TU Delft AES1330 Drilling & Production Engineering

EXAMINATION: AES1330 Drilling & Production Engineering

30th March 2009

» Write your name and personal student number clearly at the top of each page.

» Decimal points and comma's in this examination paper are used in the English manner,

» thus, for example 100,000 is hundred thousand, not 100 with three decimals !

» ltis important to supplement all your answers with your personal calculation sheets, as points
are also awarded for the actual method being applied.

» Use sketches and drawings freely if this will facilitate your calculations and / or make it easier
to understand the actual situation in the exercise. (Note this also assists the examiner in
judging the level of understanding in the event of an incorrect arithmetical answer)

» You may consult all your study books and notes. With this exam, a simple and quick to use
handout with tables has been given to you to speed up the search for the required
capacities, buoyancy's, weights, etc.

> It is not permitted to bring old examination papers to the examination room. In the event
that the invigilator observes any candidate with an old paper, then the individual involved will
be requested to leave the examination room immediately.

Marks allocation
1 2 3 4 5 6 7 8 9 10 Total

Question 1 6 4 2 2 6 ’ 20

Question 2 2 2 2 5 5 4 20

Question 3 2 2 2 2 2 3 2 3 1 1 20

Question 4 3 2 5 5 5 20

Question 5 5 5 5 5 20

TOTAL 100

Total : 100 points
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1. Casing Cementation [20 pts]

17-1/2” hole has been drilled to section TD or 1405m. The 13-3/8” casmg is run without problems.
We are now ready to execute the cementation.

The following data is available:-

Depth of 17-1/2" Hole: 1405 m

Data on 13-3/8” Casing

- Depth of 13-3/8" Casing: 1400 m

- Shoetrack Length: 24 m

- Weight of 13-3/8” casing: 101.2 kg/m

- Capacity of 13-3/8" Casing: 78.1 litres/m
Data on 18-5/8” Casing

- Depth of 18-5/8” Casing: 850 m

- Weight of 18-5/8" Casing: 130.21 kg/m
Cement Parameters

- Cement Slurry Gradient: 15.6 kPa/m

- Yield Value of Dry Cement: 31.2 litres/sack
- Mix Water for Cement Slurry: 27.1 litres/sack
- Planned ‘Top of Cement’ 690 m

- Excess cement slurry over ‘open hole’ 30%

Drilling Fluid and Spacers

- Gradient of Drilling Fluid: 12.2 kPa/m
- Gradient of Water Spacer: 10.0 kPa/m
- Water Spacer Ahead of Slurry: 8m’
- Water Spacer Behind Slurry: 1m°

1.1 Calculate the required volume of Cement Slurry. The annular capacity between 17-1/2"
hole and 13-3/8” casing is 64.6 litres/m. Find or calculate the capacity between 18-5/8"
casing and 13-3/8" casing from the tables provided. Do not forget excess cement slurry

over open hole. [6 pts]

1.2  Calculate the total amount [in metric tons] of Dry Cement we will use. Note that one sack
of cement weighs 42.6 kg. [4 pts]

1.3  Calculate the total amount [in m® or litres] of Mix Water we will use, including the spacers
ahead and behind. [2 pts]

1.4  Calculate the Volume of Drilling Fluid required to bump the cementing plugs. [2 pts]
1.5 Calculate the Pressure Differential between the casing string contents and annuius

contents, when the cement slurries have been pumped in place. Ensure to incorporate
the effect of the water spacers. [6 pts] ‘
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2. Well Control [20 pts]

We are now drilling the long 12-1/4” hole section at 2720m MD/TVD. The well kicks unexpectedly,
because reservoir sections of any kind at this depth have not been prognosed. But the crew was
alert and succeeded in closing in the well timely.

The following information has been pre-recorded:-

Drill String

- 9 pcs 8-1/4” by 2-1/4” Drill Collar (each Drill Collar is 9.2 m) Capacity: 2.57 litres/m
- 18 pcs 5" HWDP (each HWDP is 9.2 m) Capacity: 4.61 litres/m
- 6" Drill Pipe to Surface (each Drill Pipe is 9.2 m) Capacity: 8.97 litres/m
Annulus

- Annular Capacity between Drill Collar and Open Hole Capacity: 41.5 litres/m
- Annular Capacity between 5" HWDP and Open Hole Capacity: 62.7 litres/m
- Annular Capacity between 5” Drill Pipe and Open Hole Capacity: 62.7 litres/m
Casing

