GWD DESIGN, INC,
Pipaline MAOP Calculation per CFR 195.106 and consistent with ASME B31.4 Sec. 402 & 404

Cliant: Whiting Petrolsum Corporation Rev.: B

Project: Nexen 8" Oil Pipsling Rev. Date; 10/6/2009

Location: Stanley, ND Print Date: 10/6/2009
P=(2SYD)xExF (See CFR 195.106 for references below)

P =Internal design pressure in p.s.. {kPa) gage.
S =Yield strength in pounds per square inch {kPa) determined in accordance with paragraph (b} of this section.

¢t =Nominal wall thickness of the pipe in inches (millimeters).
If this Is unknown, it is determined in accordance with paragraph (c} of this section.

D> =Nominal outslde diameter of the pipe in inches (millimeters).
E =3eam joint factor datermined in accordance with paragraph (e} of this section.

F =A design factor of 0.72, except that a design factor of 0.60 is used for pipe, including risers, on a platform
located offshore or on a platform in intand navigable waters, and 0.54 is used for pipe that has been subjected
to cold expansion to meet the specified minimum yield strength and is subsequently heated, other than by
welding or stress relieving as a part of welding, to a ternperature higher than 900 °F {482 °C) for any period of
time or aver 600 °F (316 °C) for more than 1 hour.

Line Pipe Calculation:
S= 42,000 psi APl 5L B, X42/X52 (transition piece is API 5L B, X42)
t= 0.250 inches
D= 8.625 Inches
E= 1 Only ERW pipe will be used (see CFR 195.106 paragraph (e))
F= 0.72
P= 1753 psig From -20 °F to 100 °F

Above Ground Pipe Calculation:

§= 35,000 psi AJ33 Gr 6 (see attached Fig. 17-25 from GPSA 12th Edition Vol 1))

t= 0.500 inches Sch. 80

D= 8.625 Inches

E= 1 Only ERW/Seamless pipa will be used (see CFR 195,106 paragraph {(e))
F= 0.72

P= 2922 psig From -20 °F to 100 °F

{NOTE: 4" STD wall used for valves is rated to 2654 psig)
{NOTE: Temperatures below -20 °F are excluded from the scope of ASME B31.4-2006)

Pipeline “Weak Link™

The weakest point in the plpeline wil be the ANS! 600# flanges per ASME B16.5-2003 as shown in ths
attached Fig, 17-28 from GPSA 12th Edition Vol. II. MAOP will be 1480 psig from -20 to 100 °F,
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GWD DESIGN, INC.

Hydrotest Calculation per ASME B31.4 Sec. 4374

Client: Whiting Petroleum Corporation
Project: Nexen 8" Oil Pipeline
Location: Stanlay, ND

Rev.:
Rev. Date:
Print Date:

B
9/21/2009
10/6/2009

per ASME B31.4 the hydrotest must be run at 1,25 times the MAOP for 4 hours and 1.1 times for 4 hours

MAOP = 1480 psig (see MAOP Calcuiation)

Hydrotest Pressure;

Hydrotest Pressure = MAOP x 1.25

Hydrotest Prassure = 1850 pslg

Elsvation Change Pressure Head:

Max Elevation Change = Highest Elevation Point - Lowest Elevation Point

Max Elevation Change = 2371 ft- 2157 # (See Attached Pipeline Profile)

Max Elevation Change = 214 ft

Water Pressure Head = 92.8 psi {Only valid with Water as Test

Minlmum Pressure at Points During Tast:

Inlet Elevation = 2192.50 ft
Outlet Elevation = 2204.85 ft
High Pt Elevation = 2366.59 ft
Low Pt Elevation = 2158.16 ft
Chart Elevation = 2204.85 ft

Inlet Pressure =
Outlet Pressure =
High Pt Pressure =
Low Pt Pressure =

Chart Pressure =

NOTE: Chart was located at the pipeline outiet near Stanley,ND.

GWD Design, Inc. Confidential

10/6/2009

Medium)

1925 psig
1920 pslg
1850 psig
1940 psig

1920 psig

(Required at Highest Point in Elavation during 1.25 test)
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GWD DESIGN, INC.

