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Model Reference Information
General

Title: AFT Fatham Madel

Analysis run on: 4/13/2020 10:36:42 AM

Application version: AFT Fathom Version 10 (2018.05.21)

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
DesigniCalculations\MechiM-002 Flowi\Rev 0\WV Files\LERF TransferRev0.fth

Scenario: Base Scenario/Run 2/Low Basin Level High DP

Qutput File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
Design\Calculations\Mech\M-002 Flow\Rev 0\WV Files\LERF TransferRev0_F1.out

Execution Time= 0.27 seconds

Total Number Of Head/Pressure lterations= 0
Total Number Of Flow lterations= 91

Total Number Of Temperature Iterations= 0
Number Of Pipes= 27

Number Of Junctions= 27

Matrix Method= Gaussian Elimination

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= {Automatic)

Constant Fluid Property Model

Fluid Database: User Specified

Fluid= User Specified

Density= 1 5.G. water

Viscosity= 1 centipoise

Vapor Pressure= Unspecified

Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Juncticn K factors, Junction Special Losses, Junction
Polynomials

Corrections applied to the following junctions: Branch, Reservoir, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or
Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant)= 1 atm

Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Total Inflow= 84 .08 gal/min

Total Gutflow= 84.08 gal/min

Maximum Static Pressure is 102.3 psia at Pipe 50 Inlet
Minimum Static Pressure is 1.918 psia at Pipe 56 Inlet

Warnings

No Warnings

Applied Standards

===== ANSI/HI 9.6.3-2017 - Rotaodynamic Pumps - Guideline for Operating Regions =====
Pump 5 set lo specific speed <=4500 (US Customary}, with lower POR 70% and upper POR 120% of BEP

Quality Assurance Procedure 3.1

Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00

5/26/2020 - 11:00 AM 93 of 183
RPP-CALC-63650, Rev. 0
Saraere & Luncy CALCULATION SHEET
Project No. S54413.024 Calculation No.  S54413.024-M-002 Rev. 0 Page No. 90 of 180
Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Output) AFT Fathom Model
4113/2020
Page 2
Pump Summary
Results Vaol. Mass dP dH Overall Speed | Overall BEP % of NPSHA
Jct Dlaarar Name Flow Flow Efficiency Power BEP
g (gal/min) | (Ibm/sec) | (psid} | (feel) | {Percent) | (Percent) (hp) (gal/min) | (Percent) | (feet)
5 |Show Pump 84.08 1168 87.68 2024 N/A 100.0  4.300 N/A N/A N/A
NPSHR
Jet
(feat)
5 NiA
Valve Summary
Vol. Mass dP Stag. dH P Static
Jet Name Valve Type Flow Flow In Cy K
{galfmin) | {Iom/sec) (psid) (feet) (psia)
7 Valve REGULAR 84.08 11.68 0.023088 0.053302 87.63 5534 0.7638
10 Valve REGULAR 84.08 11.68 0.023731 0.054785 86.63 5458 0.7650
X17 60M-43B REGULAR 0.00 0.00 N/A N/A 86.61 N/A N/A
18 60M-43A REGULAR 84.08 11.68 0.001221 0.002820 8661 24058 06300
56 Cantrol Valve FCV 84.08 11.68 0.036971 0.085351 87.68 437.3 1.2231
63 [P5] |Three Way Valve THREE-WAY 84.08 11.68 0.022463 0.051859 87.61 561.0 0.7241
X63 [P55] |Three Way Valve THREE-WAY 0.00 0.00 N/A N/A 87.61 N/A N/A
Jot Valve State
7 Open
10 Open
X17 Closed By User
18 Open
56 Opened By User
63 [P5] |Open
X63 [P55] |Closed By User
Pipe Qutput Table
Vol. Velocity | P Static | P Static | Elevation | Elevation dP Stag. dP Static dP
Pipe | Name | Flow Rate Max Min Inlet Outlet Total Total Gravity
(gal/min) | {feet/sec) | (psia) (psia) (feet) (feet) (psid) {psid} {psid)
2 |Pipe 84.08 80391 89252 87514 605.5 605.5 1.73839211 1.73839211 0.0000
3 |Pipe 84.08 2.1180 87.684  87.679 605.5 605.5 0.00506283 0.00506283 0.0000
5 |Pipe 84.08 2.1467 87567 86.634 605.5 606.0 0.93272644  0.93272644 0.2166
10 |Pipe 84.08 05367 86.639 86,613 606.0 606.0 0.02657444  0.02657444 0.0000
12 |Pipe 0.00 0.0000 86615 86.615 606.0 606.0 0.00000000  0.00000000 0.0000
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dH P Static | P Static | P Stag. | P Stag.
Pipe In Qut In Out
(feet) (psia) {psia) {psia) (psia)
2 4.0132821 89252 87.514 89.687 87.945
3 0.0116881 87684 87679 87.714 87709
5 1.6533084 87.567 86.634 87.598 B86.665
10 0.0613502 86.639 86.613 86.641 86.615
12 0.0000000 86615 86.615 86.615 86.615
Vol. Velocity | P Static | P Static | Elevation | Elevation dP Stag. dP Static dP
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
(galfmin) | (feet/sec) | (psia) (psia) (feet) (feet) (psid) {psid}) {psid)
13 |Pipe 0.00 0.0000 86.6156 86.616 606.0 606.0 0.00000000 0.00000000 0.0000
14 |Pipe 84.08 0.5367 86613 86.613 606.0 606.0 0.00006694 0.00006694 0.0000
28 |Pipe 84.08 2.1467 86.516  78.967 606.0 623.3 7.54907915 7.54907915 7.4937
29 |Pipe 84.08 2.1467 83.567 78.957 623.3 606.0 -4.80995993  -4.60995993  -7.4937
32 |Pipe 0.00 00000 83225 75.731 606.0 623.3 749365768 749365768  7.4937
33 |Pipe 84.08 3.2319 102303 102.298 576.6 576.6 0.00546056 0.00546056 0.0000
36 |Pipe 84.08 21467  86.540  86.527 606.0 606.0 0.01293168 0.01293168 0.0000
38 |Pipe 84.08 3.6450 83497 75.855 606.0 623.3 7.64128353 7.64128353 7.4937
39 |Pipe 84.08 36450 75.823 75.748 623.3 623.3 0.07381292 0.07381292 0.0000
41 |Pipe 0.00 00000 75731 75731 623.3 6233 000000000  0.00000000  0.0000
44 |Pipe 84.08 36480 14.696 8.037 623.3 609.0 -5.55841897  -5.65941897 -6.1942
45 |Pipe 84.08 3.6450 75.642 75.240 623.3 623.3 0.40145639 0.40145639 0.0000
47 |Pipe 84.08 8.0381 74.822 74.398 623.3 623.3 0.42290375 0.42290375 0.0000
48 |Pipe 84.08 8.0381 14399  13.976 623.3 623.3 0.42290375 0.42290375 0.0000
49 |Pipe 84.08 36480 14193  13.933 623.3 623.3 0.26013687 0.26013687 0.0000
50 |Pipe 84.08 21180 102.329 100.847 576.6 580.0 1.48238796 1.48238796 1.4728
51 |Pipe 84.08 1.8926 100.853  89.663 580.0 605.5 11.19003338 11.19003338 11.0456
52 |Pipe 84.08 21180 87.642 87.632 605.5 605.5 0.00963438 0.00963438 0.0000
54 |Pipe 84.08 2.1150  87.609  87.590 605.5 605.5 0.01526875 0.01926875 0.0000
55 |Pipe 0.00 0.0000 1.918 1.918 605.5 605.5 0.00000000 0.00000000 0.0000
56 |Pipe 0.00 0.0000 14.696 1.918 605.5 576.0 -12.77821141 -12.77821141 -12.7782
58 |Pipe 84.08 0.5367 86.611 86.576 606.0 606.0 0.03546957 0.03546957 0.0000
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dH P Static | P Static | P Stag. | P Stag.
Pipe In Qut In Out
(feet) (psia) {psia) {psia) (psia)

13 | 0.0000000 86615 86.615 86.615 86615

14 | 0.0001545 86613 86.613 86.615 86614

28 01279470 86516 78967 86.547 78.998

29 6.6573545 78857 83567 78.988  83.598

32 | 0.0000000 83225 75731 83225 75731

33 | 0.0126063 102303 102.298 102.373 102.368

36 | 0.0298543 86540 86.527 86.571 86.558

38 | 03408116 83497 75855 83586 75.945

39 | 01704058 75823 75749 75913 75.839

41 0.0000000 75731 75731 #5787 7573

44 1.2345552 9.037 14.696 9.126 14.786

45 | 0.9268092 75642 75240 75731 75.330

47 | 09763229 74822 74399 75257 74834

48 0.9763229 14399 13976 14.834 14.411

49 0.6005565 14.193  13.933 14.282 14.022

50 | 0.0222421 102329 100.847 102.360 100.877

51 0.3335047 100.853  89.663 100.877 89.687

52 0.0222421 87.642 B87.632 87.672 87.662

54 | 0.0444842 87609 87590 87639 87620

55 | 0.0000000 1918 1.918 1.918 1918

56 | 0.0000000 1918 14.69 1.918 14696

58 0.0818857 86.611 86.576 86.613 86.578

All Junction Table
P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow
Jet Name In Out In Qut Rate Thru Jct | Rate Thru Jct | Loss Factor (K}
(psia) (psia) {psia} {psia) (gal/min) {Ibm/sec)

5 |Pump 14626 102303 14686 102373 84.08 1168 0.0000

7 [valve 87.632 87.608 87.662 87.639 84.08 11.68 0.7638
10 [Valve 86.634 86635 B86.665 86.641 84.08 11.68 0.7650
15 |Tee or Wye 86.614 86.614 86615 86.615 N/A N/A  See Mult. Losses
16 |Area Change 86615 86615 86615 868615 0.00 0.00 0.0000
X17 |60M-43B 86.615 83.225 86.615 83.226 0.00 0.00 0.0000
18 |80M-43A 86.613 86.611 86614 86.613 84.08 11.68 0.6300
31 |Bend 86.527 86.516 86.558  86.547 84.08 11.68 0.3400
32 [Bend 78.967 78.957 78998 78.988 84.08 11.68 0.3400
35 |Area Change 102.298 102329 102.368 102.360 84.08 11.68 0.1180
37 |Area Change 86.576 86.540 86578 86.571 84.08 11.68 3.6738
38 |Area Change 83.567 83497 83598 83586 84.08 11.68 0.3642
39 |Areag Change 75.731 75731 75731 75731 0.00 0.00 0.0000
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P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow
Jet Name In Qut In Cut Rate Thru Jet | Rate Thru Jet | Loss Factor (K}
{psia) (psia) {psia) (psia) (gal/min) (Ibm/sec)
40 |Tee or Wye 75.692 75692 75731 75731 N/A N/A  See Mult. Losses
42 |Bend 75.855 75.823 75945 75.913 84.08 11.68 0.3586
47 |Assigned Pressure 14.696 146068 14.786  14.696 84.08 11.68 1.0000
49 |General Component 74399 14398 74834 14834 84.08 11.68 137.9188
50 |Area Change 75.240 74822 75330 75.257 84.08 11.68 0.8114
51 |Area Change 13.976 14193 14411 14.282 84.08 11.68 0.2967
54 |Orifice 13.933 9.037 14.022 9.126 84.08 11.68 54.6231
56 |Control Valve 87.679 87642 87.709 87.672 84.08 11.68 1.2231
59 |Branch 89.663 89.252 89.687 89.687 84.08 11.68 0.0000
60 [Branch 100.847 100.853 100.877 100.877 84.08 11.68 0.0000
61 |Area Change 87.514 87.684 87949 87.714 84.08 11.68 0.5396
63 |Three Way Valve 87.606 87.606 87.620 87.620 N/A N/A  See Mult. Losses
64 |Bend 1.918 1.918 1.918 1918 0.00 0.00 0.0000
65 |Assigned Pressure 14696 14696 14.696 14.696 0.00 0.00 0.0000
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AFT Fathom Model

General

Title: AFT Fathom Model

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441354413.024 - LERF Basin 41
DesigniCalculations\MechiM-002 Flow\Rev 0\WV Files\LERF TransferRav0.fth
Scenario: Base Scenario/Run 2/Low Basin Level High Operating DP

Number Of Pipes= 27
Number Of Junctions= 27

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= (Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified

Density= 1 S.G. water
Viscosily= 1 centipoise

Vapor Pressure= Unspecified
Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Junctien K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservair, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or

Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant}= 1 atm
Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Pipes

pioe [ ame [ e [ Lengn [ Foral | Dreeste T T, | frcvam | Rovotmess | %2givee= [ Losses 0
2 |Pipe  Yes 30 feet 2.067 inches Standard 0.0018 inches 0.301856
3 |Pipe Yes 2 feet 4.026 inches Standard 0.0018 inches 0.04
5 [|Pipe Yes 378 feet 4 inches Unspecified 0.000204 inches 0.5749724
10 |Pipe Yes 350 feet 8 inches Unspecified 0.000204 inches 1.622009
12 [Pipe  Yes 2 feet 8 inches Unspecified 0.000204 inches 0
13 |Pipe  Yes 1 feet 8 inches Unspecified 0.000204 inches 0
14 |Pipe Yes 1 feset 8 inches Unspecified 0.000204 inches 0
28 |Pipe Yes 30 feet 4 inches Unspecified 0.000204 inches 4]
29 |Pipe Yes 1521 feet 4 inches Unspecified 0.000204 inches 2.38
32 |Pipe Yes 1221 feet 3 inches Unspecified 0.000204 inches 4.702397
33 |Pipe Yes 1 feet 3.28 inches Standard 0.0018 inches 0
36 |Pipe Yes 7 feet 4 inches Unspecified 0.000204 inches Q
38 |Pipe Yes 20 feet 3.068 inches Standard 0.0018 inches 0
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Pipe | Initial Flow ‘nitlii!lir:s‘ow (‘LJJL:LSLDWH% Gecmetry ‘ Material | Size Type C?]?_fﬂ;‘n

2 59, 61 Cylindrical Pipe Steel - ANSI 2inch schedule 40 None

3 61, 56 Cylindrical Pipe Steel - ANSI 4inch schedule 40 None

b 63, 10 Cylindrical Pipe  User Specified None

10 10,15 Cylindrical Pipe User Specified None

iz 15,16 Cylindrical Pipe  User Specified None

13 16,17 Cylindrical Pipe  User Specified None

14 15,18 Cylindrical Pipe  User Specified None

28 31,32 Cylindrical Pipe  User Specified None

29 32,38 Cylindrical Pipe  User Specified None

32 17,39 Cylindrical Pipe  User Specified None

33 b, 35 Cylindrical Pipe Steel - ANSI 3inch Schedule 10 None

36 37,31 Cylindrical Pipe  User Specified None

38 38,42 Cylindrical Pipe Steel - ANSI 3inch S8TD (schedule 40) None
Pipe | Name | it s | Longn | ST | Diameter | Diom, Unis | Data et | Foughness | FOUE | Losses (9
39 |Pipe Yes 10 feet 3.068 inches Standard 0.0018 inches Q
41 |Pipe Yes 15 feet 2.067 inches Standard 0.0018 inches 0.8678359
44 |Pipe Yes 50 feet 3.068 inches Standard 0.0018 inches 2.606288
45 |Pipe Yes 30 feet 3.068 inches Standard 0.0018 inches 2.008384
47 |Pipe Yes 1 feet 2.067 inches Standard 0.0018 inches 0.8489699
48 |Pipe Yes 1 feet 2.067 inches Standard 0.0018 inches 0.8489699
49 |Pipe Yes 20 feet 3.068 inches Standard 0.0018 inches 1.25524
50 |Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
51 [Pipe Yes 08.93 feetl 4.26 inches Standard 0.0018 inches Q
52 |Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
54 |Pipe Yes 10 feet 4.026 inches Standard 0.0018 inches 0
55 |[Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
56 |Pipe Yes 46 feet 4026 inches Standard 0.0018 inches 04752721
58 |Pipe Yes 350 feet 8 inches Unspecified 0.000204 inches 6.21
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Pipe | Initial Flow ‘nnli?l!lifs‘ow (‘LJJL:LSLOWH% Gecmetry ‘ Material | Size ‘ Type C?]?_Eﬂﬂn
39 42,40 Cylindrical Pipe Steel - ANSI 3inch STD (schedule 40} None
41 39, 40 Cylindrical Pipe Steel - ANSI 2inch STD (schedule 40) None
44 54, 47 Cylindrical Pipe  Steel - ANSI 3inch STD (schedule 40) None
45 40, 50 Cylindrical Pipe Steel - ANSI 3inch STD (schedule 40) None
47 50, 49 Cylindrical Pipe Steel - ANSI 2inch STD (schedule 40} None
48 49, 51 Cylindrical Pipe Steel - ANSI 2inch STD {schedule 40) None
49 51, 54 Cylindrical Pipe Steel - ANSI 3inch STD (schedule 40) None
50 35, 60 Cylindrical Pipe Steel - ANSI 4inch STD {schedule 40) None
51 60, 59 Cylindrical Pipe Steel - ANSI 4inch  Schedule 10 None
52 56,7 Cylindrical Pipe  Steel - ANSI 4inch schedule 40 None
b4 7,63 Cylindrical Pipe Steel - ANSI 4inch schedule 40 None
55 63, 64 Cylindrical Pipe Steel - ANSI 4inch schedule 40 None
56 64, 65 Cylindrical Pipe Steel - ANSI 4inch schedule 40 Nane
58 18, 37 Cylindrical Pipe  User Specified None
Pipe Fittings & Losses
Pipe | Total k & Elbow/Bend Elbow/Bend Valve Valve Other
tandard Threaded | Smooth Flanged | Butterfly | Plug Tee
2 0.2 1(0.3)
3 0.04 1(0.04)
5 0.57 3(0.57)
10 1.62 3(0.48) 2(1.14)
29 2.38 7(2.38)
32 47 8(1.94) 2 (1.62) 2(1.14)
41 0.87 2(0.53) 1(0.34)
44 2.61 6(1.51) 1(1.1)
45 2.01 8(2.01)
47 0.85 1(0.85)
48 0.85 1(0.85)
49 1.26 5(1.26)
56 048 2(0.48)
58 6.21 10 (1.96) 3(1.89) 6 (2.36)
Area Change Table
Area Change Name ‘ Doet#ﬁ::j E\el.::aeltion ElEVn?tt;on Initial Pressure Initia\UF:lr;Tesssure Dsaéé:ﬁ?:e Type
16 Area Change Yes 606 feet Conical
ot Area Change Yes 576.6 feet Conical
a7 Area Change Yes 606 feet Conical

Quality Assurance Procedure 3.1

Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00 5/26/2020 - 11:00 AM 101 of 183
RPP-CALC-63650, Rev. 0
Sargent & Lundy CALCULATION SHEET
Project No. S54413.024 Calculation No.  S54413.024-M-002 Rev. 0 Page No. 98 of 180
Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Model) AFT Fathom Model
4113/2020
Page 4
Loss
Area Change | Geometlry | Angle Eacitar
16 Expansion 45 0
35 Expansion 45 0.1179652
ik Contraction 45  3.673761
Object Inlet Elevation = Initial Pressure | Database
AR N ‘ Dofined | Elovation | Units | Mitial Pressure Units Source | 1YP°
38 Area Change Yes 606 feet Conical
et Area Change Yes 623.3 feet Conical
50 Area Change Yes 623.3 feet Conical
il Area Change Yes 623.3 feet Conical
61 Area Change Yes 605.5 feet Conical
Loss
Area Change | Geometry | Angle ‘ Factor
38 Contraction 45 0.3642007
30 Contraction 45 0.7135802
50 Contraction 45 0.8114334
51 Expansion 45 0.2967157
61 Expansion 45 0.5395717
Assigned Pressure Table
= Object Inlet Elevation £ Initial Pressure | Database
Assigned Pressure Name penbedl |\Elevaton Units Initial Pressure Units S
47 Assigned Pressure  Yes 809 feet 1.000 atm
85 Assigned Pressure  Yes 576 feet 1.000 atm
5 Pressure | Pressure | Balance Balance ({Pipe #1) (Pipe #2) (Pipe #3)
ibnediBies iy {Bres-lic Units Type ‘ Energy | Concentration | KIn, KOut | KIn, K Cut | K In, K Cut
47 1 atm Stagnation No No (P44)0,1
65 1 atm Stagnation No No (P56} 0, 1
. (Pipe #4) | (Pipe#5) | (Pipe#6) | (Pipe#7) | (Pipe#8) | (Pipe#9) | (Pipe #10) | (Pipe #11)
Assigned Pressure | o in oyt | K In, K Out | K In, K Out | K In, K Out | K In, KOut | K In, K Out | K In, KOut | K In, K Out
47
65
. (Pipe #12) | (Pipe #13) | (Pipe #14) | (Pipe #15) | (Pipe #16) | (Pipe #17) | (Pipe #18) | (Pipe #19)
Assigned Pressure |y n e out | Kin, K Out | K In, K Out | K in, K Out | K In, KOt | K in, K Out | K In, K Out | K In, K Out
47
85
- (Pipe #20) | (Pipe #21) | (Pipe #22) | (Pipe #23) | (Pipe #24) | (Pipe #25)
Assigned Pressure | 110 oyt | K in, K Out | K In, K Out | K In, K Out | K In, KOut | KIn, KOut
47
65
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Bend Table
Object Inlet Elevation o Initial Pressure | Database Angle
BendifRarmsi{ies g | Eievation | Units, | Nl Pressure Uniits Source ‘ Type | {Degrees) l !
31 |Bend Yes 606 feet Smooth Bend 90 1
32 |Bend Yes 623.3 feet Smooth Bend 90 1
42 |Bend Yes 623.3 feet Smooth Bend 90 1
64 |Bend Yes 605.5 feet Smooth Bend 90 15
Loss
Eoiic Factor
31 034
32 0.34
42 0.35864
54 0.237636
Branch Table
B nl N Object Inlet Elevation Iniiial P Initial Pressure | Database | Special | Boundary Flow
kS 8ME | Defined | Elevation Units i et & Units. Source | Condition | {+ =in/- = out}
5¢ |Branch Yes 605.5 feet None
60 Branch Yes 580 feet None
Branch Boundary Flow | (Pipe #1) (Pipe #2) (Pipe #3) (Pipe #4) (Pipe #5) (Pipe #6) (Pipe #7)
Units Kin, KOut | Kin, KOut [ KIn, KOut | KIn, KOut | KIn, KOut | KIn, K Out | KIn, K Out
59 (P2)0,0 {P51)0,0
60 (P50)0,6 (P51)0,0
Brench | (Pipe #8) [ (Pipe #9) | (Pipe #10) | (Pipe #11) | (Pipe #12) | (Pipe #13) | (Pipe #14) | (Pipe #15} | (Pipe #16)
T8N [ i, K out | Kin, KOut | Kin, KOut | Kin, KOut | Kin, KOut | Kin, KOut | Kln, KOut | K In, K Out | K In, K Out
58
60
Branch | (PiPe #17) [ (Pipe #18) | (Pipe #19) | (Pipe #20) | (Pipe #21) | (Pipe #22) | (Pipe #23) | (Pipe #24) | (Pipe #25)
Kin, KQut | KIn, KQut | KIn, KOQut | KIn, KOut | KIn, KOut | KIn, KOut | KIn, KOut | KIn, KOut | K In, K Out
59
60
Control Valve Table
Object Inlet Elevation o Initial Pressure | Database
Gopiinlivalie bams Defined | Elevation Units iliafite Ut Units Source
56 Control Valve Yes 605.5 feet

Quality Assurance Procedure 3.1

Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00

5/26/2020 - 11:00 AM

RPP-CALC-63650, Rev. 0

103 of 183

Sargent & Lundy CALCULATION SHEET
Project No. S54413.024 Calculation No.  S54413.024-M-002 Rev. 0 Page No. 100 of 180
Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Model) AFT Fathom Model
4113/2020
Page 6
Control Valve Special Valve | Contrel | Control | Pressure/ Inlet QOutlet Full Open
Condition Type | Setting | Units | Head Type | Failure Type | Failure Type | Loss Type
56 Fully Open - No Contral FCV 10 gal/min N/A Fully Open N/A Cv Table
Control Valve Full Open
Loss
56 437.29
General Component Table
Object Inlet Elevation o Initial Pressure | Database
General Component Name Defined | Elevation Units Initial Pressure Units Shoe
49 General Component  Yes 623.3 feet
Special Loss Loss Independent | Ind. Variable Dependent Dep. Variable
General Component | conijgn Model | Value ‘ Variable Urits ‘ Variable Units
49 None Resistance Curve Variable Vol. Flow Rate gal/min Pressure Loss | psid
Loss Loss Loss Loss Loss
Leucnl Compone s Constanta | Constantb | Constantc | Constantd | Constant e
49 40 0 0 0 0
Crifice Table
= Object Inlet Elevation i Initial Pressure | Database Orifice Flow Area
Dt | e Defined ‘ Elevation Units itilErees e Units Source Type ‘ Type
54  |Crifice Yes 623.3 feet Sharp-Edged Diameter
e . . Dimension Restricted | Restricted Loss Loss Independent | Ind. Variable
St PIEL Units BE ‘ Ares Area Units Model J Value Variable Units
54 1.361 inches K Constant ~ 54.62305
Offfice Dependent | Dep. Variable Loss Loss Loss Loss Loss
Variable Units Constanta | Constantb | Censtant ¢ | Constant d | Constant e
54
Pump Table
Biifnp: | Mare Object Inlet Elevation IHitial Pressure Initial Pressure | Database | Special Pump
i Cefined | Elevation Units Units Source | Condition Type
5 Pump Yes 576.6 feet None Pump Curve
Pum Design Flow | Design Flow Current Independent | Ind. Variable | Dependent | Dep. Variable | Pump Curve
P Rate Rate Units | Cenfiguration Variable Units Variable Units Constant a
5 Vol. Flow Rate gal/min Head Rise  feet 221.5061
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P Pump Curve | Pump Curve | Pump Curve | Pump Curve | Runout Flow | Runcut Flow Speed Control When
YMR | Constant b Constant ¢ Constant d Constant e Rate Rate Units Peed [ Exceeded Cnly
5 -0.03898634 -0.002236957 V] b} 100
Bii Heat Added | Heat Added | Submerged Pump | Submerged Pump
P To Fluid Units Pressure Pressure Units
5 0 Percent 576.6 feet
Tee or Wye Table
Object Inlet Elevation - Initial Pressure | Database Tee/Wye
e AR ‘ Defined | Elevation Units Lt Units Source Type
15 Tee or Wye Yes 606 feet Sharp Straight
40 Tee or Wye Yes 623.3 feet Sharp Straight
L Pi
Tee or Wye T;;z ‘ Angle A,IE‘,BSC
15 Detailed S0 14,10,12
40 Detailed S0 39,41,45
Three Way Valve Table
Object Inlet Elevation - Initial Pressure | Database
Three Way Valve Name ‘ Defined ‘ Elevation Units Initial Pressure Units S
63 Three Way Valve Yes 605.5 feet
Special Loss | Percent Cv Cv
Three Way Valve | b ition | Model ‘ Open | Pipe #1 ‘ Pipe #2
63 Pipe #2 Closed Cy 100 561 1]
Valve Table
Object Inlet Elevation e Initial Pressure | Database | Special Exit Exit
etz I Defined | Elevation Units e Units Source | Condition | Valve | Pressure
7 |Valve Yes 605.5 feel None No
10 |Valve Yes 606 feet None No
17 |60M-43B Yes 606 feet Closed No
18 |60M-43A Yes 606 feet None No
Valve Exit Restricted | Restricted Loss Loss Loss Percent | Open Pct. | Independent
Pressure Units Area Area Units Medel Source | Factor Open | Data Exists Variable
7 K Constant N/A - 0.76383 No
10 K Constant N/A 0.765 No
17 K Constant N/A 0.63 No
18 K Censtant N/A 063 No
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Valve Ind. Variable | Dependent | Dep. Variable Loss Loss Loss Loss Loss
Units Variable Units Constanta | Constantb | Constantc | Constantd | Constant e

7

10

17

18
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Model Reference Information
General

Title: AFT Fatham Madel

Analysis run on: 4/13/2020 10:36:53 AM

Application version: AFT Fathom Version 10 (2018.05.21)

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
DesigniCalculations\Mechi-002 Flowi\Rev 0\WV Files\LERF TransferRev0.fth

Scenario: Base Scenario/Run 2/Low Basin Level High Operating DP

Qutput File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
Design\Calculations\Mech\M-002 Flow\Rev 0\WV Files\LERF TransferRev0_F3.out

Execution Time= 0.10 seconds

Total Number Of Head/Pressure lterations= 0
Total Number Of Flow lterations= 38

Total Number Of Temperature Iterations= 0
Number Of Pipes= 27

Number Of Junctions= 27

Matrix Method= Gaussian Elimination

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= {Automatic)

Constant Fluid Property Model

Fluid Database: User Specified

Fluid= User Specified

Density= 1 5.G. water

Viscosity= 1 centipoise

Vapor Pressure= Unspecified

Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Juncticn K factors, Junction Special Losses, Junction
Polynomials

Corrections applied to the following junctions: Branch, Reservoir, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or
Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant)= 1 atm

Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Total Inflow= 118.2 gal/min

Total Gutflow= 118.2 gal/min

Maximum Static Pressure is 95.02 psia at Pipe 50 Inlet
Minimum Static Pressure is 1.918 psia at Pipe 56 Inlet