- Last set casing: 13-3/8", 107.15 kg/m Set at 1510m

- Leak-Off Pressure 4375 kPa

- Drilling Fluid Gradient during Leak-Off 12.8 kPa/m

Drilling Fluid and Pump

- Current Drilling Fluid Gradient 15.2 kPa/m

- Slow Circulation Pressure at 40 Strokes/min 3200 kPa

- Mud Pump Output (at 97% efficiency) 16 litres/stroke

Closed in well information:
o Stabilised SIDPP [Ppg]: 815 kPa
o Stabilised SICP [Pann]: 1545 kPa
o Influx volume: 4515 litres

2.1 Calculate the Maximum Allowable Annular Surface Pressure when the well was closed
after the kick. [2 pts]

2.2 Calculate the Reservoir Pressure at 2720m. [2 pts]

2.3 Calculate the Kill Mud Gradient (round off value to one decimal behind point). [2 pts]

2.4 Calculate the Strokes for Phase 1 and the Strokes from Bit to Casing Shoe. [5 pts]

2.5 Accurately construct the Kill Graph for a ‘Wait and Weight’ Kiill Method’. Clearly show
SIDPP [Ppp], PE{Pc4 at 40 SPM), I@P’[ﬁST], FQP’P/C;], Strokes for Phase 1 and Strokes
from Bit to Casing Shoe. [5 pts] . .

2.6 Calculate the Influx Gradient. What type of influx have we encountered (gas, oil or water)
[4 pts]
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3.1

3.2

3.3

3.4

3.5

Short calculation questions. General knowledge [10 pts]

A well is filled with 12.5 kPa/m drilling fluid. The Driller accidentally pumps 5m3 water
into the drill string. He discovers his error before the water has left the bit. He stops the
pump and raises alarm. He concludes that the well is underbalanced and closes the
BOP. What happened to the Bottom Hole Pressure before closing the BOP and what
should we do ? [2 pts]

How is a leak-proof seal achieved in drill pipe tool joints and drill collar connections ?
What are non-magnetic drill collars and what are they used for ? [2 pts]

Over the next interval that we have drill, we will encounter 4 different type of
formations. These are (a) a clay formation, (b) a tight sand stone formation, (c) a
fractured limestone formation and (d) a salt/anhydrite formation. If we have
considerable overbalance with the mud weight in use, over which formation is
differential sticking likely to occur and why ? [2 pts]

We commonly recognize 2 types of bits, (a) tri-cone bits (either steel mill tooth or
tungsten carbide insert) and (b) fixed cutter bits (either PDC, TSP or Diamond).
Describe the mechanism of cutting rock for steel mill tooth bits, for tungsten carbide
insert bits and for PDC bits. [2 pts] ‘

You plan to run a 9-5/8" casing with 12 lines strung in the block instead of the 10 lines
strung for drilling. Will the derrick load be the same if we would have left the block with
10 lines strung or will it change (up or down) ? Explain your answer ! [2 pts]

Crown
Block
. e N
M Number of lines
< strung:
< -10 for Drilling
FastLine - 12 for Casing
Dead Line
Storage
SO o Reel
Y 4 \'\, »
: @ . 3
. | Yy
Drawworks \5 Dead Line —
Drum Anchor
Traveling Block
and Hook
Fig. 1
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3.6

3.7

3.8

_

/39

3.10

What is the design collapse pressure for a casing at depth 7000 ft if the mud has
specific gravity 1.25 (the pressure gradient for water is 0.43 psi/ft)? [3 pts]

In a new field, shortly to be developed, it is planned to drill 10 production wells. The
average P! of the wells is estimated to be 100 m*/day/MPa. The initial reservoir
pressure is 27.5 MPa. The Sand Risk diagram for the field is shown in Fig. 1. The
initial production rate from each well is planned as 1000 m*/day. Will sand be
produced initially? [2 pts]

Sand Risk Diagram
30

+
25 ¢ NO SAND

20 | "

151 SAND
10 4

Reservoir Pressure MPa

0 5 10 15

Fig. 2

Size a horizontal separator to handle the following volume flow rates (measured at the
pressure and temperature at which the separator operates):

gas flowrate 169 000 m® /day
oil flow rate 400 m3 /day

Typical droplet sizes are 100 micron (10-4 m), and for these droplets and the given
composition and operating conditions the empirical value of K in the terminal velocity
formula is 100. [3 pts]

List three key properties of hydraulic fracturing fluids.” Indicate four fluids that are often
used for hydraulic fracturing fluids. [1 pts]

Name three types of pumps used in the oil industry and explain briefly the main
characteristics of each type of pump. [1 pts]