Hydrotest Calculation per ASME B31.4 Sac. 437.4

Client: Whiting Petroleum Corporation Reav.; C
Project: Nexen 8" Olf Pipsline Rav. Date: 10/6/2009
Location: Staniey, ND Print Date: 10/8/2009

per ASME B31.4 Sec. 437.4.1: When fines are tasted at pressures that devsiop a hoop stress, based on
norminal wall thickness, In excess of 90% of tha specified minimum yield strength of the pipe, spedial
care shall be used to prevent overstrain of the pipe.

Hoop Stress = PxiD/2xt < 80% S

P=  Internal Pressure in psig

D= Internal Dlamater in Inches

t= Wall Thickness in inches

8= Yieid Strength In psi

Line Pipe Hoop Stress Calcufation:

To prevant ovarstrain of pipe Max Hydrolest pressura should be ata hoop stress less than 909 of SMYS

D= 8.125 in
t= 0.250 in
8= 52,600 psl
Max Hoop Stress = 48,800 psi
P . 2880 psig {Max Pressure that can be applied at lowest point)

Above Ground Plpe Hoaop Stress Calculation:

To prevent overstrain of pipe Max Hydrotest pressure should be at a hoop stress less than 90% of SMYS

Transition Piece

D= 7.625 in 8.125 In

t= 0.500 in 0.250 in {min}

S= 35,000 psl 42,000 psl
Max Hoop Stress = 31,500 psi 37,800 psi

p= 4131 psig \ 2326 pslg

Maximum Alfowable Pressure at Points During Test:

indet Elavation = 2192.50 ft intet Prassure = 2865 psig
Outlet Elevation =  2204.85 # Outlst Pressure = 2860 psig
High Pt Elavation = 2368.50 ft High Pt Pressure = 2790 psig
Low Pt Elavation= 2158.16 ft Low Pt Pressure = 2880 psig
ChartElevation=  2204.85 # Chart Pressure = 2880 psig

NOTE: Chart was located at the pipeting outlet near Stanley,ND.
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Client;
Projact:
Location:

GWD Dasign, Inc. Confidential

GWD DESIGN, INC,

FHi Volume Calculation

Whiting Petroleum Corparation Rev.:

Nexen 8 Oil Pipeline Rev, Date:

Stanley, ND . Print Dats:

Volume = xR

R=ID72

D=8.125in = 0.67708 #t

R= 0.33854 ft

L= 94,500 ft
Yolume = 34,026
Volume = 254,529 gafiong

Volume = 6,060 bbls

10/6/2009

B
912172009
107612009
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Elevation {ft)

2400

2350

2300

2250

2200

2150

2100

8" Nexen Oil Pipeline Profile

i

High Point 2366.59 ft

End 2204.85 ft

\Start 2192.5 ft
Low Point 2158.16 ft

i T T T T T T T T

10000 20000 30000 40000 50000 60000 70000 80000 90000
Distance (ft)