Warnings

No Warnings

Applied Standards

===== ANSI/HI 9.6.3-2017 - Rotaodynamic Pumps - Guideline for Operating Regions =====
Pump 5 set lo specific speed <=4500 (US Customary}, with lower POR 70% and upper POR 120% of BEP
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Pump Summary
Results Vaol. Mass dP dH Overall Speed | Overall BEP % of NPSHA
Jet Dlaarar Name Flow Flow Efficiency Power BEP
g (gal/min) | (Ibm/sec) | (psid} | (feel) | {Percent) | (Percent) (hp) (gal/min) | (Percent) | (feet)
5 |Show Pump 118.2 1643 8041 1856 N/A 100.0 5.544 N/A N/A N/A
NPSHR
Jet
(feat)
5 NiA
Valve Summary
Vol. Mass dP Stag. dH P Static
Jet Name Valve Type Flow Flow In Cy K
{galfmin) | {Iom/sec) (psid) (feet) (psia)
7 Valve REGULAR 1182 16.43 0.045635 0.105353 78.30 5534 0.7538
10 Valve REGULAR 118.2 16.43 0.046905 0.108285 76.63 5458 0.7650
X17 60M-43B REGULAR 0.0 0.00 N/A N/A 76.60 N/A N/A
18 60M-43A REGULAR 118.2 16.43 0.002414 0.005573 7658 24058 06300
56 Cantrol Valve FCV 118.2 16.43 0.073074 0.168700 78.38 437.3 1.2231
63 [P5] |Three Way Valve THREE-WAY 118.2 16.43 0.04439% 0.102501 7825  581.0 0.7241
X63 [P55] |Three Way Valve THREE-WAY 0.0 0.00 N/A N/A 78.25 N/A N/A
Jot Valve State
7 Open
10 Open
X17 Closed By User
18 Open
56 Opened By User
63 [P5] |Open
X63 [P55] |Closed By User
Pipe Qutput Table
Vol. Velocity | P Static | P Static | Elevation | Elevation dP Stag. dP Static dP
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
(gal/min) | {feet'sec) | (psia) (psia) (feet) {feet} (psid) {psid} {psid)
2 |Pipe 1182 113021 81.414 78.062 605.5 605.5 3.3515086 3.3515086 0.0000
3 |Pipe 118.2 29782 78.39% 78.389 605.5 605.5 0.0096261 0.0096261 0.0000
5 |Pipe 118.2 3.0180 78.170 76.630 605.5 606.0 1.5394681 1.5384681 0.2166
10 |Pipe 118.2 0.7545 76.641 76.592 606.0 606.0 0.0490976 0.0490976 0.0000
12 |Pipe 0.0 0.0000 76.5%6 76.596 606.0 606.0 0.0000000 0.0000000 0.0000
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dH P Static | P Static | P Stag. | P Stag.
Pipe In Out In Qut
({feet) (psia) (psia) {psia) {psia)

2 7.7373508 81.414 78.062 82.274 78.922

5 0.0222230 78.399 78.380 78458 78.44%

5 3.0540427 78170 76630 78231 76.692

10 0.1133475  76.641 76.582 76.645 76.596

12 0.0000000 76.596 76.596 76.596 76.596

Vol. Velocity | P Static | P Static | Elevation | Elevation dP Stag. dP Static dP
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
(galfmin) | (feetisec) | (psia) (psia) (feet) {feet} (psid) {psid) (psid)

13 |Pipe 0.0 0.0000 76.596 76.596 606.0 606.0  0.0000000  0.0000000  0.0000
14 |Pipe 118.2 0.7545 76.592 76.592 606.0 606.0  0.0001225  0.0001225  0.0000
28 |Pipe 118.2 3.0180 76.406 68.811 606.0 6233  7.5958509  7.5958509  7.4937
29 |Pipe 118.2 3.0180 70.956 68.790 623.3 606.0 -2.1665350  -2.1665350  -7.4937
32 |Pipe 0.0 0.0000 70.299 62.806 606.0 6233 74936577  7.4936577  7.4937
33 |Pipe 118.2 45437 94969 94.958 576.6 576.6  0.0103313  0.0103313  0.0000
36 |Pipe 118.2 3.0180 76.451 76.427 606.0 606.0  0.0238451 0.0238451 0.0000
38 |Pipe 118.2 51301 70.818 63.045 606.0 6233  7.7735968  7.7735968  7.4937
39 |Pipe 118.2 51301 62981 62.841 623.3 6233  0.1399685  0.1399695  0.0000
41 |Pipe 0o 0.0000 62.806 62806 623.3 6233  0.0000000  0.0000000  0.0000
44 |Pipe 118.2 51301 14.696 9.608 623.3 6509.0 -5.0877765 -5.0877765 -6.1942
45 |Pipe 118.2 51301 62.628 61.853 623.3 6233  0.7757195  0.7757195  0.0000
47 |Pipe 1182 11.3021 61.026 60.193 623.3 6233  0.8330673  0.8330673  0.0000
48 |Pipe 1182 11.3021  20.193  19.360 623.3 6233  0.8330673  0.8330673  0.0000
49 |Pipe 118.2 51301 19.788 19.285 623.3 623.3 0.5023209 0.5023208 0.0000
50 |Pipe 118.2 29782 95021 93.530 576.6 580.0 1.4808444 1.4908444 1.4728
51 |Pipe 118.2 2.6609 93.542 82226 580.0 6055 11.3163144  11.3163144  11.0456
52 |Pipe 118.2 29792 78316 78.298 605.5 6055  0.0180908  0.0180808  0.0000
54 |Pipe 118.2 2.9792 78.252 78.216 605.5 6055  0.0361816  0.0361816  0.0000
55 |Pipe 0.0 0.0000 1.918 1.918 605.5 605.5  0.0000000  0.0000000  0.0000
56 |Pipe 0.0 0.0000 14.686 1.918 605.5 576.0 -12.7782114 -12.7782114 -12.7782
58 |Pipe 118.2 0.7545 76.589 76.523 606.0 606.0  0.0666781 0.0666791 0.0000
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dH P Static | P Static | P Stag. | P Stag.
Pipe In Out In Qut
({feet) (psia) (psia) {psia) {psia)
13 0.0000000 76.556 76.596 76.586 76.556
14 0.0002829 76.592 76592 76.586 76.596
28 0.2359251 76406 68.311 76468 68.872
29 12.2082876 68.790 70.956 68.851 71.018
32 0.0000000 70.269 62.806 70.299 62.806
33 0.0238511 94.969 94.858 ©5.108 95.097
36 0.0650492 76451 76.427 76.512 76.48%
38 0.6462722 70.818 63.045 70.995 63.222
38 0.3231361 62.981 62841 63.158 63.018
41 0.0000000 62806 62806 62806 62806
44 2.5542589 9.608 14.696 9.785 14.873
45 1.7908394 62.628 61.853 62.806 62.030
47 1.9232336 61026 60.193 61.886 61.053
48 1.9232336  20.183 19.360 21.053 20.220
49 1.1586667 19.788 19.285 19.965 19.463
50 0.0417647 95.021 93.530 9$5.081 93.590
51 0.6250393 93.542 82.226 93.590 82.274
52 0.0417647 78.316 78.298 78.376 78.357
54 0.0835295 78.252 78.216 78.312 78.276
35 0.0000000 1918 1918 1918 1918
56 0.0000000 1.918 14.696 1.918 14.696
58 0.15639365 76.589 76.523 76.593 76.527
All Junction Table
P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow
Jet Name In Out In Qut Rate Thru Jct | Rate Thru Jct | Loss Factor {K)
(psia) (psia) {psia) {psia) (galfmin) {Ibm/sec)
5 |Pump 14557 94869 14696 95108 1182 1643 0.0000
7 [valve 78.268 78.252 78.357 78312 1182 16.43 0.7638
10 |Valve 76.630 76.641 76.652 76.645 1182 16.43 0.7650
15 |Tee or Wye 76.564 76594 76556 76.596 NfA N/A  See Mult. Losses
16 |Area Change 76.586 76596 76596 76.596 0.0 0.00 0.0000
X17 |60M-43B 76.586 70.299 76.586 70.299 0.0 0.00 0.00Cc0
18 |60M-43A 76.592 76589 76.586 76.593 1182 16.43 0.6300
31 |Bend 76.427 76406 76.489 76.468 1182 16.43 0.3400
32 |Bend 68.811 68.790 68.872 68.851 1182 16.43 0.3400
35 |Area Change 94958 95.021 85.087 95081 1182 16.43 0.1180
37 |Area Change 76.523 76.451 76.527 76512 118.2 16.43 36738
38 |Area Change 70.956  70.818 71.018 70.995 1182 16.43 0.3642
39 |Area Change 62.806 62.806 62.806 62.806 0.0 0.00 0.0000
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P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow
Jet Name In Qut In Qut Rate Thru Jet | Rate Thru Jet | Loss Factor (K)

(psia) (psia) (psia) | (psia) (gal/min) (Ibm/sec)
40 |Tee or Wye 62.727 62727 62.806 62.806 N/A N/A  See Mult. Losses
42 |Bend 63.045 62981 63.222 63.158 1182 16.43 0.3586
47 |Assigned Pressure 14.696 14.519 14.873 14.696 1182 16.43 1.0000
49 |General Component 60.183 20.193 61.053 21.053 1182 16.43 46.5188
50 |Area Change 61.853 61.026 62.030 61.886 1182 1643 0.8114
51 |Area Change 19.360 19.788 20.220 19.965 118.2 16.43 0.2967
54 |Orifice 19.285 9.608 19463 9.785 118.2 16.43 54.6231
56 |Control Valve 78.389 78.316 78449 78.376 1182 1643 1.2231
59 |Branch 82226 81414 82274 82.274 1182 1643 0.0000
60 [Branch 93.530 93.542 83.580 93.590 118.2 16.43 0.0000
61 |Area Change 78.062 78.399 78.922 78.458 1182 16.43 0.5386
63 |Three Way Valve 78.249 78.249 78.276 78.276 N/A N/A  See Mult. Losses
64 |Bend 1.918 1918  1.918 1.918 0.0 0.00 0.0000
65 |Assigned Pressure 14.696 14696 14696 14.696 0.0 0.00 0.0000
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Control Valve Cavitation

Pump Run-Out

BASIN PUMP RECIRCULATION FATHOM INPUTS AND OUTPUTS
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AFT Fathom 10 {Model)

3/26/2020
Page 1

AFT Fathom Model

General

Title: AFT Fathom Model
Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441354413.024 - LERF Basin 41
DesigniCalculations\MechiM-002 Flow\Rev O\LERF TransferRev0 fth

Scenario: Base Scenario/RecircRunHighBasin/Cavitation Check

Number Of Pipes= 11
Number Of Junctions= 12

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)
Pressure Relaxation= (Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified
Density= 1 S.G. water
Viscosily= 1 centipoise
Vapor Pressure= Unspecified
Viscosity Model= Newtonian
Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Junctien K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservair, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or
Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant}= 1 atm
Gravitational Acceleration=1 g
Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Pipes

pioe [ vame [ e | Lenge [ era [ Bveeste T Tt | Fram | Rovatmess | yee= [ Losses 0
2 |Pipe  Yes 30 feet 4,026 inches Standard 0.0018 inches 0.271584
3 |Pipe Yes 2 feet 2.067 inches Standard 0.0018 inches 0.04
33 |[Pipe Yes 1 feet 3.26 inches Standard 0.0018 inches 0
50 |[Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
51 |Pipe Yes 98.93 feet 4.26 inches Standard 0.0018 inches 0
52 |Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
54 |Pipe Yes 10 feset 4.026 inches Standard 0.0018 inches 0
b5 |Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 4]
56 |Pipe Yes 46 feet 4.026 inches Standard 0.0018 inches 04752721
59 |Pipe Yes 1 feet 3.068 inches Standard 0.0018 inches 0
60 |Pipe Yes 1 feet 3.068 inches Standard 0.0018 inches 0
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Page 2
i e Initial Flow | Junctions E : Special
Pipe | Initial Flow Units (Up,Down) Gecmetry ‘ Material | Size ‘ Type CnEwdition
2 59, 61 Cylindrical Pipe Steel - ANSI 4inch schedule 40 Nane
3 61, 56 Cylindrical Pipe Steel - ANSI  Zinch schedule 40 None
33 5,35 Cylindrical Pipe  Steel - ANSI 3inch Schedule 10 None
50 35, 60 Cylindrical Pipe Steel - ANS| 4inch STD (schedule 40) None
51 60, 59 Cylindrical Pipe Steel - ANSI 4 inch Schedule 10 Nane
52 56, 7 Cylindrical Pipe Steel - ANS|  4inch schedule 40 None
54 7.63 Cylindrical Pipe Steel - ANSI 4inch schedule 40 None
Sk 63, 69 Cylindrical Pipe Steel - ANS| 4 inch schedule 40 None
56 69, 65 Cylindrical Pipe Steel - ANS| 4inch schedule 40 None
59 69, 70 Cylindrical Pipe  Steel - ANSI  3inch STD (schedule 40) Mone
60 63, 71 Cylindrical Pipe Steel - ANS| 3inch STD (schedule 40) None
Pipe Fittings & Losses
. Elbow/Bend Elbow/Bend Other
Bipct(actis Standard Threaded | Smaoth Flanged Tee
2 0.27 1(0.27)
3 0.04 1(0.04)
56 0.48 2(0.48)
Area Change Table
Object Inlet Elevation o Initial Pressure | Database
arainanay Hane ‘ Defined | Elevation Units. hellzatieRerls Units Source ype
25 Area Change Yes 576.6 feet Conical
61 Area Change Yes 605.5 feet Conical
Loss
Area Change | Geometry | Angle Eaciar
35 Expansion 45 0.1179652
61 Contraction 45 3.244747
Assigned Pressure Table
. Object Inlet Elevation 2 Initial Pressure | Database
Assigned Pressure Name Defined | Elevation Units Initial Pressure Units Soi
85 Assigned Pressure  Yes 602 feet 1.000 atm
70 Assigned Pressure  Yes 606 feet 1.000 atm
71 Assigred Pressure  Yes 606 feet 1.000 atm
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AFT Fathom Model

Assigned Pressure | Pressure

Units.

Pressure

Balance
Concentration

Balance
Energy

Pressure
Type

(Pipe #1)
K In, K Cut

{Pipe #2)
K In, K Cut

{Pipe #3)
K In, K Qut

65
70
71

1 atm

1 atm

1 atm

No
Stagnation No
No

No
No
No

Stagnation

Stagnation

(P56} 0, 1
(P59} 0, 0
(PBO} 0, 0

(Pipe #4)
K In, K Qut

(Pipe

Assigned Pressure Kin K

#5)
Qut

(Pipe #6)
K In, K Qut

(Pipe #7)
K In, K Qut

(Pipe #8)
K In, K Qut

{Pipe #9)
K In, K Qut

{Pipe #10)
K In, K Qut

(Pipe #11)
K In, K Qut

65
70
"

(Pipe #12)

Assigned Pressure K In, K Out

KIn, K

(Pipe #13)

(Pipe #14)
K In, K Qut

(Pipe #15)
Kn, K Out

(Pipe #186)

Out K In, K Qut

(Pipe #17)
K In, K Qut

{Pipe #18)
K In, K Qut

(Pipe #19)
Kn, K Qut

85
70
71

(Pipe #20)

Assigned Pressure K In. K Out

Kin, K

(Pipe #21)

(Pipe #22)
K In, K Out

(Pipe #23)
K In, K Out

(Pipe #24)
K In, K Out

Out

(Pipe #25)
K In, K Out

85
70
71

Branch Table

Branch

Object
Defined

Inlet

i Elevation

Elevation
Units

Initial Pressure

Initial Pressure
Units

Database
Source

Special
Condition

Boundary Flow
(+ =in/- = out)

59

80

Branch Yes
Branch Yes

605.5 feet
580 feet

None
None

Branch

Boundary Flow
Units

{Pipe #1)
K In, K Qut

{Pipe #2)
K In, K Out

(Pipe #3)
K In, K Out

Kin, K Qut

{Pipe #4)

(Pipe #5)
Kln, K Out

(Pipe #6)
K In, K Out

(Pipe #7)
K n, K Qut

55

60

(P2)0,0
(P50)0,0

(P51)0,0
{P51)0,0

Branch

(Pipe #8)
K In, K Qut

(Pipe #9)
K In, K Out

(Pipe #10)
Klin, KQut

(Pipe #11)
Kln, K Out

K ln,

(Pipe #12)

K Gut

(Pipe #13)
K In, K Out

(Ripe #14}
Kln, KOut

(Pipe #15)
Kln, K Out

(Pipe #16)
K In, K Out

58

60

Branch

(Pipe #17)
K In, K Out

(Pipe #18)
K In, K Out

(Pipe #18)
K In, K Out

(Pipe #20)
K In, K Out

K In,

(Pipe #21)

K Out

(Pipe #22)
K In, K Out

(Pipe #23)
K In, K Out

(Pipe #24)
K In, K Out

(Pipe #25)
K In, K Out

58

60

Control Valve Table
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AFT Fathom 10 (Model) AFT Fathom Model
312612020
Page 4
Chiject Inlet Elevation i Initizl Pressure | Database | Special | Valve
Contioiivalve Liane Defined | Elevation Units IS Units Source | Condition | Type
56 Centrol Valve  Yes 605.5 feet None FCV
Control Valve Control | Control | Pressure/ Inlet Qutlet Full Open | Full Open
Setting | Units | Head Type | Failure Type | Failure Type | Lass Type Loss
56 125 galmin N/A Fully Open N/A Cv Table 437.28
Pump Table
Object Inlet Elevation o Initial Pressure | Database | Special Pump
S | LR ‘ Defined | Elevation Units naliiese Units Source | Condition Type
5 Pump Yes 576.6 feet Nong Pump Curve
PUM Design Flow | Design Flow Current Independent | Ind. Variable | Dependent | Dep. Variable | Pump Curve
P Rate Rate Units | Cenfiguration Variable Units Variable Units Constant a
5 Vol. Flow Rate  gal/min Head Rise  feet 221.5061
Pum Pump Curve | Pump Curve | Pump Curve | Pump Curve | Runout Flow | Runout Flow Sneed Caontrol When
P | Constant b Constant ¢ Constantd | Constante Rate Rate Units P Exceeded Only
5 -0.03898634 -0.002236957 4] 0 100
Heat Added | Heat Added
PUmp | "o Fiuid Units
5 0 Percent
Three Way Valve Table
Object Inlet Elevation o Initial Pressure | Database
Three Way Valve Name ‘ Defined ‘ El6vaion Units Initial Pressure Units T
63 Three Way Valve Yes 605.5 feet
69 Three Way Valve Yes 605.5 feet
Special Loss | Percent Cv Cv
hre=iayalved S eriiiay | Model ‘ Cpen | Pipe #1 ‘ Pipe #2
63 Pipe #2 Closed Cv 100 561 4]
69 Pipe #2 Closed Cv 4] 409 0
Valve Table
Object Inlet Elevation o Initial Pressure | Database | Special Exit Exit
Malvsy bare Defined ‘ Elevation Units IR e Units Source | Condition | Valve | Pressure
7 |Valve Yes 605.5 feet None No
S Exit Restricted | Restricted Loss Loss Loss Percent | Cpen Pct. | Independent
Pressure Units Area Area Units Medel Source | Factor Open | Data Exists Variable
7 K Constant N/A  0.76383 No
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AFT Fathom 10 (Model) AFT Fathom Model
3/26/2020
Page 5
Valve Ind. Variable | Dependent | Dep. Variable Loss Loss Loss Loss Loss
Units Variable Units Constanta | Constantb | Constantc | Constantd | Constant e
7

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00 5/26/2020 - 11:00 AM

RPP-CALC-63650, Rev. 0

120 of 183

Sargent & Lundy
Enginaering Services, Inc

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-002 Rev. 0

Page No. 117 of 180

Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Output) AFT Fathom Model
32612020
Page 1

Model Reference Information
General

Title: AFT Fatham Madel

Analysis run on: 3/26/2020 3:25:48 PM

Application version: AFT Fathom Version 10 (2018.05.21)

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
DesigniCalculations\Mechi-002 Flow\Rev O\LERF TransferRev0.fth

Scenario: Base Scenario/RecircRunHighBasin/Cavitatian Chack

Qutput File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
Design\Calculations\Mech\M-002 Flow\Rev (\LERF TransferRev0_F7.out

Execution Time= 0.05 seconds

Total Number Of Head/Pressure lterations= 0
Total Number Of Flow lterations= 2

Total Number Of Temperature Iterations= 0
Number Of Pipes= 11

Number Of Junctions= 12

Matrix Method= Gaussian Elimination

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= {Automatic)

Constant Fluid Property Model

Fluid Database: User Specified

Fluid= User Specified

Density= 1 5.G. water

Viscosity= 1 centipoise

Vapor Pressure= Unspecified

Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Juncticn K factors, Junction Special Losses, Junction
Polynomials

Corrections applied to the following junctions: Branch, Reservoir, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or
Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant)= 1 atm

Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Total Inflow= 125.0 gal/min

Total Gutflow= 125.0 gal/min

Maximum Static Pressure is 103.9 psia at Pipe 50 Inlet
Minimum Static Pressure is 13.40 psia at Pipe 56 Inlet

Warnings

No Warnings

Applied Standards

===== ANSI/HI 9.6.3-2017 - Rotaodynamic Pumps - Guideline for Operating Regions =====
Pump 5 set lo specific speed <=4500 (US Customary}, with lower POR 70% and upper POR 120% of BEP
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AFT Fathom 10 (Output) AFT Fathom Model
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Page 2

Pump Summary

Results Vaol. Mass dP dH Overall Speed | Overall BEP % of NPSHA

Jet Dlaarar Name Flow Flow Efficiency Power BEP
g (gal/min) | (Ibm/sec) | (psid} | (feel) | {Percent) | (Percent) (hp) (gal/min) | (Percent) | (feet)

5 |Show Pump 125.0 17.37 7870 1817 NIA 100.0 5.737 N/A N/A N/A

NPSHR
Jet

(feat)
5 NIA

Valve Summary

Vol. Mass dP Stag. dH P Static
Jet Name Valve Type Flow Flow In Cv K
{galfmin) | {Iom/sec) (psid) (feet) (psig)
7 Valve REGULAR 125.0 17.37  0.05103 01178  -1.045 553.35 0.7638
56 Control Valve FCV 125.0 17.37 76.73226 177.1454 74.812 14.27 75.8046
63 [P55] |Three Way Valve THREE-WAY 125.0 17.37  0.04965 0.1146  -1.099 561.00 (0.7432
X63 [P60] | Three Way Valve THREE-WAY 0.0 0.00 N/A N/A -1.09¢ N/A N/A
69 [P56] |Three Way Valve THREE-WAY 125.0 17.37  0.09341 0.2156 -1.168  409.00 1.3982
X693 [P59] |Three Way Valve THREE-WAY 0.0 0.00 N/A N/A  -1.169 N/A N/A
Open
Jet Valve Slate Percentage
(Percent)
7 Open N/A
56 Open 30.86
63 [P55] |Open 100.00
X63 [P60] |Closed By User NfA
69 [P56] (Open 0.00
X69 [P59] [Closed By User N/A
Pipe Output Table
Val. Velocity | P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
{gal/min) | (feet/sec) | (psig) {psig) (feet) (feet) {psid) {psid) {psid} (feet)
2 |Pipe 125.0 3.150 76.3304 76.192 605.5 8055 0.13858 0.13858 0.0000 0.31992
3 |Pipe 125.0 11,951 75.0804 74.812 605.5 605.5 0.26807 0.26807 0.0000 0.61886
33 |Pipe 125.0 4805 89.1103 89.099 576.6 576.6 0.01148 0.01148 0.0000 0.02650
50 |Pipe 125.0 3.1560 89.1691 87.676 576.6 580.0 1.49283  1.49283 1.4728 0.04634
51 [Pipe 125.0 2.814 876838 76.344 580.0 805.5 11.34587 11.34587 11.0456 0.69327
52 |Pipe 125.0 3.150 -1.0253 -1.045 605.5 605.5 0.02007 0.02007 0.0000 0.04634
54 |Pipe 125.0 3.150 -1.0864  -1.137 605.5 605.5 0.04014  0.04014  0.0000 0.09268
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P Static | P Static | P Stag. | P Stag.
In

Pipe In Qut Qut
(psia) | (psia) | (psia) | (psia)
2 91.03  90.89 91.09  90.95
3 8978 8951 9074  80.47

33 103.81  103.79 103.96 103.95
50 103.87 102.37 103.83 10244
a1 102.38 91.04 10244  91.08
52 13.67 13.65 13.74 13.72
54 13.60 13.56 1367 13.63

Vol. Velocity | P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
{galfmin) | (feet/sec) | (psig) (psig) (feet) (feet) (psid} (psid} {psid}) {feet)
55 [Pipe 125.0 3.150 -1.1862  -1.206 605.5 605.5 0.02007 0.02007 0.0000 0.04634
56 |Pipe 125.0 3.150 0.0000 -1.300 605.5 §02.0 -1.29964 -1.29964 -1.5161 0.49962
59 |Pipe 0.0 0.000 0.2166 0.000 605.5 606.0 0.21658 0.21658 0.2166 0.00000
60 |Pipe 0.0 0.000 0.2166 0.000 605.5 606.0 0.21858 0.21658 0.2166 0.00000

P Static | P Static | P Stag. | P Stag.
Pipe In Out In Out

{psia) (psia) {psia) {psia}

55 13.51 13.4% 1358 13.56
56 13.40 1470 1346  14.76
59 14.91 14.7¢0 1491 14.70
60 14.91 1470 1491 14.70

All Junction Table

P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow
Jct Name In Out In Qut Rate Thru Jct | Rate Thru Jct | Loss Factor (K)
{psia) (psia) (psia) {psia) {gal/min) {Ibm/sec)
5 |Pump 25611 103.81 2527 103.96 125.0 17.37 0.0000
7 |Valve 13.65 13.80 13.72 13.87 125.0 17.37 0.7638
35 |Area Change 103.7¢ 103.87 10395 103.93 125.0 17.37 0.1180
? Control Valve 89.51 13.67 90.47 13.74 125.0 17.37 79.8046
59 |Branch 91.04 91.03 91058 91.09 125.0 17.37 0.0000
|60 |Branch 10237 102.38 10244 102.44 125.0 17.37 0.0000
61 |Area Change 90.89 89.78 9095 90.74 125.0 17.37 3.2447
| 83 |Three Way Valve 13.60 13.60 13.63 13.63 N/A N/A  See Mult. Losses
65 | Assigned Pressure 14.70 14.63 14.76 14.70 125.0 17.37 1.0000
| 69 |Three Way Valve 13.53 13.53 13.56 13.56 N/A N/A  See Mult. Losses
70 | Assigned Pressure 14.70 14.70 14.70 14.70 0.0 0.00 0.0000
71 | Assigned Pressure 14.70 14.70 14.70 14.70 0.0 0.00 0.0000

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00

5/26/2020 - 11:00 AM

RPP-CALC-63650, Rev. 0

123 of 183

Sargent & Lundy
Enginaering Services, Inc

CALCULATION SHEET

Project No. S54413.024

Calculati

on No. S54413.024-M-002 Rev.

0

Page No. 120 of 180

Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E.

Date:

4/10/2020 Checked By: Dixon, KW, P.E.

Date: 4/10/2020

Pump Run-Out

Quality Assurance Procedure 3.1

Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00

5/26/2020 - 11:00 AM

RPP-CALC-63650, Rev. 0

124 of 183

Sargent & Lundy
Enginaering Services, Inc

CALCULATION SHEET

Project No. S54413.024 Calculation No. S54413.024-M-002 Rev. 0 Page No. 121 of 180
Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

AFT Fathom 10 {Model)

3/26/2020
Page 1

AFT Fathom Model

General

Title: AFT Fathom Model
Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441354413.024 - LERF Basin 41
DesigniCalculations\MechiM-002 Flow\Rev O\LERF TransferRev0 fth
Scenario: Base Scenario/RecircRunHighBasin/Run-Out Check

Number Of Pipes= 11
Number Of Junctions= 12

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)
Pressure Relaxation= (Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified
Density= 1 S.G. water
Viscosily= 1 centipoise
Vapor Pressure= Unspecified
Viscosity Model= Newtonian
Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Junctien K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservair, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or
Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant}= 1 atm
Gravitational Acceleration=1 g
Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Pipes

pioe [ vame [ e | Lenge [ era [ Bveeste T Tt | Fram | Rovatmess | yee= [ Losses 0
2 |Pipe  Yes 30 feet 4,026 inches Standard 0.0018 inches 0.271584
3 |Pipe Yes 2 feet 2.067 inches Standard 0.0018 inches 0.04
33 |[Pipe Yes 1 feet 3.26 inches Standard 0.0018 inches 0
50 |[Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
51 |Pipe Yes 98.93 feet 4.26 inches Standard 0.0018 inches 0
52 |Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 0
54 |Pipe Yes 10 feset 4.026 inches Standard 0.0018 inches 0
b5 |Pipe Yes 5 feet 4.026 inches Standard 0.0018 inches 4]
56 |Pipe Yes 46 feet 4.026 inches Standard 0.0018 inches 04752721
59 |Pipe Yes 1 feet 3.068 inches Standard 0.0018 inches 0
60 |Pipe Yes 1 feet 3.068 inches Standard 0.0018 inches 0
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Page 2
i e Initial Flow | Junctions E : Special
Pipe | Initial Flow Units (Up,Down) Gecmetry ‘ Material | Size ‘ Type CnEwdition
2 59, 61 Cylindrical Pipe Steel - ANSI 4inch schedule 40 Nane
3 61, 56 Cylindrical Pipe Steel - ANSI  Zinch schedule 40 None
33 5,35 Cylindrical Pipe  Steel - ANSI 3inch Schedule 10 None
50 35, 60 Cylindrical Pipe Steel - ANS| 4inch STD (schedule 40) None
51 60, 59 Cylindrical Pipe Steel - ANSI 4 inch Schedule 10 Nane
52 56, 7 Cylindrical Pipe Steel - ANS|  4inch schedule 40 None
54 7.63 Cylindrical Pipe Steel - ANSI 4inch schedule 40 None
Sk 63, 69 Cylindrical Pipe Steel - ANS| 4 inch schedule 40 None
56 69, 65 Cylindrical Pipe Steel - ANS| 4inch schedule 40 None
59 69, 70 Cylindrical Pipe  Steel - ANSI  3inch STD (schedule 40) Mone
60 63, 71 Cylindrical Pipe Steel - ANS| 3inch STD (schedule 40) None
Pipe Fittings & Losses
. Elbow/Bend Elbow/Bend Other
Bipct(actis Standard Threaded | Smaoth Flanged Tee
2 0.27 1(0.27)
3 0.04 1(0.04)
56 0.48 2(0.48)
Area Change Table
Object Inlet Elevation o Initial Pressure | Database
arainanay Hane ‘ Defined | Elevation Units. hellzatieRerls Units Source ype
25 Area Change Yes 576.6 feet Conical
61 Area Change Yes 605.5 feet Conical
Loss
Area Change | Geometry | Angle Eaciar
35 Expansion 45 0.1179652
61 Contraction 45 3.244747
Assigned Pressure Table
. Object Inlet Elevation 2 Initial Pressure | Database
Assigned Pressure Name Defined | Elevation Units Initial Pressure Units Soi
85 Assigned Pressure  Yes 602 feet 1.000 atm
70 Assigned Pressure  Yes 606 feet 1.000 atm
71 Assigred Pressure  Yes 606 feet 1.000 atm
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date:

4/10/2020 Checked By:

Dixon, KW, P.E.