4. Well Inflow Performance [20 pts]

A well is completed in an oil reservoir as shown schematically in Fig. 3. The foirlowing
properties of the reservoirs and the well are given:

Type of formation Sandstone
Reservoir depth, TVD 2000 m
Height of pay zone, h 10m
Porosity, ¢ 0.20
Permeability, k, 150 mD
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41

4.2

4.3

4.4

4.5

Production Tubing Radius, r, 0.10 m
Production Casing Radius, r,, 0.20 m
Reservoir Radius, re 100 m

Oil Density, po 890 kg/m®
Oil Viscosity, no 5mP.s

Oil Formation Volume Factor, B, 1.15 m*m?®

[n a first attempt to put the reservoir in production the well is opened at the surface. No
production is observed. Examination of the fluid level in the production tubing shows
that the oil column stabilized at depth of 260 m.

Sketch the well diagram and carefully draw the corresponding pressure-depth (P-D)
diagram. [3 pts]

Determine the reservoir pressure assuming the gas gradient to be negligible. [2 pts]

A methanol-water mixture (hereafter referred to simply as methanol) with a density 750
kg/m3 is injected above the oil column in order to verify the Productivity index of the
well. It is assumed that the Productivity and Injectivity Indexes are equal. It is further
assumed that the methanol and oil are totally immiscible and that methanol is not
transferred into the oil during this operation. A critical operational requirement is that
the methanol mixture should not penetrate the reservoir! The methanol is injected at a
constant well-head pressure of 0.2 MPa, while monitoring the flow rate as a function of
time.

Calculate the maximum depth reached by the methanol column. What can you
conclude? [5 pts]

The initial flow rate during methanol injection is found to be 165 m%day. Determine the
flowing bottom-hole pressure, neglecting frictions losses. Determine the Pl of the well.
Discuss qualitatively how would this result change if friction losses were taken into
account? [5 pts]

Determine the PI of the well from the data given above assuming that the formation is
undamaged. What can you conclude? Compute the skin of the formation. [5 pts]

5. Well Stimulation [20 pts]

5.1

It has been decided to stimulate the well in the above question using acid before
production is continued. Combining porosity log data with permeability-porosity
correlations it is found that the permeability around the wellbore is 80 mD.

Mineralogical analyses indicate that the formation damage has resulted from the
precipitation of dolomite CaMg(CO3), and that dolomite forms 12% of the rock.

The density of dolomite is 2650 kg/m® and the density of the acid blend is 1050 kg/m®.
The molecular mass of Dolomite is 184.4 g/mole and of HCI 36.5 g/mole.

Using the skin factor obtained in the previous question determine to which depth the
formation is damaged. If you did not find the answer in the previous questions use the
fictitious value S = 2.5. [5 pts]

.
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5.2 It was decided to use acid blend containing 15% HCI to remove the damage around
the wellbore. Write down the equation for the reaction of dolomite with acid and then
determined the dissolving power of the acid. [5 pts]

5.3 Compute the minimum amount of acid that is needed to remave completely the
formation damage. [5 pts]

5.4 Propose a possible injection sequence for the acidizing treatment and give a short
explanation of the function of each step. [5 pts]

Fig. 3
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TABLES YOU NEED FOR THE DRILLING RELATED EXERCISES

DERRICK LOAD CALCULATIONS
(neglecting the weight of the derrick itself and the crown block)

Note:
In all calculations involving hook load, this is by convention taken to
include the weight of the hook itself , including also the travelling block.
Thus :
Hook load as shown on weight indicator {(Martin-Decker}
= weight of string in driiling fluld + weight of travelling block and hook

Static loads
Under static conditions:
load In each line = fast line load = dead line load - NOOK load
where N = number of lines strung N

Siatic derrick load = hpak load + fast line load + dead line lpad
=N+2 3 hook load

Dynamic loads

Under dynamic conditions, due ta both friction in the sheave bearing and
internal friction in the block ling, the tension on the fastline side of & given
sheave is higher than the tension on the deadline side by a factor "K". This
factor is normally taken to be 1.04 for roller bearing sheaves (APl RPSE).

The result, for a constant hook load {i.e. no drag) travelling at a constant speed,
i5 that the dynamic fast line tension is higher than the static fast line tension by a
certain factor. The factor depends on the number of lines strung and its value for
different "N's are tabulated below. In fact, for these ideal conditions, the dead
line load would actually decrease with respect to the statfic load, and thesa
factors are also shown in the table.

