclosure I there
is appsrently an socumulatian in this sand north of the fault. Assuming 1)
500 acres to be semi-proven; 2) 45 feet of net sand; 3) 46 percent connate
water; 4) 17 porcent porosity; 6) volume faotor of 1; and 8) 8 percent
recovery, s reserve of the order of 1,300,000 barrels is present., GSinoe no
water lovel has been established it is reasonsble to expeot a meximum of

1,000 productive aores which might yleld some 2,600,000 barrels.
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o, 1 and No. l=A Ssnds Very little date have boen ncoumulated

regarding these aands; however, in genecral the sands have low peramability
and porosity and ere not as widely develcped as the Nos, 2 and & sands,
There is alsc some question rogarding the existeace of a satisfeotory
reservoir seal over the high mouth block. In view of the poor tests that
were made of this sand in Umiat Nos. 2, 3, € and 9 no producible reserves
are believed to be present in the south blook.

Although no porosity and permeability
data sre available from Umiat ¥os. 8 and 10, approximately 127 barrels of
0il per day were bailed from these sands in No. 8 and oil was recovered

from both sands in Ko. 10. Aecordingly, assuming 1) 500 sores to be

semi-proven; 2) a total of 18 fest of net ssnd; 3) 46 percent connate
woter; 4) 15 percent porosity; 5) volume faotor of 13 and 6) 12.6 peroeat
recovery, & semi-proven reserve of some 700,000 barrels is preseat., A

reasonable maximum of 1,400,000 barrels may be present.

Bo. 2 Sand On the basis of the recovery of salt
water during & test of the Ho. 2 sand in Umist No. 6, the water level is
tentatively pleced at 3566 feet subses; thus almost the entire accumulation
in the south block lies within the permafrost and for this resson a
recovery factor of only 8 percent is used. Using = porosity of 14 percent
and a connate water value of 40 porcent a recovery factor of only 62
barrels per acre foot results. An sverage of 18 feet of net sand is
present in the wells south of the fault; thus if the entire ares snolosed
by the water lewvel, smounting to 4,500 sores, is producti ve s meximum
Mublc reserve of some 4,200,000 barrels exists. For the purpose of

this report half of this smount will be classified ss semi-proven.
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An additional 1,000 sores may be
produstive in the north block balow the permafrost. Assuming 18 feet
of net sand snd & recovery factor of 81 barrels per aore fout a reserve
of some 1,400,000 barrels exists,

¥o ges cap has been observed in the
o, 2 sand,

Bo. & Eand This sand is not well developed in all
wells and appears to be rather lemticular. A review of the tests made in
a2t No. © lngg’l“ that while swabbing from a plugged back depth of 880
fest, spproximately 120 barrels of oil per dasy were recovered from the Ko,
S sand, fssuwsing 1) a maximmm of 2,000 scres to be produotive; 2) 10 feet
of net sand; 3) 46 percent connate water; 4) 15 peroent poroaity; 5) volume
faotor of 13 and §) 8 percent recovery, e reserve in the south dblock of
1,000,000 barrels is indieated, half of whioch can be considered semi-proven.
Using s recovery factor of 12,5 percent
and assuming BOO aores to be productive, a reserwe of 400,000 barrels may

be present in the north blook.

No., 4 Sand The largest acoumulation of oil ian the
Uniat struoture is present in the wvarious members of the Eo. 4 sand,
proﬂoutlly called the lower sand., Pairly good data indicate an average
porosity of 16 percent and an sversge permeablility of $4 md. As shown
in Enolosure IV the orest of the Ko, 4 sand is slightly sbove 100 feet
subssa. In view of the gas sccumulstion in Umiat Test Well No. 8 above

. 560 feet subses and based on the previously mentioned thoughts canocerning

the Umiet fault, it is reasonable to sxpect that the sand contains gas

7.
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adove 200 feet subsea in the south block. This condition doss not

muterially affect the reserve estimete. The oll reserves in the south
| bloak are based on 1) a maximum of 4,400 productive eores; 2) 76 feet
of net send; 3) 47 percent connnte waier; 4) 16 peroemt porosity; 56)

volume factor of 1; and 8) 8 percent recovery in the permafrost and 12.56

i

psvosnt recovery below the permafrost. A total of aporoximately 23,600,000
barrels is assigned to the Ko, 4 sand in the south block of which half

or 11,800,000 barrels is considered semi-proven.

In the north blook similar data
£ive & possidble maximum reserwe of 3,000,000 barrels for s 500 acre

produotive ares.

Xo. b Sand Ho reserves are sssigned to this ssnd
since data from Umist Test Well Ho. 2 indicate that the No. 6 sand is

probably included as part of the Mo. 4 sand.

Iotal for Umiat Field

Possible iinimum Reserves Possible Maximum ieserves
0 o
1,300,000 2,600,000
1 ead 14 700,000 1,400,000
2,800,000 5,800,000
700,000 1,400,000
13,306,000 26,600,000
Total 18,800,000 37,600,000
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CONCLUBI ONS

As pointed out in owr memorandum

of May 25, 1961 we consider thet it will aot ve cumaerclally fensible

to develop the 0il reserves at Umiat uatil an amouat of acditionsl oil
sufficient to support pipeline transportation to southern Alsaks is

proven to exiat in H.P.He 4 and adjoining sreas.

In order to mske & sound analysis of
the productive capacity of & potential oil field it is necessary to

obtain good representative cores and to meke conclusive formstion and/or
production tests of sll sands having favorable charssteristios. In
reviewing the oore and testing date accumulsted thus far st Umiat it

 is apperent that peor and oftemn conflioting data have been obtained from
 he wells drilled with osble tools. A good example of this is the failure
%0 rescover more then one good core from Usiat No. 10. For this reason

we believe that oable tools have been unsatisfactory for explorstory
drilling here.

With the completion of drilling now
aggreved for the Umiat area we foel that exploration in this field, ss

4% is now known, osn be terminated. Hew seismic data oast of the Colville
Mwver or wnusually encoursging results in Umiet Test Well No. 11 oould

slter the situstion snd our final opinion must await results of these

Submi tted,

TG0l a Hlac Toeln

DeGOLYEH and MaoNAUGHTOR
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Ootober 25, 1951

Captain Robert H. Neade, CEC, USN
Direstor, laval Petrolsus Ressrves
Mining Exchange

1030 Fifteenth Street

Denrver, Colorado

SUBJECTs REPORT ON UMIAT AND QUBIK STRUCTURES
HAVAL PETRCLEUM RESERVE WO, Iy, ALASKA

Dear 3ir:

Herewith is presented, in conformance with your instruc-
tions, a report as of October 15, 1951 of the extent of the crude
0il reserves of the Umiat Struoture and as to the oil possidilities
of the Oubdk Structure, Naval Petroleum Heserve No, L, Alaska.
Pursuant to your request, the Petroleum Engineering Departaent
the Union 01l Company of California has made an investigation of
the orude oil possibilities of the area in question.

A sumsary of the report is as follows:
UMIAT STRUCTURE
Cruds 041 Heserves

As of May 15, 1951, the Petroleum Engineering Departasnt
of the Unien 0il Company of California made an appraisal
of the extent of the erude ¢il reserves of the Umdat
Structure as indicated in the following tabulation.

Estimated Reccverable O

{(Proved Developed and Undeveloped erude oil reserves
tut uneconomic at today's prices and costs.) 30,000,000
barrels




Capt. Robert H, Mende
Page 2
October 25, 1951

Inferred Crude 011 "Reserves”

{(Amount of crude oil that might be

proved by sdditicnal exploratory

development of the Umiat Structure,

but that as yet has not been demonstrated.) 10,000,000

Developments subsequent to May 15, 1951 which include the
production test of Umiat No., 5, and the drilling and testing of Umiat
Nos. £, 9 and 10 de not materially alter the former sstimate. It is
concluded that any revision of the sstimate of May 15, 1951 would be
parely academic and would be well within the limits of error iukarent
in making estimates of orude oil réserves. This statement applies
to the totals and not to the detall of the component parts of the
eatiaate,.

(For detail refer to report by A. F. ¥oodward in the
appendi x.)

Both Umiat No. 5 and No. 9 indicate that favorable produc-
ing conditions exist in the lower sands south of the Umiat fault and
below the permafrost sope over an area sstimated to inelude some 2,650
aA0Yes. )

The success that the oparator has had in the use of arti.
ficial methods of prodiction would indicate that it may be possible
to reach an anmmal production comparable to oil fields more favor-
ably located in which case & rate of 7,500 barrels per day might be
realised for one or two years,

QUIIK STRUCTURR

To date, Oubik No. 1 drilled to a total depth of 6,000 feet
and Oublk No. 2, drilling at a depth of 2,L00 feet, have penetrated
& series of sands in both the Upper and lLower Cretaceocus having a net
thickness in sxcess of S00 feet.

0il Reserves

There is no evidence, to date, to indicate the presence of
oil in the Gubik Structure, and it is unlikely that this struoctwre
contains oil in produeible quantitiss. The only qualification to
this statement applies to the sands in the Lower Cretasecus penetrated
by Oubdk Ne. 1 from 3,Lk85 to 3,605 feet from which a gas sample was
obtained that analysed 9L.7% methane and 5.3% ethane plus. The high
content of methane indicates a dry gas condition in this sarnd but the
laok of definite knowledge as to the composition of the ethane plus




Capt, Kobert H. Meads
Page 3
Jotober 25, 1951

leaves sone doubt, If the ethane plus includes propane but none
wm-mwmtsmhuhlnmmmm, then it is
unreasonable to expect producible oil to ogour in association with
this A8,

gas lleserves
None of the sands to a depth of 1,500 feet in Gubik No, 1

contain gas in producible quantities, altheugh porous and permeable
sards were sncountared in the following intervals:

Sands penotrated in Oubik Ho. 1
to a de of ) foot

dell Depths
o Total Interval Het sands

890 $LO 501 Sands silty
1065 1186 91 8sy
1208 1238 Jo X
1267 1348 78 60
1437 1o 53 A8
Totals 302 220¢

All of these sands can be eliminated as producible of gas in quantities
sufficient for consideration based upon tests in Cubik Xo. 1 and Ko, 2.

At depths below 1500 feet Cubik Ho. 1} penetrated a series of

sands which were either cored or indicated on the Schlumberper and werse
tested in Oubik Ho, 1 and No. 2 as follows:

%ell Depthe Total ' Not
R -—-‘o m m ﬂmm

13 1575 1630 g5 58 Tested Oas in TJubik #2
2) 1680 1738 58 50 " L A
1840 1865 a5 20 Test failed
1503 1945 L2 ¥y Kot Tested
3) 3uéo 3608 145 120 Tested Cas in Gubik #1

in susmary then there is positive evidence of #ns produstion
in only three sands out of a total of ten sand intervals indicated by
coring or Schlumberger log.




Capt. "obhert H. deade
Page 4
Ootober 25, 1951

A2 egtiasie of proteile well head gas reserves per acre
is a3z follous:

Jand interval sutinated

Sa0R i xCFZAcrc
1) 157¢ 1030 13,500
2) 1ﬂ%o 1735 19,000
3; 3456 KR 25,000

Total 66,500 .05, per acre

Thds estizate of gas ressives inclecates the amount pro-
duciiule at the well hewsd Lat i» net indicative of cemmercinl nvail-

fiell productivily, coupression requiremonts, line losses
and ctier lntengible fsctors would ell tend to materinlly roduce
thin reserve estimate wien trancluted inty amount of delivernile
a8 for commercial use,

It is irposeible at tiis time to make a reasonsble estizmate
of the number of productive aeres due to the fact thut the structure
has only been indicated Ly selsaic zeans and no data im availsble as
to the areal extent of the sands,

CoNCLUSIONS

It ia not bellieved thst further development of tha 'ziat
ftructure will materially change the present concept in regard to
crude oil reserves. Cuch development would unguenticnably change
the detall of the estimstes but should have proportionately little
effect on the total,

Further drilling at Jubik 18 not likely to prove up any
crude oil reserves. Cas analyses available at this tize indicate
that Gubik is & dry gas structure. If the ;s analyses from forw-
ation tests in Qublk No., 2 are similar to those from “ubik No, 1
thers is little likelihoad thal producible oil exists in this
struoture,

Hespactiully subnitted,

S
J - 4
s ~ -
J0. 3
;

Chief Petroleum tngineer

WSsteld
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Appendix Cetober 25, 1951

An of ¥ay 15, 1951 a report on the Uaiat Structure was
submitted in whiah Lhe details of the sources of infarmation upon
which the report was based were outlined.