Date: 4/10/2020

AFT Fathom 10 {(Model)
3/26/2020
Page 3

AFT Fathom Model

Assigned Pressure | Pressure

Units.

Pressure

Balance
Concentration

Balance
Energy

Pressure
Type

(Pipe #1)
K In, K Cut

{Pipe #2)
K In, K Cut

{Pipe #3)
K In, K Qut

65
70
71

1 atm

1 atm

1 atm

No
Stagnation No
No

No
No
No

Stagnation

Stagnation

(P56} 0, 0
(P59} 0, 0
(PBO} 0, 0

(Pipe #4)
K In, K Qut

(Pipe

Assigned Pressure Kin K

#5)
Qut

(Pipe #6)
K In, K Qut

(Pipe #7)
K In, K Qut

(Pipe #8)
K In, K Qut

{Pipe #9)
K In, K Qut

{Pipe #10)
K In, K Qut

(Pipe #11)
K In, K Qut

65
70
"

(Pipe #12)

Assigned Pressure K In, K Out

KIn, K

(Pipe #13)

(Pipe #14)
K In, K Qut

(Pipe #15)
Kn, K Out

(Pipe #186)

Out K In, K Qut

(Pipe #17)
K In, K Qut

{Pipe #18)
K In, K Qut

(Pipe #19)
Kn, K Qut

85
70
71

(Pipe #20)

Assigned Pressure K In. K Out

Kin, K

(Pipe #21)

(Pipe #22)
K In, K Out

(Pipe #23)
K In, K Out

(Pipe #24)
K In, K Out

Out

(Pipe #25)
K In, K Out

85
70
71

Branch Table

Branch

Object
Defined

Inlet

i Elevation

Elevation
Units

Initial Pressure

Initial Pressure
Units

Database
Source

Special
Condition

Boundary Flow
(+ =in/- = out)

59

80

Branch Yes
Branch Yes

605.5 feet
580 feet

None
None

Branch

Boundary Flow
Units

{Pipe #1)
K In, K Qut

{Pipe #2)
K In, K Out

(Pipe #3)
K In, K Out

Kin, K Qut

{Pipe #4)

(Pipe #5)
Kln, K Out

(Pipe #6)
K In, K Out

(Pipe #7)
K n, K Qut

55

60

(P2)0,0
(P50)0,0

(P51)0,0
{P51)0,0

Branch

(Pipe #8)
K In, K Qut

(Pipe #9)
K In, K Out

(Pipe #10)
Klin, KQut

(Pipe #11)
Kln, K Out

K ln,

(Pipe #12)

K Gut

(Pipe #13)
K In, K Out

(Ripe #14}
Kln, KOut

(Pipe #15)
Kln, K Out

(Pipe #16)
K In, K Out

58

60

Branch

(Pipe #17)
K In, K Out

(Pipe #18)
K In, K Out

(Pipe #18)
K In, K Out

(Pipe #20)
K In, K Out

K In,

(Pipe #21)

K Out

(Pipe #22)
K In, K Out

(Pipe #23)
K In, K Out

(Pipe #24)
K In, K Out

(Pipe #25)
K In, K Out

58

60

Control Valve Table
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AFT Fathom 10 (Model) AFT Fathom Model
312612020
Page 4
Chiject Inlet Elevation i Initizl Pressure | Database | Special | Valve
Contioiivalve Liane Defined | Elevation Units IS Units Source | Condition | Type
56 Centrol Valve  Yes 605.5 feet None FCV
Control Valve Control | Control | Pressure/ Inlet Qutlet Full Open | Full Open
Setting | Units | Head Type | Failure Type | Failure Type | Lass Type Loss
56 280 gal/min N/A Fully Open N/A Cv Table 437.28
Pump Table
Object Inlet Elevation o Initial Pressure | Database | Special Pump
S | LR ‘ Defined | Elevation Units naliiese Units Source | Condition Type
5 Pump Yes 576.6 feet Nong Pump Curve
PUM Design Flow | Design Flow Current Independent | Ind. Variable | Dependent | Dep. Variable | Pump Curve
P Rate Rate Units | Cenfiguration Variable Units Variable Units Constant a
5 Vol. Flow Rate  gal/min Head Rise  feet 221.5061
Pum Pump Curve | Pump Curve | Pump Curve | Pump Curve | Runout Flow | Runout Flow Sneed Caontrol When
P | Constant b Constant ¢ Constantd | Constante Rate Rate Units P Exceeded Only
5 -0.03898634 -0.002236957 4] 0 100
Heat Added | Heat Added
PUmp | "o Fiuid Units
5 0 Percent
Three Way Valve Table
Object Inlet Elevation o Initial Pressure | Database
Three Way Valve Name ‘ Defined ‘ El6vaion Units Initial Pressure Units T
63 Three Way Valve Yes 605.5 feet
69 Three Way Valve Yes 605.5 feet
Special Loss | Percent Cv Cv
hre=iayalved S eriiiay | Model ‘ Cpen | Pipe #1 ‘ Pipe #2
63 Pipe #2 Closed Cv 100 561 4]
69 Pipe #2 Closed Cv 4] 409 0
Valve Table
Object Inlet Elevation o Initial Pressure | Database | Special Exit Exit
Malvsy bare Defined ‘ Elevation Units IR e Units Source | Condition | Valve | Pressure
7 |Valve Yes 605.5 feet None No
S Exit Restricted | Restricted Loss Loss Loss Percent | Cpen Pct. | Independent
Pressure Units Area Area Units Medel Source | Factor Open | Data Exists Variable
7 K Constant N/A  0.76383 No
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AFT Fathom 10 (Model) AFT Fathom Model
3/26/2020
Page 5
Valve Ind. Variable | Dependent | Dep. Variable Loss Loss Loss Loss Loss
Units Variable Units Constanta | Constantb | Constantc | Constantd | Constant e
7
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Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Output) AFT Fathom Model
32612020
Page 1

Model Reference Information
General

Title: AFT Fatham Madel

Analysis run on: 3/26/2020 3:25:53 PM

Application version: AFT Fathom Version 10 (2018.05.21)

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
DesigniCalculations\Mechi-002 Flow\Rev O\LERF TransferRev0.fth

Scenario: Base Scenario/RecircRunHighBasin/Run-Out Check

Qutput File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
Design\Calculations\Mech\M-002 Flow\Rev (\LERF TransferRev0_F8.out

Execution Time= 0.03 seconds

Total Number Of Head/Pressure lterations= 0
Total Number Of Flow lterations= 2

Total Number Of Temperature Iterations= 0
Number Of Pipes= 11

Number Of Junctions= 12

Matrix Method= Gaussian Elimination

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= {Automatic)

Constant Fluid Property Model

Fluid Database: User Specified

Fluid= User Specified

Density= 1 5.G. water

Viscosity= 1 centipoise

Vapor Pressure= Unspecified

Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Juncticn K factors, Junction Special Losses, Junction
Polynomials

Corrections applied to the following junctions: Branch, Reservoir, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or
Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant)= 1 atm

Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Total Inflow= 280.0 gal/min

Total Gutflow= 280.0 gal/min

Maximum Static Pressure is 40.04 psia at Pipe 50 Inlet
Minimum Static Pressure is 13.85 psia at Pipe 56 Inlet

Warnings

No Warnings

Applied Standards

===== ANSI/HI 9.6.3-2017 - Rotaodynamic Pumps - Guideline for Operating Regions =====
Pump 5 set lo specific speed <=4500 (US Customary}, with lower POR 70% and upper POR 120% of BEP
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Page 2
Pump Summary
Results Vaol. Mass dP dH Overall Speed | Overall BEP % of NPSHA
Jet Dlaarar Name Flow Flow Efficiency Power BEP
g (gal/min) | (Ibm/sec) | (psid} | (feel) | {Percent) | (Percent) (hp) (gal/min) | (Percent) | (feet)
5 |Show Pump 280.0 3891 1525 35.21 N/A 100.0 2491 N/A N/A N/A
NPSHR
Jet
(feat)
5 NiA
Valve Summary
Vol. Mass dP dH P Static
Jet Name Valve Type Flow Flow Stag. In Cv K
{galfmin) | {Iom/sec) | {psid}) (feet) (psia)
7 Valve REGULAR 280.0 3891 0.2560 0.5911 15.10 553.35 0.7638
56 Control Valve FCV 280.0 38.91 7.8426 18.1056 18.54 99.98 1.6256
63 [P55] |Three Way Valve THREE-WAY 280.0 38.91 0.2491 0.5751 14.84 561.00 0.7432
X63 [P60] | Three Way Valve THREE-WAY 0.0 0.00 N/A N/A 14.84 N/A N/A
69 [P56] |Three Way Valve THREE-WAY 280.0 38.91 0.4687 1.0820 1450 408.00 1.3982
X693 [P59] |Three Way Valve THREE-WAY 0.0 0.00 N/A N/A 14.50 N/A N/A
Open
Jet Valve Slate Percentage
(Percent)
7 Open N/A
56 Open b8.55
63 [P55] |Open 100.00
X63 [P60] |Closed By User N/A
69 [P56] (Open 0.00
X69 [P59] [Closed By User N/A
Pipe Output Table
Val. Velocity | P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH
Pipe | Name | Flow Rate Max Min Inlet Outlet Total Total Gravity
{gal/min) | (feet/sec) | (psia) {psia) (feet) (feet} (psid) (psid) {psid) {feet)
2 |Pipe 280.0 7.057 26.06 2542 605.5 86055 064178 064178 0.0000 14816
3 |Pipe 280.0 26,71 19.84 18.54 605.5 8055 1.29876 1.29876  0.0000 29983
33 |Pipe 280.0 10.762 39.74 3968 576.6 5766 0.05344 0.05344 0.0000 0.1234
50 |Pipe 280.0 7.057 40.04 38.47 576.6 580.0 1.56454  1.56454 1.4728 02119
51 [Pipe 280.0 6.303 38.54 2613 580.0 6055 1241226 1241226 11.0456 3.1551
52 |Pipe 280.0 7.057 15.19 15.10 605.5 6055 009179 009179 0.0000 0.2118
54 |Pipe 280.0 7.057 14.84 14.66 605.5 6055 (.18358 0.18358 (.0000 04238
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Page 3
P Static | P Static | P Stag. | P Stag.
Pipe In Qut In Qut
(psia) | (psia) | {psig} [ (psia)
2 26.06 2542 2640 2575
5 19.84 18.54 2467 2337
33 39.74 39.68 40.52 40.46
50 40.04 38.47 40.37 38.81
51 38.54 26.13 3881 26.40
52 15.18 15.10 15.52 15.43
54 14.84 14.66 15.18 14.99
Vol. Velocity | P Static | P Static | Elevation | Elevation | dP Stag. | dP Static dP dH
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
{galfmin) | (feet/sec) | (psia) {psia) (feet) (feet) (psid) {psid) (psid} (feet)
55 [Pipe 280.0 7.057 14.41 14.32 605.5 6055 0.09179 0.08179 00000 0.2119
56 |Pipe 280.0 7.057 14.36 13.85 605.5 602.0 -0.51227 -051227 -1.5161 23174
59 |Pipe 0.0 0.000 14.91 14.70 605.5 606.0 021658 021658 02166 0.0000
60 |Pipe 0.0 0.000 14.91 14.70 605.5 §06.0 021658 0.21658 0.2166 0.0000
P Static | P Static | P Stag. | P Stag.
Pipe In Out In Out
{psia) (psia) {psia} | (psia}
55 1441 1432 1474 1485
56 13.85 14.36 14.18 14.70
5i2) 14.91 14.70 14.91 14.70
60 14.91 1470 1491 14.70
All Junction Table
P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow
Jct Name In Out In Qut Rate Thru Jct | Rate Thru Jct | Loss Factor (K)
{psia) (psia) (psia) {psia) {gal/min) {Ibm/sec)
5 [Pump 24.48 39.74 2527 4052 280.0 38.91 0.0000
| 7 |vaive 15.10 14.84 1543 1518 280.0 38.91 0.7638
| 35 |Area Change 30.68 40.04 4046  40.37 280.0 3891 0.1180
? Control Valve 18.54 15.19 23.37 15.52 280.0 38.91 1.6256
59 |Branch 26.13 26.06 2640 2640 280.0 38.91 0.0000
|60 |Branch 38.47 3854 3881 38.81 280.0 38.91 0.0000
| 61 |Area Change 25.42 19.84 25.75 24.67 280.0 38.91 3.2447
| 83 |Three Way Valve 14.84 14.84 14.98 14.99 N/A N/A  See Mult. Losses
65 | Assigned Pressure 14.38 14.38 14.70 14.70 280.0 38.91 0.0000
| 69 |Three Way Valve 14.50 14.50 14.65 14.65 N/A N/A  See Mult. Losses
70 | Assigned Pressure 14.70 14.70 14.70 14.70 0.0 0.00 0.0000
71 | Assigned Pressure 14.70 14.70 14.70 14.70 0.0 0.00 0.0000
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APPENDIX F

LEACHATE PUMP FATHOM MODEL
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
412 410

J15

J4
HV-41-11

P12
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LEACHATE PUMP FATHOM INPUTS AND OUTPUTS

Minimum Flow

Maximum Flow
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Minimum Flow
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AFT Fathom 10 {Model)
3/26/2020
Page 1

AFT Fathom Model

General

Title: AFT Fathom Model

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441354413.024 - LERF Basin 41

DesigniCalculations\MechiM-002 Flow\Rev (\LERF fth
Scenario: Base Scenario/Goulds Pump/Minimum Flow

Number Of Pipes= 12
Number Of Junctions= 13

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= (Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified

Density= 1 Ibm/ft3

Viscosily= 1 centipoise

Vapor Pressure= Unspecified
Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Junctien K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservair, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or

Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant}= 1 atm
Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Pipes

pioe [ vame [ e | Lenge [ era [ Bveeste T Tt | Fram | Rovatmess | yee= [ Losses 0
1 |Pipe Yes 116 feet 1682 inches Standard 0.0018 inches 0
2 |Pipe  Yes 1.5 feet 1.61 inches Standard 0.0018 inches 0.04
3 |Pipe Yes 0.75 feet 1.61 inches Standard 0.0018 inches 0
4 |Pipe Yes 0.5 feet 0.622 inches Standard 0.0018 inches 0.364336
5 |Pipe Yes 0.75 feet 0.622 inches Standard 0.0018 inches 0
6 |Pipe Yes 0.75 feet 0.546 inches Standard 0.0018 inches 0
7 |Pipe  Yes 0.75 feet 1.61 inches Standard 0.0018 inches 0
8 |Pipe Yes 5 inches 1.61 inches Standard 0.0018 inches 0.04
10 [Pipe  Yes 9.8 feet 1.61 inches Standard 0.0018 inches 0.06168
11 [Pipe Yes 116 feet 1.61 inches Standard 0.0018 inches 0
12 |Pipe  Yes 17 inches 1.61 inches Standard 0.0018 inches 0
13 |Pipe Yes 1.5 feet 1.61 inches Standard 0.0018 inches 0
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: e Initial Flow | Junctions 4 ; Special
Pipe | Initial Flow Units (Up,Down) Gecmetry ‘ Material | Size | Type Condition
1 1.2 Cylindrical Pipe Steel -ANS| 1-1/2inch Schedule 10 None
2 15,3 Cylindrical Pipe Steel - ANS| 1-1/2inch schedule 40 None
3 3.6 Cylindrical Pipe  Steel - ANSI 1-1/2inch schedule 40 None
4 4,5 Cylindrical Pipe Steel - ANSI 1/2 inch schedule 40 None
5 6, 4 Cylindrical Pipe Steel - ANSI  1/2 inch schedule 40 None
6 57 Cylindrical Pipe Steel - ANSI  1/2 inch schedule 80  None
7 7.8 Cylindrical Pipe Steel - ANSI 1-1/2inch schedule 40 None
8 8 11 Cylindrical Pipe Steel - ANS|  1-1/2 inch  schedule 40 None
10 10,12 Cylindrical Pipe  Steel - ANSI  1-1/2 inch  schedule 40  None
11 12,13 Cylindrical Pipe  Steel - ANSI  1-1/2inch schedule 40 None
12 11,10 Cylindrical Pipe Steel - ANS| 1-1/2inch schedule 40 None
1k 2,15 Cylindrical Pipe Steel - ANSI  1-1/2 inch  schedule 40 None
Pipe Fittings & Losses
5 Elbow/Bend Valve Other
Bine [Rlaraths Smeoth Flanged ‘ Ball Tee
2 0.04 1(0.04)
4 0.36 1(0.36)
8 0.04 1(0.04)
10 0.06 1(0.06)
Area Change Table
Object Inlet Elevation o Initial Pressure | Database
ArcaBilenge Neme ‘ Defined | Elevation Units liticlieee s Units Saurce llee
6 Area Change Yes 605.6 feet Conical
7 Area Change Yes 805.6 feet Conical
Loss
Area Change | Geometry | Angle Frictor
6 Contraction 90  16.05661
i Expansion 90 0.7832083
Branch Table
Branch | Name Object Inlet Elevation (fifial Brossu e Initial Pressure | Database | Special | Boundary Flow
Defined | Elevation Units Units Source | Condition | {+ = in/- = out)
11 Branch Yes 605.6 feet None
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Title:

Leachate and Basin Pump Flow Calculation

Prepared By:

Gallegos, JF, P.E.

Date:

4/10/2020

Checked By:

Dixon, KW, P.E.

Date: 4/10/2020

AFT Fathom 10 {(Model)
3/26/2020
Page 3

AFT Fathom Model

Boundary Flow
Units

{Pipe #1)
K In, K Out

(Pipe #2)

Branch K In, K Out

(Pipe #3)
K In, K Qut

(Fipe #4)
K In, K Qut

(Pipe #5)
K In, K Qut

(Pipe #6)
Kin, K Qut

(Pipe #7
Klin KO

)

ut

(P&)1.1,0 (P12)0.0

{Pipe #8)
K In, K Qut

{Pipe #9)
K In, K Qut

(Pipe #10)
K In, K Qut

(P

K In, K Qut

ipe #11} | (Pipe #12)

K In, K Qut

(Pipe #13)
K In, K Out

(Pipe #14)
K In, K Out

(Pipe #15)
K In, K Out

(Pipe #16)
K In, K Out

{Pipe #17}
KIn, K Qut

{Pipe #18}
K In, K Qut

{Pipe #19)
Kin, K Cut

]

Kln, K Qut

ipe #20) | (Pipe #21)

Kin, K Qut

(Pipe #22)
Kn, K Out

(Pipe #23}
Kin, K Out

(Pipe #24)
K In, K Out

(Pipe #25}
K In, K Out

Pump Table

Inlet Elevation
AR | R Elevation Units I

Object
Defined

Initial Pressura

itial Pressure Units

Database
Source

Special
Condition

Pump
Type

1 Pump Yes 574.5 feet

None

Pump Curve

Design Flow
Rate Units

Current
RBump Configuration

Design Flow
Rate

Ind. Variable
Units

Independent
Variable

Dependent
Variable

Dep. Variable

Units

Pump Curve
Constant a

Vol. Flow Rate  gal/min Head Rise  feet

173.1132

Pump Curve
Constant b

Pump Curve
Constant ¢

Pump Curve

Al Constant d

Pump Curve
Constant e

Runout Flow

Rate Rate Units

Runout Flow ‘

‘ Spead

Control When
Exceeded Only

-3.244979

-0.2765802

0

o]

100

Heat Added

Biimp Heat Added ‘

To Fluid Units

1 0 Percent

Valve Table

Valve

Name )

Object

Inlet
Elevation

Elevation
Units

Initial Pressure

Initial Pressure Units

efined

Database
Source

Special
Caondition

Exi

Valve

t Exit

Pressure

4

HV-41-11

Yes

605.6 feet

Nane

No

Valve

Exit

Pressure Units

Restricted
Area

Loss
Model

Restricted
Area Units

Loss
Source

Loss
Factor

Percent
QOpen

Open Pct.

Data Exists

Varia

Independent

ble

Cv Cv From Table 0.52

30 Yes

Valve

Ind. Variable
Units

Dependent
Variable

Dep. Variable
Units

Loss
Constanta

Loss

Loss
Constant b

Constant c

Loss
Constant d

Loss
Constant e

Bend Table
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Model) AFT Fathom Model
3/26/2020
Page 4
Object Inlet Elevation e Initial Pressure | Database Angle
Bend | Name Cefined | Elevation Units Initial Pressure Units Source Type (Degrees) RD
2 |Bend Yes 605.6 feet Smooth Bend 45 1.5
3 |Bend Yes 605.6 feet Smooth Bend 90 15
5 |Bend Yes 605.6 feet Smooth Bend 90 15
8 |Bend Yes 605.6 feet Smooth Bend 90 15
10 |Bend Yes 605.6 feet Smooth Bend 90 15
12 |Bend Yes 605.6 feet Smooth Bend 45 15
Loss
il Factor
2 0.2009148
3 0.28784
5 0.364336
8 0.28784
10 0.28784
12 0.2037692
General Component Table
Bribral EonmGnent Ko Object Inlet Elevation IiallEressna Initial Pressure | Database
P Defined | Elevation Units Units Source
15 General Component  Yes 605.6 feet
Special Loss Loss Independent | Ind. Variable Dependent Dep. Variable
CEHSRIConpanent Condition Model | Value ‘ Variable Units Variable Units
15 None Resistance Curve Variable Vol. Flow Rate gal/min Pressure Loss  psid
Loss Loss Loss Lass Loss
Een Gon el Constanta | Constantb | Constant ¢ Constant d | Constant e
15 5.551115E-17 0 0.0002777778 0 0
Reservoir Table
. Object Inlet Elevation - Initial Pressure | Database . Liquid Eley.
Reservoir Name Defined ‘ Elevation Units Initial Pressure Units Source Liquid Elev. Units
13 Reservoir  Yes 601 feet
Basarair Surface Surface Balance Balance (Pipe #1) (Pipe #2) (Pipe #3) (Pipe #4)
Pressure | Pressure Units | Energy | Concentration | K In, KOut | KIn, KOut | KIn, KOut | K In, K Out
13 1 atm No No (P11)0,8
Reservoir | (Pipe #5) (Pipe #6) {Pipe #7) (Pipe #8) (Pipe #9) | {Pipe #10) | (Pipe #11) | (Pipe #12) | (Pipe #13)
Kin,KQut | Kin, KQut | KIn, KOut | KIn, KQut | KIn, KOut | KIn, KOut | KIn, KCut | KIn, KCut | K In, K Out
13
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Model) AFT Fathom Model
3126/2020
Page 5
= | (Pipe #14) [ (Pipe #15) | (Pipe #16) | (Pipe #17) | (Pipe #18) | (Fipe #19) | (Pipe #20) | (Pipe #21) | (Fipe #22)
SSEVOI [ e 10 K Out [ K In, K Out | KIn, KOut | KIn, KOut | KIn, K Qut | KIn, K Qut | K In, K Out | K In, K Out | K In, K Out
13
Bt (Pipe #23) | {Pipe #24) | (Pipe#25) | (Pipe#1} | (Pipe #2) | (Pipe #3) | (Pipe #4} | {Pipe #5) | (Pipe #6)
Kin, KCut | KIn, KCut | KIn, K Cut Depth Depth Depth Depth Depth Depth
13 (P11)576.6
Reservoir | (PiPe #7) | (Pipe #8) | (Pipe #9) | (Pipe #10} | (Pipe #11) | (Pipe #12) | (Pipe #13) | (Pipe #14) | (Pipe #15)
Depth Depth Depth Depth Depth Depth Depth Depth Depth
13
2 [ (Pipe #16) | (Pipe #17) | (Pipe #18) | (Pipe #19) | (Pipe #20) | (Pipe #21) | (Pipe #22) | (Pipe #23) | (Pipe #24)
el Depth Depth Depth Depth Depth Depth Depth Depth Depth
13
Raseriair (Pipe #25) | Pipe Depth
! Depth Units
13 feet
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

AFT Fathom 10 (Output) AFT Fathom Model
3/26/2020
Page 1

Model Reference Information
General

Title: AFT Fatham Madel

Analysis run on: 3/26/2020 3:28:03 PM

Application version: AFT Fathom Version 10 (2018.05.21)

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
DesigniCalculations\MechiM-002 Flow\Rev O\LERF.fth

Seenario: Base Scenario/Goulds Pump/Minimum Flow

Qutput File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
Design\Calculations\Mech\M-002 Flow\Rev O\LERF_F1.out

Execution Time= 0.11 seconds

Total Number Of Head/Pressure lterations= 0
Total Number Of Flow lterations= 37

Total Number Of Temperature Iterations= 0
Number Of Pipes= 12

Number Of Junctions= 13

Matrix Method= Gaussian Elimination

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= {Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified

Density= 1 Ibm/ft3

Viscosity= 1 centipoise

Vapor Pressure= Unspecified
Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fitlings & Losses, Junclion K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservoir, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or

Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant)= 1 atm

Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Total Inflow= 3.689 gal/min

Total Gutflow= 3.69$ gal/min

Maximum Static Pressure is 15.79 psia at Pipe 1 Inlet
Minimum Static Pressure is 14.68 psia at Pipe 11 Inlet

Warnings

No Warnings

Applied Standards

===== ANSI/HI 9.6.3-2017 - Rotodynamic Pumps - Guideline for Operating Regions =====
Pump 1 set lo specific speed <=4500 (US Customary}, with lower POR 70% and upper POR 120% of BEP
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Title: Leachate and Basin Pump Flow Calculation
Prepared By:  Gallegos, JF, P.E. Date:  4/10/2020 Checked By: Dixon, KW, P.E. Date:  4/10/2020
AFT Fathom 10 (Output) AFT Fathom Model
312612020
Page 2
Pump Summary
Results Vaol. Mass dP dH Overall Speed Overall BEP % of
Jct Dlaarar Name Flow Flow Efficiency Power BEP
g (gal/min) | (Ibm/sec) | (psid} | (feet) | (Percent} | (Percent) (hp) {gal/min) | (Percent)
1 |Show Pump 3.699 8.242E-03 1.093 157.3 N/A 100.0 2.357E-03 N/A N/A
NPSHA | NPSHR
Jet
{feet) {feet)
1 N/A N/A
Valve Summary
Vol. Mass dP dH | P Static Cpen
Jet Name \_Il_alvg Flow Flow Stag. In Cv K \éf:;: Percentage
P {gal/min) | (Ibm/sec) | {psid) | (feet) | (psia} (Percent)
4 [HV-41-11 REGULAR 3.699 8.242E-03 0.8114 116.8 15.53 0.5200 492.8 Open 30.00
Reservoir Summary
Lig. Lig. Surface Liquid | Ligquid Net Net
Jet Name Type | Height | Elevation | Pressure | Yolume | Mass | Vol. Flow | Mass Flow
(feet) (feet) {psia) (feet3) | {Ibm} | (gal/min} [ (Ibm/sec)
13 |Reservoir | Infinite N/A 601.0 14.70 N/A N/A 3.899 8.242E-03
Pipe Qutput Table
Vol. Velocity | P Static | P Static | Elevation | Elevation | dP Stag. dP Static dP dH
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
{gal/min) | (feet/sec) | (psia) (psia) (feet) (feet} (psid) {psid} (psid) {feet)
1 |Pipe 3.699 0.5342 15.79 15.56 574.5 8056 0.2306098 0.2306098 02160 2.10784
2 |Pipe 3.698 0.5830 15.55 15.55 605.6 86056 0.0002655 0.0002655 0.0000 0.03823
3 |Pipe 3.699 0.5830 15.55 15.55 605.6 605.6 0.0001127 00001127 0.0000 0.01623
4 |Pipe 3.699 3.9061 14.72 1471 605.6 605.6 0.0082990 0.0082950 0.0000 1.19505
5 |Pipe 3.699 3.9061 15.54 15.53 605.6 6056 0.0050608 0.0050608 0.0000 0.72876
6 |Pipe 3.699 5.06892 14.70 14.70 6056 6056 00085234 00085234 0.0000 1.22737
7 |Pipe 3.699 0.5830 14.68 14.68 605.6 6056 0.0081127 0.0001127 0.0000 0.01623
8 |Pipe 3.699 0.5830 14.68 14.68 605.6 86056 0.0081026 0.0001026 0.0000 0.01478
10 |Pipe 3.699 0.5830 14.68 14.68 605.6 6056 0.0015348 0.0015348 0.0000 0.22102
11 |Pipe 3.699 0.5830 14.87 14.68 605.6 5766 -0.1845451 -0.1845451 -0.2014 2.42551
12 |Pipe 3.699 0.5830 14.68 14.68 605.6 605.6 0.0002130 0.0002130 0.0000 0.03067
13 |Pipe 3.699 0.5830 15.56 15.56 605.6 6056 0.0002255 0.0002255 0.0000 0.03247
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E.

