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SOUTH BARROW WELL NO. 19
INTRODUCTION

South Barrow Well No. 19, 9.7 miles southeast of Barrow, Alaska, was
drilled to delineate the northern limits of the East Barrow Gas Field
(Figure 1). The designation "East Barrow Gas Field" is now applied to
those wells which were earlier identified as "South Barrow Gas Field, East
Area” because the South Barrow Gas Field and the East Barrow Gas Field
area are now recognized as being two separate fields. The well is situated
1,320 feet from the east line and 1,320 feet from the south line in the
southeast quarter of protracted Section 23, Township 22 North, Range 17
West, Umiat Meridian (Latitude: 71°14'29.470" North; Longitude:
156°20'01.687" West). Alaska State Plane Coordinates are X = 696,247.93
and Y = 6,306,608.67, Zone 6. Drilling  related operations
started on January 27, 1978, with the mobilization of construction crews
and equipment for the building of the drilling location. Rig-up operations
began on April 14, 1978. Operations at South Barrow No. 19 ended on
May 19, 1978, with the final movement of rig components and a general
location cleanup. Elevations are Ground 7', Pad 12' and Kelly Bushing
30'.

The lower Jurassic Barrow gas sand was the primary objective with a
secondary objective being the Sag River Sandstone. The well was drilled
to a total depth of 2300, penetrating sediments of Recent to Triassic age
and terminating in the argillite of Pre-Carboniferous age. At the
conclusion of the drilling operations, the well was tested and completed in
the Barrow gas sand and left as a suspended gas well.

Husky Oil NPR Operations, Inc. supervised and directed the drilling and
support operations as prime contractor to the Department of the Interior,
U. S. Geological Survey, Office of National Petroleum Reserve in Alaska.
Brinkerhoff Signal, [nc. was the drilling contractor, and Brinkerhoff
Rig 37, a National T-20, was used to drill the well.

SOUTH BARROW WELL NO.18
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FIGURE 1 - WELL LOCATION MAP - SOUTH BARROW NO. 19
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DRILLING SUMMARY

Field operations at the South Barrow Well No. 19 location began on
January 27, 1978, with construction of the drilling pad and camp location.
The rig and camp were moved from the South Barrow No. 17 location,
starting on April 14, 1878. The rig components and camp were moved
simultaneously, and rig-up began as they arrived on location. The
13-3/8" conductor was run to 80" (drillers depth) and cemented with 210
sacks of Permafrost cement on April 16. A 12-inch annular blowout
preventer and diverter line were installed on the 13-3/8" conductor and
pressure tested. Rig-up was completed, and the well was spudded
April 18, 1978, at 5:00 a.m.

A 12-1/4" hole was drilled from 80" to 1330'. The hole was then cored
from 1330" to 1360', recovering thirty feet of core. The hole was reamed
to 12-1/4" from 1330" to 1358" and drilled to 1500 The hole was
conditioned and logged from 1498 to the bottom of the 13-3/8" conductor
with DIL/SP and BHC-Sonic/GR. Thirty sidewall cores were shot in the
interval from 1348’ to 14768" with 29 being recovered.

The 9-5/8", 53.5#, S$-95 casing was run to 1491.87" and cemented in with
1,020 sacks of Permafrost cement on April 23, 1978. A 12", 3,000 psi
blowout-preventer stack was installed on the 9-5/8" casing. The
blowout-preventer rams, choke manifold, and kill lines were tested to 3,000
psi. The Hydril was tested to 1,500 psi. The Barrow sandstones were
known to have swelling clays (tests from South Barrow wells Nos. 12 and
13), and in order to minimize formation damage, an inhibitive mud system
containing calcium chloride was mixed and the system changed over. The
casing was drilled out with an 8-1/2" bit and the formation tested to a
0.61 psi/ft. equivalent gradient.

An 8-1/2" hole was drilled to 2175'. At 2039', while conditioning the hole,
high gas wvalues were noted on the mud log, and gas-cut mud was
observed at the surface. Mud weight was increased to 11.6 ppg. A slow
mud loss began. Lost-circulation material was added and wvolume built.
The hole was stabilized at a mud weight of 11.9 ppg after having lost 75
barrels of mud. Core No. 2 was cut from 2039 to 2062 with full
recovery. The mud weight was cut to 11.4 ppg. While tripping with the
core barrel, the hole began swabbing and flowing through the drill pipe.
After installing an inside blowout preventer and running back to bottom,
the mud weight was increased to 11.6 ppg to control the hole.

At 2175°, the hole was conditioned and logged as follows: DLL/MSFL/GR;
FDC/CNL/CAL/GR; BHC-Sonic/GR; HDT-Dipmeter; and Velocity Survey.
Forty-five sidewell cores were shot in the interval 1585 to 2153' with a
recovery of 37.

Fifty-five joints of 38#, §-85, seven-inch production casing was run to
2161" and cemented with 103 sacks of Class "G" cement with two percent
calcium chloride. After changing out the blowout-preventer stack to the
7" casing and pressure testing the stack and circulating system, the FO
cementing collar at 1288 was opened and the 7" cement job was tested to
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2,000 psi. The annulus was then washed with 87 barrels of water. This
was followed by 45 barrels of 113 ppg Arctic Pack pumped through the FO
at 1204'. With FO closed the operation was again pressure tested to 2000#%.
The shoe and 10' of additional hole was drilled (2175-2185'), and the
formation tested to an equivalent gradient of 0.61 psi/ft. The hole was
drilled to 2209', then circulated in preparation for coring.

A 5-5/8" hole was drilled to a total depth of 2300'. Cores were cut as
follows: Core No. 3, 2209' to 2217', recovered 4', Core No. 4, 2217 to
2230', recovered 9'; Core No. 5, 2230" to 2245', recovered 15'. Open hole
Drifll-Stem Test No. 1 was conducted on the interval from 2161"' (7" shoe)
to 2245" (Sag River Sandstone). The packer was set in the 7" casing at
2129° and a 540 psi nitrogen cushion used. The test is summarized as
taken from wellsite geologist's DST report:

Initial Flow Period: Tool opened and nitrogen bled off in 4 minutes;
drilling mud to surface in 11 minutes; gas to surface in 23 minutes;
flowing surface pressure on 1/2" choke stabilized at 64 psi in 156
minutes, on 3/4" choke at 40 psi in 223 minutes, well shut in at 225
minutes; shut in for 367 minutes; bottom-hole pressures at 2216" [HP
1,270 psi, flow pressure from 331 to 204 (increasing choke sizes);
shut-in pressure 1,017 psi, FHP 1,220 psi.

Recovery: Estimated 800,000 CFGPD and 7.125 gallons, gassy and
very slightly oil-cut emulsified mud.

The well was logged at 2300° as follows: FDC/CNL/CAL/GR;
BHC-Sonic/GR; DLL/SP/GR, MLL.

After evaluation of logs, a decision was made to plug back and complete
the well in the interval 2018 to 2044°'. A plug was set from 2300' to 2100
with 33 sacks of Class "G" cement (2% calcium chloride). A cement-bond
log was run and indicated adequate cement behind the 7" casing for
isolation of the test zone. A drillable bridge plug was set at 2085°.

In continued preparation for completion of the Barrow gas sand, the
drilling mud was displaced with 11.5 ppg jelled calcium-chloride water,
drill pipe and collars were laid down, and the 2-7/8" tubing was picked up
and stood back. The blowout-preventer stack was changed out to 2-7/8"
and tested to 3,000 psi. The perforating lubricator was rigged and
tested, and the casing was perforated from 2018 +to 2044" with
Schlumberger's 4" Hyperjet |1 tool at four shots per foot.

The 2-7/8" tubing was run and hung at 2049' with a back-pressure valve
in place, and the blowout preventer was removed and replaced with a test
tree. The well was then displaced with nitrogen through the 2-7/8"
annulus, vented to the atmosphere, and allowed to flow through the
tubing. After rocking several times for cleanup, pressure tools were run
to bottom and a six-hour initial flow was conducted to establish reascnable
four-point rates. A four-point flow test (Production Test No. 1) and a
51-hour shut-in were performed with bottom-hole pressure recorders in



place. Indicated AOF was 7.22 MMCF/D with an initial reservoir pressure
of 984.0 psi. No liquids were produced during the test (see Appendix
No. 11l for a detailed analysis of test).

Pressure recorders were pulled, and the well was killed with 11.0 ppg
calcium-chloride water. The test tree was removed and replaced with the
blowout-preventer stack prior to pulling the 2-7/8" tubing. A Baker
Model K retainer was set at 1968°. Tubing was pulled up to 500’ and the
11.0 ppg calcium-chloride water was displaced by that weighing 10.8 ppg.
The tubing was then rehung at 1929'. The tubing back-pressure valve
was run, and the blowout-preventer stack was replaced with the wellhead
tree. The tree was tested to 3,000 psi and left filled with a3 50 percent
alcohol-water solution.