In addition to the data collected at that time, subse.
quent reporis of drilling and production tests were made available
in the Fajirbenks, larrow, Uaiat and Oublk offices of the Aretic
Contractors,

Approximutely two weaks were spent in the Fairbanke-
Harrow ares from Geteter 1 to 1k, 1951,

kell histories, loys, ;roduction cdate and related in-
forwmation obtained has not been included in this report. These
data are omitted to avoid unnecessary duplication of facts readily
available.

¥. 8, BOGLESTOR
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Union O1l Company of California IN REPLY GIVE NO.

Whittier, Calif, Oct. 25, 1951

W. S. EGGLESTON, Chief Petr, Engr. At lLos Angeles, Calif,
. Answering (Date-

Att'n Letter File-

. Subject UMIAT STRUCTURE
NAVAL PETROLEUM RESERVE NO. 4
ALASKA

Estimated Regerves, as of October 25, 1951

The Umiat structure has been divided into several areas for the
purpose of evaluating the oil sands found in different structural
blocks as well as to differentiate between oil sands in the Permafrost
Zone and those found below the Permafrost Zone. These areas or "Blocks®,
as shown on the accompanying maps, are as follows:

Block I Crest of structure area, south of the Umiat Fault.
Upper and Lower Zones in Permafrost.

Block II ~ South Central Area. Upper Zone in Permafrost and
Lower Zone below Permafrost.

Block III Area north of Umiat ? Fault, "Shallow" Zone and
Upper Zone in Permafrost (part of Block may be
below Permafrost in Upper Zone),

Estimated Recovergble 0il (Semi-proved, developed and undeveloped)

Block I 2,000 acres 8,440,000 barrels
Bloeck II 2,650 acres 19,917,000 barrels
Block III 375 acres 1,050,000 barrels

29,407,000 barrels

Umiat No. 8 proved up a limited area of Upper Zone production north
of the Umiat ? Fault. The well pumped an average of 60 B/D of 37° gravity

‘011 (clean) for 10 days. The well was deepened into what has been cor-

related as the upper part of the Lower Zone and tested 5,000 m.c.f. per
day of dry gas (north of the fault).

Umiat No. 10 had reached a depth of 1124' on October 15, 1951 and
was still drilling at the date of this report. An oil-bearing sand zone
was encountered below 625' ("Shallow" sand) and although only 6 feet of
actual oil sand was cored from 625! to 730!, a productive thickness of
25! or more is suggested from the drillers' log. A 16 hour bailing test at
753t indicated a % B/b rate of 37° gravity oll., A second oil sand zone was
found from 1061! to 1116!'. This sand has been correlated tentatively as
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the "Upper" Zone, Bailing test at successive well depths of 1095t

(27 hours), 1108' (5 hours) and 1124' (15 hours) gave an indicated
initial production rate of over 200 B/D combined with the "Shallow"
sand. Bailing tests are only comperative and seldom indicate the true
productive capaclity as established by a sustained pumping test,

The "Shallow" sand (625' - 670') might be rated at 60 B/D and the Upper
Zone (1061! - 1116!') at 80 B/D. The Upper Zone in Umiat No. 10 area at
a depth of 1061', is very probably below the Permafrost Zone and accord-
ingly has been given a slightly higher recovery factor than for the same
sands in the Permafrost Zone.

. Umiat No. 1, the original test well on this structure, found the
Upper Zone oil bearing but extremely ®"tight®, A 23 foot oil sand was
cored from 1737!'-60! with relatively good permeability. The main part
of the Lower Zone, as correlated by R, G. Reese, was uncored and untested.
According to Reese, a fault was encountered at #2050! (presumably the
Umiat Fault), Numerous low permeability eil sands were cored below this
fault and are very probably a complete repetition of the Upper and Lower
Zone north of the Umiat Fault, Gas shows were encountered below the fault
in the upper to middle part of the Lower Zone, as correlated by R. G. Reese.
This would approximate the same stratigraphic interval as the dry gas zone
in Umiat No. 8, but over 1,000! structurally lower than No. 8. If this
interpretation is correct, then both wells are north of the Umiat Fault in
this interval, and therefore, prospecting for an oil belt down-structure
from the Umiat No. 8 gas sand may be disappointing.

Low permeability oil sands were cored in Umiat No. 1 north (?) of the
Uniat Fault in the Lower Zone below the gas shows. This might give some
encouragement to the theory that oil should be found in the lower part of
the Lower Zone at the Umiat No., 8 or Umiat No. 10 locations, however, all
core evidence to date indicates an average permeability of 10 m.d. or less

in this part of the Lower Zone.

An area unkmown of size (designated as Block III) north of the Umiat
Fault may prove to be productive in the Upper Zone for a considerable
distance in close proximity to the Umiat Fault where the fractured condition
of the reservolr rock may improve recovery considerably above the estimated
40 barrels per acre-foot.

The 23 foot 0il sand cored in Umiat No, 1 at 1737' with permeabilities
of 40 to 75 m.d. 1s below Permafrost and south of the Umiat Fault. This
sand was untested but could be productive over a 300 to 400 acre area along
the Umiat Fault, and if combined with some 100 feet of low permeability oil
sand found below 2095! in Umiat No., 1, might yield over 1,000,000 barrels
of oil (at 13,500 bbls./acre recovery).

Conclusion:
Unproved prospective reserves of 1,000,000 bbls, for the Umiat No. 1

arca added to semi-proved reserves of approximately 29,000,000 bble., for the

_balance of the field, gives an estimated total of 30,000,000 bbls,

Very truly yours,

AFV:ea Aﬁ 1“??.W0;(0/1?\Kl:fu&”yQ

Encls., 2 maps Staff Engineer,
1l sectiom
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BLOCK I
Upper Zope (In Permafrost)

Area = 400 acres

Net o4l sand = 40 ft.

Estimated Recovery = 40 B/Ac.Ft.

40' x 40 bbls, = 1,600 bbls./acre

400 acres x 1, 600 bbls. = 61.0,000 bbls.
Lower Zope (In Permafrost)

Area = 2,000 acres

Net oil sand = 60 ft.

Estimated Recovery = 65 B/Ac.Ft.

60! x 65 bbls. = 3,900 bbls,/acre

2,000 acres x 3,900 bbls. = 7,800,000 bbls.

BLOCK I EST. RESERVES: 8,440,000 bbls.

BLOCK 11
- Upper Zope (In Permafrost)

Area = 1,020 acres

Net oil sand = 40 ft.

Estimated Recovery = 40 B/Ac.Ft.
40* x 40 bbls. = 1,600 bbls./acre

1,020 acres x 1,600 bbls. = 1,632,000 bbls.

Lower Zope (Below Permafrost)

Area = 2,650 acres

Net o1l sand = 60 ft.

Estimated Recovery = 115 B/Ac.Ft.
60! x 115 bbls. = 6,900 bbls./acre

2,650 acres x 6,900 = 18,285,000 bbls,

BLOCK II TOTAL EST., RESERVES:s 19,917,000 bbls.




BLOCK II1
2Shallow” Sapd (Found in Umiat No. 10, 625-730' in Permafrost)
. Area = 1 300 acres
Estimated net oil sand = 25 ft.
Estimated Recovery = 40 B/Ac.Ft.
25t x 40 bbls, = 1,000 bbls./acre
‘ 300 acres x 1,000 bbls. = 300,000 bbls.
Upper Zone 1 (In Permafrost in part of Block)
Area = 375 acres |
Estimated net oil sand = 40 ft.
Estimated Recovery = 50 B/Ac.Ft.
40% x 50 bbls. = 2,000 B/acre
375 acres x 2,000 = 750,000 bbls,
Lower Zone
Gas (Reserves not estimated)
BLOCK III TOTAL ESTIMATED RESERVES: 1,050,000 bbls.

BLOCK I 8,440,000 bbls,
BLOCK II 19,917,000 bbls,
BLOCK III 1,050,000 bbls.
TOTAL 29,407,000 bbls,
A. P, WOODWARD

October 25, 1951
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GORIE STRICTURE

The Gubik feructore lcoatsd rpproxinately 16 piles onst
pf Umiat is sn eewt-weet Loecdin elracture satimstad to cortain
mome 21,000 wores within the cloeing coniour as shown ob Lthe at-
taahed oontomy wan,

Ganik NOp 3 woteu #a3 arilled seapr Lhe cresl of the
stracture, cored aml logied & nerlen »f sands in both the Upper
and lLower Cretagsous B shown on the attached oroes-esotion.

The {ive send intervals encountared from 650 to 1500
foet wars tested in eltber Tubik Yo. 1 or Ho. 2 without successful
s production, mlthough a cme ssspls was obtained in Gubik Ne. 1
Irom w 1o -

Sands enocuniered in Cubdik Ro. 1 and No. 2 that oould bas
productive of paw are livted ns follows:

hall Jeptha

Logged Net Sand Balie Py Lell in

By Sgnl. im iat. fram Hamgarwd which

fablk %o, é Total fubik Ho. 1 iy NallaT s J. F. T,

rom _lo  lntarval ilog Jo ¥, T, fsoorded  Made
1) 157% 1630 55 L+ 10004 " Jubik No. 2
2} 1680 1733 58 5N 11504 Meoat, dublk Na. 1
s 100 1868 25 G - - Tast ‘ajloed
* 1903  15L5 L2 ) - " - Sands pinsh out
3 S0 s s 12¢ 11004 150750k, bk ‘o, 1

PCHSELTY ) MIABTLITY & L RATq WATRH

kall e iwt ioroaity Ferma. Conale

From %n Samd % un Eater

157% 1830 £5 Lat. 7 T Lat. LOT

1580 1T 50 ive, 20 ¥ Flus ast. WOF

WA OS 12 dva, 12 29 to 268 Est. LOY

# Yote: These sards wers uct tasted 1n “ublk Ho. 1 tut showed

up
on the Fohlumberger, In Cublk No. 2 tests failed and lower
sand 1907 to 1945 wes zissing.
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Conponition of (as

Trekerval

133 - 1495 Cathuhe L
Jhhane 1.25
Fropane ¢ 1,57

1401 ~ 1738 St e $7.05%
2thane 2.95

3,88 - X519 Kathane k. 74

sthano Flus 5.)

CALCRATION ¥ QA8 ®AL 2VL3 - 3057 ~TRUCTURE
1) Sand intervel {n lulik ko. 1
1575 t0 16% et zmand 557 eatimnted

H'.. H - P. m

Bal.Y. e

Deviatien 1.15
Factar

L3560 % .20 x .6 x .ﬁ_:_# x gimﬁm.l,w.

I8 M.C.F, per acre foet
setimted recovery factor B5%
8 x 85 x 55 = 15,500 U.C.¥. per aure
2} fand jnterval in Qutdik lo, 2
1500 to 17X et sand astimstea 50

H.ALP. 11504

E IH- OT » T".

Deviation 1.16
ragtor

L3S0 x 20 x b x %:ﬁl xuigﬂf\lhl:l.lﬁ-

159 %.C.¥. par aure Towh.
sstimsted resovery faotor B85
59 x 8% x 50 = 19,006 K.C.F. par asre
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})) Band isterval ia Oabik A
A0 v 3OS net sand seiimatad 130°

PP, 1h002

BolleT. ist, 150

Devistion .11
Fastor

m:.HxJ:Hz%;Ln-

8L M.C.0,. par acrs feot
srhimatad reeevery factor 0O5%
28k x .65 x 120 = 29,000 K,C.F. pur asre
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Jaxwry 22, 152

Sublectt Revision of ZReoperd on
tuu 38 strves
ol
ui:“ctu, .\«..k-’il pe.-r-“lr':a::
.T’.:'ac;“'f“a - -
Minlrg Exchonga Euilding
1.,33 FJ conth Strast A .
Dnover, %cls:m‘ -

Dear Canledn Yaoadgy |

v

- Follewing the moctl:g of the Kaval xct'rle'm Ressrvee Ko,
: Operators Cer;.itt-c»e, &t wiich Mr, Coorgo L, Gates presentsd some
sezults of corg enilyces fraa Wiat fell Fo, 2, wa ruceived a letter
Fus! §':. {ztes edong with data relalirg 3 dndsrsiitial zater Sn
well Yo, 7 Cord suomlen, Gatur sert hiz inforcailon ad your ro-

guest ard rcked thal 3 lot yor kaow whst c‘k“ges in onr exiivats
Lhene o

tsia vouid ke, o .