Date: 4/10/2020 Checked By: Dixon, KW, P.E.

Date: 4/10/2020

AFT Fathom 10 (Output) AFT Fathom Model

312612020
Page 3

P Static | P Static | P Stag. | P Stag.

Pipe In Qut In Qut

(psia) | (psia) | {psig} [ (psia)
1 15.79 16,56 157 15586

2 15.55 15,55 1555 1555

3 15.55 15.55 1555 1555

4 14.72 14.71 14.72 14.71

B 15.54 15.53 1554 1553

] 14.70 14.70 14.71 14.70

7 14.68 14.68 14.68 14.68

8 14.68 14.68 1468 1458

10 14.68 14.68 1468 1458

11 14.68 14.87 1468 14.87

12 14.68 14.68 14.68 14.68

13 15.56 15,56 1556  15.56
All Junction Table

P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow Lose
Jet Name Iq OL_lt In Ol_n Rate Thr_u Jet | Rate Thru Jet Factor {K)
(psia) (psia) {psia) | {psia) {gal/min}) {lbm/sec)

1 |Pump 14.70 15.79 14.70 15.79 3.699 8.242E-03 0.0C0
2 |Bend 15.56 1556 1556  15.56 3.699 8.242E-03 5.786
| 3 |Bend 15.55 15,55 1555 1555 3.699 8.242E-03 7.849
T HV-41-11 15.53 14.72 15.53 14.72 3.699 8.242E-03 492.791
T Bend 14.71 14.70 1471 14.71 3.689 8.242E-03 2.9%1
6 |Area Change 15.55 16564 1555 1554 3.899 8.242E-03  437.854
7 |Area Change 14.70 1468 1470 14.68 3.699 8.242E-03 5441
T Bend 14.68 14.68 14.68 14.68 3.69¢ 8.242E-03 7.849
T Bend 14.68 14.68 14.68 14.68 3.659 8.242E-03 7.849
(11 |Branch 14.68 1468 1468 1468 3.699 8.242E-03 0.000
|12 |Bend 1468 1468 1468 1468 3599  8.242E-03 5.557
T Reservoir 14.70 14.87 14.70 14.87 3.699 8.242E-03 0.000
15 |General Component 15.56 1555  15.56 15.55 3.689 8.242E-03 103.638
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E.

Date:

4/10/2020 Checked By: Dixon, KW, P.E.

Date: 4/10/2020

Maximum Flow
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

AFT Fathom 10 {Model)
3/26/2020
Page 1

AFT Fathom Model

General

Title: AFT Fathom Model

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441354413.024 - LERF Basin 41

DesigniCalculations\MechiM-002 Flow\Rev (\LERF fth
Scenario: Base Scenario/Goulds Pump/Maximum Flow

Number Of Pipes= 12
Number Of Junctions= 13

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= (Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified

Density= 1 Ibm/ft3

Viscosily= 1 centipoise

Vapor Pressure= Unspecified
Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fittings & Losses, Junctien K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservair, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or

Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant}= 1 atm
Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Pipes

pioe [ vame [ e | Lenge [ era [ Bveeste T Tt | Fram | Rovatmess | yee= [ Losses 0
1 |Pipe Yes 116 feet 1682 inches Standard 0.0018 inches 0
2 |Pipe  Yes 1.5 feet 1.61 inches Standard 0.0018 inches 0.04
3 |Pipe Yes 0.75 feet 1.61 inches Standard 0.0018 inches 0
4 |Pipe Yes 0.5 feet 0.622 inches Standard 0.0018 inches 0.364336
5 |Pipe Yes 0.75 feet 0.622 inches Standard 0.0018 inches 0
6 |Pipe Yes 0.75 feet 0.546 inches Standard 0.0018 inches 0
7 |Pipe  Yes 0.75 feet 1.61 inches Standard 0.0018 inches 0
8 |Pipe Yes 5 inches 1.61 inches Standard 0.0018 inches 0.04
10 [Pipe  Yes 9.8 feet 1.61 inches Standard 0.0018 inches 0.06168
11 [Pipe Yes 116 feet 1.61 inches Standard 0.0018 inches 0
12 |Pipe  Yes 17 inches 1.61 inches Standard 0.0018 inches 0
13 |Pipe Yes 1.5 feet 1.61 inches Standard 0.0018 inches 0

Quality Assurance Procedure 3.1

Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00

5/26/2020 - 11:00 AM

RPP-CALC-63650, Rev. 0

146 of 183

Sargent & Lundy
Engineering Services, Inc

CALCULATION SHEET

Project No. S54413.024 Calculation No.  S54413.024-M-002 Rev. 0 Page No. 143 of 180
Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Model) AFT Fathom Model
312612020
Page 2
: e Initial Flow | Junctions 4 ; Special
Pipe | Initial Flow Units (Up,Down) Gecmetry ‘ Material | Size | Type Condition
1 1.2 Cylindrical Pipe Steel -ANS| 1-1/2inch Schedule 10 None
2 15,3 Cylindrical Pipe Steel - ANS| 1-1/2inch schedule 40 None
3 3.6 Cylindrical Pipe  Steel - ANSI 1-1/2inch schedule 40 None
4 4,5 Cylindrical Pipe Steel - ANSI 1/2 inch schedule 40 None
5 6, 4 Cylindrical Pipe Steel - ANSI  1/2 inch schedule 40 None
6 57 Cylindrical Pipe Steel - ANSI  1/2 inch schedule 80  None
7 7.8 Cylindrical Pipe Steel - ANSI 1-1/2inch schedule 40 None
8 8 11 Cylindrical Pipe Steel - ANS|  1-1/2 inch  schedule 40 None
10 10,12 Cylindrical Pipe  Steel - ANSI  1-1/2 inch  schedule 40  None
11 12,13 Cylindrical Pipe  Steel - ANSI  1-1/2inch schedule 40 None
12 11,10 Cylindrical Pipe Steel - ANS| 1-1/2inch schedule 40 None
1k 2,15 Cylindrical Pipe Steel - ANSI  1-1/2 inch  schedule 40 None
Pipe Fittings & Losses
5 Elbow/Bend Valve Other
Bine [Rlaraths Smeoth Flanged ‘ Ball Tee
2 0.04 1(0.04)
4 0.36 1(0.36)
8 0.04 1(0.04)
10 0.06 1(0.06)
Area Change Table
Object Inlet Elevation o Initial Pressure | Database
ArcaBilenge Neme ‘ Defined | Elevation Units liticlieee s Units Saurce llee
6 Area Change Yes 605.6 feet Conical
7 Area Change Yes 805.6 feet Conical
Loss
Area Change | Geometry | Angle Frictor
6 Contraction 90  16.05661
i Expansion 90 0.7832083
Branch Table
Branch | Name Object Inlet Elevation (fifial Brossu e Initial Pressure | Database | Special | Boundary Flow
Defined | Elevation Units Units Source | Condition | {+ = in/- = out)
11 Branch Yes 605.6 feet None
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AFT Fathom 10 (Model) AFT Fathom Model
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Page 3
B h Boundary Flow | (Pipe #1) (Pipe #2) (Pipe #3) (Pipe #4) (Pipe #3) (Pipe #6) (Pipe #7)
e Units Kln, KOut [ Kin, KOut | Kin, KOut | Kin, KOut | KIn, K Qut | Kin, K Qut [ Kin, K Qut
ih| (P8)1.1,.0 (P12)0,0
Brarichi {Pipe #8) (Pipe #9) | (Pipe #10) | (Pipe #11) | (Pipe #12) | (Pipe #13) | (Pipe #14) | (Pipe #15) | (Pipe #16)
Kin, KOut | Kin, KOut | KiIn, KOut | Kin, KOut | KiIn, KQut | KIn, KOut | KIn, KOut | KIn, KOut | K In, KOut
11
Braiiet {Pipe #17) | (Pipe #18) | (Pipe #19) | (Pipe #20) | (Pipe #21) | (Pipe #22) | (Pipe #23} | (Pipe #24} | (Pipe #25}
Kin, KOut | KIn, KQut | KIn, KOut | KIn, KOut | KIn, KOut | KIn, KOut [ KIn, KOut | KIn, KOut | K In, K Out
1
General Componernit Table
Object Inlet Elevation s Initizl Pressure | Database
General Component Name | Defined | Elevation Units Initial Pressure Units | S
15 General Component  Yes 605.6 feel
Special Loss Loss Independent | Ind. Variable Dependent Dep. Variable
Leucnl Compone s Condition Medel | Value Variable Units Variable Units
15 None Resistance Curve Variable Vol. Flow Rate gal/min Pressure Loss | psid
Loss Loss Loss Loss Loss
SeetCanpanent Constanta | Constantb | Constant ¢ Constantd | Constant e
15 5.551115E-17 0 0.0002777778 0 0
Pump Table
Ohject Inlet Elevation . Initial Pressure | Database | Special Pump
A | R Defined | Elevation Units [T Units Source | Condition Type
1 Pump Yes 574.5 feet None Pump Curve
P Design Flow | Design Flow Current Independent | Ind. Variable | Dependent | Dep. Variable | Pump Curve
ume Rate Rate Units | Caenfiguration Variable Units Variable Units Constant a
1 Vol. Flow Rate  gal/imin Head Rise  feet 173.1132
pump | PUmp Curve | Pump Curve | Pump Curve | Pump Curve | Runout Flow | Runout Flow . Control When
UMP | “Constantb | Constantc | Constantd | Constante Rate Rate Units p Exceeded Only
1 -3.244979  -0.2765802 0] 0 100
Heat Added | Heat Added
PUMP |75 Fluid Units
1 0 Percent
Reservoir Table
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Date: 4/10/2020

AFT Fathom 10 {(Model)

AFT Fathom Model

312612020
Page 4

Reservoir

Elevation
Units

Inlet
Elevation

Database
Source

Initial Pressure

Initial Pressure Units

Name

Object
Defined

Liquid Elev.

Liguid Elev.

Units

13

Reservoir  Yes

576.6 feet

Reservair

Balance
Energy

Surface
Pressure Units

Surface
Pressure

Balance
Concentration

(Pipe #1)
K In, K Qut

(Pipe #2)
K In, K Out

(Pipe #3)
K In, KOut

(Pipe #4)

K In, K Out

13

1 atm No No (P11)0,0

Reservoir

(Pipe #5)
Kin, K Cut

(Pipe #6)
Kln, K Cut

{Pipe #7}
Kin, K Cut

(Pipe #8)
Kin, K Cut

(Pipe #9}
Kin, K Out

(Pipe #10}
K In, K Cut

{Pipe #11)
K In, K Out

(Pipe #12)
K In, K Out

(Pipe #13)

K

In, K Out

13

Reservoir

(Pipe #14)
K In, K Cut

{Pipe #15)
K In, K Out

{Pipe #16)
K In, K Out

{Pipe #17)
Kin, K Cut

{Pipe #18)
Kin, K Qut

{Pipe #19)
Kn, K Cut

{Pipe #20}
KIn, K Cut

(Pipe #21)
Kln, K Cut

(Fipe #22)

K

In, K Qut

13

Reservoir

(Pipe #23)
Kln, K Out

{Pipe #24)
K n, K Out

{Pipe #25)
Kln, K Out

(Pipe #4}
Depth

{Pipe #b)
Depth

(Pipe #1) ‘

(Pipe #2} | (Pipe #3)
Depth

Depth Depth

(Pipe #6)
Depth

13

(P11)576.6

Reservoir

(Pipe #8)
Depth

Pipe #9)
Depth

(Pipe #12)

(Pipe #7)
Depth

Depth

| {

{Pipe #10) ‘ (Pipe #11}

(Pipe #13) | (Pipe #14)
Depth Depth

Depth Depth

{Pipe #15)
Depth

13

Reservoir

(Pipe #19)
Depth

(Pipe #22)

(Pipe #16) | (Pipe #17)
Depth

{Pipe #18)
Depth Depth

(Pipe #20) | (Pipe #21)
Depth

Depth Depth Depth

(Pipe #23) | (Pipe #24)
Depth

13

Reservair

(Pipe #25)
Depth

Pipe Depth
Units

13

fest

Valve Table

Valve

Name

Object
Defined

Inlet Elevation
Elevation Units

Exit
Valve

Database
Source

Initial Pressure
Units

Special

Initial Pressure Condition

Exit
Pressure

4

Hv-41-11

Yes 605.6 feet None No

Valve

Pressure Units

Loss
Factor

Percent | Open Pct.

Exit
Open | Data Exists

Restricted ‘

Restricted
Area

Loss
Area Units

Loss
Model

Source

Independant
Variable

Cv Cv From Table 1.8 100 Yes

Valve

Ind. Variable

Loss
Constant e

Loss
Constant d

Loss
Constantc

Loss
Constant a

Dependent
Variable

Dep. Variable

Units Units. Constant b

Loss ‘

Bend Table
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Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 {(Model) AFT Fathom Model
3/26/2020
Page 5

vond [ vame | oot Tt [ gimee [ v prosune | 02 s [Bbse | 1y [ ke Tiao
2 |Bend Yes 605.6 feet Smooth Bend 45 1.5
3 |Bend Yes 605.6 feet Smooth Bend 90 15
5 |Bend Yes 6056 feet Smooth Bend 90 15
8 |Bend Yes 605.6 feet Smooth Bend 90 15
10 |Bend Yes 605.6 feet Smooth Bend 90 15
12 |Bend Yes 605.6 feet Smooth Bend 45 15
i FLac::stzr
2 0.2005148
3 0.28784
5 0.364336
8 0.28784
10 0.28784
12 0.2037692
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Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

AFT Fathom 10 (Output) AFT Fathom Model
3/26/2020
Page 1

Model Reference Information
General

Title: AFT Fatham Madel

Analysis run on: 3/26/2020 1:06:56 PM

Application version: AFT Fathom Version 10 (2018.05.21)

Input File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
DesigniCalculations\MechiM-002 Flow\Rev O\LERF.fth

Scenario: Base Scenario/Goulds Pump/Maximum Flow

Qutput File: P:\Clients\Washington River Protection Solutions - WRPS 5441554413.024 - LERF Basin 41
Design\Calculations\Mech\M-002 Flow\Rev O\LERF_F2.out

Execution Time= 0.07 seconds

Total Number Of Head/Pressure lterations= 0
Total Number Of Flow lterations= 14

Total Number Of Temperature Iterations= 0
Number Of Pipes= 12

Number Of Junctions= 13

Matrix Method= Gaussian Elimination

Pressure/Head Tolerance= 0.0001 relative change
Flow Rate Tolerance= 0.0001 relative change
Temperature Tolerance= 0.0001 relative change
Flow Relaxation= (Automatic)

Pressure Relaxation= {Automatic)

Constant Fluid Property Model
Fluid Database: User Specified
Fluid= User Specified

Density= 1 Ibm/ft3

Viscosity= 1 centipoise

Vapor Pressure= Unspecified
Viscosity Model= Newtonian

Apply laminar and non-Newtonian correction to: Pipe Fitlings & Losses, Junclion K factors, Junction Special Losses, Junction

Polynomials

Corrections applied to the following junctions: Branch, Reservoir, Assigned Flow, Assigned Pressure, Area Change, Bend, Tee or

Wye, Spray Discharge, Relief Valve

Ambient Pressure (constant)= 1 atm

Gravitational Acceleration=1 g

Turbulent Flow Above Reynolds Number= 4000
Laminar Flow Below Reynolds Number= 2300

Total Inflow= 10.04 gal/min

Total Gutflow= 10.04 gal/min

Maximum Static Pressure is 15.49 psia at Pipe 1 Inlet
Minimum Static Pressure is 14.54 psia at Pipe 11 Inlet

Warnings

No Warnings

Applied Standards

===== ANSI/HI 9.6.3-2017 - Rotodynamic Pumps - Guideline for Operating Regions =====
Pump 1 set lo specific speed <=4500 (US Customary}, with lower POR 70% and upper POR 120% of BEP
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Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
AFT Fathom 10 (Output) AFT Fathom Model
312612020
Page 2
Pump Summary
Results Vaol. Mass dP dH Overall Speed Qverall BEP % of
Jct Dlaarar Name Flow Flow Efficiency Power BEP
g (gal/min) | (Ibm/sec) | (psid) | (feel} | (Percent) | (Percent) (hp} (gal/min} | {Percent)
1 |Show Pump 10.04 0.02237 0.7822 1126 N/A 100.0 4.581E-03 N/A N/A
NPSHA | NPSHR
Jet
{feet) {feet)
1 N/A N/A
Valve Summary
Yol. Mass dP dH | P Static
Jet Name \_Il_alvg Flow Flow Stag. In Cv K \é?;\{:
P {gal/min) | (Ibm/sec) | (psid} | (feet) | (psia)
4 [HV-41-11 REGULAR 10,04 0.02237 0.4990 71.85 1514 1.800 41.13 Open
Reservoir Summary
Lig. Lig. Surface Liquid | Ligquid Net Net
Jet Name Type | Height | Elevation | Pressure | Yolume | Mass | Vol. Flow | Mass Flow
(feet) (feet) {psia) (feet3) | {Ibm} | (gal/min} [ (Ibm/sec)
13 |Reservoir | Infinite N/A 576.6 14.70 N/A N/A 10.04 0.02237
Pipe Qutput Table
Vol. Velocity | P Static | P Static | Elevation | Elevation | dP Stag. dP Static dP dH
Pipe | Name | Flow Rate Max Min Inlet Qutlet Total Total Gravity
{gal/min) | (feet/sec) | (psia) (psia) (feet) (feet} (psid) {psid} (psid) {feet)
1 |Pipe 10.04 1.450 15.49 15.24 574.5 86056 0.2557054 0.2557054 02160 b5.72161
2 |Pipe 10.04 1.583 15.21 15.21 605.6 86056 0.0007207 0.0007207 0.0000 0.10378
3 |Pipe 10.04 1.583 16.21 15.21 605.6 605.6 0.0003060 0.0003060 0.0000 0.04407
4 |Pipe 10.04 10.603 14.64 14.62 605.6 605.6 0.0225270 0.0225270 0.0000 3.24389
5 |Pipe 10.04 10.603 15.15 15.14 605.6 6056 00137373 00137373  0.0000 1.97817
6 |Pipe 10.04 13.760 14.59 14.57 6056 8056 00231362 00231362 00000 3.33161
7 |Pipe 10.04 1.583 14.55 14.55 605.6 6056 0.0003060 0.0003060 0.0000 0.04407
8 |Pipe 10.04 1.583 14.55 14.55 605.6 86056 0.0002786 0.0002786 0.0000 0.04012
10 |Pipe 10.04 1.583 14.55 14.54 605.6 6056 0.0041662 0.0041662 0.0000 0.59994
11 |Pipe 10.04 1.583 14.70 14.54 605.6 5766 -0.1535787 -0.1535787 -0.2014 6.88467
12 |Pipe 10.04 1.583 14.55 14.55 605.6 605.6 0.0005781 0.0005781 0.0000 0.08324
13 |Pipe 10.04 1.583 15.24 15.24 605.6 6056 0.0006121 00006121 0.0000 0.08814
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AFT Fathom 10 (Output) AFT Fathom Model

312612020
Page 3

P Static | P Static | P Stag. | P Stag.
Pipe In Qut In Qut
(psia) | (psia) | (psia) | (psia)

1 1549 1524 1549 15.24
2 1521 1521 1521 1521
3 1521 1521 1521 1521
4 1464  14.62 1465 14.83
5 1515 1514 1516 15.15
8 1458 1457 1461 1459
7 1455 1455 1455 1455
8 1455 1455 1455 1455
10 14.55 14.54 14.55 14.54
11 1454 1470 1454 1470
12 1455  14.55 1455 14.55
13 1524 1524 1524 15.24

All Junction Table

P Static | P Static | P Stag. | P Stag. Vol. Flow Mass Flow Lose
Jet Name Iq OL_lt In Ol_n Rate Thr_u Jet | Rate Thru Jet Factor {K)
(psia) (psia) {psia) | {psia) {gal/min}) {lbm/sec)

1 |Pump 14.71 15.49 14.71 15.49 10.04 0.02237 0.000
2 |Bend 15.24 1524 1524 1524 10.04 0.02237 213
| 3 |Bend 15.21 15.21 15.21 15.21 10.04 0.02237 2892
T HV-41-11 15.14 14.64 15.15 14.65 10.04 0.02237 41.127
T Bend 14.62 14.59 14.63 14.61 10.04 0.02237 1.102
6 |Area Change 15.21 1615 1521 15.16 10.04 0.02237  161.306
7 |Area Change 14.57 1455 1459 1455 10.04 0.02237 2.004
T Bend 14.55 14.55 14.55 14.55 10.04 0.02237 2.882
T Bend 14.55 14.55 14.55 14.55 10.04 0.02237 2.892
(11 |Branch 14.55 1455 1455 1455 10.04 0.02237 0.000
[12 | Bend 14.54 14.54 14.54 14.54 10.04 0.02237 2.047
T Reservoir 14.70 14.70 14.70 14.70 10.04 0.02237 0.000
15 |General Component 15.24 15.21 15.24 15.21 10.04 0.02237 103.638
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Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

ATTACHMENT 1

LEACHATE PUMP CURVE
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

Minimum Continuous Operating Flow Rate = 3.2 GPM
Maximum Continuous Operating Flow Rate = 13.3 GPM

15C SERIES - SINGLE PHASE VERSION
OPERATING CHARACTERISTICS

(@ LowarA

a xylem brand

1SC

~ 3500 [rpm]

| ISO 9906:2012 - Grade 3B

100

a0

80

70

H{m]

50

30

20

10

10

12 [impgpm]

12

Q([us gpm]

|} 350

F 300

F 250

| 200

H[ft]

|} 150

\

LEACHATE
PUMP CURVE
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y
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E.

Date:

4/10/2020 Checked By: Dixon, KW, P.E.

Date: 4/10/2020

ATTACHMENT 2

BASIN PUMP CURVE
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

Minimum Continuous Operating Flow Rate = 40 GPM
Maximum Continuous Operating Flow Rate = 280 GPM

TOTAL HEAD 10 HP ELECTRIC MOTOR PERFORMANCE CURVE

M| PSI|FT 60 HERTZ 3 PHASE
a 375 VOLUTE 38632-061 ¢curvE SM4H-X10-1
160+

110+ - | IMPELLER 38622-519 MODEL SM4H-X10
] SIZE 4" \up.DIA. _T.25"

100+ 1404325

= f sp.cR. 1.0 RPM 3450
90130300

11204275
80+
| 110250

704100 550
604 90200 g

B0+ | ™
1S ]

50+ 704 ‘
g = | B KW AMP
407 125

- 50+ - T T | T T
301 40100 ; X 20| 40

— [ | ™

ool 304 | st = i 1530
1 28 59

L 104 25 EE — AII\A
i I
|

- 0o~ O
U.S.GALLONS © ™~ ~ w «© O N N

PER MINUTE X 10

It)
T T T T T T T T T 1
LITRES (@) o~ a W0 oo =) ™~

PER SECOND

CUBIC METRES & A &Y o o
PER HOUR X10

Z 1

SM44M.501

0. §

N3

204 37
22:
24: 38
26:

g

<
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ATTACHMENT 3

CAVITATION CALCULATION
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Pl = "Upstream absolute static pressure”
P4 = "Downstream absolute static pressure”

P = "Absolute thermodynamic critical pressure”

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
Control Valve Sizing
AP .1 =F 2-(]3] - FF'PV) Allowable sizing pressure drop for control valves without
T fittings (Control Vave Handbook, Pg. 115).
Py
Fp =096- 028 - Liquid critical pressure ratio factor (Control Valve Handbook,
Pe Pg. 115).

Iy = "Vapor pressure absolute of liquid at inlet temperature”

Flow Control Valve Sizing

AP := 76.73si { "Low Head Loss" )
Py = 748Ipsi + latm = 89.5psi

Py:= P - AP = 128psi

Pr:= 3208si

Py i= 2.226psi

%0 = 30.86%

Calculated differential pressure across MOW-41-1 for
the high basin level recirculation scenario

Upstream absclute static pressure of MOV-41-1 for
the high basin level recirculation scenario.

Downstream absolute static pressure of MCWV-41-1
for the high basin level recirculation scenario.

Absclute thermodynamic criical pressure (Control
Valve Handbook, Pg 205).

Absolute vapor pressure at 130 °F, which isa
bounding temperature (Lindeburg, Appendix 23.A,
Attachment 9).

Percent open high head loss scenarios (Fathom
Model Output).
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Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
[f o 0 7
10 0.96
20 0.95
30 0.94
40 093

F]‘[x]:— linterg{ | S50 |%,| 0.92 |,x

60 0.90
70 0.89
80 0.86
90 0.82
100 075) |
Py Liquid critical pressure ratio factor (Control Valve
Fpi= 096 - 0.28. |— = 0.95 Handbook, Pg. 115) for the high basin level
[ recirculation scenarno.

max

2 R
AP, 1 = F (%0) -(P] - ITF-PV) = T7.psi

Check :=

= 77-psi Calculated MOV-41-1 allowable pressure drop.

Linear inerpolation of the V-Control Valve liquid
pressure recovery factor (Attachment 1).

Allowable szing pressure drop for control vakes
without fittings (Control Valve Handbook, Pg. 115)
for the high basin level recirculation scenario.

"Design OK"  af L\‘Pma_d, = AP = "Design OK"

"Redesign" otherwise
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E.

Date:

4/10/2020 Checked By: Dixon, KW, P.E.