The rig was released May 16, 1978, at 12:00 midnight,

All logs from the South Barrow No. 19 well were recorded on magnetic tape
for ease in computer interpretation. The hole was nearly straight, with a
maximum deviation of 1-1/2° at depths of 1331 and 1790,

Detailed drilling information, in the form of bit records, mud summary,

time analysis, and casing and cementing reports, is included in the body
of this report.

a
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An 8 1/2" hole was drilled to 2175'. The hole was conditioned, logs rum, (DLL/SP,
FDC/CKWL/GR/Caliper, BHC/GR/TTI/Caliper, CBL/VDL/GR), shot 45 sidewall cores, recovered
37 (1585-21533"}), 55 joints of 7", 38 #/ft, 5-95 Buttreas casing was rum and landed at
2161'. The float collar was located at 2122'. The FOQ cementing sleeves were positicnéd
at 1288 and 1204'. Centralizers were run as per the original well plan. Pumped 15
barrels of water contalmng 2% Cla=-Sta. Mixed and pumped 103 sacks of Class G cement with
2% calcium chloride through drill pipe using duplex cementing technique. Cement f{n place

at l:18% AM on 5/2/78. Full returns cthroughout cement job. Opened lower FO and circulated.

Closed lower FO and cycled upper FO as tools were pulled out of hole. Landed casing
and installed tubing head and tested flange to 3000 psi. MNipple uwp 12", 3000 psi SRRA
BOP system and tested rams, choke, and kelly cocks to 3000 psi and Hydril to 1500 psi.
Reoperned lower FO at 1288' and tested formationm and cement to 650 psi with no leak off.
Closed FO and pulled up to upper FO at 1204'. Pumped 87~barrel water wash followed by
45 barrels of 11.3 ppg Arctic Pack. Good job throughout with retort on final pack
Subsurface Safaty Valve: Manu. and Type {Continyed on attached page) Set @

1E. | hareby curtify that the foregoing is true and carrect
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Amended March 28,

Sundry Notices and Reports on Wells
Subsequent Report of Running and Cementing 7' Casing

South Barrow Well No. 19

returns Indicating only 1% excess water, Arctic Pack in place at 3:20 PM on 5/3/78.
Closed FO and pressure tested to 2000 psi o.k. Drilled cement and fleat collar.

Tested casing to 2000 psi.
equivalent gradient.

Drilled out to 2185' and tested formation to 0.61 psi/ft

1983
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Amended March 28, 1983

PRODUCTION TEST NC. I
EXAMPLE CALCULATION I1

Four Point Flow Test = 5/12/78

Inizial Resarvoir Presaurs = 984 psia

Rate Choka Pressure Flow Rate 5!;2
1 16/64 924.2 psia 1.170 M%cF/d 114077
2 22/64 858.5 psia 2.188 M2cF/d 231233
3 26/64 779.4 paia 3.191 M2cF/d 360826
4 29/64 724.5 psia 3.687 M2cF/d 445165

AOF = 7.220 M2cF/d
n = ,844

¢ = ,000064062 M2cF/d
P

ATTACHMENT 1
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CERTIFICATE OF SURVEYOR

I hereby certify that I am properly registersed
ardd licensed to practice lard smuveying in the
State of Alaska and that this plat rerresents

a location survey made by me or under my super-
vision, and that all dimensicms and cther details

aj ATARID
e e "o BARROW 19
=G AT LOOATED iN
August 24, 1977 2213, QL AL o /e mgTescTEs atens ot o re et wiatore Ax
; ‘l.".- ..‘S"' Surveyed for
ZRIATMEN v HUSKY OiL
R i L ] d.g N.P.R. OPERATIONS INC.
o PR et
4 fi- ..0‘.$~_-,’-"' Bedl, Herring and Associates
N as s ENGINEERS AND LAND SURVEYORS
MR 801 West Fireweed, Suite 102
W ANCHORAGE, ALASKA 99303
14
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15



DATE AND
FOOTAGE
DRILLED AS
OF 6:00 A .M.
4/15/78

4/16/78

4/17/78

4/18/78
0'

4/19/78
318’

4/20/78
602"

4/21/78
330°

4/22/78
170

4/23/78
0'

OPERATIONS HISTCRY

ACTIVITY
Moving camp and rig to location.

Moved in camp and rigged up same. Rigged up rotary
tools. Prepared to cement conductor pipe.

Finished rigging up. Cemented 13-3/8" casing to 80’
with 210 sacks of permafrost cement. Circulated 30
sacks of cement.

Spudded well April 18, 1978, at 5:00 a.m.

Total Depth: 80'; Mud Weight: 8.7; Viscosity: 40.
Installed and welded Braden head. Tested weld to
750 psi. Nippled up diverter line and Hydril. Made
up bottom-hole assembly.

TD: 398'; MW: 9.4" Vis: 43. Unplugged flow line.
Drilled cement to 70'.  Tested Hydril to 250 psi.
Drilled out of cement at 80'. Unplugged flow line at
305'. Drilled to 398".

TD: 1000"; Mw: 9.8; Vis: 41. Drilled to 807'.
Made short trip. Unplugged flow line. Drilled to
1000°,

TD: 1330°; MW: 9.7; Vis: 40. Drilled to 1060';
surveyed. Tripped for bit. Changed out lower kelly
cock and saver sub. Washed 30 feet to bottom.
Drilled to 1330'. Circulated and conditioned hole.
Made short trip. Circulated and conditioned hole to
core. Dropped survey; tripped out steel-line measure.

TD: 1500'; Mw: 9.6; Vis: 43, Tripped out
steel-line measure. Tripped in with core barrel. Cut
Core No. T1: 1330° to 1360°. Recovered 30 feet.
Tripped in and reamed rat hole. Drilled to 1500'.
Made short trip; tight hole. Conditioned hole for
logs.

TD: 1500'; MW: 9.6; Vis: 43. Circulated. Tripped

.out steel-line measure. Rigged up Schlumberger

tools. Ran in with logging tools. Stopped at 1295,
Tripped in with bit. Circulated. Made short trip.
Circulated; pulled out of hole. Ran DIL, BHC, and
CST.

16
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4/24/78
Ol

4/25/78
OI

4/26/78
0'

4/27/78
352

4/28/78
187"

4/29/78
30

4/30/78
106’

TD: 1500, Mixed CaC12 mud. Ran 38 joints of

9-5/8" casing and set at 1491'. Ran duplex stinger to
collar at 1444’. Circulated and cemented with 1,020
sacks of Permafrost cement. Cement in place 4/23/78
at 2:00 p.m. Waited on cement.

TD: 1500°; Mw: 10.5; Vis: 35. Nippled up

blowout-preventer equipment. Installed 9-5/8" head.
Tested weld to 1,000 psi. Finished nippling up
blowout-preventer equipment and kill line. Made up

flare and blow down lines,

TD: 1500'; Mw: 10.4; Vis: 35. Finished nipple up.
Tested blowout-preventer equipment, rams, choke
manifold, and kill line to 3,000 psi. Tested Hydril to
1,500 psi. Tested casing toe 1,600 psi. Drilled float
collar, cement, and float shoe.

TD: 1852"; MW: 10.8; Vis: 49. Drilled float collar,
cement and float shoe. Drilled to 1510'. Tested
formation to 0.61 psi/ft. gradient. Drilled to 1852’.
Surveyed, tripped for bit.

TD: 2039'; MwW: 11.9; Vis: 47. Finished trip in.
Drilled to 2039'. Circulated and conditioned mud 700
to 2,000 units gas and increased mud weight to 11.6
ppg. Started losing mud; lost approximately 75

barrels. Added lost-circulation material and built
volume. Increased mud weight to 11.9 ppg. Had 180
units of background gas. Tripped out steel-line
measure.

TD: 2069; MW: 11.6; Vis: 45. Tripped in with
core barrel. Circulated and cut mud weight to 11.4.
Cleaned out 12 feet of fill. Cut Core No. 2: 2039 to
2069'. Circulated and began to pull out of hole. Well
flowed through drill pipe at 1300'. |Installed inside
blowout-preventer, circulated, ran in hole to bottom
and circulated 960 units of trip gas. Raised mud
weight to 11.5. Pulled out of hole; started swabbing
and flowing at 1260'. Circulated and ran in hole to
bottom. Raised mud weight to 11.6. Pulling out of
hole. Started swabbing and circulating at 1150°.

TD: 2175"; MW: 11.6; Vis: 46. Pulled out of hole.
Hole swabbing. Circulated every three stands. Laid
down core and core barrel; full recovery (30'). Ran
in hole. Reamed core hole. Drilled. Tripped for Bit
No. 5. Ran in hole; cleaned 20 feet of fill and
circulated. Drilled and circulated.