$ AL 2

a_a-'r-w=cia's¢;,' rorg Ldolen i:n on ®ell Fo, 9 iih the ‘ihs:z‘ t et 1
z:zf:imu to £snusa nysell L the forzedicns ie Teld Yo, 9 wre
correlutive t-o opr in L 2 *.:hu.s uptn ¥aien tha repert wos based,
“;fcr\: tely, I bave wch nad the tims to satizfy ryveif on this
and in ordsr not Lo let the revisicn of is repart hexg firs wach
ionser, T g7 semdlre you ehanses in ke rerort st woald reeult
from the une of Gales?! duta, Thu2 nrvisibns fre preperad LE 2 ro-
tired mavoary, psios ey 65, T2 ",1 3 rerresponaing to paies £, 6,
7 24 B in 4he oririnel resord ard fipwrs €a corrorpoding to the
<rimal figure 6. ooce sonletiered poces x4 fisurs = be race
part of the origlinnl veports The rew data Indicate the Yosirves

In Pecenozr I sront tos dﬁ;;s in your ofifies and oblafind
3 > 3 by

&

?‘

o3
K
%311 be weducad o 1”‘ i*l on henels,

nyce eonlfes of tho rovision are erclsned, Teo copnles
vill o seat s tha Nayy Gi1 La&t, £laskzz Sectien, %, S Cr-"xlo;& 1
“*:rvey, Teshiin taz ol gingle copins will e retaived by the Rue
¥ Mines in TLacrircien and ot larasie, This corressends o the di:~
‘.:‘J_b’l"&i:.{x nd the orizinal resirt,.

I &n sorry fov oy Solsy In rqc"ﬂz,lg .a:v‘ T c2a pnly bepe tha
1% hos reb inconvenionced ;'*»z:..

Coxy ter Georpm Cryc /o Re Eo BolaTH
ﬁ. ;~' Cat‘&cll i
Yritoz BRALRY ff, ESPATH, Chie?

Filca Tet, & Eat, (s Branch
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Potcvirabls Ieleroloua Puserves in tho Uslat [lvncture,
Navel Psirolsva fecervs Noo k.

S ory

From inferzation svallatle a3 of Jww 1, 2051, wmien coven wells had
btson drilled on ths Drial sirucloro, it can b2 concluled thot g winicua of
170 acros have tean proved produstiva of ol exd that frow thore 100 ecros
3-3/% =ilifon Sarrels of il ceald ko recovsreds A rore Likcly pieture of

he polentialitisn of the siructurs, develepod froaz oyvaluating the Stiuciurs
i torze of tho known conditlona &3 at Section A-A?, Figm<s 1 wid 2, 10~
vazls 7,000 sores as producilive of oid and £had Iron the 7,007 cores
163,000,000 tarrels of cil could Lo recovered, ‘he rals of rocovery of
thig 01l would ba b 8 maxioom at the iime of 1l dovelgpuerd or, accoriing
to & rlen subalided, 21,333 torrels a day ot the exd of 6 years es shwam

in Flure 3. Tho 1ifo of the ficld woald be rosoriery bolsmen 2% end U0

years fozending on the cpartilierns esplered d econonic end other consibgors-
ticre,

1/13/c2

Is a reelt ef new €ata, bocoaing svailahla frot snalynos of wored
fras idal v2ll 9, & re-evaluation of k2 yencrve pletirs 2o  iven in e
June 1, 1351 weport wax vada, ALl dats, esenpting Plonrais waler®, botlom
of vua ¥, rouzined the same, The recovoreble rossyes, aing mos oow
rater contents in the caladations, srw 122,003,900 rarrelrs,
€2, Tz, ant 8a indicals chanyes padg &2 & resilt of using Figure £3, ro-
presenting $he tmw data, “heee pegas end prach ehonld be aMed 1o Lo

crigiesl seport,

£

“

PV s Pl Dt
/::/ IFN ¥, TSEATR




L ]
Velirma of €AY iIn Uslal Cirueture
PLoure 2 2 and the evaluvativn of ks Fuly 2 oo cra 4he boses
Tor delerzi: iwg tha uil 1n Elat strecture, A\

: A - . L"?Q(MJ/;:':AA Jn\_
Acrcages within the scversl contsurs aret T

~71 to «hDD ) 837
=552 ts =350 821
~37 1o 200 2y
230 to =17 1,157
-1 to gea level £&
ren ievel to #3630 1,528
’91';0 to 4’2‘:’0 ) 1,192;
sboTa +2090 & -

Total 6,58k acros

* .\ \ hY
,g;*g «isi“v uniforsity in sard thickaneses ard Intarvals beteren eands
rermit the £ollowt uz peneralizaliony for ‘t}:e structure,

Thizinese of viper by 2 sanfe—— £Q font
“hieknesa of sidole Py 2 zaniceee—e 29 feb
Thickreza of lower Fuby 2 sand- 270 Ceat
Intarval betrzoan Lo of o

7 vorer Sty 2
awd 2od top of oiddla IuYy 2 gands 9k foot
Interval Letsoen top of wppor Rty 2

gad and tup of losey Raly 2 mandem 390 S22

fy saking wce of 211 porority detersiraticnz oa Sty 2 earcls, {fros
¥iztevsr sourcs) senpls lsgs, uG-\ l.:mar*tr 1sze end Figure by, 1he mands

eenas wys groupad with the vpper sand,

The evalpailon 15 ar followste

7
¥ers cvaluzted inte good, »edizma znd poor. E*cs::.a of P"ilar $y the riddlo

Cpndn  Foresl tz Cenrale veior Peyron>ildy

7% feat of {17 “wod 173 S : 150 &
wrpar ad i3l {zz0 rodirs 153 335 &3 =2
cenda (35 noa &= Leg 1:4,
m' good 16Z 295 719 .

Lo
NSO

\J’\\r

Toat of thia rzzr totion of the sund
Tiale breays, ot tnclvdod

&
P’
o B
[ <
& :
"'\f‘\/’\f"\’\/"\ S Nt N

Ta

redivy 15,55 Log in) 4,
yoor 123 S’i;.%’ 3 w4,
Posry et inclndad, gx3 eonlng from &.fout 15

Ladash £ i o 4

B oL B i LT & ol LC it B £ iated N o
§ il !

ks

Y R W TR WO R T P e




.4 701 d 15”5‘76
x O7% = 18,272 ~_ .
x %21 = 1),A25

.
lovay =enal

16 x 1,395 Wolalfacre foel X 5t e 8,015
207 3 1,260 Bile./acre foob x 258 = 14,808
151 x 931 wels,facrs oot x L8 = 63,607
£5,031
133,44

- <

123,68 x 6,90k acres = 933,370,000 Yarrole of ofl in plsca, of
which ordy thst oid in good nrd pediua gracs szlg i esngldsz >
vailasle far prxivetlon,

- - 4 -
cr 130,505,030 barrclp w13l Tempon2 &2 prodaction pressdures &nd

Y

537,825,000 barraln Wil Dzt




wd of Tocosmratle Ci 4n sk Dlyntara

P

e

7y cacanslion rmechandsa Eolalrt - . -

. |
913,370,000 x 00050 (lavoratory data) = 127,183 barvels

1]

By provity drairage solalys
(rosd e nstivn sends oaly of valus)

(12,655 + 8,515} thlefarra x 6,004 acTes X L0185 = 2,535,113

1

e
g
ra3

(15,232 + ¥L,EL8) wae.facva 2 6,55k &cres x .01 {eciimate , 318,108

or §,£51,000 barrels,

expyenelen sclalyt (82 981 coresdorod gas eaturated).

Py pes
{rocd mxd redius gondde only of v&lno

159,515,003 {01l in placa to respond Lo production procedursz) z #20

b Yot |
(rocovery factor) » 105,107,000 % v=18,
m3e rogharisa L5 very doubiivl, fae con-ont yogmding Tinme B

Ty wator Crive celelye
(good erd wedhwn ganis orldy of wiva)
D8y rachasizy As considared 1o b2 pionificont, Edre walor weATing
{hyu ol 2 permalrost provides enorEy BY prezat wells. Aqiler surroondling
tes pryuelivre large easudh to pupnly enerTy ot woisy io replsce oil rive
Sucel. Inmrezted emsipy for 3rereozad rotes of preduction could st a Jeter
Sate e fermished by injeclicn of Gnlville Hiver waioy irte pamis, poriici-

o

it ne

PR vt

1o-ly e lowor Puby £ sends o

Fotep drive im cortidsred affective 10 & poirt &n the cand whora 193
terroyatare 1s 32" F. ( here e reocen to cencider dral ina mater it e
ofTeotive 1o a sonuehat lover Mporiwre peint in iho cand, E5Y 35" ¥, o
23.5% F., which oould poxls 100 fest more of strocturzl clerzas to i2 flzodcd

Sbesplore tornoratzres ot Usiel wuro azizhliished 3n well No. 1 in B
1ok, vhen 38% F. was daterained ta te at $UD ool derih (~175! clevaiicn)
rith & prefient of 1L,8° F, par 100 fost of dopth wd in tell ¥a, § in Jem,
and oy, 19EY, when 32° F. was datarminsd Lo be al 757 foob ¢opta (L29?
clewnticn) with & pradiest of L55" Fo 2T 100 foet of depih. Tze dela
szmaort the vicw that tha 32' P, temoeretrs plare over thin Txied glyveture
w411 Lg ca uranlaling ons more or leIs raralieling the topegrerTe froa
svperizpeeing 8 topoiresyy over the cirucinre vgp of Fipvre 1, ilete
generaligstisrs cun be derivedd S ' o

)
&

72




Ter unpar and =idadle Fuby 2 ponda 32° F, will ba foend 2, or o o<ia -.
”_lGr -B;-ll d“‘?c ’.'13’ [

‘t)’;e o5 contour sherever the warfoca alevaiion 4a Yeloe o400 fo ':t.
2 =300V cortour vherover the swrloco olevatinn 48 toilmcon L0 and

/‘{) fock,
tha 200" condsyr =tierever the suriced olevat ..ms 3 bsiseen SO0 &
C'*O Lot ve
tho =2COY eontour rga“cvor tho Furfscs elovetlon is alovg 600 {fent,
For lower Rohy 2 E«x.‘“ﬂ 3z2® 7, w11l Lo foud at, or ths edpe woler w13
drive t-\, 1ko saxa elevations &s four the uprer and micdie sxndis b wen

Sy
treze silevations o0 tis 1-. rand are rmje:*fﬁ up Lo tha uvpper s...nd,
coatours of Tigurs 1, thay hoooueg,

2 Ot conteur wherover e eurfice elsvetion is leloy L0D Teat
e #1020 coniowe whereover the surlsce clc*mtion ia Botiwen LOD mxd 300 fest

the 2200 cantour vover the snrface @lsvation iz letzwen 500 ek 630 fzet,
Troa hacsa esaxidarctions the arsa in the ¥poer od niddle sards thet

w11l pereit wolor to nove up 53:\,0 it 45 ossoniially thsd iat.\::*z tha 520! W
~23 cc'iou..h s up o the -15GY oontour ab Calat Vowntalin and st the hild)
rorthrart of the air oirip and the whels ama west of 152" 15 or 2 iolal

of 1,84 acres,

In 2 cizflar nuroer tha a:ea in the locer oond thet w1i1Y per=id welsr
ts move vo into 4t i3 soooeniiedly iteld of the whole elrmotore with oreepidm
o Creck rd above tho O contany ol Finure 1 or &

Ths resoverakle oil fn the uppesr and niddlp Taby 2 eards st

(15,605 + 18,252) tarrels x 1,518 scres x .55 {recovery facier) = L
- ) 331,9451 :‘3

arla ofl dn the loser Duly @ rnesd ist

»
13
o
I
<
L2
)
*

18,915 » 14,E48) borrals x 6,534 acres x 55 (recovery facior) =

on

Totel recsvary in 21 Raly 2 sasds by waler @riva iz 119,721,000 berrale. -

Yhen meter drive beconss ineffoctive In upper zsd widile sands, sovs
vity d-ainz;d can be effcetive in therze cande thile the lover sard s
LCS.;}: sator driven fo oxlovstion, Thie vele2 of oil will &utuny tot

(6,43) = 1,0L8) acres x 15,658 barrels 3 015 = 1,207,200 i
(6 92l = 1,848} oores x 1?1,2}2 berrals X (10 = ?3?,1{‘7 ,
or a telzl of 2,1h2,0690 barrale by gravity dyainare. -

7Tobal recoverabls oil fron giruciure onuale 122,000,000 barrals,

© it e e el e e -
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I'wooverablo Foteolsua Poserves fn tha Usiad Siructuro,

Tavel Fotroleaa Taescrve o, b.