Date: 4/10/2020

ATTACHMENT 4

FLOWTEK CUTSHEET
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Prepared By: Gallegos, JF, P.E. | Date: 4/10/2020 ‘ Checked By: Dixon, KW, P.E. ‘ Date: 4/10/2020
F ’oMe k V-Control Ball Valve Selection Guide
® Technical Bulletin No. 1006
A Subsidiary of BRAY INTERMNATIOMAL, Inc. Date: Seprember 2008 /Pg. 3 of &
V-CONTROL BALL VALVE FLOW COEFFICIENT Cv CHARTS
Full Port 42" to 4" Triad and W2" o 1Z°FI83
S Pescant and Angle of Ball Rotation —
Vale | V-Por - - -
Size Angle | 0% . 10% | 20% 0% | 40% | S0% | BO% 0% BO% o0% | 100% |
A |1 | o ! o4 | 047 [ 043 | 088 | 098 | 162 2.09 284 361 | 418 |
1 30 o o4 [ 023 047 [ 037 140 | 183 247 343 | 465 | 555 |
- GO o 0.0 0.28 073 1.11 183 2.92 4.29 .00 43 1278 |
112 [T i 006 | 047 | 085 | 178 | 205 _‘__ 224 4.74 B.26 161 | 147z |
am 1B 0 008 0.20 0.51 0.88 130 | 243 275 374 475 551 |
- a0 a_ . 007 0.30 061 | 0@ | 157 | 242 3.25 452 | 612 730 |
___amM” age o | 007 | 03% [ 083 146 242 1 _385 | 564 | 929 1241 | 162§ |
a4 90" [] oo | _oss | 111 | 1ﬁ9. 2'&@_.._ 4,27 6,24 10,85 15.28 1937 |
o |1 | o | o006 | 030 | 083 | 149 231 | 375 467 BAT B46 | 084 |
1= LA L ¢ 0,08 045 | 126 | 206 | 364 ! 530 FA0__ | 1049 12.84 1548 1'
1= (1)l 0 !\ 00e | 088 1.74 278 5,15 1 _ BOD 11.88 18.71 o s azel |
1= 1 et a — 0.93 278 | 5.08 _T.T4 | 1220 17.33 2250 | 3140 | 4389 |
114" 150 0 . 083 | 037 083 | 18e | 407 5.88 7.99 10,81 1282 |
1-1/a" e 0| 005 048 | 137 | 247 606 | BB | 1178 | 1487 17.37 |
ot | e | 0 | om 0.67 204 | 341 1080 | 4539 | 2235 3337 | 4345 |
14”1 &0% |0 1 008 0.78 282 541 1728 | 2550 | 3560 | 5176 | 6581
1102 15 o ops | 037 1145 226 | 558 |  8os 1098 | 1485 | 1762 |
gt |3 | o0 | o007 0.65 1.88 338 838 1212 1847 | 2044 388 |
2 | 80 | 0 | 008 082 | 281 4.69 1485 | 2448 | 3073 4588 59.74 |
=152 aar Q i L] .07 4m Ta44 | . 2260 31.90 48,03 7147 2049 |
z 15 | o | 008 0.69 223 | 445 | 724 | 1088 | 1538 | 2138 | 2875 | 3ams |
e 3 o | 008 1.18 78 7.53 L1783 | 2644 345 | 4808 | 55.85 |
. 80P 0 0.1 1.51 5,80 10.39 2060 | 3388 48.T5 60.04 104.23 | 13575 |
- e 0 018 1.89, LL28 | 1358 | 2538 | 4230 5556 | 8704 | 12075 | “373“
=z | 1% 0| 047 OFT 240 | 523 BOS | 1173 | 164z | za1 | a4 | avan
242 arr 0| 008 1.15 4.42 7.91 1339 | 2005 | 3043 | 4182 | 5830 | ?_'g-_g_s_1
210 itiid o | 013 1.48 581 11.80 2324 | avez | Bam 8320 | 11365 [ 18250 |
A | 8¢ |0 ! 047 1.83 _T29 16,45 3116 5353 i _1TT.A2 | 23845 |
o 0,08 088 | 206 | 665 | 958 | 1342 | 1947 | 2667 | 8178 | 3831 |
0 012 | 120 | 415 | 949 | 1596 @ 2678 |  38.91 5231 | 6677 | 8581 |
o 015 2,89 670 | 1582 | 2936 | 4632 | 7360 | 10674 | 14988 | 19320 |
) 0.20 412 BA5 | 2109 | 4109 | 6027 | 10581 | 181,04 | 2arp3 [ 35091 |
o 0.1 1.40 886 | 18ve | Z7el | 4185 59,24 7548 | 9637 |
n ﬂ!g___. _:.?é__ = 1!{“ 1-;'1-1' w 'ITE 454 44 4“_:1 : L1 -I
.- 2.20 4 | 3367 | 6298 | 10626 [ 18049 | 23396 32850 | 43720
B . L ST R 1
o ! o020 2.50 1877 | 2985 | 4970 | 7456 | 10551 | 134.44 | 17162 |
A : N S - | 3.12 331 | 6270 | 10437 | 15663 | 22166 | 28233 | 349.89
jo O | 046 | 541 5997 | 11216 | 18924 | FESE? | 41668 | GAGA3 | BOOEOD |
1o | oss 779 8956 | 163.55 | 280.37 | 42834 | 65032 | 073.50 | 1479.70|
@ 0.34 4.23 2684 | 5080 | ®4B8 | 12884 | 135 M550 | 69207 |
N 049 | 532 5635 | 1 [ 17762 | 28638 | 37706 | 48047 | 5OS11
| 0 0.7% 6,66 10206 1804 322.08 .dm 41 | 70811 | 99869 | 137538 |
& | e |0 105 | 1326 | 15242 1 27833 | 47744 72896 | 110660] 165677 261818
w1 1 | o | o83 | ee2 4194 | 7938 | 13215 | 19820 | 35000 | 54500 | 856.36
9 | @gr 0 | 037 | B3 B8.05  166.73 | 27753 | 41824 | 58916 | TE074 |  92O.ET
1 | e | 0 123 10.41 15947 | 28823 | s03z22 | 7e002 | 110799 156045 | 2070
1w e | g 1.64 20.72 23816 | 43480 | 74553 | 1139.00| 172020 258870 3034 65
1z | s | o | o74 | 838 8872 | 1143 | 18501 | 27747 | seano | 110107 163880
12 s |0 107 | 1163 | 12377 | 23342 | 38B54 | 58273 | 824.82 | 105103 130181
L2 L &0t L 0 | 172 | 1457 8 | 22335 | 41762 | T0451 | 108403 1551.18] 218463 % 280626
I - T o | 229 2000 | 13047 | 33342 | BOBBS | 104374 | 155450 | 242088 | 362448, 550851
L | o | o096 | o095 | o084 | 083 | 082 | 090 | 089 | o088 | |
: =t B S - S N ¥ SN SO - I - S I 3 O 1. - -
| FI = Liguid Pressure Recovery Factor Xt= Pressure Drop Ratio Facior (Gas) S _ _1
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Crae Y
18 Serfes Angle < Bo—>* open >
Yoo and Soft-Seat Stem  ==m=m Regulating Stem pattern
176—
—_ 150—
S F
ERFS i
&z 1
2 100
o _ > m_ount
5 am- — sy
= _ [B.2t0 6.4
i 050 . . :
N Stainless SteelfValves with Regulating Stems
n.zs_ Select an ardering number.
o | I I I | I |
0 1 2 3 4 5 Alloy 400, Brass, and Steel . .
Number of Turns Open Valves with Regulating Stems Material | Designator
) . Alloy 400 ]
. Replace 88 in the ordering number Bracs B
20 and 26 Series with a material designator,
Yoo and Soft-Seat Sterm  w——mVee Stem Example: M-ORS? Stesl S
m— §oft-Seat Stem
Vee and Soft-Seat Stems
”: Replace R in the ordering number with ¥ for a vee stem or K
~ 08— for a soft-seat stem with PCTFE stem tip.
% a5 Examples: S5-0OWS2
& . 33-0K32
2 04—
§ . Angle-Pattern Valves
z - Add -Ato the ordering number.
w % Example: SS-ORS2-A

0,080 in.
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S5-MS5-Prassurelrop-Y

Pressure Drop Chart

Y Strainers Screwed End

M
-
1

& o -ﬂ-.‘

PRESSURE DROP — p.s.i.
L Ebaukebl [ o

1 4 56780 W0 150 2 ¥ 4 5 BT80N

Flow Rate = g.p.m.

Above based on the flaw of clean water through 033; - W perforated metal screens. Congult our Enginaering Dapartment far pressure drop
information on steam, gases or viscous fluids. See Theoretical Pressure Drop Curves for Sereen Clagaing In the Technical Data Section for
multiplying factors for clogged screens.

(T ot
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SIZE MIPF 150 Flonge Dimensions NPFI00 Flange Dimensions
m | A Al a8 | D|E|F |G |eH|al*| ) | K|[L*
fmm) M| N 5 T | M1 |NT|S1|TI
172 | Soe | &30 | G5 | 502 [244 | 161 | G4 | 142 | 155 [ 035 | 024 | 04 | 450 4 738 | 061 | 478 4 267 | 043
15 152 | &0 3 130 -] 4 11 J& 421 & & -] B9 80.5 15 93 &8.5 -]
M4 | 657 [ 497 | 079 | 650 [ 323 | 193 | 055 | 1465 | 197 [ 043 | 024 | 028 | 388 4 275 | 083 | 442 4 325 | 075
20 167 177 20 ias a2 49 14 43 0 11 & H 8.5 &4 -] 11¥ 825 ¥
1 T4 | 747 | 008 | 650 [ 350 | 207 | 085 | 145 | LSF | 043 | 024 | 028 | 425 4 312 | 0.6 | 288 4 A50 | 078
25 190 200 25 &5 av 45 |4 42 50 1 & 7.1 108 1.2 | & 124 &y |9
NAajale B9 [ 124 | 807 | 386 | 248 | 071 | 187 | 276 | 035 | 028 | 036 | 482 4 350 | 043 | 525 4 i3 | 078
32 208 ] 32 25 &8 [-x] E 5 0 14 7.1 ¥l 117 v & 133 PS5 19
1T/ ada | 921 [ 150 | 807 [ 425 | 291 | OF1 | 197 | 276 | 055 [ G28 | Gd6 | 500 4 TEE | 063 | a2 4 450 | 08/
i 220 234 38 205 108 24 B 50 0 14 7l 2.2 127 8.5 | & 155 14 22
2 096 | 1075 ] 167 | 1280 | 551 | 344 | 091 | 27e | 402 | 047 | 035 | 045 | 600 4 475 | 075 | 450 ] 500 | 075
0 253 73 a0 325 140 L] 23 0 102 17 ¢.2 114 32 1206 1% -] yr) 18
A2 1A 118l ] 244 | 1575 | 747 | 489 | 008 | 402 - 087 | 043 - 7.00 4 550 | 075 | 750 ] 5ad | 0.8
&5 300 300 a2 A00 200 |19 25 {r2 pr) 11 |77 8 w7 |9 |35 1494 ] 224
] TZ01 [ 1301 | 206 | 1649 | B2 | 339 | O0B | 402 - 08f | 043 = £ 50 4 400 | 075 | B2S -] 6.62
&l 305 | 3304 & 300 210 137 5 o2 pr] | 190.9 152.4 g 2094
4 14.51 | 1549 ] 378 | 2559 | 904 | &18 | 098 | 402 - GB7 | D43 — .00 a 750 | 075 | lop2] B 0.28
100 | 3465 ) 3935 04 A5 30 157 5 102 ol 11 286 1905 8 154 234
& 1681 | 16.43] 591 | 4724 B&s | 628 | 240 | 492 - 1.42 | mi2 - 1noo| = 950 | 068 | 1250) 12 Y]
150 437 | 488 | 50 1200 | 220 | 15393 &l 125 3 Frek ] 2413 | X4 | 3175 424
B ] — 7TEF | Eo0a [ 1037 78T [ 240 | 492 - 142 | mi2 — [FES] [] 75| 088 [ 1500 12 160
200 532 a0 | 1500 | 263 201 &l 125 3t 42 2985 | 224 | 381 5.4
*Outer motunting bo¥ circle (1] and hole diameter [L] for 1/2°-2° valves not shown in drowing.
TORGQUE — Models MPF150/MPF300
ml¥e|% (v [r1w|1w| 229 3] a]e| 8
mm 5 28 25 x AL 50 &5 a0 104 158 200
Ihedn | 124 | 159 [ 300 [ 381 | 513 | BAS | 1230 | 22013 | 2830 | 4000 | 8000
e |4 18 4 43 58 100 40 | 258 20 &78 704

Torque af maximum roled pressure, clean woler, TEM seafing moberial,

OV - Models MPF150/MPF300
G T T I O S T I 1

ins ¥ 4
i 5 0 43 A0 50 -4
20 | Bl 15 24 | 40 65 | 1ok | 17)
180 | 11 21 33 | 54 02 | 147 | 240

WEIGHT — Madels MPF150 [4-Way, T Por)
SOV s | 35| 1 |11 2 2% 3 | 4] 6] B

Ak ad &3 ao 1oa 15 0D

[ BF | 103 [149 208 | 303 [513] 701 | a8.4 [1s05)200.4] 543
Kg 1% | 47 | &7 | 9.4 17 [23.3] 31.8 | 40 FAE J 1317|2483

WEIGHT — Madels MPF300 (4-Way, T Pari)
S| oLn | 34 1 1% 1w | 2 | 24 k| 4 &

mim 3 i 5 e 40 50 (-4 Ba 100 150
[ (L ] 1] 218 | 201 | 429 &l g6.4 [ 108.3 | 184.2 | 4562
o 5.1 73 LA 13.2 19.5 227 | 392 | 4% 8346 | 2069
10
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EPOXY SCHEDULE 40/30
Con Iey _ DOUBLE CONTAINED PIPING
Composites

an ANDRONACO INDUSTRIES company ASTM DESIGNATION CODE RTRP-11FW1-2113

Conley Product Data

RUGGED TOP OF THE LINE PERFORMANCE ~ AFFORDABLE COST

Description

Extra heavy duty filament wound piping for service up to 150 psi

60 mil double Nexus® reinforced corrosion barrier (inner liner)

Premium aromatic amine cured product for operating temperatures up to 275°F
Sizes available from 2" through 30"

Complete line of filament wound fittings available

In house fabrication facilities “From your blueprints to pipe assemblies”
Color coding available

Patented interlocking union for thermal expansion (US Patent #5449204 &
5368338)

See Sch 40/30 Specification

e  See Sch 40 Product Data

See Sch 30 Product Data

Typical Applications s \Waste water treatment o Jetfuel

s  Steel pickling s Gasoline — Diesel — Fuel Oil

¢ Automotive ¢ Cooling water

¢ Petrochemical ¢  Qdor control

» Pharmaceutical » Industrial waste

 Chemical processing « Food and beverages

e Brine and brackish water e Bridge, roof and floor drains
Performance s  Excellent chemical resistance inside and outside to a variety of caustics, acids,

brines and petroleum products ~ See the chemical resistance chart for fluid

services
s  External UV/Corrosion barrier minimum 10/20 mil on all pipe and fittings
¢ 25 year guarantee against fiber blooming’ on all pipe and fittings
Straight socket joining system (No expensive tapering tools required)

Specifications e ASTM D2996 Filament-Wound “Fiberglass” Pipe
¢+ ASTM D2310 Classification for Machine-Made “Fiberglass” Pipe
« ASTM D3587 Determining Dimensions of “Fiberglass” Pipe and Fittings
¢ ASTM D4024 Machine Made “Fiberglass” Flanges
¢ ASTM D5685 “Fiberglass” Pressure Pipe Fittings

Codes & Standards ¢  AWWA C950 Fiberglass Pressure Pipe Standards
« ASME B31.1 Power Piping Code
+ ASME B31.3 Process Piping Code

Listings e U.S. Federal Regulations FDA 21 GFR 175.300

Application e 40 CFR 280. RCRA, Subtitle 1

Legislation > 40CFR 264/5

e CERCLA “Superfund Act”

PDS4030E (12/14) 1
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SPIDER AHHULUS
Sphed_ule 4(!"‘30 . | HOM | aMHULDS MH AHHULUS | COMBIHED | AHHULUS VAC
Pipe Dimensional Data® | 57 | "cLEAR | OPEMING | VOLUME | WEIGHT [ PRESS | PRESS
and Pressure Ratings!" (IH} M} (GALIFT) (LB /FT) Psl) esy™
from -50° to 275°F 274" 0.81 0.6 0.51 3.14 150 24.1
B 5  raseurarSihg: ey 26" 1.81 1.6 1.32 4.32 150 13.8
[sttionary] pressureis cred ed 6" 1.27 1.0 1.10 4.89 150 13.8
when using = gesr pump,turbine
ump, centrifugal pump, e, 3vg" 2.27 2.0 2.24 5.85 150 6.1
wacuum Serdoe: Afull wacuum R
‘within the pipe is equivalent to A4"16 076 0.4 0.a82 544 140 138
147 psi externd pressure s sea e
lewel . Contact Conle}fforhigher 4" 1.78 1.5 1.98 8.50 150 £.1
Eilemal e Letines; Ba" 072 05 114 .45 180 £ 1
3 5 610" 1.72 1.5 261 10,96 150 10.2
7 810" 0.70 0.5 1.47 12,63 150 10.2
¥ g1 2" 1.83 1.6 3.51 14.02 100 5.7
1012|079 0.5 2.04 16,61 100 5.7
101 4" 1.79 1.5 4.20 18,60 100 3.6
12114 | 083 0.4 216 21.87 100 36
121" 1.63 1.4 4,65 23.01 100 2.5
146" | 063 0.4 2.44 24,91 100 2.5
14718" 1.63 1.4 5.30 27.91 100 4.2
16'18"| 0.3 0.4 2.82 2980 100 4.2
16"20" 1.63 1.4 5.96 31.32 100 a1
1g20"| 063 0.4 314 33.21 100 31
1824 2,63 2.0 10.40 39.70 100 3.5
2024|165 1.4 726 40,54 100 3.5
20730 477 20 21.22 50,49 100 31
2430|270 2.0 13.06 58.92 100 31

*8) walues are nominal. Minimum wall thick ness shall not be l2ss than 57.5% of nominal wall
thick ness in accordance with ASTM D2996.
HOTES:

For carrier pipe dimensions, see Schedule 40 Pipe Dimensional Daa Table

For containment pipe dmensions, see Schedule 30 Pipe Dimensional Data Table

ﬂﬂlﬁ ASME & EDA

sparagasas

2 D400 (1 2414)
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Suppott Spans (FT) s CARRIER PIPE TEMPERATURE
size | 75 | 100 | 125 [150 | 125 | 200 | 225 | 250
ziar [ 153 [ 153 | 153|153 152 | 152 | 151 | 154
296 | 196 | 196 | 196 | 196 195 | 195 | 195 | 195
6" | 193 | 183 | 183 |13 133 | 132 | 182 | 134
e s | ns| s | s na | na | | 2
gt | 1re 179 | ive |are| are | arr | ars | 1
aver | 205 | 205 | 205 | 205 205 | 204 | 203 | 203
grs' | 199 | 199 | 199|199 198 | 196 | 193 | 193
grioe | 231 | 234 | 230 {231 231 | ma | 228 | 228
g | 225 | 225 [ 225 [ 228 224 | 220 | 210 | 218
g912 | 245 | 245 | 245 [ 245 244 | 243 | 241 | 241
1z | 238 | 238 | 228 | 2a8| 27 | ma | 222 | 2314
10714 | 253 | 253 | 253 | 253 252 | 250 | 248 | 207
17014 | 254 | 254 | 254 | 254 252 | 248 | 245 | 245
12716" | 266 | 2665 | 265 | 266 | 25 | 22 | 259 | 258
1416" | 264 | 284 | 264 | 284 | 23 | 258 | 258 | 255
14718 | 286 | 206 | 2006 [ 286 205 | 292 | 200 | 218
1gie | 2aa | 283 | 283 | 2aa| 281 | wwe | 215 | 214
16720" | 204 | 294 | 204 [ 204 203 | 290 | 287 | 287
1gya0n | 291 | 291 | 280 | 2a1 | 290 | 295 | 283 | 282
1ayar | 324 | 324 [ 324 | 324 223 | 30 | 318 | 317
ariza | ma | 31e [ s1e 3| o7 | w5 | 312 | 31
20030 | 368 | 368 | 368 | 388| w7 | 35 | 364 | 383
2gy30 | 357 | 357 [ 357 | 357 | 356 | 353 | 350 | 348
HOTE: These spans are valid for the contarment pipe operating at ambient
temperatures.
Span multipliers for FLUID SPECIFIC GRAVITY
fluids of different ar [ ors [ oo [ a0 [ 140 Taas [ 15 | 20
specific gravities 140 | 107 [ 102 | 10 | oo | oos | ooo | oos
(MULTIPLIER FOR CORRE CTED SP AN LENGTHS)
Span multipliers for FLUID TEMPERATURE
fluids at different 75°F | 100°F | 1s0°F | 200°F | 228°F | 250°F | 279°F
temperatures 1.0 0.98 0.93 0.88 0.84 0.80 075
(MULTIPLIER FOR CORRECTED SPAH LENGTHS)

FDS4030E (120143 3
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Anchor Loads Due to
Restrained Thermal
Expansion (LBS)

4 PDS4030E (12/14)

NOM TEMPERATURE CHANGE IN CONTAINMENT PIPE
SIZE 1°F 25°F 50°F 75°F
24" 519 1,535 2592 3,650
2'g" 547 2,232 3,987 5,742
3"/g" 751 2,436 4,191 5,946
3e” 774 3,003 5325 7,647
476" 281 2,666 4,421 6,176
4'/g" 1,004 3,233 5,555 7.877
g"/8" 1,697 3,926 6,248 8,570
5§'10" 1,754 5,349 9,005 12,841
8"10" 2,379 5975 8721 13,466
812 2412 6,798 11,366 15,834
1012 3,330 7716 12,284 16,852
10°M14" 3,377 8,888 14,628 20,367
12'14" 4,469 8978 15718 21,458
12'118" 4,500 10,770 17,301 23,831
14'18g" 5,172 11.441 17,972 24,503
14"18" 5,243 13,215 21,519 20,824
16"118" 5914 13,886 2213 30,495
16"/20" 5,850 14,782 23,081 33,181
18"/20" 6,621 15,453 24,653 33,853
18"124" 6,775 19,288 32,323 45357
20°24" 7,071 19,584 32,618 45,653
20"/30" 7,306 25,461 44,372 63,284
24"30" 10,258 28413 47,325 66,236
NOTE: Thermal end loads on anchors are independent of the carrier pipe
temperature. The loads are based on the change in temperature of the
containment pipe plus 10% or the maximum load from the carrier pipe at 150°F
with uninsulated containment pipe.
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
Typical Properties TEMPERATURE 75°F 250°F
PROPERTY VALUE VALUE METHOD
AXIAL TENSILE STRENGTH 14,200 psi 10,650 psi ASTM D2105
AXIAL TENSILE DESIGN
STRENGTH 3,550 psi 2,660 psi ASTM D2105
AXIAL MODULUS OF - -
ELASTICITY 1.75x10° psi 1.30x 10° psi ASTM D2105
COMPRESSIVE STRENGTH 22,750 psi 17,000 psi ASTM DE95
COMPRESSIVE DESIGM
STRENGTH 5,685 psi 4,250 psi ASTM DE95
COMPRESSION MODULUS 2.80% 10° psi 210 10° psi ASTM DB95
"CONLEY
POISSON'S RATIO WV (Via) 0.33 (0.23) METHOD #20
BEAM BENDING, ULTIMATE CONLEY
STRESS 30,000 psi 22,500 psi METHOD &
BEAM BENDING, DESIGM CONLEY
STRESS'" 3,750 psi 2,810 psi METHOD 8
. o *CONLEY
SHEAR MODULUS 1.30 % 10° psi 1.00 x 10" psi METHOD #9
ASTM D2892
HYDROSTATIC DESIGN BASIS 16,000 psi 8,000 psi PROCEDURE B
HYDROSTATIC BURST (WALL
STRESS @ 72°F) 32,000 psi 24,000 psi ASTM D1599
CIRCUMFERENTIAL MODULUS . "
OF ELASTICITY 2.50% 10" psi 1.87 x 10 psi ASTM D1599
FLEXURAL MODULUS OF - -
ELASTICITY 1.75%x10° psi 1.30x10° psi ASTM 2730
COEFFICIENT OF LINEAR 95x10°IN CONLEY
THERMAL EXPANSION IN-°F METHOD 3
COEFFICIENT OF THERMAL 2.9 BTU/HR-IN CONLEY
CONDUCTIMITY FT°-°F METHOD 16
SPECIFIC GRAVITY 1.85
DENSITY 0.067 LB/CU IN
535 VOLTS
DIELECTRIC STRENGTH MIL ASTM D149
DEGREE OF CURE 175°C (347°F) Tg DMA,
HEAT DEFLECTION
TEMPERATURE 180°C (302°F) 150 753
FLOW FACTOR (HAZEN-
LAILLIAMS) WEY
SURFACE ROUGHNESS 1.7 X 10° FEET
MANNING'S 'n" 0.009 INCH

"Beam bending design stress is 1/8 of ultimate to allow for combined stress (bending and pressure)

PIXS4030E (12/14) 5
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Page No. 171 of 180

Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E.

Date:

4/10/2020 Checked By: Dixon, KW, P.E.

Date: 4/10/2020

ATTACHMENT 9

67246-024-RFI1-002-R0
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Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. ‘ Date: 4/10/2020
REQUEST FOR INFORMATION N

Section 1 (Subcontractor)

Subcontract No.: 67246 RelNo.: 024 RFI No. (Subcontract No.-Rel. No.-RFI-Seq. No.-Rev. No.): 67246-024-RFI-002-R0

Subcontract Title: LERF Basin 41 Engineering Design

Project Title: LERF Basin 41 Desiqn Project No.: T1P226

RFI Title/Description: Basin 41 pump design criteria

RFl Initiated By: Paul Dorsh Phone: 946-3300 Date of Request: 12/2/2019
E-Mailed To: Phone: Response Requested By:  12/9/2019

Section 2 (Subcontractor)
Reference Drawing or Document:
N/A

Proposed Change to Document(s)? [JYes [X] No
Description of Request/Recommendation:

The currently installed LERF Basin pumps consist of a Berkeley submersible pump mounted a
6" Franklin submersible motor. The design requires the motor to be mounted below the
pump to ensure proper motor cocling has occurred. This inherently locates the pump
suction ‘approximately 31" above the basin floor. To perform a full basin pump down this
configuration requires Operations teo rémove the pump assembly and replace with a
temporary pump that has a lower suction elevation.

As a part of the Basin 41 design, a new pump assembly will be designed to facilitate a
full basin pump down. To aid in the pump selection a few pump design requirements need
to be determined:

1. What is the target flow rate of the new pump?

2. What is the maximum operating design tempsrature?

3. What is the orifice size of FO-602-001 an H-2-889747? Where is tHis located on
H-2-891837

4. What is the maximum and minimum differential pressure of Influent Filter(s) 60B-FL-1A?
Where are they located on H-2-891837

5. What is the fluid density to be used in the flow calculation?

6. What is the fluid viscosity to be used in the flow calculation?

Recommendation:

It appears that previous LERF pump designs target flow rates were nominally 140gpm.
Industry standard process fluid temperatures are nominally 100F. Flow rates and
temperatures above these values are achievable but will reduce the pump options
available.

For the 30% submittal 40psid, 1SpG, and 1cP was used for questions #4, #5, and #6
respectively. All values need to be confirmed and/or updated for the 60% design
submittal.

Requestor: Paul Dorsh Date: 12/2/201¢%
Page 1 of 2 A-6003-417 (REV 10)
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Project No. S54413.024 Calculation No. S54413.024-M-002 Rev. 0 Page No. 173 of 180

Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
REQUEST FOR INFORMATIQON (Continued) Page 2 of 2

Section 1 (Subcontractor)

Subcontract No.: 67246 Rel No.: 024 RF| No. (Subcontract No.-Rel. No.-RFi-Seq. No.-Rev. No.): 67246-024-RFI-002-R0

Subcontract Title: LERF Basin 41 Engineering Design

Project Title: LERF Basin 41 Design Project No.: T1P226

RFI Title/Description: Basin 41 pump design criteria

e e e TTTTH=———
Section 3 (WRPS)

Response to Request:

Basin pump design criteria is as follows:

1. Target flow rate for basin pump is 75 gpm (normal) and 150 gpm (max) .
2. Nominal process liquid téemperature at the.LERF basins is 60 deg. F.

3. Orifice size of FO-60A-001 is 1.361" (ref. FO-60A-001 tag details in SmartPlant
Foundation (SPF), ECN-642756, and H-2-88974, Sheet 1, Rev 19, Zone F6; see attached).
This flow-restricting orifice is located on H-2-89183, Sheet 1, Rev 7 in Zone C3 and on
Sheet 2, Rev 1 in Zone C4 (see attached).

4. Maximum differential pressure across influent filters is 60 psid, but filters are
normally changed when they reach 40 psid. Assume a differential pressure across clean
filters of 2 psid.

5. Use 1.0 specific gravity for fluid density.

6. Use 1.0 cP for fluid wiscosity.

Engineer/Paosition (if applicable): Nathaniel Wilson (PRJ DA) Date:

Contract Change Required? [OYes X No Contract Change Request/CAL No.:
Engineering Review Necéssary? Yes [JNo Date Sentto Engineering:  12/6/2019

DCN/ECN/EDT Required? [ Yes No DCN/ECN/EDT No.:
Applicable TOC-MT Required? [XYes [MNo TOC-MT No. MT-50497
Clarification Only? K ves [INo
Responder: \ o
CHY D /
Nathaniel Wilson (PRJ DA} X ) 12/i¢./1%
Print First and Last Name ! Signature I Data
Buyer's Technical Representative (BTR):
Steven Shepherd /Z//é/?
Print First and Last Name Sigftature Date
Page 2 of 2 A-6003-417 (REV 10)
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

67246-024-RFI-002-R0 (Basin 41 pump design criteria)
Attachment

FO-60A-001 tag details in SPF,

ECN-642756,

H-2-88974, Sheet 1, Rev 19, Zone F6,

H-2-89183, Sheet 1, Rev 7, Zone C3, and

H-2-89183, Sheet 2, Rev 1, Zone C4, all referenced in ltem 3 response:
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Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
Details - ORIFICE ON 60A INLET ANALYZERS Page 1

Main Details

Equipment/Component ID No. {EIN); FO-60A-001

Equipment Title : ORIFICE ON 80A INLET ANALYZERS

Project Details

Tag Classification Details

Classification Name: MECHANICAL/PROCESS EQUIP
Tag Type: FO, FLOW ORIFICE
Tag Sub-Type: FO, FLOW ORIFICE
Structures. Systems, and Components
Primary Building/Facility; 2025E, 200 AREA EFFLUENT TREATMENT FACILITY

Secondary Building/Facility No./s:
Primary System: ETF-60A, INFLUENT RECEIVING/STAGING

Secondary System:
Room:
Parent EIN (Assembly):

Technical Baseline Details

Technical Baseline?: ¥
Design Authority:

General details

Creation Date: 10/22/2015 6:20:01 PM
Creation User: superuser
Last Updated Date: 9/26/2017 8:09:43 PM

Configuration details

Obiject configuration: PL_TOC
Object query configuration:

Component Details
MEL Validated:
Discontinued: ) False
Status: OPR
Asset Class: Equipment
Department: POPS

Manufacturer/Make:
Model Number:

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63650 Rev.00

5/26/2020 - 11:00 AM

179 of 183

RPP-CALC-63650, Rev. 0

Sargent & Lundy
Enginaering Services, Inc

CALCULATION SHEET

Serial Number:
Spare Parts Catalog ID:

Safety Equipment Compliance

Project No. S54413.024 Calculation No. ~ S54413.024-M-002 Rev. 0 Page No. 176 of 180

Title: Leachate and Basin Pump Flow Calculation

Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
Details - ORIFICE ON 60A INLET ANALYZERS Page 2

Safety Compliance Status:
End of Service Life/Expiration Date

Next TSR Surveillance Late Due Date

Safety Classification

N/A

Safety Class:
DSA Safety SSC ID:

Hazardoug Area Classification Detailg

GS

e e e ==

Equipment Status {Active/Inactive):
Hazardous-area classification:
Comments/Basis:

Additional Details

Description (Key Words):
Description (Location):

Size (Hp, KW, Dimensions, etc.):
Additional Information:

QA Level:

Regulatory Driver:

Suspect/Counterfeit Item:

Label Details

ORIFICE = 1.361", LABELED A1249, 304SS, 150 PSI, 200 F

Location Room: 131

Commercial

False

Label size code (see TFC-ENG-STD-12
)
Number of sides:
Title:

Subtitle:

Fed from (breakers, panels, ete.):
Label barcode (auto generated by SP
F)

Vendor and Purchase Order Details

ORIFICE ON 80A INLET ANALYZERS

S166745WT

Vendor:

Vendor Phone No.:

VIN (Vendor Identification Number):
Purchase Order No..