17



TD: 2175; Mw: 11.6; Vis: 46. Circulated; pulled
out of hole to shoe. Bridge at 2050" and 1990,
Circulated; made short trip to 1800'. Circulated;
pulled out of hole, steel-line measured. Ran
DLL/MSFL: 2173" to 1491'; CNL/FDC/GR: 2176 to
1490';  Velocity Survey: total depth to 300';
BHC-Sonic/GR: 2170" to 1490'; Dipmeter: 2173' to
1480°. Shot 45 sidewall cores: 2153" to 1585,
recovered 37. Ran in hole. Cut and slipped drill
line.

TD: 2175°; Mw: 11.6; Vis: 45. Tripped in and
circulated. Tripped out and laid down drill collars.
Pulled wear bushing and installed 7" rams. Ran 55
joints of 7", 38#, $-95 Buttress casing with the shoe
at 2161", duplex float collar at 2122', and FOs at 1288’
and 1204'. Stabbed into duplex collar and pumped 15
barrels of water with 2% Howco Cla-Sta, foliowed by
103 sacks of Class "G" cement with 2% calcium
chloride. Displaced with two barrels of water and 10.5
barrels of mud. Cement in place 5/2/78 at 1:18 a.m.
Tripped out, checking FOs at 1288' and 1204".

TD: 2175; MwW: 11.6; Vis: 45. Prepared to mix
Arctic Pack. Picked up blowout-preventer stack and
set 7" casing slips and packoff. Cut off 7" stub,
installed tubing spool, and tested to 3,000 psi.
Rigged up return line from 7" x 9-5/8" annulus.
Tripped in with packer and FO arms. Checked FOs at
1204" and 1288'. Tested operation and pressure tested
7" cement job to 2,000 psi. Reopened FO at 1288' and
pressure tested to 650 psi (equivalent fracture
gradient of 1.04 psi/ft.}) with no leak off. Closed FO
and picked up to FO at 1204'. Cleaned suction pit and
prepared to mix Arctic Pack.

TD: 2209'; MW: 10.9; Vis: 43. Cleaned suction
tank. Mixed Arctic Pack. Water washed annulus with
87 barrels of water. Pumped two barrels of pre-mix
spacer and 45 barrels of gelled Pack. Displaced with
6.6 barrels of mud. Had 1% excess water in final
returns. Closed FO and tested to 2,000 psi. Tripped
out and laid down tools. Changed kelly. Tripped in
steel-line measure with bit. Top of cement at 2120'.
Conditioned mud. Drilled out cement, float collar, and
shoe. Drilled 10 feet of hole. Tested formation to
0.61 psi/ft. gradient. Drilled to 2209'. Circulated
and tripped for core barrel. Picked up core barrel.

TD: 2245"; MW: 10.9; Vis: 43. Tripped in with

core barrel. Cut Core No. 3: 2209 to 2217'.
Recovered four feet. Tripped in for Core No. 4:

18



5/6/78
ol

5/7/78
9'

5/8/78

5/9/78

5/10/78

2217 to 2230'. Recovered nine feet. Tripped in for
Core No. 5: 2230 to 2245'. Recovered 15 feet. Laid
down core barrel. Picked up drill-stem test tools and
tripped in. Picked up manifold. Tested lines to 2,000
psi. Put 500 psi nitrogen cushion in pipe. Prepared
to dritl-stem test.

TD: 2291"; MW: 11; Vis: 48. Ran Drill-Stem Test
No. 1: 2161" to 2245'. Set packer at 2129', opened
tool. Pressure to 0 psi in four minutes. Fluid to
surface in 10 minutes. Tool open four hours, shut in
for six hours. Dropped bar; reversed out. Pulled
packer loose and circulated. Broke down manifold.
Pulled out of hole. Laid down Howco tecols. Tripped
in hole, reamed 2209 to 2245'. Drilled ahead.

TD: 2300°; Mw: 11; Vis: 48. Drilled to 2300,
Made short trip and conditioned hele. Tripped out.
Ran DLL/SP. SP failed. Ran FDC/CNL/GR from 2294'
to 2062'. Ran BHC-Sonic/GR from 2296' to 2161'.
Microlaterolog would not go into open hole.

PBTD: 2100'; Mw: 11.0; Vis: 50. Tripped in. Hit
bridge at 2220'; washed and reamed 82 feet.
Conditioned hole. Tripped out to log. Ran DLL/SP
from 2284° to 2161', ran MLL from 2299 to 2110,
Tripped in open ended. Conditioned hole. Cemented
Plug No. 1 with 53 sacks of Class "G" cement with 2%
calcium chloride at 15.8 ppg--one barrel of water
ahead and behind. Displaced with 13 barrels of mud.
Picked up to 2080" and reversed out. Tripped out.
Picked up bit and casing scraper. Tripped in to
2000'. Circulated and waited on cement.

PBTD: 2085'; Mw: 10.8; Vis: 55. Waited on
cement. Tagged cement at 2070'. Cleaned out to
2100, Circulated and scraped casing 2060" to 2100'.
Pulled out of heole. Tripped in with Howco retainer.
Set retainer at 2085. Tested casing to 2,000 psi.
Pulled out of hole. Ran CBL log. Cleaned tanks and
began mixing completion fluid.

PBTD: 2085"; MW: 11.5; Vis: 32. Rigged up to log
and perforate. Mixed CaCI12 completion mud. Tripped

in hole to 2085'. Reversed out mud with completion
fluid. Circulated and tripped out of hole. Laid down
drill pipe and drill collars. Changed pipe rams to
2-7/8". Picked up 68 joints of 2-7/8" tubing and
stood back in derrick. Tested blowout-preventer and
Hydril. Rigged up Schlumberger to perforate and log.

19



5/11/78

5/12/78

5/13/78

5/14/78

5/15/78

5/16/78

PBTD: 2085'. Displaced annulus with nitrogen.
Tested Schlumberger lubricator to 500 psi. Perforated
interval 2018' to 2044' with four shots per foot. Ran
68 joints of 2-7/8" tubing to 2049'. Landed tubing in
hanger with back-pressure valve in place. Moved
blowout-preventers, nippled up Christmas tree and
tested to 3,000 psi. Tested seals to 3,000 psi.
Hooked up choke, flare, and separator lines. Testad
choke line to 3,000 psi.

PBTD: 2085'. Began flow testing well. Displaced
well with 720 psi nitrogen. Changed out flowline.
Alternated flow between casing and tubing. Cleaned
up well. Shut in and rigged up Camco. Tested
lubricator to 1,500 psi. Ran Sperry Sun gauges to
2001". Blew down well for six hours. Shut well in for
pressure buildup.

PBTD: 2085. Well shut in at 5:30 a.m. for buildup.
Shut in well for 13-1/2 hours. SIBHP = 962.8 psia.
Opened well to flow for four-point test at 7:00 p.m.

Production Test #1 (Calculated) (Appendix ItHI-1 &
111-8)

Choke Rate Pressure

16/64" 1.17 MMCFD 924.2 psia
22/64" 2.188 MMCFD 858.5 psia
26/64" 3.191 MMCFD 779.4 psia
29/64" 3.687 MMCFD 724.5 psia

Calculated AOFP: 7.22 MMCFGPD
Gas Gravity: 0.611

Dry gas production throughout.
Shut in for final buildup at 5:00 a.m.

PBTD: 2085'. Well shut in for bottom-hole pressure
buildup. Shut in for 25 hours. Bottom-hole pressure
at 25 hours: 859.2 psia.

Well shut in for bottom-hole pressure buildup. Shut
in bottom-hole pressure after 49 hours: 9862.6 psi.

PBTD: 2085'. Pulled out of hole with tubing to 500'.
Well shut in for 31 hours. Final bottom-hole pressure:
962.7 psi. Pulled out of hole with pressure tools,
making gradient stops at 2012°, 1987, 1937, 1437,
937', 437', and surface. Rigged down Camco and
Sperry Sun. Rigged up and killed well with 11.0 ppgyg
calcium chloride brine. Circulated and checked for
flow. Set tubing back-pressure valve. Removed test

20



5/17/78

5/18/78

5/19/78

tree. Set and tested blowout-preventer equipment to
3,000 psi, Hydril to 1,500 psi. Pulled out of hole with
tubing. Ran Baker Model K retainer and set at 1968'.
Tested to 2,000 psi. Cut brine weight to 10.8 ppg.

PBTD: 2085. Displaced mud at 500" with 10.8 ppg
calcium chloride completion fluid. Ran 64 joints of
2-7/8" tubing with Baker setting tool to 1929'. Landed
tubing with back-pressure valve in place. Nippled
down blowout-preventer. Installed Christmas tree.
Tested tree bonnet and seals to 3,000 psi. Filled tree
with alcohol and water. Cleaned mud tanks. Began
rigging down.

Rig released May 16, 1978, at 12:00 midnight.

Began rig move to Barrow Well No. 6. Damaged and
repaired skid on mud room. \Loaded out two Herc
loads.