T ‘ Cargayy

Trex inforsation sveila’ le 23 of Jwa 1, 1971, when savon v211s had
ot & miniris cf

PR A%
Loy driiled eoa the Tzial .:L"&:Ctuf", it can b2 cor -c’m’;s:i ¥el
ol ad thet fr:,:: txo 2e 100 acx

153 ecrza heve ’rofen rovod prodecltivs of
P

3-3/L =i1lien L nla of o1l £old Yo recovared, A rorg likAly tict-*:cza o
)
ths polent ialitie,g ? Lo struclurs, davaloped frowr evalusling tis sireciira

in ter=s of fhe knuwn canditlons a3 ab fecticn A=, Fisures 1 &nd 2, ro-
weals 7,000 aeres a3 proluctivo of ol ad thet from the 7,000 ecies .
]51,“:,,0,3 barrais of eil eculd e recoversd, Ths rate of recsvery of
nig eil wonld Lo ot a mexliea at the time of full dn svolopment or, accerding
to A plan auh,itfvi, 21,233 btaryels g dey at the end of 6 Yoors es ghomm
Cdn Flonre 3. The Ufa of the field weuld ta soxcarvhore beluven 25 and £0

yesxe Gopending on the cperations espleyed axd soondiic ernd olhoxr consicosa

i;l(x.".s a

dar be e meaane

L T L T VP Py
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fx vleg wove talen fros corez stored at Fairbanke, Alezla o0 evaluate
tha Tmby 2 pendz, ferxles fron cores fros well Vo, 3 were weed for the
unper &d nidile Prdy 2 cards and csrples fran cores fros waldl Mo, 2 were
verd for Lhe lower Tty 2 s, Considerciiens rceiatlyg to ecrv rofovery
at tizg of drilling 4ol cord cosditiun ey tino of sowepling roke tks exact
Iscation of {hs sausles 1ot &s finlte a3 might ba Inferzed fres ihe locaticn

53 riven, TS savplen, ielr lecatden, and pororlly cod penceelility dalx
thet verw Yadter develered ore ziven 4n iba follewdrg tobles

Ay

Servenvility of iy vig:sl

Topthy voreeily, clean>d plugs, inspectlica
Toe percand rd, pradod &8

Vell Yo. 3
Typer rand RS9 15,2 71 modive
ds 27 8,6 2.5 pes
YicTle eazd 252 8.8 133 good
<o 355

()
&
o
oA
X
=
i

Yowey sand 796 16.6 251 go=d
da 757-1/2 17,0 7 cood

- N £05 15,7 127 paifun
do L2y na plug cut froa saople good

ds £31 1k 22 -

Ths Duly 2 sonds were cvalzeiod iy using tho nwbor of feel of gong,

roiiue 2o pear 2808 i sach well {when poscilie to do £5) & osing oo-
prozriate porseity &and porszestility valvey for toeze gredings, oo gradings

prr=e
shown In hs lant colun of {he 2bzve ixile wocre glven the samplss at (se

-
ize of pugllicf,

The © savples wore &nalyzsd wd specinl tasis parforusd, the remlis of
which provided ihg dats for Fimures I to 7 inclusive,

etovary factars wore devoloped welng vicces of Kby 2 sand, graded &8

T
odlun, or good, sbeut 1-1/2% in discster end esverzl inclze lorg. e
Tigctors aras

AN Y A 5 vy vt s gt
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7 cohutios pra (ol) siuretad ¥E® gas b0 100 ros.i.)

(st 25°F.) , 27
oy £28 arive (felloning dopletion by scluticn pus) ¢ - ,
) - .t (Qt 25°F, ) sl s 23
. .S'y water Crive {2t 70°F . )——eem —
. By water drive (st 25°F.) estinated LS
h (.,X"“(.;t)' ﬁr‘&ﬁ&{'& {utﬁ O‘F )"‘ : » C 2.
Yy previty dralrazo {at 5‘? ) cotina te:" e e e 1.9

Fi:ura L F:J:rzs tkat a relztiondily ‘5'“'69 E—*i"t belmeen povority ad
,,cebhi{? (Jir) for t!‘o P.i'y 2 s:-rd:. R L

Firvra 5 &473 ‘J‘e rolsticnship bstwzen peroeardlitiess 25 Coteriinad on
7 cleansd eore plugs ard cleared plugs comtsining nindres weter setvratin
{or cannnia watsr) for Fodby 2 rande, . S .

Figure 6 shows the smouat of waler galuratinn to ba exmscied acoording
1o ihe persc2illity of Feby 2 sunls,

Fiyrur 7 chesz the nuder of fect of Muby 2 aand of variens Rk maant

rc’ to cive a yield of & ’i"ﬂn wrster of barrels of o1l e dey. Acsoy—
veod wara; 20 &cro epacing, 1° f:sls, S cp. of oil viscority (Onist

t 2£5°? ) &nd T30 poumls CJ;ar’-:z 151 proseore,




Data znd Inforation Dsveloped from Iaboratory
Study of Crude 0i1 from Viell Mo, L

Coofficient of expansion at 25°F. = 4.58 x 10
4n reservoir will expard ,000L58 barrel for each barrel in th
gue to a drop in pressurs of 100 pounds, .

showa how mach gas is rocassary to
This has bearirg on vhat might

e racervolr

Figure 8, gas-in-solition curve,

gaturate Upiat oil to varicus pressurce.
ba expected as to the volums of gas that would be produced if the Uziat

oil viere pas s2turated, The ono gas analysis available frem wall Yo, 2
would indicate-that a dry gas had bubbled up thru an oil colum and that
it was not gas that had been in solution in Uniat oil.

Figuras 9 sho ‘
The line irdicating crnange may be axtonded to lower tenpsratured,

a v‘ol./vol./p.s.i. or oil

g how the viscosity of lkniet oil changes with tamperature,

S LR AP v e oy
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Volusa of i1 din ikiat Steveture

Flimres 1 axd 2 axd fhe eviluzticon of the iy 2

e8ds sro tha boace

for dote ,,-Mrg the 011 in Uzizt gtructure.

Acrsaces r:ithin the saveral coulcurs srot .

451 to <o
433 4o ~303
~333 to «27)
200 to -1
=130 to xea leval
ged level to 100
+100 %o #4230
aliryy 4200

Totel

Sorpricing vniforsity in
rerait the fczalc,un‘_ generaide

837

21

nf‘.9 )
1 1‘9

Lr-

6,564 scyez

Ydekrnersrs and $ntervsls botzean cands
ng for Lns siraciure,

-l
LRy
i

Tndeknzen of uppar Fuly 2 rand m—ene E3 fe=d
Thickrses ¢f “i-a i iy 2 senls ~— 75 feet
nicknesz of losey Tudy 2 zanxd 250 feat

Interval bals
ed tep of

2 top of wpper Ny 2 sard

#iddip Puby 2 oz

Intersv2) botwoen top of upper Ruby 2 £o2nd
sred top of lswox E‘nb}‘ 2 sard

Ay wa¥dng vse of all porczity doterzinztions en Buly 2 sands, {(frea
vialsver sourrs) swmple logs, Sehlwsterger lorz &id Figure &, 44w 2urds
wwra gveluatsd in .,o noxd, =e3iy: end vosr, n
Teody wrn groged with ths wprer zard.

Th alﬂutioq 1:: -»LO’E"SS
Cr=ia rorocsily Connale walor Foxocadility

75 foot of 37! god 177 cok 163 v,
unper od widdie (2% xediva ¥ <7: €5 A,
sonis 3(35* joor = . ixd,

0% good 187 igF 219 =3,
250 fost of 200 mxifex 15 .5 =5 150 =4,
iower z«.:si 151 oo 125 L% S =€,

57 poer, not inclwded, gaz cosing Srem elont 15
foot of this nezr toites of the samd
12' Shale Lresls, ot incledsd

il R Ta Yoo Yo 4

[«
Bae: meeg of =izilariyy Uhe rlodls




011 i plzca 131 -

Derop and Vidale rogst
17t =z 3,319 Wls./acre foot x 78X = 17,490
22 x 1,211 thls,/ecrg foot x 737 = 22,930
35Y x 821 tule.fecre foot x LI = 9,613

2-73033
scr gands - o ‘
10t x 1,320 bhle./serg footl x 815 = 11,308
207 x 1,250 bols.facre fool x 15F = 19,700
1T x 931 bds,fecre foot x S5F = 77,320
. : 107,528

v l;“z’&él
154,861 x 6,58k acres w 1,001,507,000 barrels of ¢il &n place; of

hich orly that pil in godd end rediuvz greds pirde la consides=d as
availatle for produciisn, '

and 637,110,000 barrele will not,




Yolog of Pacoverat 9 01l "n Unlat ¢ Hrveture : -

Ly expansion mechanlez solelys . R

1,(‘«51,515,0}0 x J000I58 {lidoratory datn) = 195,319 tirrclae

By t‘:‘a‘uiy €ra 'n.a-'u #x&}"t
{gocd ard rediim sarda enly of valug)

{17,550 + 13,303) h‘al:v./ar:rfz x £,20k srres x 015 = 3,045,578 -

(19, 5; w,z:sa) Blzfacve % 5,58k zeres x LO1 {estizate) « 2,732,839
- 3 3!"»{:3 aom(:lu

By gas essansisn ol alyt (i o1 ﬂwgderd g_d g3 irrr ted)
(gond 20d redfvz sandp orly of valea) -

L7, 169,000 ( 1 in plass 5 Tespond $o roducticn Tro ced‘.:rca) x .27
(wmwry faztar) = 128,000, 990 Larrels,

 This mochenlien 13 wory dook -.xl. Jo9 crmmant ras **‘aizxg i‘i;‘l:‘re 8,

Ty watep Qr:?.v ﬁcu:_;n
(;;,uc\. :a::i”‘ wdha gonis enly of valua)

Tuls mechanien $5 considersd tn o algnificx ':t. Zécs cLior working
e 022 in ;cr = lrost y:**;;aes ouary @t presest w=lle, 4ae i

dx.a B n
Trisd structnre larpe encogh to supply emr‘y ard 'rwt,:r to replace <il pro-

Suced, Ira*e e,, er*:g:f .;c*- ireyronsed runleg of production covld &L 2 loeep
fzte ke furnishzg by Inftetinn ol Culv“lgs Mvar water inis rardr, Factic=
Iuxrly the lmer Pv*w 2 sovd, | _ o -

-or Erive Ls canzivored el feetivs o a polint in taa sard whory the
2*F, (wcr:: iz *f*s*"an to consifor st s water nizhit ba
sruat lowar teuperaluce polint in tia ac:!d &y 30%F. cor

>ald ,x.r‘it 1 feet rure of sirestaral CL’)s’iL“‘ﬁ o o flo <icd

Al YOI T RN
"J.ﬁ‘.)h
e
L ]
s
»
2 S IR RO
‘H

Subsurfece tesperatvrer &t Lolet wore esizblichod in 4 7211 Ko, 1 4n Vg,
1785, whon 32°F. wes deter .il::f’ to be &f 707 feot dapth (-lf:‘“’ elevaiiosn)
with a gm«iieat ,&°F, per 100 feet of dapth 203 {n »=1l Fo. 6 In Jam,
and L&, 3,,‘ ?‘/5:’3 sz? k 7% da{«.—.n ;«’_a.n:’d to be &t 737 f”‘”t d- ta (").}23’
clevaiion) *.:it.h a grediant of 1.) *Fe per 190 fezt of dapth, 7Thosa dxta
seprort the wiar £ a* trha 327P. tesprralure plare over the Delat structure
will e an m"" .irg one xors or lece perellsling the toporrazhy. fres
senerizposing tha Lopertashy oter ibs structore rep of Figure 1, Uans
gensmlizz.ﬁ..ou; €ad o o::ar"v:*'it : .