Purchase Order Date:

Date Acquired:

Date Installed:

Work Log Details

Work Log Type:

2 - Modify

Quality Assurance Procedure 3.1
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Project No. S54413.024 Calculation No. S54413.024-M-002 Rev. 0 Page No. 177 of 180
Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020

Details - ORIFICE ON 60A INLET ANALYZERS P 3
age

Work Log Entry: Initial SmartPlant Foundation data import.
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Project No. S54413.024 Calculation No.

S54413.024-M-002

Rev.

0

Page No. 178 of 180

Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 ‘ Checked By: Dixon, KW, P.E. Date: 4/10/2020
ESSENTIAL| »=~8427586
ENGINEERING CHANGE NOTICE
: : Page 1 of ‘1' Praj.
cPe /8 — - =

2. ECN Category 3. Originator's Mame, Organization, MSIN, 4. USQ Required? 5. Date
{mark one) and Telephone No.
supptomontal o | LL Lin, 32230, S6-72, 372-2759 | [] ves [x] wo 1/15/98
Direct Revision [1 | 6. Project Title/No./Work Order Mo. 7. Bldg./Sys./Fac. Ne. | 8. Approval Designator
Change ECN 8] x . .
Temporary 4] Install Restricting Orifice 2025E/60A NA
Standby i Plate In Influent Line/A4055
Supersedure 0
cancel/Veid (1 | 9. bocument Numbers Changed by this ECN 10. Related ECH Mo{s). 11. Related PO No.
(includes sheet no. and rev.)
H-2-88974 Rev 8, Sh 1 NA None
12a. Modification Work 12b. Work Package | 12¢. Modification Work Complete 12d. Restored to Original Condi-
Ho. tion (Temp. or Standby ECN enly)
[%] ves (fill out Blk. EL-98- NA
12b) 00031/M
[] Ho (NA Blks. 12b, Design Authority/Cog. Engineer Desian Authority/Cog. Engineer
T2e, 12d) Signature & Date Signature & Date
13a. Description of Change 13b. Design Baseline Document? [)(] Yes [] No

Description of Changes:
Affected document: H-2-88974 Rev 8, Sh 1 P&ID Influent Reception System
See pages 3 and 4 of this ECN for details.

14a. Justification (mark cne)
Criteria Change []
As-Found []

Facility Deactivation []
Design Error/Omission []

Design Improvement [X] Environmental [1

Facilitate Const [1 Const, Error/omission [ ]

14b. Justification Details

The current configuration results in discharging process water from the influent
instrument loop to Sump 1. This discharge presents a major impact to the STT due to
excessive quantity of waste to be reprocessed. Installing the restricting orifice will
route the return from the instrument loop to.process stream.

15. Distribution (include name, MSIN, and no. of copies)

L. L. Lin, S6-72, 1 J. E. Geary, $6-71, 1
N. J. Sullivan, S6-72, 1 E. A. McNamar, S6-72, 1
B. S. Darling, T4-05, 1 R. N. Wagner, S6-72, 1
D. L. Tubbs, S6-74, 1 D. L. Flyckt, S6-72, 1
N. A. Ballantyne, S6-72, 1 M. W. Bowman, S6-72, 1

RELEASE STAMP'

HANFORD

RELEASE

A-T900-013-2 (05/96) GEFO95

A-T7900-0131
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
1. ECN (use no. from pg. 1)
ENGINEERING CHANGE NOTICE =
Page 2 of 4 642756
16. Desi?(? . 17. Cost Impact 18. Schedule Impact (days)
::’;:‘i g en ENGINEERING CONSTRUCTION
[x] ves Additional [na]l $ Additional [na] $ Improvement [na]
[1 ne savings [na] $ Savings [na] $ Delay [na]
19. Change Impact Review: Indicate the related documents (other than the engineering documents identified on Side 1)
that will be affected by the change described in Block 13. Enter the affected document number in Block 20.
5DD/DD I na ] Seiemic/Stress Analysis [ n ﬂ] Tank Calibration Manua! I na]
Funectional Deslgn Criteria [ na ] Stress/Design Report [ n a] Health Physics Procedurs { na]
Qperating Specification [ na I Interface Control Drawing { na ] Spares Multiple Unit Listing [ na]
Criticality Specification [ na] Calibration Procedure I na ] Test Procedures/Specification [ na]
Conceptual Design Report [ na} Installation Procedure { na ] Component Index [ X ]
Equipment Spee. [ na] Maintenance Procedure [ na ] ASME Coded Item [ na]
Const. Spac. [ na] Engineering Procedure [ na ] Human Factor Consideration [ na]
Procurement Spes. [ na} Operating Instruction [ na ] Computer Software [ na]
Vendor Information [ ha] Operating Procedure [ X] Electric Circuit Schedule [ na]
OM Manual [ na] (o] | Safety Requi [ na ] ICRS Procedure [ na]
FSAR/SAR [ na] IEFD Brawing [ b'e I Process Control Manual/Plan [ na]
Safety Equipment List [ na] Cell Arrangement Drawing [na ] Process Flow Chart [ na]
Radiation Waork Permit [ .na] E i ial Specifi [ na ] Purchase Requisition [ na ]
Envwi Impact [ na] Fac. Proc. Samp. Schedule [ na] Tickler File [ na]
Environmental Repart [ na] Inspection Plan [ na] [ ]
Environmental Permit [ na] y Adj g [ na ] [ ]

20, Other Affected Documents:

(NOTE:

Pocuments listed below will not be revised by this ECN.)
indicate that the signing organization has been notified of other affected documents listed below.

Document Number/Revision

Document Humber/Revision

Signatures below

Document Mumber Revision

POP 55F-001
WHE-SD-ETF-0CD-001
M E P [ 2658
21, Approvals
Signature Date Signature Date
Design Authority L. L. LinXeg<Lad - |-i§-48  Desion Agent L. L. Linodgoule = j-1C 58
Cog. Eng. L. L. Lin Q@L:,z__'_‘ /-15—58 PE
Cog. Mgr. M. J. Sullivan 1@8..@5) PPt
oA (1 botmel review) Al 78 safety
Safety besign
Environ. Environ.
Other Other

DEPARTMENT OF ENERGY

Signature or a Control Number that
tracks the Approval Signature .

ADDITIONAL

A-T900-013-3 (05/96) GEF096
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Title: Leachate and Basin Pump Flow Calculation
Prepared By: Gallegos, JF, P.E. Date: 4/10/2020 Checked By: Dixon, KW, P.E. Date: 4/10/2020
Ecy 642756

ENGINEERING CHANGE NOTICE CONTINUATION SHEET

page 3 of 4 pate 1/15/98

;o Install orifice plate FO-60A001 at the flange immediate upstream of valve 60A-035.
The orifice plate shall be for 3" pipe, 1/8" in thickness, 1.361" inside diameter,
304 5SS, and 150 psi rating.

2.; Orifice plate installation is to meet the requirements of ETF piping spec class
1535, Test the new installation in accordance with ASME B31.3-1993 edition and
addenda for Category D Fluid Service.
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Prepared For the U.S. Department of Energy, Assistant Secretary for Environmental Management 'H"

By Washington River Protection Solutions, LLC., PO Box 850, Richland, WA 99352

IContractor For U.S. Department of Energy, Office of River Protection, under Contract DE-AC27-08RV 14800 DATE'

ITRADEMARK DISCLAIMER: Reference herein to any specific commercial product, process, or service by trade name, trademark, "

manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United HANFORD

IStates government or any agency thereof or its contractors or subcontractors. Printed in the United States of America. RELEARE

1. Doc No: RPP-CALC-63660 Rev. 00 May 28,2020

2. Title:

LERF Basin 41 Liner Anchor Wall Design
3. Project Number: OON/A 4. Design Verification Required:
T1P226 OYes XNo
5. USQ Number: N/A 6. PrHA Number Rev. N/A Clearance Review Restriction Type:
RPP-27195 public

7. Approvals

Title Name Signature Date

Clearance Review Harrison, Sarah E Harrison, Sarah E 05/28/2020

Design Authority Wilson, Nathaniel W Wilson, Nathaniel W 04/24/2020

Checker Santos, Peter P Davidson, Ronald W for Santos, Peter P per |04/08/2020
email

Document Control Approval Meinecke, Kathryn R Meinecke, Kathryn R 05/26/2020

Environmental Protection Wall, Jeremy M Wall, Jeremy M 04/29/2020

Originator Davidson, Ronald W Davidson, Ronald W 04/08/2020

Other Approver McShane, Michael P McShane, Michael P 04/23/2020

Responsible Engineering Manager Huntington, Matthew R Huntington, Matthew R 04/29/2020

8. Description of Change and Justification

Initial Release.

9. TBDs or Holds KIN/A

10. Related Structures, Systems, and Components

a. Related Building/Facilities ON/A |P- Related Systems ON/A |C- Related Equipment ID Nos. (EIN) KIN/A

ETF FACILITIES ETF

LERF FACILITIES LERF

11. Impacted Documents — Engineering KIN/A

Document Number Rev. [Title

12. Impacted Documents (Outside SPF):

N/A

13. Related Documents COIN/A

Document Number Rev. [Title

MT-50497 00 Liquid Effluent Retention Facility (LERF) Basin 41

14. Distribution

Name Organization

Angevine, Brennan T MISSION ANALYSIS ENGINEERING

Blaak, Whitney S COGNIZANT SYSTEM ENGINEERING

Demiter, Scott M ETF OPERATIONS

Foster, Jim 242-A/AW/ETF OPERATIONS

Goessmann, Glen E ENGINEERING PROGRAMS

Greenhalgh, Aaron M TANK FARM PROJECTS ENGINEERING

Halgren, Dale L ETF ENGINEERING

Harris, John W SAFETY PROGRAM SERVICES RC/P

Joslyn, Cameron C ETF ENGINEERING

McFerran, Brandon E 242-A/AW/ETF OPERATIONS

McShane, Michael P ENGINEERING PROGRAMS

Nelson, Richard L

Omberg Carro, Susan K NUCLEAR SAFETY

Powers, Daniel J ETF ENGINEERING

Roosendaal, Gene D TFP PROJECT MANAGEMENT

Rutherford, Wally ETF ENGINEERING

Sackett, Tom E TANK FARM PROJECTS

Samoska, Jerry A INSTRUMENT & CNTRL ENGINEERING

Shultz, Milton V NUCLEAR SAFETY

Smith, Gregory E TANK FARM PROJECTS ENGINEERING
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Page No.
RPP-CALC-63660, Rev. 0 1 of 40
Date Rev. No.
e e 4/3/2020 0

CALCULATION COVER SHEET Calculation No:
S54413.024-S-001

Project No. Project Title: Client:
S54413.024 LERF Basin 41 Design Washington River
Protection Solutions, LLC

Title:
LERF Basin 41 Liner Anchor Wall Design

Purpose and Objective:

The purpose of this calculation is to analyze the concrete wall footing and the anchor bolts for the LERF
Basin 41 Liner Anchor Wall.

l;‘:i' g;;:l Prepared By Checked By PM/TL
Print RW Davidson, P.E. PP Santos, P.E. PM Dorsh, P.E.
Name/ 3 o —
Date: 4/3/2020 4/7/2020 4/7/2020

Revision Description (Revision Description/Affected Pages):

Initial Release.

Print
Name/
Sign:

Date:

Revision Description (Revision Description/Affected Pages):
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Sargerr.l: S_‘ Lulrldy
S i CALCULATION REVIEW CHECKLIST
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AHR Anchor
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NDC Natural Phenomena Design Category
WDC Wind Design Category
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1.0 PURPOSE

The purpose of this calculation is to analyze the concrete wall footing and the anchor bolts for the LERF Basin
41 Liner Anchor Wall.

2.0 METHODOLOGY

Wind, seismic and live loads on the anchor wall are calculated using ASCE 7-10, Minimum Design Loads on
Buildings and Other Structures and TFC-ENG-STD-06, Design Loads for Tank Farm Facilities.

The concrete adhesive anchor bolts are analyzed using Chapter 17 of ACI 318, Building Code Requirements for
Structural Concrete and Commentary and ESR-3187 for Hilti HIT-HY 200 Adhesive Anchors and Post Installed
Reinforcing Bar Connections in Concrete. Stability of the concrete wall footing on soil is checked using IBC
and Principles of Foundation Engineering.

The mechanically tensioned tower system is procured from an off the shelf manufacturer and is not analyzed in
this calculation.

3.0 DESIGN INPUTS

1. The REVOC®! cover system is supplied as a pre-manufactured system installed by Layfield Group as
shown in Attachment 1. Layfield has recommended to increase the counter weight and height of the
tension towers to promote better cover folding. This design considers a counter weight of steel weighing
approximately 160 1bf and a tensioning tower height of 6’-0” per drawing H-2-838750, SH 5.

2. The anchor wall is General Service per MT-50497.

The minimum concrete compressive strength is 4500 psi, (See RPP-SPEC-63632, Section 03 30 00).

4. The anchor rods are based on fractional stainless steel threaded rods using ASTM F593 material per
ESR-3187, Table 11.

5. Dimension for the anchor wall are based on Drawings H-2-838750, SH 3.

(98]

4.0 ASSUMPTIONS
None.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Mathcad®? 15.0 was used for the hand calculations.
Calculations are checked using a handheld calculator.

1 REVOC is a registered trademark of LAYFIELD Group. Ltd., Richmond, B.C. Canada.
2 Mathcad is a registered trademark of PTC, Inc., Needham, Massachusetts.
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6.0 RESULTS

The Hilti®* HIT-HY 200 adhesive anchors are adequate using a 1/2” stainless steel anchor bolts with a 2 3/4”
minimum effective embedment depth and maximum embedment of 3 ’2”. The anchor wall is adequate with #4
rebar spaced 10 on-center longitudinally and 12 on-center transversely, each face.

TABLE: Results Summary

Tension Post Adhesive Anchors DCR
DCR (tension) 0.27
DCR (shear) 0.02
DCR (per ACI 318, Equation 17.6.3) 0.27
Anchor Wall DCR
DCR (shear) 0.006
DCR (torsion) 0.014
DCR (soil bearing) 0.24
Tension Post DCR
DCR (weld) 0.23
DCR (combined axial, flexure, shear and torsion) 0.03

7.0 REFERENCES

ACI 318-14, Building Code Requirements for Structural Concrete and Commentary, 2014, American Concrete
Institute, Farmington Hills, MI.

ACI SP-17 (14), “The Reinforced Concrete Design Handbook, A Companion to ACI 318-14", Volume 1,
American Concrete Institute, Farmington Hills, MI.

ASCE 7-2010, Minimum Design Loads for Buildings and Other Structures, 2010, American Society of Civil
Engineers, Reston, VA.

Das, Braja M., Principles of Foundation Engineering, Sixth Ed., 2007, Cengage Learning, Stamford, CT.
ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed Reinforcing Bar Connections in Concrete,

Issued March 2018, Revised April 2019, ICC Evaluation Services, Whittier, CA., (See Attachment 2 for
Excerpt).

3 Hilti and HIT-HY are registered trademarks of Hilti Aktiengesellschaft, Schaan, Liechtenstein
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7.0 REFERENCES, CONT’D

H-2-838750, Rev. 0, Sheets 1-5, LERF Basin 41 Civil Top Liner, Top Liner Details, U.S. Department of
Energy, Richland, WA.

IBC 2015, International Building Code, International Code Council, 2015, Country Club Hills, IL.

MT-50497, Rev 00, Liquid Effluent Retention Facility (LERF) Basin 41, U.S. Department of Energy, Richland,
WA.

RPP-SPEC-63632, Rev. 0, Construction Specification For: LERF Basin 41 Design, U.S. Department of Energy,
Richland, WA.

TFC-ENG-STD-06, Rev. D-2, Design Loads for Tank Farm Facilities, U.S. Department of Energy, Richland,
WA.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63660 Rev.00

5/28/2020 - 7:58 AM 10 of 42

Sargent & Liorcy
Engingaing Serices Ins

Project No.: S54413.024

RPP-CALC-63660, Rev. 0

CALCULATION SHEET

Title: LERF Basin 41 Liner Anchor Wall

Calc. No. S54413.024-S-001

Rev. 0 Page 7 of 40

Prepared By: RW Davidson Date: 4/3/2020
Checked By: PP Santos Date:4/3/2020

Design

8.0 CALCULATIONS
8.1 Determine Wind Loads

2
A%
q, = 0.00256-KZ-Kzt-Kd-(m—ph) -psf = 23.7-psf

9.0

o=

V := 110mph Wind Speed (TFC-ENG-STD-06, Table 3, WDC-1/NDC-1).
K4 :=0.90 Wind Direction factor (ASCE 7-10, Section 26.6 and Table 26.6-1
for Chimneys, Tanks and Similar Structures ).
K. e 0.85 Velocity Pressure coefficient for Design Exposure C. (ASCE 7-10,
zo Table 29.3-1 for 0-15 ft)
K =10 Topographic factor. (ASCE 7-10, Section 26.8.2)
G:=0.85 Gust Effect factor. (ASCE 7-10, Section 26.9.1)
h:= 6-ft = 6.0t Height of the tension tower.
D:= 8in Nominal width of the tension tower.
Tension —\\ < HS5S BxBx1/4
Tower Sys. F—
: :_Hf 1" Wide View See Attachment 1 for additional details
30 deg ] on REVOC cover system/mechanical
I Slot, Typ 3 Places tension fower.
|| N (Inside Face) )
(Counterweight) il <
'Y | “‘:‘/—Lz.S x2.5 x 1/4
To Floating x 4" Lg. (3 Req'd)
Cover }i | f,—Tenginn Tower
' | ADH AHR's
AEH AHR's ”_/T:/‘/f (EL. 603.50)
(6" Centers) —F =
{EL. 603.17) ' T ‘ 1/2" Gap
(9) #4 =
o
i |
#4 Ties @ 12 3"Clr., 3 Sides
| 4" Clr., Top
—2-3"—
_Anchor Wall

Velocity pressure calculated at mean heighth. (ASCE7-10,
Equation 29.3-1)

Ratio of height of tension tower post to width of post.

Mathcad
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Cpi=15
2
Ap=hD=40f

Fy 1= 4,G-Cp-Ap = 120.9 Ibf

8.2 Determine Seismic Loads

Yt := 490-pef

Ibf
Wtiower = 19.61-?-h = 117.7 1bf
Wt wt = (7in-7in-12in)-v gy = 166.7 Ibf

Wiy = (Weigyer + Wigy)-1.15 = 327.1 1bf

cwt
SDS = 0.588

z h:=0.0

Ip = 1.0

ap =1.0

0.4-a,-Spg: (W)

Fonom = R [1+2(z_h)] = 30.8-Ibf
'»
Fomax = 1-65pg Iy (Wtiog) = 307.7 Ibf
Fpmin = 0:38pg-ly(Wtioq) = 57.7Ibf
Fo = 1Fomin f Fpnom < Fpmin
Fpmax if Fpnom > Fpmax
Fpnom otherwise
Fp = 57.71bf

F, = 0.2Spg Wt = 38.5Ibf

Net force coefficient (interpolated) for square, wind normal to
face, (ASCE 7-10, Figure 29.5-1)

Projected area normal to the wind.

Design wind load on other structures. (ASCE 7-10, Equation
29.5-1)

Density of steel, (AISC 14th Ed., Table 17-12).

Weight of tension tower member, (HSS 8x8x3/16), (AISC
14th Ed.,Table 1-12).

Approximate weight of tension tower steel counterweight.

Total weight of tension tower system, (includes 15% contingency
for misc. components, pulleys, cables etc.).

Horizontal five-percent damped design spectral response
acceleration at short periods. (TFC-ENG-STD-06)

Ratio of the height in structure of point of atachment of
component to the average roof height of structure.

Component importance factor for SDC-1 loading.
(TFC-ENG-STD-06)

Component amplification factor for other rigid components,
limited deformability. (ASCE 7-10, Table 13.5-1)

Component response modification factor for other rigid

components, limited deformability.. (ASCE 7-10, Table 13.5-1)

The horizontal seismic force. (ASCE 7-10, Equation 13.3-1)

The maximum lateral seismic force. (ASCE 7-10, Equation
13.3-2)
The minimum lateral seismic force. (ASCE 7-10, Equation 13.3-3)

The minimum lateral force to use for design purposes.

The design vertical seismic force. (ASCE 7-10, Section 13.3.1)

Mathcad
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=125

Wtcwt

R =—
cable cos(30-deg)

8.3 Determine Tension Tower Loads on the Anchor Bolts

The following section determines the anchor forces to withstand the worst case loading.

= 192.5 Ibf

2
Py cable = \/ R cable

Mgy i= LO-F,

T

2
- Wiyt = 96.31bf
Fh = max(l.6Fh_Cab1e, IOFW + I'O.Fh_cable’ IOF

Fy comb = max(1.4-th0t, 1.2-Wty o, + 1.O~FV) =457.91bf LRFD vertical load combinations per ASCE 7-10, Section 2.3.2.

-Qo-g-h + LO-Fy capjeh = 13854.2-in-Ibf  Use LRFD seismic horizontal load combination,
3 i

Myeg = (0.9Wtyq = LO-F -0 )-2-in = 396.4-in-Ibf

Overstrength factor. (ASCE 7-10, Table 13-5.1, Supplement 1,
required for anchorage to concrete).

Tension force on the top liner cable based on a 30 deg angle of
cable from vertical plane of tension tower.

Horizontal component of the tension cable force.

LRFD horizontal load combinations

L+ 1'0'Fh_cable) = 240.5-Ibf per ASCE 7-10, Section 2.3.2.

p

previously defined.

Use minimum LRFD vertical load combination per
ASCE 7-10, Section 2.3.2.

n:i=3 Number of anchors in group 5. g"
L2.5x 2.5 A"
, _ [(n—1):0-in+ (n — 2)-5.5-in] 115"
Centrmdahrs = R H5S 2x2 ‘
Centroid,p, . = 1.83-in Centroid — |
of AHR
group
l—l‘ 1.83"
_Plan View
Mot = Mieg . .
Tgtud = — = 1170.2 Ibf Tension load per stud, 3 studs, based on the distance from the
3~(2-in n 5.5 'mj centroid of'the tension tower anchor group to edge of L2.5 x
3 2.5 x 4 inch long clip in direction of applied load.
Fy
Vtud = 3 80.2 Ibf Shear load per stud, 3 studs.

Mathcad
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Define Constants

n, = 3

SIS 5.5-in
hef = 2.75in
n, ¢:=3

n, ,i=n,= 3.0
f', := 4500psi
kC =17
,le_N =1.0
by = 0.65
by ¢ =0.65
by, s = 0.60
by, ¢ =070
d)e =0.75

Oy seis = 0.70
d)d = 0.65

Coe = z'hef =5.5in

Cu1 = 6-in — 1.5-in = 4.5-in

Cq0 = Cype = 5.5-in

Ca min = min(cal,caz) =4.5-in

hmin = hef + 1.25-in = 4.0-in

ha = 30in
d:= 0.5in

8.4 Check Anchor Bolts in Accordance with ACI 318-14, Chapter 17

Based on 1/2" diameter ASTM F593 stainless steel threaded rods with 3 1/2" embedment depth

The number of anchors per post.
Minimum spacing of the tension tower anchors.
The effective minimum embedment. (ESR-3187, Table 12 & 14)

Number of anchors resisting tension. (Moment Couple)
Number of anchors resisting shear.

Compressive strength of concrete. (See Inputs)
Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

Cracked concrete factor for post-installed anchor in cracked
concrete. (ACI 318-14, Section 17.4.2.6)

Strength reduction factor for steel failure in tension. (ESR-3187,
Table 11)

Strength reduction factor for concrete breakout failure in tension.
(ESR-3187, Table 12)

Strength reduction factor for steel failure in shear. (ESR-3187,
Table 11).

Strength reduction factor for concrete breakout failure in shear.
(ESR-3187, Table 12)

Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4)

Seismic shear reduction factor, (ESR-3187, Table 11).

Bond strength reduction factor, (ESR-3187, Table 14 for dry &
water saturated concrete installation conditions).

Critical edge distance factor for adhesive anchors. (ACI 318-14,
Section 17.7.6)

Distance from center of anchor to edge of concrete in the
direction of applied shear. (See ACI 318-14, Section 17.5.2.1 for
illustration)

Distance from center of anchor to edge of concrete in the
direction perpendicular to applied shear (and c,,). (See ACI

318-14, Section 17.5.2.1 for illustration)

The minimum edge distance between the edge of the concrete
and the nearest anchor. (primary tension tower anchor)

The minimum member thickness. (ESR-3187, Table 12)

Actual concrete thickness. (H-2-838750)
The anchor diameter. (ESR-3187, Table 11)
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Determine Steel Strength of Anchor in Tension

Individual_Group := | "Analyze anchors individually according to ACI 318, Chapter 17" if 3-h ¢ <'s,

otherwise

"Analyze anchors as a group according to ACI 318, Chapter 17"

Individual Group = "Analyze anchors as a group according to ACI 318, Chapter 17"

14 of 42

2 .2
ANco = 9'hef = 68.1-in

AN = (min(1.5hgp,cqq

: )
AN = min(ny Aygg Ang) = 204.2+in

ONgp = b ®y ‘Nepg = 4310.61bf

Ng, = 141901bf The tensile capacity of the anchor is based on ICC-ES Evaluation
Report ESR-3187, Table 11, for ASTM F593, stainless steel
threaded anchor rods, conservative.

ONg, = d)t ¢ Nga = 9223.5Ibf Tensile steel strength incorporating strength reduction factors.

Determine Concrete Breakout Strength of Anchorage in Tension

Ved N:= |1 if 2 min > 1.5-hep =1.0 The modification factor for edge effects. (ACI 318-14, Section
B 174.2.5)
c
0.7+ 0.3 amn otherwise
1.5hgp
wcp N= |1 if €2 min > Cac =0.8 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)
max( a_min’ 1.5-h f) .
otherwise
Cac
X:=1.0 Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)
1.5
f, (h . . . o
3 ef 3 Basic concrete breakout strength of a single anchor in tension in
Np = keoX psi ( in j bf = 5200.6 Ibf cracked concrete. (ACI318-14, Equation 17.4.2.2a)

)+ 53+ LS hep)(min(1.5hyp.cpp) + 25, + 1.5hyg) = 264.7-in”

Set: e\ = 1.83-in Set the resultant tension force eccentricity with respect to
centroid of the anchors in tension, previously defined. (ACI
318-14,FigR17.4.2.4)

_ 1
wec_N - 2e'N =07 Modification factor for anchor groups loaded eccentrically in
1+ tension. (ACI 318-14, Section 17.4.2.4, Equation 17.4.2.4)
)
AN Concrete breakout strength of the anchorage in
Nebg = 3 o Vec N'Wed NPe N'Wep NNp = 884236 (ACT318-14, Equation 17.4.2.1b)

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x h, (ACI318-14, Equation
174.2.1c)

Projected concrete failure
area of the anchorage group.
(ACI 318-14, Section
17.4.2.1 and Figure
R17.4.2.1(b))

Tensile breakout strength incorporating strength reduction factors.
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Determine Bond Strength of Adhesive Anchors in Tension

A, =Ax=1.0

Tep = 1170-psi

Tuncr = 2220-psi
d, == d=05in
Npa = Ny Tep Ty hog = 50540 Ibf
Tuncr
cn, o= 10-d,- =7.1-in
Na a\/ 1100-psi

ANao = (2-cNa)2 ~ 201.8-in”
AN = (2'cNa + 2Sa>'(CNa + Ca min + Sa) = 431.l~in2

.2
ANa = na-ANao = 605.5-1in

Ped Na = 10 Cq min=45in > ¢y, =7 1in
®a_min . .
wcp Na= " ©3 min=45%in < c¢,.=55in
_ Cac |
ey = 1.83-in
) 1
Pec Na = ; =038
_ eN
I+—
) ANa
Nag N 'wec_Na'wed_Na'wcp_Na'Nba = 9864.11bf
Nao

ONyg 1= Pobg- Ny = 48087 Ibf

ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

Characteristic bond stress in cracked concrete, temperature range
A, (ESR-3187, Table 14).

Characteristic bond stress in uncracked concrete, temperature
range A, (ESR-3187, Table 14).

Anchor diameter, previously defined.

Basic bond strength of adhesive anchor, (ACI 318-14, Section
17.4.5.2)

Critical edge distance, (ACI 318-14, Equation 17.4.5.1d).

Projected influence area for a single anchor, (ACI 318-14,
Equation 17.4.5.1¢).

Projected influence area for a group of anchors, (ACI 318-14,
Figure R17.4.5.1).

Limiting value of A.Na per ACI 318-14, Section 17.4.5.1).

Modification factor for edge effects, (ACI 318-14,
Equation 17.4.5 4a).

Modification factor for adhesive anchors designed for uncracked
concrete, (ACI 318-14, Equation 17.4.5.5a).

Previously defined.

Modification factor for adhesive anchor group loaded
eccentrically in tension. (ACI 318-14, Equation 17.4.5.3)

Nominal bond strength of group of adhesive anchors in
tension, (ACI 318-14, Equation 17.4.5.1b).