Continued rig down and move. Set rig on mats at
South Barrow No. 6 location. Covered all openings
with plywood. Hooked up electricity to red warning
lights in the derrick. Cleaned No. 19 location. Moved
miscellaneous rig parts to NARL.
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DRILLING TIME ANALYSIS
SOUTH BARROW WELL NO. 19 (EAST AREA)
BRINKERHOFF SIGNAL, INC., RIG 31
Spudded 4/18/78, Rig released 5/16/78

Total Depth: 2,300 Feet
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INTRODUCTION

After the 1976 drilling season, casing requirements were reviewed and
design of casing strings standardized. Every effort was made to minimize
weight and grade changes for simplicity, cost effectiveness, and to reduce
chances of error during handling and running operations. Casing sizes
were selected to accommodate designs for wells from 2,000° to 20,000'.
Steel grade selection was the controlling factor on design with low
hardness (Rockwell C24-28) steel being selected for Arctic application and
possible H2$ environment. Below is listed casing sizes and design criteria

required by Husky:

MINIMUM PRESSURE

YIELD STRENGTH REQUIREMENT
(PSI) (PS1)

size(!) WEIGHT MIN.  MAX. COLLAPSE BURST CONNECTION

20" 133#/ft. 55,000 80,000 1,500 3,050 5TC

13-3/8" 3 724/¢t. 95,000 110,000 3,450 5,350 BTC

9-5/8"(3) 53 5#/ft. 95,000 110,000 8,850 7,900 BTC

9-3/4" ) s9.28/ft. 95,000 110,000 9,750 8,540 BTC

7" 38#/ft. 95,000 110,000 12,600 9,200 BTC

(M OD tolerance to be within APl requirements unless adjustment
absolutely necessary to meet ID requirements.

(2) goecial drift to 12.25".

(3)

Special drift to 8.50".

The following are additional requirements primarily to assure that the steel
exhibits the metallurgical properties for Arctic applications and resistance
to hydrogen embrittlement.

1. All pipe that is 13-3/8" OD and smaller to be quenched and tempered.

2. Run Charpy "V" notch tests on two random samples per 50 tons per
heat. Minimum acceptance of 15 ft.-Ib.@-50°F. Furnish test reports
with order.

3. Perform all testing normaily required for APl approved pipe.

4, Furnish test reports for ladle analysis, guantitative analysis, and all
check tests as per APl requirements.

In addition, the following handling requirements were made:
1. Collars must be of same steel grade as pipe body.

2. Apply an API modified thread compound on mill-installed collar before
bucking on.
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3. Inspect at mill using Tuboscope's Amalog IV or equivalent on 9-3/4"
and smaller, and at least magnetic particle on 13-3/8" and 20". All
pipe to have special and area inspection together with full length AP|
drifting. (Note special drifting requirements.)

4. Apply Arctic grade grease on all connections before installing thread
protectors.

3. Install closed-end type thread protectors. Plastic plugs can be used
to secure wrench openings in protectors. :

6. Buck up thread protectors with impact wrench. Both mill and third
party inspection personnel should observe the installation of thread

protectors.
7. Palletize or containerize the tubulars, if possible, prior to shipment
from mill. Do not haul pipe like cordwood in gondola railroad cars.

8. All pipe to be Range 3.
9. No "V" notching or metal stenciling on pipe body or collars.

Casing programmed for South Barrow Well No. 19 was as follows: 13-3/8"
conductor at %110'; 9-5/8" at 1500°; 7" at 2255’; 2-7/8" production tubing
should the well be completed. Actual casing run was 13-3/8" at 80',
9-5/8" at 1492', 7" at 2161°, and 2-7/8" tubing hung at 1929’.

The 89-5/8" x 7" annulus was displaced with Arctic Pack from the FO in
the 7" casing at 1204’ back to the surface. This was to prevent collapse
of the 7" casing by the mechanism of installing a non-freezing fluid in the
annulus between the 9-5/8" and 7" casing strings throughout the zone of
permafrost.
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CASING OR LINER CEMENT J08B

Lease National Petroleum Reserve ey So. Barrow Well No. 19  pae April 16, 1978

Size Casing 13 3/g" Sertng Depth 80"

Top (liner hanger)

Hoe Size _ 20 Myud Gradient Viscosity

Casing Equipment

- . shie, floa located feey

above shoe, _ . IDV, FO! collars located at feet

and || - . S feer

e e centralizers locared

Liner hanger and pack oft {deseribet

Miscollaneous {baskers, ere }

Cemeni (around open ended casimg through 1" LP on the annulus)

No,

Slurry Sthurry
Sacks Brand Type Additives Weight Volume
w210 Permafrose 4.2
§2 .. - . R R
Cement through {DV, FO) Collarat__ ___ fest
g, Slurry Slurry
Sarks Brand Type Additives Weight  Valume
o
|57 B
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¢ ing Procedure | d shoel (tross out whera necessary|

Circulsted _ Dry bbit @ BPM, pumped in

feu. ft.), (barveis)

minutes, cement {2} above

prewash, used bomom plug (yes., nol, mixed cement (1] above

lcw. fe.), {barrels) in

{Bumped plugl (Did not hbump piug). Final Pressurs

minutes at rare of

minutes, top plug (ves, no) displaced with

8PM, CFM,

Reciprocated

Dispiacing time 15

circulation {full, partiai,

pipe fear while (mixing} and [displacing} cement,
minutes. Had full

none, etc.}. Completed job st 2:15 B, DM,

C ing Procedure {through 1DV, FO} at

Opened (DV, FO) at a.m., p.m., circulated

Circulated 30 sacks.

feer) (cross out whera necescary}

bbls @ BPM, pumped in

lcu. f1.), (barrais)

minutes, cemant {4] above

prawash, mixed cement (3} above

placed with {cu. fr.}, |barreish in

ministes, dropped closing plug, dis-

minutes at rate of

BPM, CFM. {Bumped plug)

Displacing time minutes,  Had

(Did not bump plug).

Final Pressure

circulation

{full, partial, none, etc|

Remarks (Third Stage lob, etc.)

Smith/McGee

32
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PAGE _1_ OF _1 CASING TALLY DATE: April 21, 1978
fleLDFast Barrow Gas Fileld, gase & WELL NO. NPRA — So. Barrow 19 TALLY FOR _9 5/8 -~ casing

JOINT | FIRST MEASUREMENT [CHECK MEASUREMENT| wt JOINT  |FIRST MEASUREMENT JCHECK MEASUREMENT| wr
NO. FEET 00’ FEET 005 | GR. NO. FEET 00'S FEET 00s | GR.
1 43 87 1 39 60
| 2 40 o8 2 39 90
3 36 95 3 35 80
4 38 B4 4 39 18
5 36 00 5 39 25
- 41 30 53 41 18
7 38 75 7 41 05
8 37 66 8 44 33
g 36 21 9
a 39 98 0
TOTAL A| 3B9 64 TOTAL D 320 29
1 36 90 3
2 35 53 2
3 41 20 3
4 39 12 4
5 41 30 5
6 36 24 6
7 39 86 7
8 34 D4 8
a 41 08 9
Q 39 30 0
TOTAL 8 388 57 TOTAL E
1 37 %0 TOTAL A 389 64
2 41 08 TOTAL B 388 37
3 39 32 TOTAL C g9 67
4 38 96 TOTAL D} 320 29
5 37 75 TOTAL E
6l 43 | 10 ace | 1488 |17
7 35 80
8 38 63
9 37 10
0 40 30
TOTAL C 389 57
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CASING OR LINER CEMENT JOB

Lease National Petroleum Reserve i, So. Barrow Well No., 19 Dare April 23, 1978
Size Cating 9 5/8" Setting Depth 1491.87’ Tap ({liner hanger} _
Hote Size 12 1/4" _ " Mud Gradient 2499 Viscosity 43
Casing Equipmant
— . 1491.87 shoe, 1444, 30 tioat located 47.57 ieet
above shoe, __ 149]1,87 _ — {DV. FOI coliars located at teet
and e _ feet
Wipe .~ _ centralizers located per drilling prognesis.
- - = — . scralchers locared
Linge hanger and pack ot describet -
Miscellaneous tbaskets, elc | ___ — —
e L -
Cement laround shoe}
Na. Shurry Sharry

Sacks Srand Type Additives Weight Valume
ol (1020 Permafrost . 14.8 204 Bbls
12 - - —
Cement through (DY, FO) Collar at R 7 ]

No. Slurry Slurey

Sacks Brand Type Additives Weight Volume
13t ————
14)
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Camenting Procadurs {sround shosl  {cross out where necessary)

watey

Circulated _ 2 Hours @ 4.2 BPM, pumped in 20 {eur#=r (barrels)

am used bottom plug (Fgowe nol, mixed cementy {1} above 34

minutes, cement |2} above minutes, top plug lves. nol dispiaced with

leu. R}, (barrels) in minutes at rate of BPM, CFM,
{Bumped plugl (Did not bump plug). Final Pressure . Reciprocated
pipe test while {mixing) and (displacing} cement. ODisplacing time 2
minutes. Had full arrcudation (full, partal,
none, etc). Compieted job at 2:00 i, D Circulated 120 sacks.
Cementing Procedure {(through (DV, FOb at fest} {cross out whare necessary)
Opened (DY, FO at a.m., p.m., circulated bhis @ BPM, pumped in
lcu. f ), (barcels) prewash, mixed cemeny (31 above
minutes, cement {4] above ranutes. dropped cloting plug, dis
placed with lcu. f1.1, (barrels} in minutes at rate of
BPM, CFM. {Bumped plugl (Did not bump plugl. Final Pressurg _

Disptacing time __________ minytes, Had eirculation

{full, partial, none, etc.)
Remarks

Watep tempergture: 709F, Slurry temperature: S6CF.