For vpper ard niddls Fuhy 2 manis 32°%, will lp fenrd 8%, oF tha adzs

w=ter will drive o,
i -7 eontuur wherever the rurfeca elevetion da Inlew LOO foet,
ha =320' contonr whererer Uwe surlico clevation fa betruen 102 =md
trg =200 contour whercvar the swfawm olevasina is tateszea 500 md
he ~10G! contour wrorever the rurfaca olevation is abova 00 fact.

Ve als @

Tor lower Dby 2 sard 3277, will bo fourd at, o tha odns vuter wild
arive to, the sere alovatlons are for the wpoper acd iddle
fhoen glovations on ths lower sind ars projecicd v 16 (h& UPPKT LINRGy OF
cantours of Figure 1, ey bocomo, :

8 0t contove yoeorever the rurleos alevation 18 veloz K00 fost
.o 4150 contonr Wrerever ths o

« !

| Fros thess congiderstions the arca in the wppor erd niddle pards iha
=311 perait wuter o wove wp Inlo it is conantislly that botreen the «l50! to

-y

5 conlomns to ths =100! contour &b izt toustein and at s hill
»

nertorert of M alr sicip srd the wiclo arca wost of 152715 or a totzl of
1,845 aores, : .

Ir. & £irilopr rerrer toe arce in the 1swer sad that will gercit sater
to move up inte it s eassotixdly that of tho whels siricture ¥ith exce
of 350 arrzs along Searpen Creck and alovs the O centour of Figinwe l er 2

PaL
toi3l) of 8,58L ~350 or §,63L zoren,

-

The recoverstle eil in tha upper end miZdle hoty 2 sands 3e2

{17,550 « 12,530) barrels = 1,858 acres x o585 (recovaxy factrr) =
318,023,707
iy L g ] .

Tha roosverscle oil ia vho lower By 2 rard $ot

(13,35 + 19,200) tarrels X 6,634 acres 2 .55 {rocavery factor) =
111,31%,539.

motal racovivy in all Fuly 2 sands by wWater drive is 345,318,020 rsrrels.

ttmn vzier drivs bocosee Jmsffective In mper ard widile mands, rons

-a3le
gravity drzirace can e affoctive 1n thess sands wiile the lowsr card is
teing wotor driven to exleusticn, in voloes of ofl vl amcunt Lol

{(6,75k ~ 1,818) acrez x 17,150 tarrels 3 015 = 1,357,133
(£,53h = 1,B18) scrus = 12,730 basrels X L1 = 1,023,50
or & itotzl of 2,371,033 tarrels &y previly dralnzrs,

rotal recovsrable oil fras sirecture sanale 151,008,000 borrelte

8

corfsca olevatisn 13 betwoon 100 and £50 fect
the 32001 ecatsyr whersver the swiTacs elevatisn 15 batzeen 203 end &) ooty

i
L
|

{
'




Fats of Frodecticaa at Toiet

Flent of devalop-entt 23 Ecre epdcing or 350 12lls {Lud tefcro 1)
drilied sdce leocations will bo waterod out)e, Fessitllity of using lece
w3dlg, for exmmle 2 3 or b well wids ring of wolle eround sea lovel contours
oy have maril bul woeld yedsos ratle of take, Telln ccn be expecicd to
rroducs 75 barrcls 2 dey fyon vppoy, middle erd lower sandey balf of il
Lrom the ypper and ciddlo rands d Rhelf (roa @9 lowsr eaxdl,  Ihis shom
vr tests of presant vells and by rand ovalustions ad vee of Fipuro 7,

Orna dridling uwnit shiould eoplets a mirklom of £ w2lle & jeore 0 oo
of 10 unite would pernit 80 corplotione & yerr,

Flectrizally driven purzing wmdte =ight b evsected {0 operate 350 dags
8 yoar or cach wald preducd 320 2 75 or 2L,000 tarrels & yesr,

¥ith this plan: the field would s duveleped ie 6 yoars, fellewad by a
period of B yesrsg of water drive on 8l marde, follewd Yy a porled 2 1D
years of woter driva cn ths lower sard Lut gravity dradnsge ca ids uppoer
ard =83¢1a cands and fclleved Uy 2 purisd of waler drive ca iha lovar sand,

f this lazt poried will Sopard on rhether encrpy 12 280d io
tne na:d {0 Incivsss ths ID0 pouniz svallavle at prezeat and raintals
Lo this la2st peried, Figuro 3 showe wint sight be arpecisd 1z the prodic-
tion higtery of the filald,
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NOTE:
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WELL PRODUCTIVITY RELATED TO DRILLING MUDS:

UMIAT FIELD, NAVAL PETROLEUM
RESERVE NO. 4, ALASKAY

by

George L. Gates2/ and W. Hodge Caroway-z/

INTRODUCTION AND SUMMARY

This report presents an evaluation by the Federal Bureau of Mines of the
effect of clay-water, brine, and oil-base drilling fluids on the productivity
of test wells drilled on the Umiat anticline in U.S. Naval Petroleum Reserve
No. 4 in northern Alaska. Eleven wells were drilled on the Umiat structure
as part of the U.S. Navy's extensive exploration of the Reserve during 1944-53
to determine the possibilities for oil production. The Federal Geological
Survey cooperated in the exploration program and has published a comprehensive
reporti/ on the geology of the area and case histories of the wells. The re-
port also includes the results of special studies by the Bureau in connection
with the drilling and coring of well 9 with oil-base mud in the hole and was
the source of much of the information used in preparing this publication.

Of the eleven wells, four were drilled with rotary tools and water-base
mud (one of the water-base muds was an oil-in-water emulsion mud), five were
drilled with cable tools with brine in the hole, one was drilled with cable
tools with brine in the hole and later reamed with rotary tools and crude oil,
and one was drilled with rotary tools and oil-base mud. Although all of the
wells penetrated sandstones that contained oil and gas, some were productive
and others were not. The latter two wells, one completed with crude oil in
the hole (with some added brine) and the other with oil-base mud, had the
greatest productive capacities. The wells drilled with cable tools and brine
in the hole had lower productive capacities. In contrast, two of three wells
completed with rotary methods and fresh-water drilling mud and the well com-
pleted with rotary and emulsion mud were unproductive.

ACKNOWLEDGMENT S

Grateful acknowledgment is made to members of the Alaska Branch of the
Federal Geological Survey, headed by George O. Gates, who supplied helpful
information used in preparing this report.

1/ Work on manuscript completed November 1959.
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George L., Test Wells, Umiat Area, Alaska: Geol. Survey Prof. Paper
305-B, 1958, pp. 71-206.




GENERAL DESCRIPTION OF THE AREA

The Umiat area (£ig. 1) is in the southeastern part of the Reserve on the
Arctic slope. The arctic slope is bounded on the south by the crest of the
Brooks Range and on the north by the Arctic Ocean. The Brooks Range, the
Alaskan counterpart of the Rocky Mountains, comprises several groups of rugged,
glaciated mountains having a relief of 3,000 to 6,000 feet and maximum alti-
tudes of 3,600 to 9,200 feet, Anaktuvuk Pass (2,200 feet) is the highest
elevation on the land route between Fairbanks and the Arctic plain.

The Arctic coastal plain is characterized by abundant lakes, swampy areas,
wet tundra, meandering streams and--during the summer--hordes of hungry mos-
quitoes, Local relief rarely exceeds 100 feet; however, the surface of the
Umiat anticline is marked by a maximum relief of about 500 feet.
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FIGURE 1. - Umiat Field and Naval Petroleum Reserve No. 4 in Northern Alaska.
(Adapted From Federal Geological Survey Outline Map.)




The Umiat anticline is about 150 miles southeast of Point Barrow (fig. 1).
The anticline is about 10 miles long, 3 miles wide; the axis trends east and
west and the structure has more than 800 feet of closure. It is the highest
part in a structural trend extending many miles beyond the limits of the
closed anticline and its limits were defined by field and photogeologic map-
ping. Seismic data on the region are also available.

The oil-productive sand in this area is the Grandstand formation of
Cretaceous age. Most of this formation is within the designated zone of con-
tinuous permafrost. It is not known that all of the producing formation is
colder than the freezing temperature of the interstitial brine. Nearly water-
free oil, produced from this sandstone, indicates that the interstitial water
is virtually immobile.

Climate

The climate on the Arctic slope is cloudy, cold, and sometimes windy.
The annual mean temperature is 10.8° F. at Umiat. The maximum recorded tem-
perature at Umiat is 79° F. and the minimum is -57° F, At Barrow the warmest
month, July, has an average of 13 days with freezing temperatures. Mean an-
nual precipitation is 5.4 inches at Umiat. Half of the precipitation is de-
rived from rainfall during July, August, and September. Annual snowfall is
about 33 inches at Umiat. Low temperatures, high humidities, and cloudy
skies minimize the rate of evaporation and tend to conserve the small total
precipitation for surface and ground-water supplies. 1In contrast to northern
Alaska precipitation, the average annual precipitation in southeastern Alaska
is about 100 inches.

Length of Day

At the Arctic Circle on the shortest day of the year the sun touches the
southern horizon at noon, then drops from sight. Below the Arctic Circle the
sun rises a correspondingly longer time, but farther north it stays below the
rim of the horizon on this day. For instance, on December 21 at Fairbanks,
about 2.5 degrees south of the circle the sun rises at 9:58 a.m, and sets at
1:40 p.m. At Barrow, about 4 degrees north of the circle, the sun is not seen
from late November until late January. In summer the length of the days is
the reverse of the winter.

Vegetation

The Arctic slope lies beyond the northern limit of the spruce. Small
willows and scattered alders grow along the channels of some of the streams
in the southern part of the region. Tundra consisting primarily of dwarf
shrubs, grasses, sedges, lichens, and herbaceous plants cover a large part
of the other areas.



Permafrost

One of the important characteristics of the region to be considered in
drilling and producing operations is the permafrost. This area of subground-
level ice is discussed in detail by Hopkins, Karlstrom, and others.%/

Permafrost has been defined by Mulleri/ as "a thickness of soil or other
surficial deposit or even of bedrock, at a variable depth beneath the surface
of the earth in which a temperature below freezing has existed continuously
for a long time (from two to tens of thousands of years)."

The four permafrost zones in Alaska (fig. 2) are not rigidly defined and
their boundaries are arbitrarily drawn. The ground is perennially frozen
nearly everywhere in the continuous-permafrost zone; unfrozen ground is found
only at a few widely scattered sites. As shown in figure 2, the Umiat area is
entirely within the continuous-permafrost zone. Perennially frozen ground is
less widely distributed in the discontinuous-permafrost zone, and areas of un-
frozen ground predominate in the southern part., In the sporadic-permafrost
zone perennially frozen ground is confined to isolated sites where vegetation,
topography, soil, and drainage permit its continued existence or its forma-
tion., Permafrost also is encountered locally in the no-permafrost zone, but
it is so rare that it has little influence on the landscape. or human
activities.

Permafrost is affected locally by subsurface drainage and surface insula-
tion. 1In the rigorous climate of northern Alaska local differences in these
conditions generally result only in differences in the depth to permafrost.
Permafrost is affected by lakes, ponds, and streams which have appreciable
heat capacity.

Permafrost is present nearly everywhere beneath the Arctic slope of
Alaska. Frozen ground generally extends to a depth of about 1,000 feet in
this area. The permafrost lies at considerable depth or may be absent under
major rivers, such as the Colville, which flows throughout the winter and has
flood plains several thousand feet wide., Permafrost also lies at considerable
depth or is absent beneath most lakes deeper than 8 feet and wider than 2,000
feet,

Geothermal Gradients

The geothermal profile or depth-temperature relation in well 6 is shown
in figure 3., This survey was made by the Federal Geological Survey by placing
thermistor cables in the bore for a period of about one year (10 months) after
completion and abandonment of the hole.