Nominal bond strength in tension for a group of adhesive
anchors in tension incorporating strength reduction factors,
(ACI 318-14, Equation 17.4.5.1Db).
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Design

Determine Steel Strength of the Anchorage in Shear
Individual Group :=

Vg = 8515:1bf

OVga = O geis Py s Vg = 35763 1bF

’ll)ed—V = 1.0 if Caz > 1.5'Ca1 =09
c
0.7 + 0.3 otherwise
1.5'Ca1
1PC_S/:: 1.0
1.5-¢ 1
wh V= if ha <15¢,; =100
N a

1 otherwise

da =d=0.51n

le = min(8-dy, hop) = 2.8in

2 L2
AVco = 4'5'Ca1 =91.1-in

Ayei=[(21.5¢q)) + 25, min(1.5-c51.hy) = 165.4-in”

OVep = by ¢Vpg = 42073 Ibf

"Analyze anchors individually in shear according to ACI 318, Chapter 17"
"Analyze anchors as a group in shear according to ACI 318, Chapter 17"

Individual Group = "Analyze anchors as a group in shear according to ACI 318, Chapter 17"

Determine Concrete Breakout Strength of the Anchorage in Shear

0.2 1.5 1.5
le da fe [ cal fe [ cal
Vi i= min| 7-| — =N — Abf, 9N |—| — | -Ibf| = 4457.4.1bf
d, in psi \_ in psi \_ in

e'y = 1.83-in Previously defined and is taken same as value for eccentricity of
anchor group in tension.
= . 0.8 Modification factor for anchor group loaded eccentrically in shear.
ec V , group y
- . 2:e'y (ACI 318-14, Equation 17.5.2.5)
3. Cal
Aye . .
Vcbg = A—'wec_V'wed_V'wc_V"bh_V'Vb = 6010.4-1bf Nominal concrete breakou.t strength of anchorage in
Vco shear. (ACI 318-14, Equation 17.5.2.1a)

if S'Cal <8y

otherwise

The steel strength in shear. (ESR-3187, Table 11, ASTM
F593)

Steel shear strength incorporating strength reduction factors.

Edge distance factor (Anchors not on a comer). (ACI 318-14,
Section 17.5.2.6)

Cracked concrete factor without supplementary
reinforcement, (ACI 318-14, Section 17.5.2.7)

Thickness modification factor. (ACI 318-14, Section 17.5.2.8)

The outside diameter of the anchor.

The load bearing length of anchor for shear. (ACI 318-14, Section
17.5.2.2)

Basic concrete breakout strength
of'a single anchor in shear in
cracked concrete. (ACI318-14,
Section 17.5.2.2)

The projected area for a single anchor in a deep member with a
distance from edges equal or greater than 1.5 x c,;. (ACI

318-14, Equation 17.5.2.1¢)

Projected concrete failure area of the anchorage. (ACI
318-14, Section 17.5.2.1 and Figure R17.5.2.1b)

Shear breakout strength incorporating strength reduction factors.
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Determine Pryout Strength of the Anchorage in Shear

kep:= |1 if hep <2.5in =20 Coefficient for pryout strength. (ACI 318-14, Section

c
P 1753.1)
2 otherwise

Ncbg = 8842.3 Ibf Nag = 9864.1 Ibf Use the lesser of Ncbg from Equation 17.4.2.1b or Nag from

17.4.5.1b per ACI 318-14, Section 17.5.3.1).

176847 bf The nominal pryout strength of the anchorage in shear per ACI

Ve p'Ncbg 318-14, Equation 17.5.3.1a.

pzz kC

d)VCp =y c'ch = 12379.3 Ibf Shear pryout strength incorporating strength reduction factors.

Determine Governing Failure Strength

Govern,, := | "Steel failure governs (Ductile Failure)." if ¢V, < min(q)VCb,q)ch)
"Concrete breakout governs (Brittle Failure)." if ¢V < min(d)Vsa, d)VCp)
"Concrete pryout governs (Brittle Failure)." otherwise

Govern,, = "Steel failure governs (Ductile Failure)."

Sheallrgovemn = |dVg, if OV, < min(d)Vcb, ¢ch) The governing allowable shear capacity of the anchorage.
GV if GVp, < min(Vgy. Vo)

cl)ch otherwise

Sheargovem = 3576 Ibf

Shear_Check := [ "Anchor capacity in shear is OK." if Shear Vgtud = 80.21bf

govern ~ Vstud

"Anchor capacity in shear is NOT OK" otherwise

Shear Check = "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

Govern := | "Steel failure governs (Ductile Failure)." if ¢Ng, < min(d)Ncb, d)Nag)
"Concrete breakout governs (Brittle Failure)." if Ny < min(cl)Nsa, d)Nag)
"Bond strength governs (Brittle Failure)." otherwise

Govern; = "Concrete breakout governs (Brittle Failure)."

Tensnegovern = |ONg, if ONg, < min(d)Ncb, q)Nag) The governing allowable tensile capacity of the anchorage.
GNgp i GNgp, < min(dNgy . HNpo)
cl)Nag otherwise

Tensilegovern = 43111bf
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Tension_Check := | "Anchor capacity in tension is OK." if TensilegoVem > Totud Tgiug = 11701bf

"Anchor capacity in tension is NOT OK" otherwise

Tension_Check = "Anchor capacity in tension is OK." Check to determine the adequacy of the anchors in tension.
T
DRy = ——2— _ 027
Tensﬂegovern
A%
DRy = ——9— _ 000
Sheargovem
DCR := |DCR, s if DCRyp.. <02 =0.27 The DCR ratio is less than 1.0; therefore, OK
ACI 318-14, Section 17.6.
DCR

shear if DCRtens <02

1 .
E'(DCRtenS + DCRshear) otherwise
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8.5 Check Temperature and Shrinkage Reinforcement (based on ACI 318-14, Section 24.4.3.2)

Due to the (minimal) loads, the anchor wall is adequate for flexure and only temperature and shrinkage reinforcement is
required for the rebar in the wall.

Table 24.4.3.2—Minimum ratios of deformed
shrinkage and temperature reinforcement area to
gross concrete area

Reinforcement
tyvpe [ psi Minimum reinforcement ratio

Detormed bars < 60,000 0.0020

Deformed bars Greater 0.0018x 60,000

or welded wire | > 60,000 0;,_ &

remforcement ’

0.0014

h. := 36in Thickness of the concrete wall.
b := 27in Width of the wall for rebar design.

Area of steel required by temperature and shrinkage. (ACI 318-14,

.2
1= 0.0018-b-h = 1.75-in Table 7.6.1.1)

Astee

Ay = O.2Oin2 n:=9 Area and number of #4 bars. (ACI 318-14, Appendix A)

1= 1.75~in2 The current design is adequate as designed with (9) #4 bars,
continuous, w/ 4 ties @ 12"

A4-n:1.8~in2 > A

As provided = stee

24.4.3.3 The spacing of deformed shrinkage and tempera-
ture remforcement shall not exceed the lesser of 5/ and 18 1.

Slong = 10-in < 18-in OK

Strans = 12-in < 18-in OK
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8.6 Check Minimum Reinforcement (based on ACI 318-14, Section 13.3.5 for Walls as Grade Beams)

by, = 27-in Width of wall.
8] = 10.0-in . o g .
ong Rebar spacing for longitudinal bars, previously defined.
S = 12.0-in . .
trans Rebar spacing for transverse bars, previously defined.

per ACI 318-14, Section 13.3.5 & 11.6:

Min long reinf Ag 1= 0.0012-b- Slong = 0.3-in2 Min transverse reinf Ag = 0.0020-b S ane = 0.6~in2
Table 11.6.1—Minimum reinforcement for walls with in-plane V, < 0.5¢V.
Type of nonpresiressed | Barfwire Minimum Minimum
Wall tvpe reinforcement size f-psi | longitudinal®¥, p, |  tramnsverse, p,
= 60,000 00012 0.0020
< No. 5
Cast-in- Deformed bars < H,000 0.0015 0.0025
place
=MNo. § Any 00015 0.0025
Welded-wire = W3l or
. - Ay UEATAR (L0020
remforcement D1 | _:m} _ I 0002
Deformed bars -
Precast” or welded-wire Any Any 00010 00010
remforcement
n:=4 Minimum number of bars provided per rebar spacing.
.2 " .2
As_prov_long = Ayn=0.8in #4 bars @ 10" spg OK > Ag1=03:in
.2 . " .2
As_prov_trans = Ayn=0.8in #4 ties @ 12" spg OK > Ag (= 0.6in
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8.7 Check Shear Capacity of Anchor Wall

Table 7.4.2.2—Shear reinforcement requirements

Condition Spacimg Provasion m ACT 318-14
L =eFJi2 Mo shear reinforcemant nequred 3631
oF 2= I, = &F, Minimum chear reinforcement o < %1—' Min 963.1
Monprestressed sE£—<Mm
OV, =, <oV, +id, /55 d 97622
3h
Prestressed 55 T <24 im
d .
Monprestressed 5= Téllm_
OV 4B d <V, <ol +e8[fB d » 97622
Prestreszed :ETJE 121
F o=l + M\E’&rd Incressa cross sacton 12512

0.5-in

d:=36-in— 3-in — 0.5-in —

Pshear = 0-75

A=1.0

2 2
Vy = /FV_Comb +F, "= 517.21bf

&V
Tc:43808.81bf > Vu

M

DCR :
shear ¢Vc

= 0.006

=32.3-in

0y
OV, = dgproar 2N PSH }#-bw-d — 88-kip
psi

Distance from extreme compression fiber to centroid of

longitudinal tension reinf.

Shear reduction factor. (ACI 318-14, Table 21.2.1)

Modification factor for normalweight concrete. (ACI 318-14,

Section 19.2.4.2)

Shear strength of the evaluated concrete anchor wall
section. (ACI 318-14, Section 22.5.5.1)

Resultant shear demand.

No shear reinforement is required per ACI 318-14 Table 7.4.2.2
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8.8 Check Torsional Shear on Anchor Wall
ACp = by, -h = 1944.0- inZ Area enclosed by outside perimeter of section per SP-17 (14),

Volume 1, Chapter 7, Figure 7.4.3a.

PCp = 2-(bW + h) =198.0-in Outside perimeter of concrete section per SP-17 (14), Volume 1,
Chapter 7, Figure 7.4.3a.

&= 0.75 ACI318-14, Table 21.2.1
2

fe Acp
OTy, = by Nepsi- [——— = 80022.8-ft-Ibf Threshold torsion ACI 318-14, Table 22.7.4.1 (a),

psi Py nonprestressed member
T, = My = 1154.5-ft-1bf Torsional moment on anchor wall, previously defined.
Ty, = 80022.8-ft-Ibf > T, = 1154.5-ft-Ibf Torsional effects can be neglected, ACI 318-14,

Section 22.7
T
DCR ~ - 0014

torsion OTy,
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8.9 Check Soil Bearing Pressure

an adequate pressure

lcf = 36-in-2 + 8-in + 2.5-in-2 = 7.1t

W = 27-in
tof = 36in
pe = 150pef

ch = pC.WCf.ICf'th = 7171.9-1bf

M| = 0.6F,— = 217.5-ft-Ibf

M, := 0.7-F,

P -h = 161.5-1bf-ft

Wl N s

M = max(M,M,) = 217.5-ftIbf

Q= Wiy + Wep = 7498.9 Ibf

M .
¢e:=— =031n
Q

The following section will determine if the concrete anchor wall is adequately sized to distribute the load to the soil at

Length of the concrete wall considered (based on 45 deg
distribution).

The width of the concrete wall footing. (H-2-838750)

The depth of the concrete wall footing. (H-2-838750)

Typical density of concrete.

The weight of a concrete footing.

In-plane moment on the footing. (ASCE 7-10, Section 2.4.1
Equation 5)

In-plane moment on the footing. (ASCE 7-10, Section
2.4.1 Equation 5)

Maximum in-plane moment on the anchor wall footing.

The total vertical force bearing on the soil at each tower
column.

The resulting eccentricity, which is the moment divided by total
bearing load. (Das, pg. 147, Equation 3.51)
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M

€2

Wﬂbﬂﬂf

"Lmin

<

C‘L% T

Tm

< i
g e
i

| p

L

Pallow sb = 2000psf

_ Amax
DCRSb =—- =024

Pallow sb

,0psf | = 459.0-psf

Q 6-M
Apip ©= max T,
of et lof Wef
6-M
Amax = Ql + 5 = 482.1-psf
W .
cf 'ef lof Wep

lee

Maximum Soil Pressure under footing. (Principles of
Foundation Engineering, Das, Eq 3.52, pg 147)

The allowable bearing pressure of the soil. (IBC 2015, Table

1806.2, material class 3)

The demand capacity ratio for the soil bearing pressure. The
footing has a DCR lower than 1.0, therefore it is OK.

Minimum Soil Pressure under footing. (Principles of
Foundation Engineering, Das, Eq 3.53, pg 147)

94 mac
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FEXX = 70-ksi

Fp, = 240.5 Ibf
Fy comb = 457:9 1bf

M, = 13854.2-in-Ibf
Fy

P = 0-Ibf Vy = — = 120.2 Ibf
2

M

- Tm — 6927.1-in-Ibf M, = 0-in-Ibf

Weld Properties Per Blodgett 1991, Table 5, Page 7.4-7.

b .
C2 = E C2 = 2.0-in
2
d
= C = O.S'in
37 2d+b 3

Ayp:=b Ay = 4.0-in
AW3 =2 d AW3 = 4()1n

Design
8.9 Check Connection Clip Welds at Base of Tension Tower
I b =
=l —— —— B W5 M,

! PT

[

Wy, My
Weld Geometry:
b= 4n Weld width.
d:=2:in Weld length.

3 .

Wact = E'm Weld size.

Ultimate stress of the weld metal.

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Maximum horizontal load, previously defined.

Maximum vertical load, previously defined.

Maximum moment, previously defined.

F v_comb

V3= = 2289 Ibf

M3 = 0-in-1bf

The distance from the neutral axis to the outer fiber along
the 2-2 axis.

The distance from the neutral axis to the outer fiber along
the 3-3 axis.

The linear shear area of the weld along the 2-2 axis.

The linear shear area of the weld along the 3-3 axis.
(AISC SPEC, Eqn. C-G4-1)

Mathcad



RPP-CALC-63660 Rev.00 5/28/2020 - 7:58 AM 26 of 42
RPP-CALC-63660, Rev. 0 Calc. No. S54413.024-S-001
Rev. 0 Page 23 of 40
Sargent B Lurncy CALCULATION SHEET Prepared By: RW Davidson Date: 4/3/2020

Engingaiing Sendices, ins

Project No.: S54413.024

Checked By: PP Santos Date:4/3/2020
Title: LERF Basin 41 Liner Anchor Wall

Design
3 2 2
2 . . ..
Jwi= (br2d) d-0b+d Jw= 24.7-in3 The linear polar moment of inertia.
12 (b + 2-d)
2 2
Vo TG V3 TG Ibf :
Alip — 4 4+ Apjy = 641.9-— Linear weld stress.
Aw2 T Aw3 T mn
Check weld strength:
Q=2 weld metal AISC SPEC., Table J2.5
0.6-F
EXX
Ry=—"" R, = 21.0-ksi Allowable weld stress.
Qy
Alin , :
- R, = 4.8ksi Actual stress in the weld.
0.707w,
Ry
DCR := — = 0.23 The demand/capacity ratio is < 1; therefore, OK.
n
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8.10 Check the Adequacy of the HSS Tension Tower Posts

Note: The HSS tension towers incorporate three narrow cutouts on the inside face of the posts for view ports. The cutouts
are approximately 1" wide by 1'-6" long. Compression and shear checks are performed based on these net section areas.

8.10.1 HSS Tension Tower Posts Loaded in Compression (Column)

This section analyzes the tension tower HSS posts for compression under gravity and earthquake loading. This force will be
included with the bending of the columns due to earthquake loading and cable tension loads.

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Fv_comb = 457.9 Ibf Maximum vertical load, previously defined.

Common Steel Properties:

v:i=103 Poisson ratio

E := 29000-ksi Steel modulus of elasticity. (AISC 14th Ed., Table B4.1b)

Steel - rectangular HSS:
Rectangular HSS shall be fabricated from ASTM A500 Gr B:

fySOO := 46000-psi minimum yield stress, AISC, Table 5-5.
f4500 = 58000-psi minimum ultimate tensile stress, AISC Table 5-5.

Let: Fy = %500 = 46.0-ksi Fll = fusoo = 58.0-ksi
G:=—— = 11153.8-ksi
2.(1 +v)

Member properties ref AISC [2014]
Section input table (all sections in Manual of Steel Construction, Allowable Stress Design, Fourteenth Edition)

Member := "HSS8X8X1/4"

[+]
Variables in data file
Sect = "HSS8X8X1/4 Wt = 25.8-plf 5
. A =7.10-1n
H, = 8.0-in .
t b = 8.0-in .
thom = 0.3-in
t =0.2-in
des =
b =313 Ht t =313
.4 .
I, = 70.7-in .3 r, = 3.2:in
X = . X
Z, =20.5-in S, = 17.7-in’
. 4 .
I =70.7-in .3 r, = 3.2:in
Yy Zy = 20.5-in Sy _ 17.7-in3 y
J = 111.0-in4 C:28.1-in3
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Nominal strength for compression members. (ANSI/AISC 360-14 Chapter E)

Q.= 1.67
c
Safety factor for compression, AISC 14th Ed., Section B 3.7.
Flexural Buckling - E-3

Determine governing slenderness ratio

r, = 3.2:in HSS strong axis radius of gyration.
y =k HSS weak axis radius of gyration.

Buckling over entire length of column:

Estimated length factor for end fixity conditions of the column,

Ki=21 (AISC 14th Ed., Comm. 7.2, Table C-A-7.1, Case (¢))
L:==h Column height (previously defined).
SR := KL =48.0 Slendemess ratio.
I‘X
Aex = SR =48.0 >‘0y = SR =48.0

Limits for b/t ratio - Table B4.1

A, =112 [—
P \‘ Fy >‘p =28.1 Check for compact section - AISC 14th Ed., Table
B4.1.
= 1.40. f— :
Fy A=352 Check for non-compact section - AISC 14th Ed., Table B4.1.
b t=31.3 Ht t=31.3 Width-to-thickness ratios.

r, = |b_t if b_t>He t

r, =313
b_t
Ht t otherwise -

SECTION := |"COMPACT" if 1, (<X, SECTION - "NONCOMPACT"

"NONCOMPACT" if X, <1 ¢ <X,

"SLENDER" otherwise

N = max(xcx,kcy) X, = 48.0 Maximum slenderness ratio.
F o =E
e N F, = 1242 ksi Elastic buckling stress, AISC 14th Ed., Eq. E34.
c
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Ty
Fe E
Fopi= 10.658 -Fy if A, <471 | — Fop=39.4ksi AISC 14th Ed., Eq's E3-2 and E3-3.
FY
0.877-F, otherwise
Ag_net =A- (t des’! -in) - 6.9-in° Net section area including the 1" wide by 1'-6" long view ports.

P = Fcr'Ag_net P = 270.5-kip Nominal compressive strength, AISC 14th Ed., Eq. E3-1.
Py
P, := o 162.0-kip Axial capacity of HSS 8x8x1/4
c

8.10.2 HSS Tension Tower Posts Loaded in Bending (Column)

Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

M = 13854.2-in-Ibf Maximum moment, previously defined.

Nominal strength for Square and Rectangular HSS and Box-Shaped Members in flexure. (ANSI/AISC 360-10
Chapter F-F7.)

= 1.67 Safety factor for flexure, AISC 14th Ed., Section F1.

SECTION = "NONCOMPACT"

Note: HSS is noncompact section. Limit state of

local flange buckling and local web buckling AISC 14t Ed, F7.2,F2.3

apply.
M, = (Fy'Zx) = 943.0-kip-in Nominal flexural strength, AISC 14th Ed., Eq F7-1
Mp =M, AISC 14th Ed., Eq F7-1.
FY
Mn_fb = Mp - (Mp - Fy-SX) 3.57-b t T 4.0 | = 885.0-kip-in Nominal flexural strength for flange buckling,
AISC 14th Ed., Eq. F7-2.

F
Mn_wb = Mp - [(Mp - Fy~SX)(0.305-Ht_t~ Ey - 0.738)} = 989.1-kip-in Nominal flexural strength for web buckling,

AISC 14th Ed., Eq. F7-5.

M, = min(Mn_fb’Mn_wb’Mp) = 885.0-kip-in Nominal flexural strength, AISC 14th Ed., Section F7.
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M, o
c
O

v_comb
DCRVC = P— =

M
t
DCR := —> = 0.03

M

M, = 529.9-kip-in Flexural capacity of HSS 8x8x1/4.

The demand to capacity ratio for the tension tower posts in
compression. Since the DCR is less than 1.0, the posts are
adequate in compression.

0.003

The demand to capacity ratio for the tension tower posts in
bending. Since the DCR is less than 1.0, the posts are adequate in
bending.

8.10.3 HSS Tension Tower Posts Loaded in Shear (Column)
Envelope connection forces and moments, (conservative since loads are based on LRFD load combinations for AHR's)

Fy, = 240.5 Ibf Maximum horizontal load, previously defined.

Nominal strength for hollow rectangular members in shear (AISC 14th Edition Chapter G-G5),

The nominal shear strength, Vn, of rectangular HSS and box members shall be determined using the provisions of
Section G2.1 with A, =2ht where h for the width resisting the shear force shall be taken as the clear distance
between the flanges less the inside comer radius on each side and t,, =t,., and k, =5. If the comer radius is not
known, h shall be taken as the corresponding outside dimension minus three times the thickness.

. .2
hy s = Hy = 3tgeg Awx.HSS_net = 2'hy HSS tdes ~ tdes 1 'in = 3.2:in

wide x 1'-6" Ig. view ports.

. .2
by Hss = b~ 3 tges AwyHSS_net = 2'by HSS tdes ~ tdes 1 'in = 3.2:in

Net section areas including the 1"

Based on AISC 14th Eq's G2-3, G2-4 and G2-5 ky Hss =95
k ‘E
v.HSS
Ay HSS = |[——— = 56.1
y
. .. Py Hss by 1SS
Cyxmss= [1 if : < 1'10'(>‘V.HSS) VS 33
des tdes
t k -E b
d HSS HSS
=110 ’ (v sss) if 110X pss) < ——— < 137X, pis8
by.HsS Fy tdes 1.10-(x, ysg) = 618
2
1'SI'E'(kV.HSS) tdes .
. otherwise
Fy by HSS
Cyx.ass = 1.0
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hy Hss

C = |1 if
vy.HSS
Y tdes

< L10-(\, pss)

t k -E h
des v.HSS . v.HSS
v.HSS y des

Fy

va.HSS =10

Q=15

V
nx.HSS .
Vex HSS = Q— = 58.3-kip
v
V
) ny.HSS .
VCyHSS = Q— = 583klp
v
Fy
DCRhs = — = 0.004
V
cx.HSS

1.51-E-(ky pss) [

2
j otherwise

The nominal shear strength, V,,, of unstiffened or stiffened webs, according to the limit states of shear yielding
and shear buckling AISC 14th Ed., Eq. G2-1, is:

Vix HSS = 0.6-(Fy)-(AWX.HSS_net)(CVX.HSS) = 87.5-kip AISC 14th Ed., Section G2-1.

Vhy HSS = 0.6-(Fy)-(Awy.Hss_net)(va.Hss) = 87.5-kip AISC 14th Ed., Section G2-1.

h
HSS
v -313

tdes

ASD reduction factor for members in shear AISC 14th,
Section G1

Factored allowable shear load for HSS strong axis.

Factored allowable shear load for HSS weak axis.

The demand to capacity ratio for the tension tower posts in shear.
Since the DCR is less than 1.0, the posts are adequate in shear.
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8.10.4 HSS Tension Tower Posts Loaded in Torsion (Column)
Torsional Strength of Round and Rectangular HSS (AISC 14th Edition Chapter H-H3):

b h

bt — max v.HSS ’ v.HSS _ 313
—'HSS ¢ ¢
des des
AISC 14th Eq's H3-3, H34 and H3-5 2.45- ’E =61.5
FY
Formss.tor = |0-6:(Fy) if h_tygg <2.45: o
y
E 1 E E
0.6-(Fy )| 2.45- [— | if 2.45- [— <h_tygg <3.07- [—
Fy ) htyss Fy Fy
2 -2 .

0.458 -7 -E-h_tyqg otherwise
Fer HSS.tor = 27-6°ksi
The nominal torsional strength, T,,, according to the limit states of torsional yielding and torsional buckling is:
Chysg=C= 28.1-in3 HSS torsional constant, previously defined.
Ty uss = (Fer.uss.tor) (Crss) = 775-6-kip-in AISC 14th Ed., Eq. H3-1
The allowable torsional strength, Tn/Qr, for round and rectangular HSS shall be determined as follows:
Qp = 1.67 ASD reduction factor for members in torsion AISC 14th Ed.,

Section H3.1.
Th HSS :
T. Hss = = 464.4-kip-in Factored allowable torsion on HSS
€cCoyple = 2°in Eccentricity of applied tension cable force at top of HSS post,
conservative.
DCR. = Fh-eceaple _ 0.001 The demand to capacity ratio for the tension tower posts in
t T, 1SS o torsion. Since the DCR is less than 1.0, the posts are adequate in
‘ torsion.

8.10.5 HSS Tension Tower Posts Subject to Combined Axial, Flexure, Shear and Torsion

The DCR for members subject to combined torsion, shear,

flexure and axial force is less than 1.0; Therefore, OK. (AISC
14th Ed., Eq. H3-6)

2
DCRygg = DCRy + DCRy + (DCRpg + DCRy)” = 0.03
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ESR-3187

Issued 03/2018

ICC-ES | (800) 423-6587 | (562) 699-0543 | www.icc-es.org Revised 04/2019
This report is subject to renewal 03/2020.

DIVISION: 03 00 00—CONCRETE
SECTION: 03 16 00—CONCRETE ANCHORS
DIVISION: 05 00 00—METALS
SECTION: 05 05 19—POST-INSTALLED CONCRETE ANCHORS

REPORT HOLDER:

HILTI, INC.

EVALUATION SUBJECT:

HILTI HIT-HY 200 ADHESIVE ANCHORS AND POST INSTALLED REINFORCING BAR
CONNECTIONS IN CONCRETE
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“2014 Recipient of Prestigious Western States Seismic Policy Council REAE
(WSSPC) Award in Excellence” A Subsidiary of O S
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TCC-ES Evaluation Reports are not to be construed as representing aesthetics or any other attributes not specifically ('-\

repart, or as to any product covered by the report. Pstuet
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ICC-ES Evaluation Report

Most Widely Accepted and Trusted

ESR-3187

Reissued March 2018

Revised April 2019

This report is subject to renewal March 2020.

www.icc-es.org | (800) 423-6587 | (562) 699-0543 A Subsidiary of the International Code Council®

DIVISION: 03 00 00—CONCRETE
Section: 03 16 00—Concrete Anchors

DIVISION: 05 00 00—METALS
Section: 05 05 19—Post-installed Concrete Anchors

REPORT HOLDER:
HILTI, INC.
EVALUATION SUBJECT:

HILTI HIT-HY 200 ADHESIVE ANCHORS AND POST
INSTALLED REINFORCING BAR CONNECTIONS IN
CONCRETE

1.0 EVALUATION SCOPE
Compliance with the following codes:

m 2018, 2015, 2012, and 2009 International Building
Code® (IBC)

m 2018, 2015, 2012, and 2009 International Residential
Code” (IRC)

® 2013 Abu Dhabi International Building Code (ADIBC)"
"The ADIBC is basad on the 2009 IBC. 2008 IBC code sections referenced
in this report are the same sections in the ADIBC.

For evaluation for compliance with codes adopted by the
Los Angeles Department of Building and Safety (LADBS),
see ESR-3187 LABC and LARC Supplement.

For evaluation for compliance with the National Building
Code of Canada” (NBCC), see listing report ELC-3187.

Property evaluated:
Structural
2.0 USES

Adhesive anchors and reinforcing bars installed using
the Hilti HIT-HY 200 Adhesive Anchoring System and
Post-Installed Reinforcing Bar System are used to resist
static, wind and earthquake (Seismic Design Categories A
through F) tension and shear loads in cracked and
uncracked normal-weight concrete having a specified
compressive strength, f.. of 2,500 psi to 8,500 psi
(17.2 MPa to 58.6 MPa) [minimum of 24 MPa is required
under ADIBC Appendix L, Section 5.1.1].

The anchor system complies with anchors as described
in Section 1901.3 of the 2018 and 2015 IBC, Section 1909
of the 2012 IBC and is an alternative to cast-in-place
anchers described in Section 1908 of the 2012 IBC, and

Sections 1911 and 1812 of the 2009 IBC. The anchor
systems may also be used where an engineered design is
submitted in accordance with Section R301.1.3 of the IRC.

The post-installed reinforcing bar system is an alternative
to cast-in-place reinforcing bars governed by ACI 318 and
IBC Chapter 19.

3.0 DESCRIPTION
3.1 General:

The Hilti HIT-HY 200 Adhesive Anchoring System and
Post-Installed Reinforcing Bar System are comprised of
the following components:

= Hilti HIT-HY 200 adhesive packaged in foil packs (either
Hilti HIT-HY 200-A or Hilti HIT-HY 200-R)

= Adhesive mixing and dispensing equipment
= Eguipment for hole cleaning and adhesive injection

The Hilti HIT-HY 200 Adhesive Anchoring System may
be used with continuously threaded rod, Hilti HIT-Z(-R)
anchor rods, Hilti HIS-(R)N internally threaded inserts
or deformed steel reinforcing bars as depicted in Figure 1.
The Hilti HIT-HY 200 Post-Installed Reinforcing Bar
System may only be used with deformed steel reinforcing
bars as depicted in Figure 2. The primary components of
the Hilti Adhesive Anchoring and Post-Installed Reinforcing
Bar Systems, including the Hilti HIT-HY 200 Adhesive,
HIT-RE-M static mixing nozzle and steel anchoring
elements, are shown in Figure 6 of this report.