McGee/Smith
Foreman
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paGE _l oF _2 CASING TALLY DATE: May 2, 1978

FIELD East Barrow Caa FieldLEASE&WELL NO. NPHA - S¢0. Barrow 19

TALLY FOR I " CASING

38

JOHNT | FIRST MEASUREMENT [CHECK MEASUREMENT wT JOINT FIARST MEASUREMENT [CHECK MEASUREMENT wWT
NO. FEET a0's FEET S o, NO. FEET Q05 FEET 00s GAH.

1 35 59 1 41 70
2 40 47 2] . 36 18
3 3% 53 3 42 06
4 35 21 4 40 18
5 42 70 5 41 15
& 42 11 8 36 68
7 38 90 7 38 76
8 37 62 8 36 9],
9 42 49 9 35 08
0 42 55 0 37 93

TOTAL Af 397 17 TOTAL D 387 03
1 36 30 1 40 20
2 40 00 2 38 45
3 51 68 3 42 33
4 38 95 4 36 29
5 43 05 5 36 30
] 36 27 6 41 48
7 36 35 7 42 35
8 38 02 a8 37 42
9 43 25 9 37 37
0 35 69 0 36 10

TOTAL Bl 389 56 TOTALE] 188 29
1 41 95 TOTAL Al 397 17
2 36 90 TOTAL B] 389 56
3 18 80 TOTALC[ 400 92
4 42 33 TOTAL O] 387 03
5 41 28 TOTAL £ 388 29
S 40 pace | 1e62  |a7
7 37 65
8 42 02
9 42 06
0 5 53

TOTAL C| 400 92



PAGE _2_qF _2 CASING TALLY DATE: . May 2, 1978

FrELDEast Barrow Gas Fleld yease & weLL NO. NPRA — So. Barrow 19 TALLY FOR 7 * CASING
JGINT | FIRST MEASUREMENT JCHECK MEASUREMENT| wr JQINT  |FIRST MEASUREMENT [CHECK MEASUREMENT| wr
NQ. FEET 005 FEET 005 GR. NO. FEET Q0S FEET 00's GR.
!' 37 22 1
2 37 66 2
3 36 25 3
4 39 19 4
5 37 53 5
é 8
7 7
a8 a
9 ;]
0 0
TOTAL a| 187 45 TOTAL D
1 1
2 2
3 3
4 4
5 5
6 6
7 7
a8 B
9 9
0 0
TOTAL B TOTAL E
1 TOTAL A| 187 85
2 TOTAL @
3 TOTAL C
4 TOTAL O
5 TOTAL E
5 TOTAL
PAGE 187 85
7
8
]
D
TOTAL €

39




CASING OR LINER CEMENT JOB

Lease MNational Petroleum Reserve ., So. Barrow Well Wo. 19 Date May 2, 1978

Size Casing 7 Setting Depth 2161.82 Top [liner hanger!

Hole Size —S.J.LZ___ Mug Gradient -582 Viscosity 42

Casing Equipmant

2161,.82 shoe, ficat located 35.59 feet
abave shoe, {0V FOI collars located at 1288 feet
and __1,2_{)_1'__ e . feRl.

centralizers located 329 pel program,

- scratchers located

Liner hanger and pack off |describe)

Miscellanequs 1baskers, etc )

Cement |around shoe)

No.

Slurry Slurry
Sacks Brand Type Additives Weight Voluma
i _1Q3 Permafrost Clags "G" 2% CaCly 15.8 2] Bbls
12} —_—
Cement through (DV, FO) Collar at__ faet
MNo. Slutry Shurry
Sacks Brand Type : Additives Weight Volume
jci]
LY
40



Camenting Procedure (sround thos}  icross out whers necessary)

Circulated _150 _ bhls@ 5 BPM, pumpad in 15

formter (barreis) . Water

minutes, cemant (2] above

prewash, usaed bortomn piug (ves, noj, Mixed cemant (1] above 3

, top plug {yes, nal displaced with

{cu. ft.}, (barrels) in minutes at rate of 2 BPM, SF -
{Bumped plugl {Did not bump plug). Final Pressure Reciprocated
pipe feet whiie {Mixing) and ldisplacing) cement. Displacing time 5
minutes.  Mad full cireulation {full, partial,
none, etc.|. Compieted job at 1:18 3.m, apw.,

C ting Pracedure (through {DV, FO) at

Opened (DV, FO) at a.m., p.m., circulated

fest} (cross gut where necessary}

bbis @ BPM, pumped in

(cu. ft.), (barrels}

prewash, mixed cement (3} sbove

minutes, cement (d] above

minutes, dropged closing Plug, dis-

minutes at rawta of

Final Pressure

circutatian

placed with {eu. fr.}, Ibarreis) in
BPM, CFM. (Bumped plugt (Did not bumg olug).
Displacing time __ _______ minutes. Had

{full, partial, none, etc.}

Ramarks (Third Stage Job, etwc))

McGee/Brown

41

Fareman



PAGE _l OF _1 ‘TURING TALLY DATE: May 16, 1978

FIELDEast Barrow Gas Field LEASE & welLlL NO. NPRA - So, BRarrow 19 = TALLY FOR __2 7/8 " TUBING

JOINT | FIAST MEASUREMENT JCHECK MEASUREMENT| wr JOINT FIAST MEASUREMENT ICHECK MEASUREMENT| wr
NO FEET 005 FEET 005 | GR. NO. FEET 005 FEET 005 | GR.

1 60 31 1 61 52

2| 0 69 2| 59 00
3 60 65 3 59 84
4 59 61 4 61 40
5 59 22 5
6 67 96 6
7 60 45 7
8 60 27 8
9 59 43 g
0 59 58 0

TOTAL A 608 17 TOTAL D] 241 66
1 63 14 1
2 58 13 2
3 38 91 3
4 58 38 4
5 5% 20 5
6 56 78 &
7 57 33 7
8 59 47 8
9 57 49 9
0 60 91 0

TOTAL B 590 14 TOTAL E
1 50 59 TOTAL Al 608 17
2 58 0c TOTAL B| 590 14
3 37 48 TOTAL C| 598 95
4 59 27 TOTAL D| 241 66
5 59 29 TOTAL E
6| 60 180 PAGE_|2018 92
7 57 13
8 62 a1
9 61 68
0 61 90

TOTALC! 598 93
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i
4
:
I
2

e C

200+
4004
6004
800
1000
12004
1400+
1600+
1800
2000+

2200 4

OCT WELLHEAD FILLED WITH ALCOHOL

[""‘—“_OCT BFY ot TUBING HANGER

.3

2400 -

13 3/8", T21b., §5-9%

CS6. ni 8o’ MD |

0

|

T R

~By——CEMENT TO SURFACE

FO. MULTIPLE STAGE
CEMENTER ot 1204 ND

FQ. MULTIPLE ST&GE
CEMENTER gt 1288' MD

9 5/&, 535 b, 5-95 :
5£8¢. gt Jagt ' MO

274" 45 Ib
BING g

PERFORATIONS 4 SPF
5t _3018'~2044° MD
7, 38 b, $- 93
LS. gt 2181 MO

43

by CEMENT TO SURFACE

2

> {988 27" ANNULUS FILLED WITH
';_ LlRCT]C PACK , |2U4 TO SURFACE.

-1 (2 778" TUBING @ 7" CASING FILLED
e L\\'lTH CaCIz WATER TO A3yURFACE

—12 14" HOLE TO 500" ™MD

CEMENT RETAINER ot |968° MD

CEMENT RETAINER at 2083 MD

'11'09 OF QPEN HQLE PLUG 2100' MD

8 1/2" HOLE TO 2175 MD
5 8/9" HOLE TO 2300' MO

SOUTH BARROW No. 19

132Q' FEL and 1320 FSL
Sec.23, T2 N, RITW, UM
PAD LEVEL 12' Est.

K.B. 30" Est.
HUSKY OQIL A R A. Oparations

WELLBORE SCHEMATIC

NATIONAL PETROLEUM RESERVE — ALASKA

W



WELLHEAD SCHEMATIC

ADAPTER , B8-11-A0
$000 PSI x 2 7/ @RD.