N 2 4 5] 8 10 12
dynamic fast line factor 1.060 |1.102 |1.1456 |1.188 |1.233 [1.279
dynamic dead line factor 0.980 |0.942 |0.905 |0.868 |0.833 |0.799

Also Dynamic derrick load = Hook load + dynamic fast line tension + dynamic

dead line tension

Notes :

1. Previous practice was to divide the stafic load by an "efficiency” factor to give
the dynamic fast line tension. The efficiency factor was the reciprocal of the
factor tabulated above.

2. The reduction in dead line tension is generally neglected {sec note 3 balow).

3. In theory, the decrease in dead line tension would cause the hook load
indicated on the weight indicator to be too low. In practice the effects of drag,
acceleration and shock loads, and the fact that critical hook loads are
generally applied in small increments, make this error unimportant,
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CAPACITY OF CASING (2)

Eize Waight Inside Drift.

a.n. with couplings diametar dizmater Bils mim Feat mim?
- - - - per foot | per bbl
inch mem Ik kg'm inch M inch T
TH25 | 149388 000 2OYET|  T.R5 | 130.09 JO0% | 177.BO | 00493 | 00257 | 2028 3BES

24.00 3672 TORE | 47844 900 | 17E26 | O.047% | G.0250 | 20BE 3087
26.40 3020 5050 | 177.04 844 | 17384 | Q0472 | Q06 | ZLE0 4052
2970 44.20 G.BVE | 174.63 B.760 | 17145 | Q0459 | 00240 | 247H 4174
3370 ED{5 6.765 | 171.83 840 | {&BEE | 00445 | 00232 | 2240 43,41
39.00 ER.04 5.E625 | 188.28 ©.500 | 18540 | Q0426 | (0222 | 2345 44.95
45307 | BT.4i°| B.435 | 18345 0 | 18027 | Q0402 | 290 | 2486 47.54

T.Fe0 | 19885 46.10 GB.E0 6.560 | 186.62 €500 | 18540 | 0.0418 | G.024B | 2382 4554
B.OOG" | 213200 | 26.00 3p.&9 7.386 | 189780 T28t | 18443 | 0.0530 | C.02F7 1867 36148

BAZST | 205.38° | 28.0D 4187 TARE | 190,42 T80 | ikE0d | Q0844 | O.02B4 | RSV 3521
32.00 47 &2 7.385 | 187.56 T.260 | 18440 | Q0530 | G02V6 | 1EBd 36147
35.50 E2.B= T.2BE | 185.04 T80 | {EB.BE | Q0216 | D060 | {940 a7AT
3350 EB.7R T4BE | 182.50 T.oed | 17832 | QoA | doeR | 19Ed 3821

Be2s | R{9.4 anngt | 20yEt| A4 ) 20805 E0gs | 204.88 | C.0652 | DuD340 1534 20,47
24100 J5.72 2007 | B05.EG 7972 | #edb | QD837 | 00332 1570 20,08
28.00 4487 a0y | 23363 TH92 | BGE | Q.0624 | GO326 15.02 08D
J32.00 47 82 T.R29 ) 24D F706 | 18E0D | Q0608 | 0.034B 15.44 31.44
A6.00 Ba.ET .25 | 198.T76 700 | REEB | 0.0589% | GO0 1681 R
Ja.r | BEEEY) T.TTh | 197.4Q 7.A30 | 18439 | 0.0837 | 0.0306 17.03 a3
.00 59,53 T.25 | 196.22 TECO | 19304 | 00580 | 0302 {T2S 33.08
43.00° [ 63.98% | T.B51 | 194.34 7526 | 19446 | Q0569 | 00297 | ATED 3370
44.00 E5.4E 7625 | 193.68 TEMD | 12050 | Q0565 | 00205 17.74 33,83
4800 TRoz T.E11 | 19078 7386 | {E7E0 | Q0948 | D.02BE 18.25 497

B.7a0 | 2z2R5 | 49.70 7385 T.B36 | 193.95 T.500 | 120560 | Q0566 | 00206 | {7ER J3.E3
0.000 | 22RB.60° | 34.00 E0.ed 84260 | 240.57 E434 | 20E60 | O.0063 | C.034B 14.08 28.71

38.00 BE.EE 8.406 | 20848 B.O40 | 2ld2E | 0.0653 | 00249 1832 20,37
40.00 54.L3 4460 | 20704 7094 | @05 | 00845 | £.0337 1E.ED 20,70
45.00 E6.47 4.032 | 204.04 T47e | BXO0E | O083F | 0327 1506 30.5E
55.00 B1.E5 T.B42 | 198.42 T.B56 | 1%4dE | Q0593 | 0.0200 1587 o233