4/ Hopkins, David M., Karlstrom, N. V., and others, Permafrost and Ground
Water in Alaska: Geol. Survey Prof, Paper 264-F, 1955, pp. 113-146.

5/ Muller, S. W., Permafrost or Permanently Frozen Ground and Related
Engineering Problems: J., W. Edwards, Inc., 1947, 231 pp.
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FIGURE 2. - Permafrost Zones in Alaska, Showing Location of Naval Petroleum
Reserve No. 4 and Umiat Field.
(Adapted From Federal Geological Survey Prof. Paper 26-F.)




TEMPERATURE, °F The geothermal gradient
0|4 IIG |8 20 22 24 2|6 28 30 3[2 in well 9 shows an increase of

1° C. per 135 feet (1.33° F

per 100 feet) of depth from
approximately 100 to 870 feet,
This is the largest gradient
found in the Umiat area. The
100~ geothermal gradient at wells 4
and 6 is approximately 115
feet per degree Centigrade
(1.56° F. per 100 feet) for
similar depths,

200
A short extrapolation of
the thermal profile in well 9
on Oct. 13, 1953 indicated a
300 depth of permafrost of 1,055

feet., This thickness of perma-
frost is approximately 150 feet
greater than that found at any
of the other Umiat wells where
400 temperature measurements have
been made.

DEPTH, feet

A Schlumberger temperature
survey was run in well 2 when
500~ the final electrical log was
run, The lowest recorded tem-
perature was 40.,5° F. at 260
feet, Above that depth the
temperature was about 42° F,
600 It fluctuated slightly around
43° F, between 310 and 525
feet and increased gradually
with depth to 104° F. at 6,198
feet, These well temperatures

700- are higher than the undisturbed
temperatures found in a temper-
FIGURE 3. - Temperature-Depth Relation in Permafrost ature study in a well drilled
Zone of Well 6 (data from Geol. Survey). near Barrow, Alaska.®/ The
warming of the formations is
the result of friction developed in the drilling operation and the circulation
of relatively warm mud during drilling.

The method used to obtain the temperatures has been described by Brewer.l/

6/ Lachenbruch, Arthur H., Brewer, Max C., Dissipation of the Temperature

Effect of Drilling as Well in Arctic Alaska:; Federal Geological Survey
Bull. 1083-C, 1959, 109 pp.

7/ Brewer, Max C., Some Results of Geothermal Investigations of Permafrost in

Northern Alaska: Trans. American Geophysical Union, vol. 39, No. 1,
Feb. 1958, pp. 19-26.




The first U.S.S5.R. oil deposits in permafrost were found in Nordvik,
Siberia, where the permafrost was 540 meters (1,770 feet) deep and the rock
temperature was -12.7° C. (+9.2° F.) at a depth of 56-60 meters (184-197
feet).8/

Transportation

Development of this area is greatly dependent on air travel. Point Barrow
has a hard-surfaced airstrip and Umiat has a gravel airstrip. Lakes suitable
for float planes are not abundant, however, a few such lakes are in the area.
Ships can reach Point Barrow about three months of the year.

Tracked vehicles such as weasels are suitable for use in this region. In
the winter sleds pulled by tractors on tracks are well suited for hauling
equipment in the Arctic Coastal plain and the Arctic foothills when the ground
is covered with snow.

DRILLING AND COMPLETION DATA ON TEST WELLS
The eleven wells drilled are considered in groups to point out important
differences in drilling and completion practices that could have affected the

productivity of the wells. A map of the well locations is shown in figure 4.

Water-Base Mud Completions--Wells 1, 2 and 3

The first and least productive group, comprising wells 1, 2, and 3, were
drilled with rotary tools using water-base drilling mud. Well 1 was drilled
about 5 miles west of 2 and 3, and oil-bearing formations were logged in each
well. Formation tests were made either by bailing or running a packer on
2-1/2-inch tubing and swabbing. Wells 1 and 2 were dry and well 3 produced
0il at a rate of about 24 barrels per day,

Evidence of the presence of petroleum in formations penetrated by these
three holes was observed during drilling. Additional evidence of oil and gas
in well 2 was obtained when the hole was being prepared for a temperature sur-
vey after it had been drilled to 6,212 feet. The Grandstand formation was
found between 365 and 1,060 feet in this hole. Preparatory to the temperature
survey, well 2 was bailed to 950 feet. When the blowout preventers were re-
moved a small gas flow was noted. 1In preparation for a gas-flow test the hole
was found to contain liquid at 730 feet. The hole was bailed to 1,075 feet
and the gas flow, as measured by means of a Pitot tube and a water manometer,
was estimated at 15,000 cubic feet per day. The gas contained 82 percent
methane, 16 percent heavier hydrocarbons, and 1.7 percent carbon dioxide,
Natural gas containing such a large quantity (16 percent) of hydrocarbons
heavier than methane generally is associated with crude oil in the formation.

8/ Llappo, V. I. (Petroleum Occurrence in Nordvik (IURUNG-TUMUS): Neftianoe
mestorozhdenie Nordvik (IUrung-Tumus) Nedra Arktiki, vol. 1, 1946,
pp. 74-129.
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Well 2 is of particular interest because of its proximity to well 5 which
had good productivity. This relationship is discussed in detail later in this
report.

Description of Reservoir Rocks

A studygl of thin sections from cores from these wells showed that the
fine Graywacke sandstone was not well sorted and that it was composed pri-
marily of angular quartz grains. Authigenic illite was present, surrounding
and partly replacing some quartz grains as coatings or elongate masses. An
X-ray diffraction pattern of the material through 325-mesh sieve showed that
it was composed of quartz and illite with small amounts of montmorillonite,
albite, kaolinite, and chlorite. The pore space was lined with a thin coating
of clay minerals, mostly illites.

Drilling Mud

The drilling mud used in wells 1, 2, and 3 was a water-base mud contain-
ing Wyoming bentonite, to which only a little lost circulation material and
chemicals were added to control cement contamination. The density of the mud
ranged from about 72 to 85 pounds per cubic foot. The API funnel viscosity
ranged from about 33 to 40 seconds. The API filtrate volume ranged from about
17 to 7.0 milliliters.

Cable-Tool Completions--Wells &4, 6, 8, and 10

Several wells were drilled with cable tools after the first three holes
drilled with rotary tools and water-base mud were unproductive (although oil
and gas shows were observed). A sodium chloride brine was used to minimize
the invasion of water into the formation and possible swelling of the clay
minerals observed in the oil-bearing sandstones. Sloughing was common in
drilling these holes and it retarded drilling. Good showings of oil and gas
were observed in this group of wells and the average oil productivity was
about 78 barrels per well per day. Most of the production testing was done
by bailing which would result in lower than normal productivity when compared
with testing by pumping.

Drilling Mud

The brine drilling muds were prepared by adding about 35 pounds of sodium
chloride to each barrel of water. This lowered the freezing temperature of
the solution below that of the minimum permafrost. The objective was to pre-
vent freezing of the brine filtrate in the cold petroleum reservoir rocks and
to minimize the swelling of clay minerals.

Well 7

Well 7 was drilled with cable tools and brine drilling mud. Sandstones
containing oil and gas were penetrated and considerable water was produced in

9/ Work cited in footmote 3, p. 1.




10

the bailing tests. Small quantities of o0il and gas were recovered by bailing.
Based on the meager information available, some investigators believed this
well to be below the edgewater in this reservoir.

Emulsion Mud Completion--Well 11

Well 11 was drilled to test the production possibilities of the sand-
stones of the Grandstand formation on the northern downthrow side of a fault
that parallels the axis of the structure. The hole was drilled with rotary
tools using an oil-in-water emulsion mud which had a water filtrate. Oil and
gas shows were noted in the permeable sandstones penetrated, but no commercial
production was indicated in eleven formation tests.

Drilling Mud

The drilling mud had an API filgrate volume of about 2.0 milliliter (ml),
an API funnel viscosity of about 100 seconds, a weight density of about 85
pounds per cubic foot, and about 30 percent (by volume) of Umiat crude oil
which had the fractions boiling below 325° F. removed.

Cable-Tool Completion Followed by Wall Scraping
Using Crude Qil--Well 5

Well 5, 175 feet east and 97 feet north of well 2, was drilled with cable
tools using 5-7/8-inch bits and brine drilling water. Bailing tests showed
the presence of oil and gas. When the depth reached 615 feet a pump was in-
stalled to test the productive capacity of the well. 1In a test that lasted
15 days production averaged about 70 barrels of clean oil per day. Drilling
with cable tools was continued to 1,075 feet, using a brine containing 40 to
50 pounds of sodium chloride per barrel of water.

Tubing was run for a swabbing test. A packer set at 630 feet was used to
shut off liquids from sands that had been tested at a depth of 615 feet. After
the drilling water was swabbed from the hole, oil flowed at the rate of 10 to
16 barrels per hour for short periods. Flow stopped several times; apparently
resulting from restricted flow into the well bore or from the formation of ice
in the tubing at shallow depths. The tubing was pulled, the rig removed in
September 1950, and the well was shut in for the winter.

In April 1951 a rotary rig was moved in place. The hole was cleaned out
and reamed in an effort to stimulate production. Circulation was lost and
some brine was added to the crude-oil drilling fluid to restore circulation.
The hole was reamed to 9-1/2 and 10-1/4 inches in the sandstone sections
penetrated by the bit.

During alternate reaming and swabbing tests from May 21 to June 17 the
first liquids recovered were brine and crude oil used for circulation while
reaming. In the last part of the reaming operation, fresh crude oil was
swabbed from the hole at an estimated rate of 400 barrels per day. One of
the first samples of o0il recovered contained 4,7 percent water and 0.l percent
sediment.
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A pump with an electrical heater attached to the bottom of the tubing was
set at 1,055 feet. In a 93-day pumping test the maximum production rate was
about 400 barrels per day. However, the pump was too small to test the full
productive capacity of the well. The water content of the 35.5° API gravity
0il decreased from 1.35 to 0.4 percent. The temperature of the oil in the
flow line ranged from 27° to 28° F.

0il-Base Mud Completion--Well 9

Well 9, about two miles west of well 2, was drilled with a rotary rig.
Core analyses indicated that this well penetrated a sandstone with appreciable
porosity, permeability, and oil content.

Drilling Mud

Water-base mud was used to 209 feet. Below 209 feet to 1,257 feet, an
oil-base mud was used to prevent the infiltration of water from a water-base
mud into the formations penetrated and to provide cores uncontaminated by water
from the mud. The mud contained a chemical tracer that was soluble in oil, in-
soluble in water, and unaffected by bacteria, to determine the volume of oil
filtrate that entered the cores. The tracer was an organic chloride compound
containing about 54 percent chlorine by weight. The method for following the
volume of tracer-bearing filtrate has been described in detail.l0/

The oil-base mud was composed of diesel oil, a low-gravity crude oil from
Fish Creek test well 1, Ken-Oil concentrate, and some unslaked lime. Addition
of the concentrate and/or the heavy crude oil increased the viscosity of the
mud, whereas, addition of diesel oil decreased viscosity. Gel strength was
increased by adding the concentrate and lime, which also decreased the filter
rate. The mud weight was kept low to minimize the flow of drilling mud fil-
trate into the formations. To keep the weight low, it was necessary to reduce
the viscosity to less than 50 seconds API funnel viscosity at about 45° F.
Cuttings would not drop from suspension otherwise, as no vibrating screen was
available during drilling.

The properties of the drilling mud are listed in table 1.
Swabbing and Pumping Tests

Three formation tests in both the upper and lower sandstone sections in
the Grandstand formation were made by swabbing through 2-1/2-inch tubing for
about 4 hours. A cone packer set above different sections of the formation was
used but no oil was produced. The Grandstand formation was found in this hole
between 425 and 1,090 feet., The first swabbing test was made with the hole
open from 476 to 533 feet. The second swabbing test was made with the hole
open from 866 to 901 feet. The third test was made with the hole open from
959 to 1,017 feet,

lg/ Gates, George L., Morris, Frank C., and Caraway, W. Hodge, Effect of 0il-
Base Drilling Fluid Filtrate on Analysis of Cores From South Coles
Levee, Calif., and Rangely, Colo., Fields: Bureau of Mines Rept. of
Investigations 4716, 1950, 25 pp.