TEE, T-408 2 7/8" 5000 PS§| —=

VALVE, CCT FE.
2" 3000 PSI

VALVE, OCT FE,2"
3000 PS| W/OCT

2 /2" i gm

——— NEEDLE VaLVE AND 2 %B" TUBING
PRESSURE  GUAGE,

~—————VALVE, QCT FE. 21/2" 3000 PSI

L\
g

A

—J»vnwz, QcT F.E. 2 1/2" 3000 PSi

~=——ADAPTER, A-4-EN, &" 3000 PSIx
2 /2" 5000 PsI,

HYDRAULIC
OPERATOR AND l

MANUAL OVER-

WELLHEAD, TCM-BG ————==
Q" 3000 PSI x &' 3000 PSI

NEEDLE VALVE AND 2 7/8"2 7"
AMNULUS PRESSURE GUAGE

W7

L "1

N

VALVES, OCT FE

SLIP ON GASING HEAD, =
OGT C-22 10" 3000 PSI x 9 54

BULL PLUG 2" NPT e

44

2" 3000 PSI

————— BULL PLUG 2" NPT

GATE VALVE OCT 2" 2000 PSI
———95/8, 834 1b., §-9%5 SURFACE CASING
——— 7", 38 Ib., 5-95 PRODUCTION CASING

——— 2 7/8", 6.51b., N-BO TURING

SOUTH BARROW No. 19

1320' FEL and 1320" FSL
Sec. 23, T22N., RITW, U.M.
PAD LEVEL 12" Est.

K.B. 30 Est.

HUSKY OIL NP AR Operafions
NATIONAL PETROLEUM RESERVE - ALASKA

SURFACE EQUIPMENT

c2



ARCTIC CASING PACK

In production wells, wells suspended through summer months, and wells
completed for re-entry with temperature recording tools, Baroid Arctic

Casing Pack was used between casing strings. It is a stable, highly
viscous fluid which will not freeze and collapse casing set in permafrost
zones, lts unique gelling characteristics exhibit excellent thermal

properties (heat transfer coefficient of approximately 0.1 BTU per hour
per square feet per degree F at 32°F). Composition of Baroid Arctic
Casing Pack used is as follows for each 100 barrels mixed:

Diesel 82.0 barrels

Water 5.0 barrels

Salt 60.0 ppb per barrel of water
EZ Mul 12.5 ppb :
Gel Tone 50.0 ppb

Barite 103.0 ppb

The 9-5/8" x 7" annulus was filled with Arctic Pack in South Barrow Well
No. 19 in anticipation of completing the well in a lower zone. The Arctic
Pack was displaced through a FO at 1204" in the 7" casing back to the
surface.

45



ARCTIC PACK AECORD

DATE: __May 3, 1978

JOB SUMMARY

Annulus voiume: 3 578 x 7w 1206 _27.93 ___ bbl
Driil pipe voluma:d 1/2 x 15,5 #/tex 681 * + 523" of 4 3/4" X2 1/16" 6,66 bhi
Total vOlUMe Of SYatBM .. .. ot i ia e e, 3.6  ©bl
Volume of water used inwater wilsh . ... ... .. ......... i it _87.4 bl
Volurne of water pumped at water brsakthrough ... ... ... .. ... ... ... 39. 4 bbl
Volume of pack pumped . ... ... e e e 47 bbl
Velume of pack pumped at breakthrough ... ... .. ... ... e 35 bbl
Displacement efficiency atbreakthrough . . ... ... .. ... ... .. .. ... iiirene.n, 100 %
% Water contaminationof returnsatendofjob ... ... ... ... .. ... 12 %

Aemarks {inciuding weather}: Good job. Both wash and Pack breakthrough late. Total

Galtone comtent; 58.3 ppb. Weather: +16°F, L4K, 5 miles.

PILOT TEST OF FLUIDS

A, Prepack
Retort Data: Rheclogy a1 _35 _ °F:
%O L 81 PV 20 cps .
%Water ............ 5 YP e 8 #/100 f12
% Salids .......... . 14 10SecGel .......... 2 #1100 12
Weight ........ .... 10.5 #/gal Emulsion Stability = voits

Not measured. Est: 20004+
B.  Gelled Pack | 33, 3 #/bbl Geltone added to prepack ):

Rheolagy fat __ 43 °F}:

PV .. _ 20 __cps

YP o 18 #7100 12

10SecGel .......... __ 8 @ _#0on2
c Drilting Mud {prior to displacement with water):

Wt ..., 11.2 #/gal

Y e 19 cps

YP .. 9 #/100 sq ft

108ecGel .......... 1 #7100 sq ft

Remarks: __Mixed 60 bbls premix in rig suction tank. Took returns to trip tank.

Mixed premix heayy for gradient. Put returns in drums for storage.
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AELEVANT WELL DATA

Outer casing: ............... 9 5/8" ; 53.5 #ie

Inner casing: ............... 7 ;38 #ift

Drilt pipe: ................. 31/2"7 15,5 */fr

Drill cellars......... 4 3/4" X 2 1/16"

Depth of cermnent sieeve: . ........._......... 1204 #

Casing anmnulus volume: ..................... 27.93 bols

Drill-pipe volume {includes height to floork ............ ... .. ........... 6,66 bbls

Total system volume ... . ... 34.6 bbis

Rig pump capmeityY .. .. e 17 strokes/bbi
Comenting unit PUMD CBBECITY . . .. ..ttt e e e 20.29 strokes/bbt

Remarks: _D1d oot downsqueeze. Tegted cement and lap to 650 psi over 11.2 PPE mud

for 1.02 psi/ft gradient. Tested both FOs to 2000 psi before and after {cb.

WATER WASH STEP

Volume water pumped .. ...t 87.4 bbils
U L 3.72 bbl/min
Volume pumped at watsr breakthrough (0.5 #/gal drap
inweightof mud raturn} .. ......... ... . 39.4 bbls
Appearance of water atendofwaterwash .. ... ... ... ... .. ... clear
X turbid
muddy

Remarks: __ Pumped water off truck to rig pymp, Water temperatuxe: 33°F Water

welght: 8.4 ppg @ end of wash. Started wash at 1:25 PM., Finished at 1:49 PM.

ARCTIC PACK DISPLACEMENT

2. Volume of pre-mix spacer . . ... ... . . e, 2 bl
b.  Total volume of gelled pack pumped .. .................... .. .... 45 bbl
¢ Total number of {50 Ib) sacks of Geltone added ... . _................ 30 sacks
d.  Average b Geltone added prr bbl .. ............... ..., 33.3  ibtol
B PUMBINgratE . e e 2 bbi /min
f. Total volume of pre-mix and gelied pack pumped
atbreakthrough ... ... . .. e 35 bbl
9. Volume of returns dumped into mud systemy . ... ... L. 0 bbl
h. Volumes of fluids used to displace driflpipe . . ... ................... 6.6 _ bbiof mud
= bkl of =
i Volume of uncontamimated retusns .. .. ... ....................0.. a bbl

k.  Remarks: __ Final water: 6X - 1X excess. Prior to displacement: BY - 3% excess.

Btarted Pack at 2:22 PM, Pack in place at 3:20 PM.
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RIG INVENTORY
Draw Works

National T-20, single drum grooved for 1" wireline with 15" double
hydromatic brake, automatic breakout and make up catheads, driven by
one set of FMC diesel twin 671 engines, 300 HP, through Allison torque
converter, all mounted on single skid. One Westinghouse 3YC air
compressor driven by main PTO.

Mast

Lee C. Moore, 95" high with 9 foot wide front by spread cantilever. Gross
nominal capacity 290,000 Ibs. with racking board capacity of 130 stands of
4-1/2" drill pipe (doubles). Mast crown block capable of stringing eight
1" wire lines.

Subbase

Three box sections, two at ground level 8 feet high, 9 feet wide, 37 feet
long; center section 8 feet 5 inches high, 9 feet wide and 37 feet long.
Clear working space from bottom of rotary beam to bottom of subbase is 14
feet 7 inches. Rotary table to bottom of subbase is 17 feet (add four
inches for rig matts).

Rig Matts
Ten 4" x 16" long x 8" wide; fifteen 4" x 24" long x 8" wide.

Traveling Blocks

IDECQ, 160 ton, four 1" sheave combination block and hook.
Swivel
EMSCO L-140, 6-5/8" left hand API regular pin, 140 ton capacity.

Bails

Byron Jackson, 2-1/4" x 108", links 250 ton capacity.

Rotary Table

Oilwell 17-1/2" split square drive master bushing 275 ton static load
capacity.

Mud Tank

Three section, insulated tank. Capacity shale tank: 75 barrels; capacity
middle tank: 100 barrels; capacity suction tank: 112 barrels. Shale tank
equipped with shale jet and 16 barrel trip tank. Total capacity: 303
barrels, :



S

Shaker

Single Brandt tandem separator driven by 3 HP, three-phase, 440 volt,
1750 RPM explosion proof electric motor,

Degasser

Drilco, see-flo, driven by 7-1/2 HP, three-phase, 440 volt, explosion proof
motor with 1/2 HP, three-phase, 440 volt explosion proof blower.