8625 | 244.48 29307 | 4380 | 9063 | 23020 BAGT | ZEs2d | Q0793 | Bd4E 12.63 2402
32.30 4807 9.001 | 229.63 k4

45 | 22466 | Q.07EY | 0.0 1271 24.35
A6.00 B3EY 4024 | 228.60 ET7e5 | ZE2eld | Q0773 | G403 1283 2

33.00° | GEEE*| 4BBS | 22368 &780 | gx2h0 | 0.0TEY | 00400 13.04 24,60
AG.00 5REs 84.835 | 224.44 BETY | 22045 | 00739 | 60308 1348 2R.ET
4350 64.74 4.7E6 | 22238 £.599 | 2E42 |- 00745 | C.0O3ED 1342 2574
47.00 60.54 4.684 | 220.50 B525 | Bi6E4 | 00732 | 00382 1366 2648
53.E0 ThER 4535 | 24878 BATD | 242E3,| 00703 | C.03EQ 14,43 2708
58400 | BeM 49435 | 24425 BTG | 24020 | Q08 | 0384 14.47 27.73
61.40° | 60.93 49.3765 | 242.72 E249 | 28ve | O.0ed | O3EE | 1468 2843
71.B0° | 406.8E*| 8425 | 208.38 Fa89 | Bh2dq | D084 | G.0336 1560 20.88

B.750" | 24785 | 59.20 BB.1O 2560 | 21742 B.500 | 24580 | 0072 | G037 14.05 2856
0875 | 280.83° | 6280 o245 4.625 | 219.08 8400 | 44R00 | OOF23 | COETT 1384 26.58

0000 | 254.00° | 33.00 401 Q.384 | 23835 2228 | 82490 | 0.0835 | C.0446 1168 2240
10,750 | 273.05 3275 dBT4 | 10402 | 258.B8 | 10088 | 25489 | QU009 | 0.0BZT .84 1p.2a
3575 | BRE0C| 10436 | 25745 ©od0 | 25340 | Q0093 | .05629 10.02 8D
40,60 B0.27 | 10050 | 25527 £.804 | 254.34 | G008 | 0.0G42 1040 18.53
45.50 B7.71 9.050 | 25873 8794 | 24BFT | Q0862 | OG0 10.40 10,83
5100 520 9.B50 | 25010 €594 | B48.23 | 0.0943 | oode2 | 40651 20.33
S4.00° | BOZE'| 9784 | 24359 2824 | 24455 | 0.0G30 | G.O4AS 1075 2024
5550 B2.5a 9760 | 247.80 2.804 | 24304 | 00925 | G043 108 2071
BOLFOF | BILE3Y | SBR0 | 24536 2504 | 24140 | 00908 | 0.0473 11.03 2144
6570 O7.77*| 9KEED | 242.B2 9404 | 230G | 00833 | 00483 11.26 21.58
TLA0° | 10581 2450 | 240.03 0984 | 235.07 | 0.0863 | 0.0453 | 11563 2209

* Mot AP standard. Shown  for information anly
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CAPACITY OF CASING (3)