100000



£z-21

BASIC ALLOWABLE STRESSES IN TENSION, psi (1)
L Metal Temperaturs, °F (7)
Factor 51'-“’"&‘-" erongth | ML et eo| 200 | 300 | 00 | 500 | oo | 6oo | 700 | 750 | oo | 30 | oo | 950 | 1000 | 1080 | 1100
Material  |Specification| Grade | Class | {E) | min. psi | min, psd Temp, ﬂlﬂola- te
CARBON STREL
Semndess Pipe
ASTM AS3 A Type 8 48000 30000 20 16000 |1500C { LEOOY {16000 | 16000 | 14830 | 14500 | 14400 | 10700 | 9300} 7900 | 6500 | 4500 | 2500 { 1600 | 1000
ASTM AS3 B Type S SO0 35000 ~20 20000 {20000 | 20000 (20000 | 18900 | 17300 | 17000 | 16500 [ 13000 |108001] 8700 | 6500 | 45600 | 2500 | 1600 | 1000
ASTM AOG A 48000 30000 =20 16000 {16000 | 16000 {16000 | 16000 | 14500 | 14500 | 14400 | 10700 | 9300{| 7900 | 6500 | 4600 | 2600 | 1600 ; 1000
ASTM ANG " QD00 35000 -20 20000 120000 | 20000 {20000 | 1800 | 17300 | 17000 { 16500 |13000 [}0B0C|| 8700 | 6600 | 4500 | 2600 | 1600 | L0GO
ASTM 4106 c T0000 40000 20 23300 23300 | 23300 122000 [ 24680 | 19700 | 19400 | LU200 {14800 | 12000
ASTM AL20 20 112000 {13460 |
ASTM ASI3 1 55000 30000 -3¢ 18300 18300 | 17700 {17200 } 1G200 | 14800 | 14500 14400 112000 10200f] 8300 § 8600 | 4500 | 25un | T6t0 | 100G
ASTM Al34 1 85000 30000 B0 18300 {18300 | 17700 [ 17200 | 16200 | 14800 | 14500 | 14400 {12000 |10200|] 8300 | 6600 | 4500 | 2600 | 1600 | 1060
ASTM AH3S G 60000 35000 ~50 20000 |20000 | 20000 (20000 | 1BD00 | 17300 | 17000 | 16500 [ 13000 | 10800]} 8700 | 6500 | 4500 | 2500 | 16a0 | 1000
ASTM A334 & GO0OH | 35000 -60 20000 120000 | 20004 | 20000 | 18900 | 37300 | 27000 | 18500 [ 13000 {10800 9700 | GGOG | 4500 | 2600 1606 | KK
ALY 61, A 48000 30000 ~£0 16000 16006 | 16000 | 16004 | 16000 | 14800 | 14500 | 14400 {10700 | 9300 |] 7900 | 6500 | 4500 | 2500 | 1800 | 1000
APLGL B 60000 35000 20 20000 (20000 | 20000 {20000 Jf 18900 | 17300 | 17000 | 16500 {13000 [10800}| 8700 | 6506 | 4500 | 2600 | 1600 | 1000
AP 5LX X42 80000 42006 -20 20000 | 20000 | 20000 {20000}
AP 8LX X46 63000 46000 ~20 21000 |2100G | 21000 [21000{
AP GLX Xaz 86000 52000 ~20 22000 (22000 | 22000 § 22000/
ADPI &LX xX52 T2000 52000 -20 24000 {24000 | 24000 | 24000 ]
Eloctric Rusistnnce Welded Pi)
ASTM AL A Type 87 0B85 48000 30000 -2 13600 |13600 | 13800 {13600 | 13G00 | 12600 | 12300 | 12260 | D100 | 7900(] 6700 | 5500 | 3800 | %150 | 1360 860
ANTM ASD )] Type E| 085 G0000 36000 ~20 17000 {17000 | 17000 | L7000 | 16100 | 14700 | (4500 | 14000 | 11000 | 820C|] 7850 | 5500 | 3800 | 2150 §{ 1360 860
ASTM A120 Q.85 =20 1
LOW AND INTERMEDIATE ALLOY STERL & STAINLESS STEEL (4.40) - Scanitless P e
J N ASTM A333 3 63000 35000 -150 ZIT00 {19600 | 19600 | 18700 | 17800 | 16800 | 16300 | 15600 {13800 | 11400 | 9000 | 650G | 4500 | 2500 | 1600 | 100G
JL2Ni ASTM A334 3 85000 35000 ~150 21700 {19600 | 19600 | 18700 | 17800 | 16800 [ 16300 | 15500 {13800 {21400 | Y000 [ 6500 | 48500 | 2500 | 1600 | 1000
Ni-CrCu-Al ASTM A333 4 80000 35000 ~150 20000 19100 { 18200 {17300 | 16400 | 15500 | 15000
21AN; AT A332 T 66000 35000 ~130 21700 [18600 | 1960C | 18700 | 17600 | 16800 | 16300 | 15500 [ 13000 | 11400 | 9000 | 6500 | 4500 | 2500 | 1600 | 1000
24 NI AST™M A334 7 65000 35000 -100 21700 |19600 | 19600 (18700 | 17600 | 16800 | 16300 | 15500 | 13900 | 11400 | 9000 | 6500 | 4500 | 2500 { 1600 { 1000
9N ASTM A3 8 100000 75000 ~320 31706 {31700
2N ASTM AS34 8 100000 | 75000 —320 31700 {31700
18CHBNi Pipe  ASTM AJ7¢ TIgid T5000 30000 425 20000 |20000 | 20000 [ 1BT00 § 17500 | 16400 | 16200 | 16000 [15500 {15200 14900 |14G00 | 14400 | 13800 | 12200 | 9700
18CrBNi Pipo  ASTM AT6 T3040 75000 30000 ~325 1870CG 5 16400 { 16200 | 16000 {15600 | 15200 | 14900 ] 14600 {14400 | 23800 12200 | 870G