TABLE 1, - Properties of oil-base drilling mud used in Umiat well 9

(4!

Drilling fluid Drilling fluid
API funnel filtrate
Core Core Filtrate viscosity, Water Tracer
No. interval, volume, Water content (1 quart out) content, | concen-
feet mg./30 min. Weight density Weight- |Volume-| Time, Temperature, |[weight- | tratiom,
45° F. [ 75° F. |1b./gal.| 1b./ft.3 | percent |percent | seconds °F. percent | mg./ml.
374-384 0 - 8.6 64.5 10.95 11.34 95 61 - -
4 413-423 0 9 8.8 66.0 8.85 9.38 79 50 - 14.2
9 464-474 1.3 12 9.0 67.0 9.08 9.77 83 48 1.05 14.7
10 474484 1.1 10 9.1 68.0 9.07 9.90 85 45 1.07 14.3
11 484-494 1.1 10 9.2 69.0 8.76 9.70 95 46 0.33 14.3
15 502~512 1.1 12 9.4 70.0 8.59 9.65 90 44 0.82 14,1
23 573-583 5.2 16 9.8 73.0 6.92 8.11 72 45 0.16 10.4
38 858-868 20.0 29 10.2 76.0 3.65 4 .45 76 48 0] 4.5
39 868-878 20.0 30 10.3 77.0 3.57 4.41 69 47 1/ 18.5
40 878-888 20.0 27 10.3 77.0 3.64 4,50 69 47 do. 17.7
41 888-898 20.0 34 10.4 78.0 3.71 4,64 69 46 do. 21.7
42 898-901 20.0 33 10.4 78.0 3.72 4.65 69 46 do. 17.5
43 901-911 21.0 36 10.3 77.0 4,03 4.98 59 45 do. 15.6
48 949-959 21.0 38 10.4 77.5 4.02 5.00 60 46 do. 15.3
49 959-969 21.0 42 10.4 77.5 4,29 5.37 60 46 do. 14.6
50 969-979 6.4 12 10.4 78.0 4,33 5.42 59.5 46 do. 13.8
52 989.5-1,000 7.9 14 10.5 78.5 4,54 5.72 57.0 46 do. 13.4
53 1,000-1,010 7.9 10 10.5 78.5 4,67 5.88 57.0 46 do. 12.8
54 1,010-1,017 - 13 10.4 78.0 4.41 5.52 57.0 46 0 13.2
57 1,037-1,047 3.4 7 10.2 76.5 5.01 6.15 53.0 41 - 10.6
58 |1,047-1,057 2,2 - - 72.0 - - 52.0 42 - -
59 1,057-1,067 3.0 - - 72.0 - - 46.0 42 - -
61 |[1,077-1,086 1.9 - - 59.5 - - 42.0 45 - -
62 1,086-1,096 4.1 - - 59.5 - - 44 .0 42 - -
67 1,137-1,147 2.0 - - 60.5 - - 48,0 40 - -
1/ The drilling-fluid filtrates from drilling fluid samples 39, 40, 42, 43, 48, and 49 were combined, and the
water content of the combined samples was negligible.
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After the third formation test, the hole was reamed with 7-7/8-inch bits
to total depth of 1,257 feet. Two-inch tubing was run to 1,247 feet and the
oil-base mud was swabbed from the hole and pumped into storage tanks. Shortly
before all of the mud was swabbed from the hole, crude oil flowed into the
hole. After twelve hours of swabbing no trace of oil-base mud was detected
in the produced oil. Two hundred barrels of crude oil were swabbed in 15
hours. When swabbing was stopped, for lack of storage space, the liquid level
rose to 50 feet from the surface. A subsequent pumping test of 6-1/2 weeks
jndicated a maximum productivity of approximately 300 barrels per day of clean
oil.

Following the pumping test the well was plugged back, in stages, to 400
feet from the surface in an effort to determine the source of the oil. This
procedure was partly successful in disclosing the productive sands. The
cement plug was then drilled out to 1,077 feet using reverse circulation
with oil as the drilling liquid. From that depth to bottom, 1,257 feet,
brine containing 40 pounds of salt per barrel of water was used in drilling
out the cement. Circulation was lost several times and cleaning the hole
was difficult.

A string of 5-1/2-inch casing was cemented at 1,257 feet, total depth.
The pipe was perforated repeatedly opposite the permeable sandstones but no
0il entered the hole, even after swabbing, for periods longer than a week.
The pore space around the well bore was blocked to the flow of crude oil and
apparently the blocked area could not be penetrated by gun perforating.

Effect of Water on Permeability of Core Samples
From Well 9

A series of tests was made to study the effect of water on the permeabil-
ity of cores from the Grandstand formation. The effect of invasion of the
sandstone by water from a fresh-water drilling mud was simulated. 1In this
series of tests at room temperature one sample from each of four cores was
selected. The cores had been sealed in cans at the well. The four selected
samples containing the interstitial water and oil, present in the cores when
they came from the core barrel, were mounted in low-temperature-setting
plastic inert to both water and kerosine. The permeability of these four
samples to kerosine was measured without cleaning the samples. The initial
water and oil contents were not changed except that the crude oil was dis~
placed by kerosine. The same unextracted core samples were then used in
determining the permeability to fresh water. Note in table 2 that only one of
the samples had measurable permeability to water. However, a small volume of
water entered the three samples that were impermeable to the water. The sam-
ples were left in water overnight. Entrance of water into the core samples
is analogous to exposure of the wall of the bore hole to fresh water from
drilling mud during completion of the well. TFollowing the contact of the
cores with water, the permeability to kerosine was determined again and oil
was flowed through the samples for several hours, apparently flushing part
of the invasion water from the core sample. The results are shown graphically
in figure 5 and are listed in table 2.
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FIGURE 5. - Permeability of Core Samples to Qil and Water.

The observed reduction in permeability to oil after water invaded the
core sample is believed to be, primarily, the result of the relative perme-

ability changes.

When water entered the pore space the permeability to oil was reduced.
Apparently when oil was flowed through the core some of the invasion water
remained in the pore space. The core samples were left in water overnight
so that the clays in the sandstone would have ample time to become fully hy-
drated. Overnight may not have been long enough for complete hydration be-
cause some clays required several days to reach equilibrium. In evaluation
of drilling-mud clays the American Petroleum Institute Recommended Practice
29, May 1957, the minimum time for hydration of bentonite is 72 hours.,
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TABLE 2. - Permeability of well 9 core samples to oil and water

Sample from--feet,
871.5 | 876.5 [977 | 995

Permeability before soaking, md.

0il (water phase remained immobile)......c..... | 206.0 56.5 24,0 2.1
Water (oil phase remained immobile)...iveeesecss 78.1 .0 .0 .0
0il permeability after soaking overnight in water, md.

Immediately after removal.,...e.iveeesncessconans 31.4 - - -
30 minutes after beginning test.iescesecesseses 37.9 - 10.8 -
1 hour after beginning test..ceceeeseveconesose - 8.9 - -
2 hours after beginning test.eeeeseeesessossons - - - 0.3
2-1/4 hours after beginning test...cecesscccsss - 13.4 - -
3 hours after beginning tesStesseseesescsssesscss - - 13.4 -
4-1/2 hours after beginning test..eeeesescecses 56 .6 - - -
6 hours after beginning teSt..eesercssscsscosos - - - .6

Six samples having a range of permeabilities were selected to determine
the relative effects of air, oil, salt water, and fresh water on the perme-
ability of extracted cores. The samples were cleaned by extraction with tolu-
ene to remove the water and oil simultaneously. The permeability to dry air
was measured, cores were saturated with oil, and the oil permeability was de-
termined. As shown in table 3 the two values were nearly the same, The core
samples were cleaned of o0il by toluene extraction again and then saturated
with 0.5 N sodium chloride solution. The permeability to this solution was
found to be less than the previously determined values. Finally the perme-
ability to distilled water was measured and found to be less than any of the
previous permeabilities, This change in permeability indicates that the fresh
water entered the cores to lower the permeability as shown in figure 5. Simi-
lar reduction in permeability of Umiat cores was found by Yusterll/ and
Baptist.1l2/ This permeability reduction is independent of reduction that
may have been caused by freezing of fresh-water filtrate in the pore channels.

When the formation tests in well 9 indicated no producible crude oil al-
though the cores contained crude o0il and gas, a study was made to determine
the effect of the low formation temperature on the filtrate from the oil-base
mud. A sample of filtrate from the mud was blended with crude oil and placed
in the camp refrigerator for several days. The refrigerator was maintained
at 8° F., which is 10° F, below the lowest permafrost temperature measured in
this hole. Neither the filtrate nor the blends of filtrate with crude oil
gelled at this temperature, indicating that filtrate from the oil-base mud
was not blocking the pore channels of the formation by the formation of a gel.

11/ Yuster, S. T., Oil and Gas Investigations Map OM 126 (in 3 sheets)
sheet 2: Geol. Survey, 1951,

12/ Baptist, 0. C., O0il Production From Frozen Reservoir Rocks, Umiat, Alaska:
Jour. Petrol. Technol., vol, 11, No. 11, Nov. 1959, pp. 85-88.
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TABLE 3. - Permeability of selected Umiat 9 cores to air,
salt water, and fresh water

Permeability in millidarcys to--
0.5 normal
Depth (feet) Dry air | 0il |sodium chloride | Distilled
solutionl/ water
B866=867 ceeernassonaseoscsssonasnns 22 18 15 13
867-868..citessncsssccssacesanns 31 34 32 30
873-874ceieescssscsensccsoncnnnes 270 260 250 200
875-876cetesessnssssscssssscsnaanse 150 160 140 120
880-88l.cieeccsscssccnscssrnnnnss 140 150 130 100
907=908 . ccvessasssosossccccsacsas 54 54 35 26
1/ Samples were extracted and dried before permeability to salt water was
determined,

Volume of Drilling Mud Filtrate in Cores From Well 9

A tracer was added to the drilling mud to obtain a quantitative measure
of the volume of filtrate from the oil-base drilling mud that entered the pore
space of the cores. This tracer was soluble in oil, insoluble in water, and
not affected by bacteria. Analysis of the oil extracted from the cores was
made by a chemical method that has been described previously.lé/ The results
indicated that about 3 percent of the pore space in the permeable sections
contained filtrate from the oil-base mud.

DISCUSSION OF RESULTS

Drilling and production data for the eleven test wells in the Umiat field
are summarized in table 4 and shown in figure 6., The results indicate that
the use of clay-water and clay-brine completion fluids damaged the prdductiv-
ity of some of the wells. This damage was a result of reduction in perme-
ability of the sand at the well bore by the invasion of filtrates from the
drilling fluids.

The two best wells in the field were completed with oil-base mud. These
wells were approximately two miles apart. Four wells completed with brine mud
(using cable tools) had a productivity of about 78 barrels of oil per day. 1In
contrast, three wells drilled with water-base mud also penetrated oil-bearing
(not necessarily oil-productive) sandstones, but none was completed as
producers.

Information on the wells drilled indicates that all of the wells pene-
trated oil-bearing sandstones and the correlation between the type of drilling
fluid used and the well productivity has been shown. However, any study of
well completion practices is difficult because generally a well can be com-
pleted only once and the productivity attainable by any other method is a

13/ Gates, George L., Morris, Frank C., and Caraway, W. Hodge, Effect of 0il-
Base Drilling Fluid Filtrate on Analysis of Cores From South Coles
Levee, Calif., and Rangely, Colo., Fields: Bureau of Mines Rept. of
Investigations 4716, 1950, 25 pp.




conjecture,

distance from the producing wells.

may be due to lack of sufficient permeability of the reservoir rock.
lack of production from the other holes may be complicated by the lack of
However, observed damage to wells 5 and 9 could not be the
result of these factors.

permeability.
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It should be noted that wells 1 and 11 are located an appreciable
The lack of production from these holes
Also,

TABLE 4. - Drilling and production data, Umiat field, Alaska, 1944-53

Total

Well| Drilling Production rate,|Production | Length of | depth,

No. method | Drilling mud | barrels per day |test method | test, days feet

1 | Rotary..| Clay-water.. 0 Formation.. | <1 6,005

2 PR T YRR Y « s S Trace eeeedOieeas | <1 6,212

3 eed0eece] coe:ed0vancee 24 Pumping.... | 14 approx. 572

4 | Cable...| Brine..eeee. 100 eeesdoieess | 18 840

6 eedOsere] c2eedOcannses 80 (wet) eeeedOiuens 1 approx. 825

7 eodOceee] eevedOeccnns <1 Bailing.... 1 approx. | 1,384

8 eedOueeef ceeedOcacsan 60 Pumping.... | 14 1,327

10 eedOsess] ceeedoensnns 70 Bailing.... 1 1,573

5 | ..do.... iingé:'éii: 400+ Pumping.... | 93 1,077

9 | Rotary..| Oil-base.... 300+ veeedO0ceees | 45 1,257

11 eedosees| Oil-in-water 0 Forxrmation.. 1 3,303
emulsion

Comparison of Wells 2 and 5

Comparison of the productivity of wells 2 and 5 indicates that damage re-
sults from completion practice in which water from the drilling fluid invades
the reservoir formation. Well 2, completed with clay-water mud, was a dry
hole and well 5, which was about 200 feet from well 2, was completed first
with brine. Both holes penetrated oil-bearing sandstone with appreciable
permeability. Well 5 then was reamed with oil as the drilling mud and a
sustained production test indicated productivity to 400 barrels per day.