Siza Waight Ireside Dirift
oD with couplings dizmater diamater Ebls mdm | Feel | mird
- - -~ per foat per bbl
inch mirm Ib=H kg'm inch ru inch men .
11750 | 20845 3B.00" | 58%55%| 11450 | 23324 | 10994 | 27025 | 04204 | 0.0630 k.23 1587
42.00 6250 | 41084 | 28453 | 10923 | €v757 | 04493 | 0.0623 £.33 1608
47.00 6924 | 11.000 | 279.40 | 10844 | 27544 | 04175 | 0.0613 £.51 16.30
E4.00 9026 | 10880 | 27635 | 10724 | 87239 | 04450 | C.060D &0 1667
0.00 8929 | {1078 | 27361 | 10616 | 26285 | 04427 | C.05BB &87 1740
£5.00° | 9873 | 106B2 | 27132 | 10526 | 26736 | 04104 | C.057H .02 1728
Tin0* | 4o5c8° | t05E6 | 26488 | 10430 | 28492 | 04039 | 0.0568 419 1780
14.87E | 301.63 TLEO | 10685 | 10744 | 272.06 | 10825 | 26583 | 04114 | 00562 .87 1720
{2.000¢ | 304.80° | AT.00 50.5% | 11.5084 | 28945 | 11.22d | 28549 | D.1258% | G.O85T 7.94 1552
4300000 | 330.20° [ 40,00 5053 | 12438 | 583 | 12882 | {196 | 04503 | C.O7Ed 5.85 12.75
4500 G657 | 12060 | 3i3.6d | {2204 | 20089 | 04484 | Q.OT7d 8.74 1254
£0.00 7444 | 12202 | 3{1.96 | 12128 | 20800 | D485 | G.0VES £.82 1308
B4.000 8036 | 12280 | 34099 | 12084 | 20843 | DA451 | COTET B.83 1321
43375 | 33873 4E.00 7143 | 12715 | 32286 | {2530 | 21900 | DASVH | 00820 8,37 1220
E4.50 8140 | 12615 | 320.42 | 12459 | 31648 | DA546 | 0.0BOT &6.47 12450
B51.00 9078 | 12545 | 347.88 | 12359 | 31382 | 04521 | 00794 B.57 12.80
SEO0 | A0 20 L 17445 ] 39534 ) 182250 | 34134 | N4497 LOATEd-1  B69 | 13ED
T2O00 | 4075 | 12847 | 336t [ 1ETH | 2085 | 04481 | 00773 6,73 12.24
IO | 444520 | 42275 | 34470 | {2419 | 30782 | 04484 | C.OFEd £.83 1300
ED.70' | 420.08° | 12245 | 31026 | {2089 | 30630 | 01449 | C.OVEE €90 1322
E300° | 423E2* | 12475 | 20925 | 12049 | 30524 | 04440 | 0.0754 .94 1331
E5.00* | 41284%° | 12950 1 3cd|d | {E003 | 30488 | 044358 | 0.0748 £.85 13.24
EB.00% | 127.98° | {2425 | 30708 | 11989 | 30404 | 04428 | C.0745 700 1347
22.00° | 43884 | 12031 | 205580 | {4875 | 30483 | 04408 | 0.OT34 741 1383
0B.00" | 145847 | 14837 | 303.20 | 14.781 | 22224 | 04384 | G.O0722 7.2 1384
13.500° | 3d2490° | Bido | 12444 | 42340 | 3344 | t2da0 | 3145 | 01479 | QOTT2 £.78 1855
{38257 | 246.08" | EBR20 | 43428 | 12375 | 31433 | 12250 | 34145 | 04488 | 0077 £.72 13.EE
14000 | 856807 [ EO.0D TaA1 | 13344 | 33864 | 13458 | 33448 | 04730 | 0.0803 ET4 1108
16000 | 40840 Shont § a4.BR* ) 1RAVE | 39053 | {16487 | 2E575 | 02898 | 04408 435 838
B5.00 96.73 | 15260 | 34735 | {6062 | 2ER34 | D.2239 | G470 4.43 848
TO.00° ) 40447 ) 15408 | 386.03 | 15040 | 38125 | 0.2244 | 04T 4.48 a.54
TEOD | 44181 | 15484 | 33445 | 14938 | 370ad | 02232 | 04458 4 680 gs2
E400 | 42504 | 15010 | 38186 | {4822 | 37644 | 02489 | 04942 4.57 878
10O | 48224 | 14.6BB | 37308 | 14500 | SER30 | D2098 | 0084 477 g.i4
{B.E25 | 47303 TEON | 41608 | 17BER | 45362 | {7667 | 44874 | 03097 | G.4E16 3.23 B.19
& 430 21 17755 | 45008 | 17567 | 44820 | 030682 | GM5EB | 327 BET
SEE07 | 14381% | 765G | 44844 | {TAGT | 44385 | 03028 | GAGED 330 RIS
200003 | S0R0G | 24.00 | 439288 | {8424 | 449575 | 18935 | 48004 |, 03553 | 04854 2.81 552
12850 | 45340 | {2000 | 43260 | 184812 | 47783 | 043307 | ¢.4830 .85 S48
133.00 | 19783 | 1BV30 | 47574 | 1B542 | 470497 | 043408 | 0.477B 293 552
PAEX0M| 46400 9280 | 137£8 | EOT0 | 82604 | 20522 | B 26 | 04168 | 0.247d 2.4 LB
10300 | 15328 | 20690 | 52360 | 20432 | BiE72 | 04128 | G.2453 £.432 454
114,00 | 1689.65 | 20640 | 52088 | 20322 | L6414 | 04038 | 0.2132 245 458
BAOOI | BNOGC’ | 9482 | 40E{ | 232850 | SO90.B5 - —— 0.5251 | 0.2V40 .90 485
{12540 | 486,75 | 23000 | 584.20 - —— 05139 | G.2682 1.95 3.73
1E8.03 | 93220 | 22950 | ST7.RE - - 05024 | C.2624 1.93 381
18823 | 8744 | 22500 | V460 [ - —— 04318 | 0.258& 203 320
2d. B0 | 622.30° | 10050 | 14958 | 23.¥50 | A03.E5 | 23562 | SEE44 | 05479 | 0.2B54 1.83 1510
11300 | 16846 | 23650 | S00.71 | 23462 | 50594 | 05433 | 0.2835 1.84 353
3000007 | TE2.00%| 11885 | {7EET | 28250 | 742385 | - - 02311 | 04337 1.20 231
1E7.53 | 23443 | 22000 | T36.E0 - —— nadvoe | G.4262 1.82 235
19508 | 2980 | ZETS0 | VIO.ER - - 04529 | c.4400 1.25 230
23420 | 34888 | 2BEM | T2300 [ e - n7asd | od447 1.87 243