Desander

Pioneer Model S2-12; capacity: 300 GPM.
Desilter

Pioneer Model T8-6; capacity: 500 GPM.
Mud Mixer

One Dreco, driven by 5 HP, three-phase, 440 volt, 1725 RPM explosion
proof motor.

Hopper

One low pressure mud mixing hopper.

Generators

One Caterpitlar Model 3406, 210 KW; one Caterpillar, skid mounted in
Hercable house, 8 5" high x 8 2" wide x 29" 5" long; one Caterpillar
Model D-333, 100 KW standby.

Boilers

Two Continental, 40 HP, 120 psi diesel fired skid mounted in Hercable
house, 8 4" high x 8" wide x 35" long.

Steam Heaters

Seven Model 90H Trane steam heaters; three Model 96H Trane steam
heaters.

Tongs _
Byron Jackson, Type "C", short lever, with heads.

Indicator

(Weight) Cameron, Type "C", up to 400,000 (bs.



Indicator

(Rotary Torque) Martin Decker hydraulic piston wheel type with remote
gauge at Driller's position.

Indicator |

(Tong Torque) Martin Decker, hydraulic piston type with remote gauge.
Mud Box

OKE mud box with 3-1/2" and 4-1/2" rubbers.

Slips

One set for 3-1/2" driill pipe. One set for 4-1/2" drill pipe.

Elevators

One set for 3-1/2" drill pipe, 18 degrees taper. One set for 4-1/2" drill
pipe, 18 degrees taper.

Kelly
One square 4-1/4" drive, 4" FH pin, 6-5/8" APl regular left hand box.

One square, 3-1/2" drive, 3-1/2" IF pin, 6-5/8" APl regular left hand
box.

Kelly Bushing

VARCO, square drive, 3-1/2" rollers.
Pumps

(Drilling and Cementing) Two Halliburton, HT-400D, single acting piston
pumps with Gist Qil Tool APl fluid ends, each driven by GMC diesel
8V-71N, 300 HP engines through an Allis-Chalmers torque converter, Model
3FW1801-1 and a twin-disc power shift transmission, Model No.
T-A-51-2003. Continuous duty with 5-1/2" API pistons at maximum of 75
SPM will produce 185 GPM for each pump with maximum pressure up to
3,000 psi. Both pumps can be run simultaneously if desired. The
discharge mud lines furnished by contractor from pumps to swivel
connection is designed for 3,000 psi working pressure. Each pump unit
mounted on 8 4" high x 10" wide x 40' long covered skid.

Air Compressors

One LeRoi 34C mounted on draw works compound. One Ingersocll Rand
Model 71-T2-T3011 TM, driven by 10 HP, 440 volt, 1725 RPM explosion
proof electric motor.



Water Tanks

One 7" high x 9 wide x 20' long, insulated water tank, mounted in the
subbase; capacity: 225 barrels. One 17" 4" long x 6 4" wide; capacity:
120 barrels.

Fuel Tanks

One 20’ long x 8' 6" wide; capacity: 6,000 gallons.

Blowout Preventer Equipment

One ten-inch, 900 dual Shaffer gate LWS with three-inch flanged side
outlet one side.

One - ten-inch 800 GK Hydril.

One - ten-inch 800 drill spool with two-inch flanged outfets both sides.
One - set 4-1/2" pipe rams.

One - set 3-1/2" pipe rams.

One - set blind rams.

One - upper kelly cock T1W 6-5/8" regular LH box to pin.

Two - T1W 10,000 psi lower kelly cocks, 4-1/2" XH joints.

Two - TIW 10,000 psi lower kelly cocks, 3-1/2" IF joints.

One - inside preventor, 10,000 Ib. Hydril, 4-1/2" XH.

One - inside preventor, 10,000 |b. Hydril, 3-1/2" IF.

Choke Manifold

Three~inch, 3,000 ib., with one two-inch OCT adjustable choke; one
two-inch OCT positive choke and space for automatic choke.

Closing Unit

One 80-gallon Hydril closing unit with four nitrogen bottie backup.
Four-station Koomey control manifold with four-station air operated remote
stations.

Drill Pipe

5,000 feet, 4-1/2", 16.6 1b., Grade E, 4-1/2" XH joints;
5,000 feet, 3-1/2", 15.5 1b., Grade E, 3-1/2" IF joints.

Drill Collars

Nineteen - 6-1/4" x 2-1/4" x 30" four-inch H30 tool joints.

One - 6-1/4" x 2-1/4" x 30" four-inch HI0 x 4-1/2" regular bottom collar.

Nineteen - 4-3/4" x 1-3/4" x 30" x 3-1/2" IF x 3-1/2" regular bottom
collar.

One - 4-3/4" x 1-3/4" x 30" x 3-1/2" IF x 3-1/2" regular bottom collar.



Subs

Two - 4-1/2" XH kelly savor subs.

Two-- 3-1/2" |F kelly savor subs.

Two - 4-1/2" XH box to 4" H90 pin (DC crossover).
Two - 4" H90 box to 4-1/2" regular box (bit sub).
Two - 3-1/2" IF box to 2-7/8" API| regular box (bit sub).

Forklift
.One 966 Caterpillar, equipped with 60-inch forks.

Pipe Racks

One -~ V door ramp with stairs.
One - Tail walk section, 6" 1" wide x 43" high x 42" long.
Four - Pipe rack sections, 43" high x 4' wide x 28’ long.
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ENGINEERING MEMORANDA
S0UTH BARROW WELL NO. 19

PRODUCTION TEST NO. 1
May 11-14, 1978

This memoranda is a presentation of the reservoir data gathered and reservolr
calculations from the production test of the Barrow Sand in the South Barrow
Well No. 19. Table 1 presents basic well and formation dacta. Table II is a
listing of primary anzlysis results. These are original gas in place, back-
pPressure analysis, drawdown analysis, pressure buildup analysis, and pressure
gradient test analysis. Presented next is a discussion of sach analysis. Con-

clusions and recommendations are fpllowed by data, graphs, and example calcu-
lations.

TABLE I - WELL AND FORMATEICN DATA

1. Barrow Sandstone, early-middle Jurassic
Z. Perforations 2018 to 2044 feet at & apf

3. Gross sand thickness 1 = 26 feet
4. Net pay thickness h = 16 feet
5. Bulk porosity in net pay gp = 24.2%
f. Effective porosity in net pay fe = 20.8%
7. Average water saturation in net pay Sy = 48.2

8. Gas gravity gg = 0.511
9. Critical temperature Te = 336.19R
10. Critical pressure Pe. = 650.9 psia
11. Reservoir temperature Ti = 5270R
12. 1Inicial reservoir pressure P{ = 984.0
13. 1Initial gas compressibility i = 0.88

TABLE II - LISTING OF TEST RESULTS
A. Volunetric Reserves:
Original gas In place = 353.466 McF/AcFt
B. Backpressyre Analysis:
Absolute open flow = AOF = 7,22 MMcF/D

Back pressure slope = n = 0.844
Back pressure constant = £ = 000064062 MMcF/D

P51
C. Pressure Buildup Analysis:
Tnicial resarvoir pressure Py = 984 psia
Flow Capacity kh = 542,19 md fr

ITI-1



i

Permeability k = 33.89 md

Skin S = 1.348

Skin pressure drop APg = 42.22 psi

Productivity index (actwval) Ja = 14.13 McF/d4
psi

Productivity index (ideal) J§ = 16.87 McF/d
psi

Flow efficiency Ef = ,837

Cas mobility M =~ 2854.6 md/ep

Effective wellbore radius 'y = 1.104 inch

Approximate tradius of investigation Tigpy = 462 ft

D. Wellbore Pressure Gradient Survey:

BHF at 2037 ft = 98G.9

Fluid level = 1767

WHP = 793.0

Fluid gradient = ,515 psi/ft

DISCUSSION OF DATA, ANALYSIS TECHNIQUE, AND RESULTS

Original Gas in Place

The porosity, water saturation, and reservoir temperature used in the calecu-
lation of QOriginal Gas in Place were derived from log analysis and are repre~-
sentative of the 16 feet of net pay selected between 2023 and 2040 feet. The
inirial reservoir pressure was derived from the builldup analysis, with both
the Iinitial and final buildup curves indicating 984.0 psia. The pressure
readings were taken from the Sperry Sum Teol No. 311 at 2037 feet.

The calculated value of Original Gas in Place is 351.466 McF/ac fr. This is
18.5% higher than the assumed value of 298.2 McF/Ac ft in use for the South
Barrow field. The primary cause of this difference is the porosity of 20.8%
as opposed te the 16.0% in use as an average field porosity.

Four Point Backpressure Analysis

The preasure-flow history obtained during the four point flow test was very
smooth and provided excellent alignment of points in the plot of Pcz -Ptz va
Q. The indicated absolute open flow was 7.22 MMcF/d. The backpressure slope
was 0.844,

Reservoir Parameter Analysis

Two types of reservoir parameter analysis were performed. The first drawdown
of the four point flow was analyzed as was the final buildup. Table III com-
pares the results of these two analyses.