The brine drilling mud used in these holes had a freezing point below
the formation temperature, therefore, the filtrate from these drilling muds
reasonably would not be expected to be in the state of ice.

Study of the electrical loglﬁ/ of well 2 indicated that the Grandstand
formation might have been expected to be productive. The spontaneous poten-
tial and resistivity curves indicated that this formation might be expected
to contain oil. However, very little oil was produced from this hole which
was completed with water-base mud. Well 5, about 200 feet from well 2, was
completed in this formation with oil-base mud and the productive rate was
about 400 barrels per day.

14/ Collins, Florence Rucker, With Bergquist, Harlan R., Brewer, Max C,, and
Gates, George L., Test Wells Umiat Area, Alaska: Geol. Survey Prof.
Paper 305-B, 1958, Pl. ll.
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FIGURE 6. - Production Capacity of Umiat Wells Related to Drilling Mud.

Unusual Features of Well 9

Because of the time required to pump the oil~base mud from the mud pit
into tanks the formation was exposed to a low pressure from the liquid column
for about 6 hours. Why the crude oil came into the hole after this time in-
terval and did not flow into the hole during the 4~hour formation tests is
not understood. There is nothing in Darcy's law to indicate that time (sev-
eral hours) is required for crude oil to flow from the formation into the
bore hole.

Effect of Water on Relative Permeability to 0il

Where water from the drilling mud or any other source enters the pore
space (especially if the water freezes) the channels available to the flow
of oil are greatly reduced. A large decrease in permeability to oil with a
small increase in water content has been established from relative permeabil-
ity studies. Dunlapli/ showed this relation in a laboratory study of the oil

15/ Dunlap, Eldon N., Influence of Connate Water on Permeability of Sands for
0il: AIME Petrol. Trans., vol. 127, 1938, pp. 215-225.
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Although few data are
available regarding the for-
mation pressure in the Grand-
stand sandstone in the Umiat
field, some indication of the
pressure may be obtained in-
directly. Shut-in gas pres-
sure at the surface of well 8
reached a maximum observed

0 20 40 60 value of 270 pounds per
square inch. The depth from
PORE SPACE SATURATED WITH WATER, percent yhich the gas was flowing and
the liquid level in the well
were unknown.
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FIGURE 7. - Effect of Water Content of Sands on
Permeability to Qil. (Adapted From

Dunlap, AIME Petrol. Trans. 1938). Wells 5 and 9 had liquid
levels that reached nearly to
the surface. Based on a crude oil specific gravity of 0.84 the pressure in
well 9 at a depth of 900 feet was 900 x 0.84 x 0.43 1b./ft. of water = 325
pounds per square inch. The calculated pressure in the upper Grandstand sand-
stone at a depth of 470 feet was 170 pounds per square inch,

These pressures available to push water (brine) or ice from the pore
channels are not large. The affinity of the clays in the reservoir rock also
tends to hold water solutions in the pore channels thereby restricting the
rate of flow of crude oil through the rock into the well bore.

Low Formation Temperatures

Wells in this field penetrated rocks at temperatures below the freezing
temperature of water and some of the 0il produced from these holes was shown
to be flowing through rocks below 32° F. The measured oil flow temperature
was about 26° F. indicating approximately the temperature of the oil-reservoir
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rock. Although this temperature is below the freezing temperature of fresh
water in large containers, tests have shown that water solutions in small
pores may have a freezing point at temperatures below 32° F.16/ The relative
amounts of water in the liquid and solid states in ground at temperature below
32° F. depend on the physiochemical composition of the ground, on the presence
of water-soluble particles, and on the temperature and pressure.

PROPERTIES OF THE CRUDE OIL

The produced crude oil has the following characteristics: API gravity,
about 36°; pour point, -5° F,; sulfur, 0.1 percent, no hydrogen sulfide;
Saybolt Universal viscosity at 100° F., 37 seconds; color, National Petroleum
Association No. 4; and carbon residue, Conradson, weight percent, 0.l to 0.2.
The crude oil was relatively high in naphthene hydrocarbons. Analyses of some
crude oils from Alaska have recently been published by the Bureau of Mines.l7/

BASIC WELL DATA

Well 1 had a ground elevation of 801 feet and the elevation of the kelly
bushing was 810 feet. The total depth from the surface was 6,005 feet. Six-
teen feet of 24-inch conductor pipe was set 19 feet below the kelly bushing
in a 30-inch hole. Sixteen-inch casing was cemented at 97 feet. A string of
11-3/4-inch casing was cemented at 685 feet.

Well 2 had a ground elevation of 333 feet and the kelly bushing was lo-
cated at an elevation of 342 feet. Sixteen-inch conductor pipe was cemented
at 103 feet. A string of 11-3/4-inch casing was cemented at a depth of 1,005
feet. The well was drilled to a total depth of 6,212 feet.

Ground elevation at well 3 was 351 feet and elevation of the kelly bush-
ing was 360 feet. Seven-inch casing was cemented at a depth 72 feet below the
kelly bushing. The well was drilled to a total depth of 572 feet,

The ground elevation of well 4 was 482 feet. Surface pipe was set at a
depth of 33 feet., This hole was drilled to a total depth of 840 feet,

The ground level of well 5 was 334 feet and the rig floor was 335 feet
above sea level. At a depth of 23.5 feet, 8-5/8-inch casing was cemented.
The well was drilled to a total depth of 1,077 feet, After the 93~day pumping
test, 5-1/2-inch casing was cemented at a depth of 1,068 feet with the top of
the plug at 1,065 feet. The pipe was filled with Umiat crude o0il and shut in.

16/ Nersesova, Z. A., (The Relative Amounts of Water the Solid and Liquid
States Present in the Ground During Freezing or Thawing.) Fazovyy
sostav vody v gruntakh pri zamerzanii i ottaivanii, Materialy po
Laboratornym Issledovaniiam Merzlykh Gruntov, vol. 1, 1953, pp. 37-51.

17/ McKinney, C. M., Garton, E. L., and Schwartz, F. G., Analyses of Some
Crude 0Oils From Alaska: Bureau of Mines Rept. of Investigations
5447, 1959, 29 pp.
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Well 6ewas at a ground level of 334 feet and the rig floor was at 337
feet., Surface casing was driven to a depth of 35 feet. The hole was drilled
to a total depth of 825 feet.

Well 7 was spudded from a ground level of 326 feet and a derrick floor
level of 330 feet. Surface pipe was driven to 52 feet. The hole was drilled
to a total depth of 1,384 feet.

Well 8 was at a ground level of 735 feet and the derrick floor was 5 feet
higher. Two joints of 11-3/4-inch casing were set at 50 feet. After testing
promising sandstones, excessive caving of the walls of the hole resulted in
setting 8-5/8-inch casing at a depth of 1,231 feet. The hole was drilled to
a total depth of 1,327 feet.

Well 9 was at a ground level of 418 feet and the kelly bushing was 6 feet
higher. A string of 8-5/8-inch surface pipe was cemented at a depth of 61
feet. After a sustained pumping test, 5-1/2-inch casing was run to bottom,
cemented, and gun perforated. The total depth of this hole was 1,257 feet,

Well 10 was at a ground level of 741 feet and the derrick floor was 5
feet higher. A string of 11-3/4-inch casing was cemented at a depth of 70
feet., After caving and several fishing jobs, casing was cemented at a depth
of 1,339 feet. The hole was drilled to a total depth of 1,573 feet,

Well 11 was at a ground level of 464 feet and the kelly bushing was 7
feet higher. The 13-3/8-inch casing was cemented at a depth of 89 feet, with
57.7 feet jacketed with 16-5/8~inch casing. The hole was drilled to a total
depth of 3,303 feet.
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MEMORANDUM
TO: C. C. Livingston _ Janvary 28, 1380

rROM: R. J. Mead

SUBJ: Umiat Development Costs

Attached for your information is the estimatee costs to develope the
Caiat field based on a 125 well 3 year development program.

!
It must be pointed out that a grand total of 12 man hours were spent
on this report. For a frame of referaance’ consider the original pipeline
cost estimate of 800 million versus the finished cost of $8 billion.

To be off by a magnitude of 10 is a distinct possibility raising the
developnent costs from 401 million to 4 billion dollars.

p
— ,\/'.
g . 1 5 «,’/4”\——
R. J. Yead
RIM/cds
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UMIAT COST ANALYSIS

Assumptions

Average Depth - 1,200'

Spacing —~ 40 AC

Two Rig Program - 125 wells total
A1l punping wells

Tank Battery — 4 for field
Development Time -~ 3 years
Inflation Rate - 1l4%/year

No Pipeline Costs Included

Estimated Drilling Time *
Move In and Rig Up 4 days
Drill Surface Hole 3 days
Drill Main Hole 3 days
Complete _1 days
17 days t

Assumes no coring, testing, etc. since this is a development program.

Estimated Drilling Costs

Rig including catering, camp, extra labor $16,000/day
Rig Support (including air) 14,000/day
Other Drill Costs (including casing) 18,000/day

$48,000/day
$48,000/day X 17 days = $816,000/well ~ First year

930,000/well - Second year
1,060,000/well *~ Thrid year

Road and Location Costs

The estimated costs for the pads and road were based on a year-around program
resulting in thicker pads and roads than used in a strictly exploratory program
assuming + 1/2 mile of road for each well site and a pad the cost average
approximately $1.5 million per well site.

Maintenance and Operating Expenses

A1l wells will be elctrically powered and be serviced by "pumpers' who will
monitor daily production. Repair and maintenance costs will include rod jobs,

puap repair, lease road maintenance, and other related costs. These are
estimated at $400/day/well.



Coupletion Costs

Estimated completion costs include all rods, tubing, pumping units, and associated
equipment. In addition glycol injectors, and steam heaters were included to

keep both the well base and flow line thawed out. This will require heat strings
and heat ''trace" lines on all flow lines. Additionally, all lines were assuned

to be laid on the ground and insulated.

Generators were also included in these costs to provide electrical power for the
units.

With these parameters in mind estimated completion costs are $420,000/well.

Tank Batterys

Four tank batteries were assumed for the entire field. These will be insulated
with steam coil line, boiler, heater and lact units. Since only four batteries
are required for the field the estimated costs on a per well basis is $80,000/wall.

Cost Summary

Drilling Costs Per Well $ 816,000

Completion Costs Per Well 420,000 f
Tank Batteries/Well 80,000
Roads and Location 1,500,000

$2,816,000 per well First year
3,210,000 per well Second year
3,660,000 per well Third year
For an average the second year costs were used for the entire program.

$3,210,000/well X 125 wells = $401,250,000 Total Developrment Costs

Operating Expenses

Based on $400/well/day the operating expense is $200 X 125 X $25,000/day X 365
days = §9,100,000/year. This is not included in the $401,250,000 total
development costs.

Seabee Exploratory Well Costs (One Well)

With an estimated depth of 15,000' the following is the estimated cost to drill one
Sezbee '"type" well.

Drilling Subcontractor Costs . $4,496,000
Other Drilling Costs 4,200,000
Rig Support 2,600,000
Total 4 $11,296,000
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