Nute: ASME 31.3 Appendis A includes notes which may additionatly nitatiowable stress vidues or application of the abave materials due 1 wapenuyre liminitons, wall thicknesa, heat 1eeiting.

wienial composition, ¢c. Refer to ASME 31,3 Appendix A notes fur these Himitations o specinl requirements applicable 1 particulor muterials,

(81-v '1-v soiqel ‘2002 'c°1£8 IWSY Wouy padojarag)
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FIG. 17-27

Gas Transmission and Distribution Piping
Code for Pressure Piping ANSI 831.8-1999
Carbon Steel and High Yield Strength Pipe
{Values apply to A106, APl 5L and AP 5LX pipe having the same specified minimum yield sirength as shown)

. Allowable Working Pressures up to 250°F, in psig
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FIG. 17-28
Pressure-Temperature Ratings for Plpe Flanges and Flanged Fittings from ANS! B16.5-1696

i CLASS 150 | 300 : 400 § 600 5 900 i 1500 i 2500
v A105 (1), A216-WCR (1), A515-70 (1)
| Material Group 1.1 {Carbon Steel) AS516-70 (1) (D)
: AB50-LF2 (1), AS37-CL1(3) |
! °F ) Pressures ave in pounds per square inch, gauge (psig} i
-20 to 100 285 ' 740 ; 990 g 1480 : 2220 i 3705 6170
200 : 260 i 875 ' 900 i 1350 { 2025 ! 3375 5625
300 ! 230 ; 655 875 : 1315 E 1970 | 3280 5470
400 : 200 . 635 : 8435 . 1270 ! 1900 % 3170 5280
500 ! 170 | 600 ‘ 800 ‘ 1200 [ 1795 ! 2995 4990
600 140 ! 330 ! 730 1095 : 1640 i 2735 4560
650 125 ! 535 ! 715 i 1075 § 1610 | 2685 : 4475
700 : 110 i 535 : 710 : 1085 1600 : 2665 4440
750 95 { 505 § 670 . 1010 1510 | 2520 4200
800 8 40 . oss0 | g 1235 | 2060 3430
850 ' 65 i 270 : 355 ' 535 : 805 : 1340 2230
900 : 50 ] 170 i 230 . 345 f 515 ! 860 1430
950 : 35 i 104 ! 140 } 205 310 ! 515 860
| _ 1000 { 20 i 50 i 70 { 105 155 : 260 430
A182-F304 (5, A1B2-F304H
Material Group 2.1 (Type 304) A240-304 (5), A351-CF8 (5)
A351-CF3 (4)
-20 to 100 275 5 720 i 960 ; 1440 2160 g 3600 6000
200 230 i 600 ; 800 i 1200 1800 : 3000 5000
300 ; 205 ! 540 ? 720 © 1080 1620 i 2700 4500
400 190 l 495 . 660 i 995 i 1490 i 2485 4140
500 170 E 465 ! 620 ; 930 f 1395 L 2330 3880
600 : 140 ; 433 i 530 i 875 ; 1310 ; 2185 3640
630 ’ 125 | 430 ; 575 t 860 ! 1290 . 2150 3580
o 1o 435 ! 555 i 850 ’ 1275 ? 2125 3540
750 : 95 ? 415 | 555 3 830 1245 | 2075 3460
800 80 ‘ 405 ’ 540 ; 806 1210 | 2015 3360
850 65 ; 395 ; 530 790 1190 : 1980 3300
300 50 : 390 520 K 780 1163 1945 3240
950 35 ! 380 ; 510 765 ; 1145 1910 3180
E 1000 20 | 320 | 430 : 640 965 1605 2675
1050 ! 310 i 410 3 613 : 925 1545 2570
1100 ! 255 f 345 : 515 770 1285 2145
1150 f 200 5 265 : 400 595 995 1655
1200 f 135 § 205 r 310 465 770 1285
1250 | ; 115 , 150 ! 225 : 340 565 945
1300 ! : 85 ! 115 . 170§ 255 430 715
1350 g i 60 ! 80 : 125 | 185 310 515
1400 i : 50 ‘ 65 90 145 g 240 400
1450 i ! 35 ; 43 . 70 105 ! 170 285
1500 25 ' 35 i 53 ! 80 { 135 230
Notes:

1) Upon prolonged exposure to temperatures above about 800°F (425°C), the carbide phase of carbon steel may

be converted to graphite: permissible but not recommended for prolonged use abeve 800°F
(2} Not to be nused over 850°F

{31 Not to be used over 700°F

4}  Not to be used over 800°F

(3) At temperatures over 1000°F (340°C), use only when the carbon content is 0.04 percent or higher

f6) Tor temperatures above 1000°F (540°C), use only if the material is heat treated hy heating it to a temp-
erature of at least 1900°F (1040°C) and quenching in water or rapidly cosling by other means




Nexen Marketing USA, Inc. Process Hazards Analysis Study Nexen 8 Pipeline and Facilities:
Robinsor Lake 1o Stanfey, ND

6.3. HAZOP Recommendations: Whiting Oil & Gas

During discussion of node 1 {Rabinson Lake inlet from the Whiting Oif and Gas Co. crude
pipeline), a representative from Whiting was available to provide information to the PHA team
related to the pipeline and nearby operations.

As a resuit of the review of this node, six (6) recommendations were made for which input or
follow-up from Whiting would be required. Two (2) of these six recommendations were ranked
as "H" high risk. These recommendations were as follows:

Travis Mecham
and Bil] Hermann

BIII Herrmann,
Barry Garvin,
Travis Mecham

BHI Herrmann
and Barry Garvin

Bill Herrmann
and Barry Garvin

Bill Herrmann
and Barry Garvin

Travis Mecham
and Bill Hermann
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Pump Operations

¥
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P Raily

P-262 = 800 bph 12 M 1 bp INTERIM (P-262)

P263=  1000bph| 24M  |1bp INTERIM (P-263)
P-262/263= 1500 bph

400.0 BPH
5,600.0 BPD

Sweet Sour
# Truck Spots (Tg)= 1 1
Trucks { Hr / Spot = 1 1
Truck Unload Vol = 200 200
Start Time:>>>!  6:00 6:00
Stop Time:>>>|  20:00 20:00
Hrs/Day Unloading = 14 14
Daily BBL.  2,800.0 2,800.0
Whiting (W)= 18,000 BPD

750.0 BPH

Stanley
Station

Enbridge (E;)=
(%Xg)=

25.0%
1,200.0 BPH
23,800.0 BPD

Pump Capacity
(P)= 8000 BPH —»

(%Xe)=
(INg)=

118.8%

18,200.0 BPD (daily average)

1,500 BPH —»

36,000 BPD (instantaneous)

23,800 BPD {average)

36,000 BPD (pump capacity)
66% Run Time

18,200 BPD {pump capacity @ 24 hours per day)
18,200 BPD (average pipeline throughput)
95% Run Time

950.0 BPH (worst case instantansous)

1 and 202 w/ P-264=

e e

# Truck Spots (Tp)= 1
Trucks / Hr/ Spot = 1
Robinson Truck Unload Vol =| 200
Lake 200.0 BPH Start Time:>>>| 8:00
Station 200.0 BPD Stop Time:>>>| 9:00
HrsiDay Unloading = 1
Daily BBL  200.0
R-L Qutlet Pymo Scenarios Daily B
P-201 or 202 = 417bph]  1OM |1 bp INTERIM (P-201)
P-201 and 202 = 500bph| 12M |2 bp INTERIM (P-201 & P-202)

IFuture
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Monthiyrank Levels
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