* Mot AP standard. Shown for information only
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THE VOLUME OF A CYLINDER

Bbiz Lin. fest Bbiz Lin. feat

. [.D.or C.D. per | m¥m g&; mem? LI or 0.0, per | mEm or | mime

inches | mm | lin. foot thbl inches |- mm | fin. foot bil.
2000 5080 |G003B3 | 0023 ZEY A 4334 10.000 | 284.0 0.0a7 JG.0507 10.29 18.74
2125 5388 |C.0Dd42D | 000220 FEB.O 437.0 10,425 | B2&7.2 0100 0.0519 10.04 1925
2280 8745 | 0u0dE2 | D.002ET 2053 3895 10,250 | 2604 n.icg 0.0532 9.B0 14.78
2.375 B0.33 |Q.0OR4R | 0002498 1825 3499 10375 2RIAS 0405 0.0545 Q58 18.33
2.5 B350 | 0.00807 | 000347 1847 3158 13,600 | R2EB.T 0407 00559 @34 1720
2685 B5.EE |0.00562 | 000340 1494 2864 10,625 260.9 ISR EA] 0.0572 242 17.48
2.TEQ B3.85 |[0.0073R5 | 000333 1364 2610 13,7501 2734 LAz 13,0588 8. 1708
2878 TI.03 [C.00BOZ | 000449 {1245 2338 10.B75| B76.2 RS £.0580 B0 1888
F.000 78.20 |0.008T4 | 000458 1144 2183 000 | 27R4 0118 0.0613 E54 16.31
3485 TEI8 |000240 | 000435 {1064 2024 11,125 2B2.8 0120 0.0627 k32 152
3280 8255 | 0.0103 | 000535 oar s 136.8 11,250 | ZBG.& 0.123 00644 B.13 15.52
3.375 8573 | 0.0 | 0.GOETT 0.4 173.2 11375 | 28BS 0.128 (.0656 T.88 15.25
3,500 29.50 | 0009 | Co0e2 Ed.0 1614 H.E00 ] 2024 0128 13,0670 T.74 14.65¢
3525 9208 | 00428 | 0.00GE6 T8I 1502 11835 | 2853 DA 0.0685 762 1480
ATED 95,25 | 0.0H3T | 000713 T2 140.3 11,750 | 20B.E 0134 00700 748 1422
LETS 98,43 | 0446 | 000TE ER.B 1344 11875 Mg 0137 0.0745 T30 1400
4000 | 1.6 255 | D.00atd 4.3 1233 12.000 | ZDd.E 0140 .0730 745 13.74
d 125 | 104.8 GBS | 0.CG0862 &0.5 1160 12,426 30B8.0 .143 30745 F.00 13.42
4. 250 | 104.0 0.oiTs | 0G0915 570 1095 12.280| 3i11.2 0,148 0.07E0 .68 13.45
4.375 1119 0.04B8 | 000370 B3 E 1034 12,375 3443 | 0149 2.07TE 8,72 12.E3
4,500 114.3 00487 | 004as 538 9475 13500 31v.E 0152 3.07TE2 8,59 1283
3625 | 1178 00208 | 00408 484 92.3 12.625 | 3207 0455 .0BOE B.48 1258
4. TED | 4207 00240 | D044 456 arks 12,750 3332 1158 0824 833 12,14
4.BTE | 1238 0.0231 | 00120 433 a34a 12875 | H27.0 IR1:3 G.DRd0 .21 1184
5000 | 1270 00243 | 00427 4i.2 745 13.000 | 3302 0184 (1.DB56 &.0g .68
S4z& | 1302 00255 | D.04E3 332 Ta4 13.425| 3334 187 .0873 5.o3 11.4%
EZED | 1334 00268 | 0.0440 373 g 13250 8368 071 .0BG0 5.Ba Hazd
E.37E | 1385 00281 | 00148 256 633 13.375 | 3307 0174 0o0E | EBTS P03
EEID | 1397 00284 | 00453 240 B5.2 13.500 1 3429 07T 0923 565 {13.E3
525 | 1428 00307 | 00480 325 824 13.625 | 346.1 0.4an 0.0849 BE5 1063