The drawdown analysis technique was based on the semilog plot of Puf ve log
Tp and the pressure equation:

Pwf = P; - 28984 q ugBz [log Tp + log k =3.2275 + 0.86859 5
kh Bug

Ciry
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The final buildup was analyzed using a multiple flow rate technigue with the
plot of P, vs Z / Tn —Tj 1 + AT

n To -7y + AT
and the equation of the straight line being

n
Pus = P§ - 28984 q ug Bg Z ay » log /Ty =Tyo1 + AT
—m L S (T
=1 Tp -Tj '+ AT

This analysis was chasen as the most representative of the reservoir as the
flow and buildup times were the longest and the shut in pressure at the start
of the flow period was nearest to the projected initial reservoir pressures.
Table I1I shows that the values of kh are in clese agreement. The kh in use
in the South Barrow field is 154.5 md ft. The calculated kh for Wells No. l4
and No. 17 were 346.28 md ft and 493.830 md ft respectively. The values of
Skin, APg and 1y’ show considerable divergence. This can be explained, how~
ever, by the rate dependent nature of these parameters, The most significant
fact about the Skin and Flow Efficiency parameters is that they show a con-
siderably larger amount of formation damage than was indicated by the tests
of Well No. 17 and Well Na. 14.

TABLE III - COMFARISON OF TEST ANALYSES

Derived Parameter Prawdown Value Buildup Value
Flow Capacity kh = 567.90 md/ft kh = 542,19 md/f¢
Peropeabilicy k = 35,49 md k = 33.89 md
Skin 5§ = .786 3 = 1,348

Skin Pressure Drop APg = 6.77 psi APg = 52,22 pai
Actual Productivity Index Jg = 19.57 Ja = 14.13

ldeal Productivicy Index . Jj = 22.06 Jy = 16.87

Flow Efficiency Ef = 88.71 Ef = B83.7

Gas Mobility = 2936.9 24 M= 2854.6 24
Effective Wellbore Radius 1," = 1.936 inch ;' = 1.104 inch
Radius of Investigation Tinw = 222 ft Finy ™ 462.6 fr

Pressure Gradient Survey

The pressure gradient survey was run with stops at 25, 50, 100, 500, 1000, and
1500 feet of borrom. The survey results are presented in Table IIL.

III-3



CONCLUSIONS AND RECOMMENDATIONS

The production tescing of South Barrow No. 19 was exceptionally smooth
operationally and yielded excellent pressure and flow data. Minor problems
were experienced with the test tree and one flow line freeze off was Success~
fully countered with alecohol injection.

The somewhat higher (as compared to South Barrow Wells No. 14 and 17) skin
damage may be due to the 232 psi overbalance being carried when the well was
perforated. It would appear that 100 psi overbalance might be a better
operaticn parameter from a reservoir viewpoint. Alsoc of interest is the toral
absence of produced water during the flow peried. This is probably due to

the structurally high position of the well. As compared to the water pro-
duction experienced in Well No. 17, the dry uature of Weil No. 19 confirms the
importance of staying high on the structure in future wells and exercising
caution in selecting the perforation interval in any wells which may be drilled
lower on the structure.

DATA AND EXAMPLE CALCULATIONS

Attached are data displays and calculations as listed below.

1. Graph I Flow Rate vs Time
2. Example Calculation I Original Gas in Place
3.  Graph 11 Pe2 -P2 vs Q
4. Example Calculation II Backpressure Data
S. Graph III Py vs Log Tp
6. Example Caleulation III Drawdown Analysis
1]
7.  Graph IV Pz vs Z qj/ log / Tn -Ty_3 + AT
In Tn -Ty +&T
i=1
8. Example Calculation IV Buildup Analysis
8. Graph V Pys vs Depth
10. Example Calculation V Gradient Analysis
I1I-4
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EXAMPLE CALCULATION I

Volumetric Reserve Calculation

Original Gas in Place - McF/AcFt
43560 Fr?/Ac
B = 20.8%
Sw = 48.2%
Py = 984.0 psia
Ti = &79F
2i = ,B80
Tgc = 5200R
Pge = 14.65 psia
OGIF = A p Sg P; Tg. 1

Pse Ti I

= 43560 X .208 X .518 X 984 X 520X 1

l4.65 527 .87

= 353.466 McF/Ac Ft

ATTACHMENT 2
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EXAMPLE CALCULATION II

Four Point Flow Test - 5/12/78

Initial Reservoir Pressure = 984 psia

Rate Chake Pressure Flow Rate &z
1 16/64 524.2 psia 1.170 M2cF/d 114077
2 22/64 858.5 psia 2.188 M2cF/d 231233
3 26/66 779.4 psia 3.191 M2cF/d 360826
4 29/64 724.5 psia 3.687 M2cF/d 445165

AOF = 7.220 M2cF/d
n = .844

e = .000064062 MZcF/d
ps

ATTACHMENT 4

ITI-8
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II.

III.

1v.

VII.

EXAMPLE CALCULATION III

First Drawdown - Sperry Sun Tool 311 at 2037'

Bg = ZT Pge Te = 336.1°R Tg = 1.568
Tae Pi-Puf Pe = 650.9 PR = 954.1
- 650.9
= 1.466

z2 =~ .882

Bg = .882 527  14.65 = .0L372
520 954.1

Lg = kgful = 0.0106 X 1.14 = ,012084

Ct = SgCR + Swlw + CF = (.518 X .00115225) + (.482 X 3.1
(3.3 X 1076) = ¢; = .0006017561

kh = 28984 g ugBg ' q = 1170 McF/d
m m = 9.0
h = 16&
= 567.9% mdft Plhr = 927.3 psia
Pi = 984 psia
k = 35.49 md rw = 4,25"
g =~ .208
S = 1.1513 Pi -~ Plhr |- 1leog k + 3.2275
m : ) BuCtTy
S = 786117

APg = m X .B7(S) = 9.9 X .87 (.786117)
= §.77 psi

Productivity Index = J

X 1076y +

Jg = g - 1170 = 19.57 McF/d
Py - Pyf  984.0 - 924.2 psi

Jy = q = 1170 = 22.06 McF/d
(Fy - Pgg) - APg 984 - 924.2 - 6.77 psi

Flow Efficiency = Js _ 19.57 .  apyy

Ji  22.06

ITI-~10
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VITI. .

IX.

Averaga Gas Mability = M

M= kg _ 35.49 _ 2936.94 md/CP
ug © .01208%

Effective Wellbore Radius = r.'
Ty' = ¥ e85 = 1,936 inches

Approximate Radius of Investigation = Ty

ripnv = 0.00105 k Ip = 222 fr
Buc,

ITT-11
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III.

Iv.

B =

g =

ug =

EXAMPLE CALCULATICN IV

Final Buildup - Sperry Sun Tool 311 at 2037'

z T Pg,
Tge Pi-Puf
2

890

Te =

336.1°R

P. = 650.9

.890 527 _14.65 = .015469
520 854.225

Tg = 1.568
Pg = 854.225

pi X pg/upl = 0106 X 1.12 = ,D11B72

Ce
(3
kh = 28984 q pgzBg
13

S =1.1513 ( Plhr -

Puf |- log f
)

S = 1,348

APg » m X .87(5) = 36 X .87 (1.348)

- 42

.22 psi

Productivity Index = J

Jag =

Ji-

Flow

q = 3667

Py - Py 984

— 9
Py - Puf - APy

Efficiency = Jg

Ji

~ 724.43

= 3667

650.9
= 1,312

= Sglg + SwCw + CF = (.518 X .00129052) + (.482 X 3.3 X 1075} +
.3 X 1076) = C, = .D005606721

q = 3667 McF/d

m = 36
h = 16
P1hr =

946

Puwf = 724,45

™ = 4.

25"

8= .208

)

QHCtrgz/

= 14.128 McF/d

psi

(984 - 724.45) - 42,22

_ 14.128

16.873

= 0.837

IT1-13

3.2275’)

= 16,873 McF/d
psi
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VII1. Average Gas Mobility = M

; M= kg = 33.89 = 2854.6 md/CP
! wg  .0I1872

Ix. Effective Wellbare Radius = 1y’
' re' = r¥ 7% = 1.]04 inches

X Approximate Radius of Investigarion = rj,,

Tigy = 0.00105 k Tp = 463 ft
uce

ATTACHMENT 8
Paga 2
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1=

2037
2012
1987
1937
1437

937

437

*Extrapolated from plot of P vs D

Je

25
25
30
500
500
300

437

EXAMPLE CALCULATION ¥

Pressure Gradient Test - 5/13/78

P
980.9
968.1
954.7
929.4
831.0
819.7
802.2
793.0%

AP

0
12.8
13.4
25.3
98.4

11.3

9.2

TTrTr

-

Gradient

-512

-536

- 508

-197

.023

035

.021

pai/fe
psi/fe
psi/ft
psi/fc
psi/ft

psi/fe

psi/fcx
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