ETED | 1464 00329 | nOER 314 597 13,780 340.3 IREE 13,0958 544 1044
L.BTE | 1492 0.0335 | 0LOITE F3.8 872 J3.B75| 3524 p.4a7 0.087% £33 1025
g0 | 1534 0350 | D.O1EZ =BE 248 14.000 | 3858 0.149¢ (.0B393 k25 10507
B.AZE | 1556 00364 | 0,048D 2T P25 14.425| 3568.E 0494 4044 518 [
250 | 1548 2,038 | 000{SE 284 80.5 14.250 1 362.0 0.197 0.4n2g EO7 a7z
B.3TS | 1810 0305 | 00208 ‘2R3 488 14.376| 9654 0.2 0.4047 453 Q.EE
B.E3) | 1634 00440 | 000214 4.4 J8.7 14,500 | 368.3 0.204 0. 4085 4.8 Q.33
B.g2h | 1683 00426 | 00222 =35 450 14.625| 3.5 0.203 G.4084 4.81 ]
BYED | 1T1E Coddd | 0023 28 433 14,760 | 74T 021 24102 473 QT
B.BTE | 1746 00459 | 00239 1B 418 14875 ar7E 0245 o121 465 8.az
FECLA R B OE: | 00478 | 00248 2.0 A3 15.000( 3810 0219 G140 458 a.rr
TAZE | 1840 00403 | 0LO2E7 2.3 aas 15,125 32B4.2 0222 3.1159 450 aes
T.E50 | 184.2 .05 00288 196 37k 15.250 1 3RY.4 0228 ¢q178 443 a.4a
T.R7E | 187.3 00538 | 02276 R 8.3 15375 3805 0.230 124198 4,35 a.35
7500 | 196.5 0.0548 | 0.0SBES 183 351 12500 23837 0.233 0247 4.28 a3
7625 | 1937 00565 | (L0205 ir7 338 15625 | 3965 | 0.237 1237 4.22 808
7TED | 1980 .0583 | 00304 174 328 15,780 | 4004 0.244 1% - 415 TEE
7.8TE | 2000 00602 | 00314 166 s 15875 d03.2 0.245 0277 4.08 TH3
B.ODD | 2042 00622 | 00324 164 ack 16.000 | 4064 0.249 0.1207 4.02 Al
B1Z5 | 206.4 00644 | 00335 1L.B 294 168426 4098 -| 0253 4318 3.88 T.ED
B.250 | 209.8 00681 | 000345 151 2550 162501 4128 D237 04338 .80 TAT
B.STE | 2127 00881 | DUO3ES 4.7 234 168,378 | 4482 0280 0.4354 3.84 TR
B.E3 | 2150 2.0702 | 0.0388 14.2 2V 16,500 4494 0.284 04300 ar8 ¥25
B.EZ5 | 2194 GOF23 | 00377 {38 28.5 18,6256 | 422.3 0.284 24400 372 .44
B.TED | 2233 00744 | 0JOREE 134 238 16,750 425.% 0.273 0.4422 267 Y03
BETE | 2204 0.O7ES | 00502 134 254 16.B75| 42B.G 0277 1443 361 555
QOO0 | 2286 C.O7ET | 00440 127 244 17.000 | 4318 0.2a84 4484 358 GRS
BAZE | 2318 0.0B0OD | 00452 124 a1y 17.425 | 43620 f.23s 7.14B8 3.51 B.73
8250 | 2350 00831 | 0)0424 120 234 17.250 1 43B.2 0.2a9 ¢.4508 2B B85
B3TE | 2334 C.0B5E | 00445 "7 a5 17.375 | 4413 0.243 3.4530 344 854
BRI | 2413 0.0877 | 00457 114 g 17.600 | 4445 0.238 0.1552 538 B.44
Qe2h | 2445 0.0000 | D482 14 213 17.625 | 447.7 0,02 2.1574 3. G35
BYED | 2477 0.0823 | 00482 10,8 E 17.750 | 4509 0.aca 01506 3.27 B:R8
OETE | 250.8 D047 | 00494 0.6 e 17.876 48440 | oMo | GiBdD a2 8.18
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