The manufacturer's printed Installation instructions
(MPII), as included with each adhesive unit package, are
replicated as Figure 9.

3.2 Materials:

3.21 Hilti HIT-HY 200 Adhesive: Hilti HIT-HY 200
Adhesive is an injectable, two-component hybrid adhesive.
The two components are separated by means of a
dual-cylinder foil pack attached to a manifold. The two
components combine and react when dispensed through
a static mixing nozzle attached to the manifold.
Hilti HIT-HY 200 is available in 11.1-ounce (330 mL) and
16.9-ounce (500 mL) foil packs. The manifold attached to
each foil pack is stamped with the adhesive expiration
date. The shelf life, as indicated by the expiration date,
applies to an unopened foil pack stored in a dry, dark
environment and in accordance with Figure 9.

Hilti HIT-HY 200 Adhesive is available in two options,
Hilti HIT-HY 200-A and Hilti HIT-HY 200-R. Both options
are subject to the same technical data as set forth in this
report. Hilti HIT-HY 200-A will have shorter working times

fCC-ES Evaluation Reports are woi fo be construed as representing aesthetics or any otfer ativibuies nol specifically addressed, nor are they to be consiried
as an endorsement of the subject af the report or a recommendation for ity use. There is na warranty by JOC Evaluation Service, LLC, express or implied, as

to amy finding or other matter in this repori, or as to any praduct covered by the report

Copyright & 2019 |CC Evaluation Service, LLC. All rights reserved.
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and curing times than Hilti HIT-HY 200-R. The packaging
for each option employs a different color, which helps the
user distinguish between the two adhesives.

3.2.2 Hole Cleaning Equipment:

3.2.2.1 Standard Equipment: Standard hole cleaning
equipment, comprised of steel wire brushes and air
nozzles, is described in Figure 9 of this report.

3.2.2.2 Hilti Safe-Set™ System: The Hilti Safe-Set™
with Hilti HIT-HY 200 consists of one of the following:

s For the Hilti HIT-Z and HIT-Z-R anchor rods, hole
cleaning is not required after drilling the hole, except if
the hole is drilled with a diamond core drill bit.

e For the elements described in Sections 3.2.4.2 through
3.2.44 and Section 3.2.5, the Hilti TE-CD or TE-YD
hollow carbide drill bit with a carbide drilling head
conforming to ANSI B212.15. Used in conjunction with a
Hilti wvacuum with a minimum wvalue for the maximum
volumetric flow rate of 129 CFM (61 &5s), the Hilti TE-CD
or TE-YD drill bit will remowve the drilling dust,
automatically cleaning the hole

3.2.3 Hole Preparation Equipment:

3.2.3.1 Hilti Safe-Set™ System: TE-YRT Roughening
Tool: For the elements described in Sections 3.2.5.2
through 3.2.5.4 and Tables 12, 13, 16, 17, 21, and 23, the
Hilti TE-YRT roughening tool with a carbide roughening
head is used for hole preparation in conjunction with holes
core drilled with a diamond core bit as illustrated in Figure
4,

3.2.4 Dispensers: Hilti HIT-HY 200 must be dispensed
with manual or electric dispensers provided by Hilti.

3.2.5 Anchor Elements:

3.2.5.1 Hilti HIT-Z and HIT-Z-R Anchor Rods: Hilti HIT-Z
and HIT-Z-R anchor rods have a conical shape on the
embedded section and a threaded section above the
concrete surface. Mechanical properties for the Hilti HIT-Z
and HIT-Z-R anchor rods are provided in Table 2. The
rods are available in diameters as shown in Table 7 and
Figure 1. Hilti HIT-Z anchor rods are produced from carbon
steel and furnished with a 0.005-millimeter-thick (5§ pm)
zinc electroplated coating, Hilti HIT-Z-R anchor rods are
fabricated from grade 316 stainless steel.

3.2.5.2 Threaded Steel Rods: Threaded steel rods must
be clean, continuously threaded rods (all-thread) in
diameters as described in Tables 11 and 15 and Figure 1
of this report. Steel design information for common grades
of threaded rods is provided in Table 3. Carbon steel
threaded rods must be fumished with a 0.0002-inch-thick
(0.005 mm) zinc electroplated coating complying with
ASTM BB33 SC 1 or must be hot-dipped galvanized
complying with ASTM A153, Class C or D. Stainless steel
threaded rods must comply with ASTM F593 or ISO 3506
Ad. Threaded steel rods must be straight and free of
indentations or other defects along their length. The ends
may be stamped with identifying marks and the embedded
end may be blunt cut or cut on the bias to a chisel point.

3.2.5.3 Steel Reinforcing Bars for use in Post-Installed
Anchor Applications: Steel reinforcing bars are deformed
bars as described in Table 4 of this report. Tables 11, 15,
and 19 and Figure 1 summarize reinforcing bar size
ranges. The embedded portions of reinforcing bars must
be straight, and free of mill scale, rust, mud, oil and other
coatings (other than zinc) that may impair the bond with
the adhesive. Reinforcing bars must not be bent after
installation except as set forth in ACI 318-14 26.6.3.1(b) or
ACI 318-11 7.3.2, as applicable, with the additional

condition that the bars must be bent cold, and heating of
reinforcing bars to facilitate field bending is not permitted.

3.2.5.4 Hilti HIS-N and HIS-RN Inserts: Hilti HIS-N and
HIS-RN inserts have a profile on the external surface and
are internally threaded. Mechanical properties for Hilti
HIS-M and HIS-RN inserts are provided in Table 5.
The inserts are available in diameters and lengths as
shown in Table 22 and Figure 1. Hilti HIS-N inserts are
produced from carbon steel and furnished with a
0.005-millimeter-thick (5 pm) zinc electroplated coating
complying with ASTM B633 SC 1. The stainless steel Hilti
HIS-RN inserts are fabricated from X5CrNiMo17122 K700
steel conforming to DIN 17440. Specifications for common
bolt types that may be used in conjunction with Hilti HIS-N
and HIS-RN inserts are provided in Table 6. Bolt grade and
material type (carbon, stainless) must be matched to the
insert. Strength reduction factors, ¢, corresponding to
brittle steel elements must be used for Hilti HIS-N and
HIS-RN inserts.

3.2.5.5 Ductility: In accordance with ACI 318-14 2.3 or
ACI 318-11 D.1, as applicable, in order for a steel element
to be considered ductile, the tested elongation must be at
least 14 percent and reduction of area must be at least
30 percent. Steel elements with a tested elongation of less
than 14 percent or a reduction of area of less than
30 percent, or both, are considered brittle. Values for
various steel materials are provided in Tables 2, 3, and
6 of this report. Where values are nonconforming or
unstated, the steel must be considered brittle.

3.2.6 Steel Reinforcing Bars for Use in Post-Installed
Reinforcing Bar Connections: Steel reinforcing bars
used in post-installed reinforcing bar connections are
deformed bars (rebar) as depicted in Figures 2 and 3.
Tables 25, 26, 27, and Figure 9 summarize reinforcing bar
size ranges. The embedded portions of reinforcing bars
must be straight, and free of mill scale, rust and other
coatings that may impair the bond with the adhesive,
Reinforcing bars must not be bent after installation, except
as set forth in Section 26.6.3.1(a) of AC| 318-14 or Section
7.3.2 of ACI 318-11, as applicable, with the additional
condition that the bars must be bent cold, and heating of
reinforcing bars to facilitate field bending is not permitted.
3.3 Concrete:

Mormal-weight concrete must comply with Sections 1903
and 1905 of the IBC, as applicable. The specified
compressive strength of the concrete must be from
2,500 psi to 8,500 psi (17.2 MPa to 58.6 MPa) [minimum of
24 MPa is required under ADIBC Appendix L, Section
5.1.1].
4.0 DESIGN AND INSTALLATION
4.1 Strength Design of Post-Installed Anchors:

Refer to Table 1 for the design parameters for specific
installed elements, and refer to Figure 4 and Section 4.1.4
for a flowchart to determine the applicable design bond
strength or pullout strength.

4.1.1 General: The design strength of anchors under the
2018 and 2015 IBC and 2018 and 2015 IRC must be
determined in accordance with ACI 318-14 and this report.
The design strength of anchors under the 2012 and 2009
IBC, as well as the 2012 and 2009 IRC must be
determined in accordance with ACI 318-11 and this report.

A design example according to the 2012 and 2009 IBC
based on ACI 318-11 is given in Figure 7 of this report.

Design parameters are based on ACI 318-14 for use with
the 2018 and 2015 IBC, and ACI 318-11 for use with the
2012 and 2009 IBC unless noted otherwise in Sections
4.1.1 through 4.1.11 of this report.
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TABLE 1—DESIGN TABLE INDEX
Deslan Tabl Fractional Metric
o Table Page Table Page
Hilti HIT-Z and HIT-Z-R Anchor Rod Steel Strength - N, Vs T 14 ) T 14
— Concrete Break?t -#w, Neog, Ven, Veong, a 15 B 15
~ T .1 - 1010 i g
! Pullout Strength — Ng 10 19 10 19
Standard Threaded Rod Steel Strength - Ng, Via 1" 20 15 25
Concrete Breakout - Neo, Mesg, Voo, Veng, 12 22 16 26
Vepe Vong
A v
Bond Strength = Na, Nag 14 24 18 28
Hilti HIS-N and HIS-RN Internally
Threaded Insert Steel Strength - Nua, Vie 22 32 22 32
Concrete Breakout - Nas, Mosg, Ven, Vg, 23 33 23 33
Vﬁpr V‘-‘PH‘
Bond Strength - Na, Nag 24 34 24 44
Design Tabl Fractional EU Metric Canadian
e Table | Page | Table | Page | Table | Page
Steel Reinforcing Bars Steel Strangth - Nuy, Ve 114 21 15 25 198 29
Concrete Breakout - Ney, Newg, Ve, Ving, 12 22 16 26 20 30
Ver, Vearg
e T N Bond Strength - Ny, Nag 13 23 17 27 21 31
Determination of development length for
post-installed reinforcing bar connections 25 35 26 38 27 26
Carbide Drill Bit, or
Oooo=—=
& U] | ¢ [
Hitti HIT-Z and Cracked or Un- Hilti Hollow Carbide Bit, or Dry Concrete (d}
HIT-Z-R Threaded cracked o
Rod Concrete
Diamond Core Bit I’ * (I) |*
i . . WS
it TR Tk.cr
Water Saturated (ws) P
or
S Carbide Dnll Bit, or
Threaded Rod, or gel O
b : | » d)d |®| Tk,uncr
Hilti Hollow Cartide Bit, or
HIS-N and HIS-RN @Z__“:
Inserts, ar CrackedkenLUﬂ— K Dry Concrete (d)
: CH Diamond Care Bit with
Concrete b TE-YRT Roughening Tool
——
Steel Reinforcing @L)‘J ‘. .‘ * ¢ ’
Bars e .. .t ws
T -
I"”—[L Water Saturated (ws)
FIGURE 4—FLOWCHART FOR THE ESTABLISHMENT OF DESIGN BOND OR PULLOUT STRENGTH FOR POST-INSTALLED
ADHESIVE ANCHORS
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e
Fractional Threaded Rod Steel Strength
TABLE 11—STEEL DESIGN INFORMATION FOR FRACTIONAL THREADED ROD
1
DESIGN INFORMATION Symbol | Units 5 - ,:""‘““" “’“::'“'“"’" "“'i' : -
] 2 ] 4 ] 4
Rod O.0 d in. 0375 0.5 0.625 0.75 0875 1 125
o {mm} (9.5 12.7) (15.9) {19.1) (22.2) (25.4) (31.8)
e affaclive orosessscionalaves A in. 0.0775 0.1419 0.2260 0.3345 0.4617 0.6057 0.9651
ellec * | (mm?) (50 92) (148) (216) (298) (391) {625)
N b 5,620 10,280 16,385 24,250 33470 43,910 70,260
. Mominal strength as governed by steel | = (kM) (25.0) (45.8) (72.9) (107.9) {148.9) (195.3) {(312.5)
b g strength v b 3,370 6,175 9,830 14,550 20,085 26,345 42,158
@ @ " (kM) (15.0) (27.5) (43.7) (54.7) (89.3) (117.2) (187.5)
% g Reduction for seismic shear e = 0.70
= Strength reduction factor & for tension” & = 0.65
Strength reduction factor ¢ for shear & x 0.60
m Ib 9,685 17,735 28,250 41.810 S7.710 75,710 121,135
& Nominal strength as governed by steel = (kM) (43.1) (78.9) (125.7) 11B6.0) [256.7) (336.8) (538.8)
] strength v Iy 5810 10,640 16,950 25,085 34,625 45,4256 72,680
= el (kM) (25.9) (47.3) (75.4) (111.6) (154.0) (202.1) (323.3)
E Reduction for seismic shear Oy san - 0.70
g Strength reduction factor ¢ for tension” & = 0.75
Strength reduction factor ¢ for shear [ = 0.65
N, [} - 8,230 13,110 18,400 26,780 35,130 56,210
b 3 Nominal strength as governed by steel - (KN} - [36.6) (58.3) (86.3) (119.1) (156.3) (250.0) |
L strength v, I - 4,940 T.865 11,640 16,070 21,080 33,725
& o - (kM) i (22.0) (35.0) (51.8) {71.5) (93.8) (150.0)
= @ | Reduction factor. seismic shear Diiaak - 0.6
2 Strength reduction factor ¢ for tensian © ] = 0.75
Sirenglh reduction faclor ¢ lor shear 4 & 0.65
N b - 10,845 18,950 25,080 34 B30 45,430 72,685
= Nominal strength as governed by steel - (kM) (47.4) {75.4) (111.6) [154.0) {202.1) {323.3)
My ] strangth v b = 6,385 10,170 15,055 20,780 27,260 43,6810
e il (KN} s (28.4) (45.2) {67.0) (92.4) {121.3) {194.0)
E (O] Reduction factor, ic shear . - 0.7
@ Strength reduction factor g for tension * @ 0.75
Strangth reduction factor ¢ for shear * @ - 0.65
N b - 17,740 28,250 41,815 57,715 75,715 121,135
b4 Nominal strength as governed by steel = (MY - [78.9) 1125.7) {186.0) (256.7) 1:336.8) (538.8)
ee sirength v I = 10,645 16,950 25,080 34,630 45,430 72,680
= o (KM) - (47.4) (75.4) (111.6) (154.0) (202.1) (323.3)
E &5 | Reduglion factor, seismic shear iosam z 0.7
e Strength reduction factor ¢ for tension " i L 0.75
Strength reduction factor g for shear © I - 0.65
" It 7,750 14,180 22,600 28,435 39,245 51,485 -
E Nominzl strength as governad by stesl s (kMY {34.5) B83.1) {100.5) (128.5) | (174.8) (229.0) =
g{' g strangth v b 4,650 8,515 13,560 17.060 23,545 30,890 =
i s [ {20.7) (37.9) (60.3) (75.9) (104.7) (137.4) s
= g | Reduction factor, seismic shear &y pi - 0.7 -
'@ | Strength reduction factor ¢ for tension © P - 0.65 -
Strangth reduction factor ¢ for shear @ - 0.60 -
b " - 55,240
& «gt Mominal strength as governed by steel Maa [COH - 55245,7)
o3 o & strength 5] - 3,145
E 3 ﬁ Ve (&N} - (147.4)
E gg Reduction factor, seismic shear Ty oy = 5 0.6
2 = Strength reduction factor ¢ for tension » @ s = 0.75
Strength reduction factor ¢ for shear * @ - - 0.65
For Sk: 1 inch = 254 mm, 1 Ibf = 4.448 N. For pound-inch units: 1 mm = 0.03937 inches, 1 N = 0, 2248 Ibf
"Walues provided for commeon rod material types are based on specified strengths and calculated in accordance with AC| 318-14 Eq. (17.4.1.2) and Eq (17.5.1.2b)
ar ACI 318-11 Eq. (D-2) and Eq. (D-29). Muts and washers must be appropriate for the rod.
2For use with the load combinations of IBC Section 1605.2, AGI 318-14 5.3 or ACI 318-11 9.2, as set forth in ACI 318-14 17.3.3 or ACI 318-11 D.4.3. If the load
combinations of ACI 318-11 Appendix C are used, the appropriate value of ¢ must be determined in accordance with ACI 318-11 D.4.4. Values comrespond to a
brittle steal elemant.
* For use with the load combinations of IBG Section 1605.2, ACI 318-14 5.3 or ACI 318-11 8.2, as set forth in ACI 318-14 17.3.3 or ACI 318-11 D.4.3. If the load
combinations of ACI 318-11 Appendix C ara used, the appropriate value of ¢ must be delermined in accordance with ACI 318-11 D.4.4. Values correspond to a
ductile steel element.
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Fractional Threaded Rod and
Reinforcing Bars

IN HOLES DRILLED WITH A HAMMER DRILL AND
A DIAMOND CORE BIT

Carbide Bit or
Hilti Hollow Carbide Bit or
Diamond Core Bit + Roughening Tool

Concrete Breakout Strength

TABLE 12—CONCRETE BREAKOUT DESIGN INFORMATION FOR FRACTIONAL THREADED ROD AND REINFORCING BARS

CARBIDE BIT (OR HILTI HOLLOW CARBIDE DRILL BIT) OR CORE DRILLED WITH
AND ROUGHENED WITH A HILTI ROUGHENING TOOL'

Mominal rod diameter (in.) [/ Reinforcing bar size
DESIGN INFORMATION Symbol | Units L '
A “or#d | Urorta | Yworts | 4 o] 0 | @ |

Effectiveness factor for & in-lb 17
cracked concrete o (s) .1
Effectiveness factor for k in-lb 24
uncracked concrete ! (s (10)
S e Evboachrsar: 3 in. 2y 24 3" 3", 3 4 4, 5

[{

it o lm) | @0 | @o) | o9 | 69 | ®9) | (102) | (114 | (127)

in. 7'z 10 12'; 15 175 20 22', 25
] h ATax

Maximum Embadment el (mm) (191) (254) (318) (381) (445) (508) (572) (635)
m : - in. 1t 2% 3's 3% Ay 5 5%s 6l

- anchior spacing Smin | (mm) | (48) (64) (79) ©5) | (111 | (21 | (43 | (159)
Min. edge distance in. 1% 1% 2@ 2, @ a1, & 23, @ i A,

i a
(Threaded rods) o (mm) (45) (45) (50)" (55) (60) ™ 70y @ (80) (3 {
?gginiud%en(gsbt:?sﬁ? Cinin - 5d; or see Section 4.1.9.2 of this report for design with reduced minimum edge distances
in. ho + 11

Minimum concrete thickness . i ( h: 2 3{:) he + 2™
Critical edge distance —
splitting Gas = See Section 4.1.10.2 of this report.
(for uncracked concrete)
Strength reduction factor for
tension, concrete failure @ - 0.65
modes, Gondition B2
Strength reduction factor for
shear, concrete failure ¢ - 0.70
modes, Condition 87

For installations with 1°/,-inch edge distance, refer to Section
* dy = hole diameter.

For Sl: 1inch =25.4 mm, 1 1bf = 4.448 N, 1 psi = 0.006837 MPa.
For pound-inch units: 1 mm = 0.03837 inches, 1 N = 0.2248 Ibf,

1 MPa = 145.0 psi

' Additional setting Information is described in Figure 9, Manufacturers Printed Installation Instructions (MPI1).
? \alues provided for post-installad anchors under Gondition B without supplamentary reinforcement as defined in ACI 318-14 17.3.3 or ACI 318-11 D.4.3.

4.1.9.2 for spacing and maximum torque requirements.
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T oy "

,
7
Ll

Fractional Threaded Rod Bond Strength Carbide Bit or
Hilti Hollow Carbide Bit or
Diamond Gore Bit + Roughening Tool

TABLE 14—BOND STRENGTH DESIGN INFORMATION FOR FRACTIONAL THREADED ROD
IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE BIT (OR HILTI HOLLOW CARBIDE DRILL BIT) OR CORE DRILLED WITH
A DIAMOND CORE BIT AND ROUGHENED WITH A HILTI ROUGHENING TOOL'

Nominal rod diameter (in.)
DESIGN INFORMATION Symbel | Units 3, 5 5 5 7 5 5
B 2 L] 4 L] L]
. in. 2% s 3% Ve 3’y 4 5
Ml Embedment hamn | (o) (60) (70) (79) (89) (89) (102) (127)
. in. 7 10 12/, 15 172 20 25
Maximum Embedment | — {mm) (191) (254) (318) (381) (445) (508) | (635)
@ ﬁharaﬁ:%rlslic b:ﬂ: psi 1,045 1,135 1,170 1,260 1,260 1,325 1,380
L) siren In cracke o
§ = camr?ete - (MPa) (7.2) (¥.8) (B.1) (8.7) (8.9) (9.1) (9.5)
g Clhﬁraﬁe_ﬁslic bond psi 2,220 2,220 2,220 2,220 2,220 2,220 2,220
o = strength in T v
| = uncracked concrete i (MPa) (15.3) (15.3) (15.3) (15.3) (15.3) {15.3) (15.3)
o G‘haracrl\eriatic bs:g psi 1,045 1,135 1.170 1,260 1,290 1,325 1,380
o strel n cracl e
E'ﬁ mn:r?;tal ™ (MPa) (7.2} (7.8) (8.1) (8.7) (8.9) (9.1) (9.5)
&g C‘tharagr;:?ristic bond psi 2,220 2,220 2,220 2,220 2,220 2,220 2,220
L stren in T
- Uniciatked conereta ad (MPa) (15.3) {15.3) (15.3) (15.3) (15.3) (15.3) {15.3)
@ Cthafa?]%'isﬁc h:";‘ psi 855 930 960 1,035 1,055 1,085 1,130
Sirengtn In crackKel Tk,
E2 | concrete | o) | (59) ©4) (6.6) L 7.5 7.8)
% E’ Characteristic bond psi 1,820 1,820 1,820 1,820 1,820 1,820 1,820
strength in T,
= uncracked concrete M (mPa) (12.6) (12.6) (12.8) (12.8) (12.8) (12.6) (12.6)
_ﬁ ga Anchor = 1
% @ 2| Dry and water Categary
E @ 2| saturated concrete
FESB i, P - 0.65
] i 1 Hammer drilled
B L
| T i ’ 0.88 0.99 0.99 1.0 1.0 0.95 0.99
x| ™
E ——
c g Core drilled +
% = roughening
g & D o — E MIA 0.88 0.96 0.98 1.0 0.82

For 5I: 1 inch = 25.4 mm, 1 Ibf = 4.448 N, 1 psi = 0.006897 MPa.
For pound-inch units: 1 mm = .03937 inches, 1 N = 0.2248 Ibf, 1 MPa = 145.0 psi

' Bond strength values correspond to concrete compressive strength £z = 2,500 psi (17.2 MPa). For concrete compressive strength, ., between 2,500 psi (17.2
MPa) and 8,000 psi (55.2 MPa) [minimum of 24 MPa is reguired under ADIEC Appendix L, Section 5.1.1], the tabulated characteristic bond strength may be
increased by a factor of (P, / 2,500)™" [For SI: (. / 17.2)""]. See Section 4.1.4 of this report for bond strength determination.

"Temperature range A: Maximum short term temperature = 130°F (55°C), Maximurm long term temperature = 110°F (43°C).

Temperature range B: Maximum short term temperature = 176°F (80°C), Maximum long term temperature = 110°F (43°C).

Temperature range G: Maximum short term temperatura = 248°F (120°C), Maximum lang term temperature = 162°F (T2°C).

Short term elevated concrete temperatures are those that occur over briefl intervals, e.g., as a result of diurnal cycling. Long term concrete temperatures are
roughly constant over significant periods of time.
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1.0 PURPOSE

The purpose of this calculation is to design the concrete Catch Basin (CB) and pipe support anchors for the
Liquid Effluent Retention Facility (LERF) Basin 41.

2.0 METHODOLOGY

Wind, seismic, dead and fluid loads for the CB are calculated using ASCE 7-10, Minimum Design Loads on
Buildings and Other Structures and TFC-ENG-STD-06, Design Loads for Tank Farm Facilities.

The concrete adhesive anchor bolts are analyzed using Chapter 17 of ACI 318, Building Code Requirements for
Structural Concrete and Commentary and ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed
Reinforcing Bar Connections in Concrete. Stability of the concrete catch basin on soil is checked using IBC
and Principles of Foundation Engineering.

3.0 DESIGN INPUTS

1. Pipe support anchor loads are calculated using ASCE 7-10.

2. The CB is General Service per MT-50497.

3. The compressive strength of the concrete is 4500 psi per RPP-SPEC-63632.

4. Specific gravity of LERF fluid flow is taken as 1.0*SpG water per RPP-CALC-63650.

5. Nominal strength of anchor rods is based on ASTM F593 CW-1, stainless steel material per ESR-3187,
Table 11 and RPP-SPEC-63632.

6. Dimensions of the CB are based on Drawing H-2-838751, Sheets 1-5.

7. Tributary spacing of the pipe supports are derived from Drawing H-2-838767, LERF Basin 41, Catch

Basin Assembly, Sheet 3.
8. Pipe diameter, support details are found in H-2-838771, LERF Basin 41, Catch Basin Piping Notes and
Parts List, Isometric, Assembly & Details.

4.0 ASSUMPTIONS
None.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Mathcad®! 15.0 was used for the hand calculations.
Calculations are checked using a handheld calculator.

1 Mathcad is a registered trademark of PTC, Inc., Needham, Massachusetts.
Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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6.0 RESULTS

The Hilti®* HIT-HY 200 adhesive anchor system is adequate using a 1/2” stainless steel threaded anchor rods
with 3 2” embedment depth for the pipe support anchors and 5/8” stainless steel threaded anchor rods with 3
7/8” embedment depth for the weight anchors (eye bolts). The 8 concrete CB slab is adequate with #5 rebar
spaced 9” on center each way.

TABLE: Results Summary

Pipe Support Adhesive Anchors DCR
DCR tension 0.07
DCR shear 0.01
DCR per ACI 318, Equation 17.6.3 0.01
Weight Anchor (Eye Bolt) Adhesive Anchors DCR
DCR tension 0.45
DCR shear 0.08
DCR per ACI 318, Equation 17.6.3 0.45
CB Slab DCR
DCR one-way shear 0.2
DCR punching shear 0.05
DCR soil bearing 0.19
Pipe Support Post Weld DCR
DCR weld 0.59

7.0 REFERENCES

ACI 318-14, Building Code Requirements for Structural Concrete and Commentary, 2014, American Concrete
Institute, Farmington Hills, MI.

AISC 325-11, Steel Construction Manual, American Institute of Steel Construction, 14" Edition, 2011,
Chicago, IL.

ASCE 7-2010, Minimum Design Loads for Buildings and Other Structures, 2010, American Society of Civil
Engineers, Reston, VA.

Das, Braja M., Principles of Foundation Engineering, Sixth Ed., 2007, Cengage Learning, Stamford, CT

2 Hilti and HIT-HY are registered trademarks of Hilti Aktiengesellschaft, Schaan, Liechtenstein
Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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7.0 REFERENCES CONT’D

ESR-3187, Hilti HIT-HY 200 Adhesive Anchors and Post Installed Reinforcing Bar Connections in Concrete,
Reissued March 2016, ICC Evaluation Services, Whittier, CA., (See Attachment 1 for Excerpt).

H-2-838750, Rev. 0, Sheet 1, LERF Basin 41 Civil Top Liner, U.S. Department of Energy, Richland, WA.

H-2-838751, Rev. 0, Sheets 1-5, LERF Catch Basin 41 Structural Plan & Section, Details, and Elevation &
Details, U.S. Department of Energy, Richland, WA.

H-2-838767, Rev. 0, Sheets 1-11, LERF Basin 41, Catch Basin Notes & Parts List, Isometric, Assembly,
Sections, Details & Weldments, U.S. Department of Energy, Richland, WA.

H-2-838771, Rev. 0, Sheets 1-10, LERF Basin 41, Catch Basin Piping Notes and Parts List, [sometric,
Assembly & Details, U.S. Department of Energy, Richland, WA.

IBC 2015, International Building Code, International Code Council, 2015, Country Club Hills, IL.

MT-50497, Rev 00, Liquid Effluent Retention Facility (LERF) Basin 41, U.S. Department of Energy, Richland,
WA.

PH-20, Pipe Hangers & Supports, B-Line Series Catalog.

RPP-CALC-63650, Rev 0, Leachate and Basin Pump Flow Calculation, U.S. Department of Energy, Richland,
WA.

RPP-SPEC-63632, Rev 0, Construction Specification for LERF Basin 41 Design, U.S. Department of Energy,
Richland, WA.

TFC-ENG-STD-06, Rev. D-2, Design Loads for Tank Farm Facilities, U.S. Department of Energy, Richland,
WA.
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8.0 CALCULATIONS

NOTE: Use B3088S-2 1/2 Seismic Base Stand dimensions to get maximum applied loads.

8.1 Determine Wind Loads
V := 110mph
Kd = 095

K, = 0.85

K

= 1.0

G:=0.85

Dpost = 2.88in

= 4.5in

3
thase_plate = 3

Dplpe .

in

. I,
CB3090 = (411’1 + Elﬂj =0.3ft

. L.
h:= (221[1 + glﬂ) + tbase_plate + CB3090 =221t

Wind Speed, (TFC-ENG-STD-06, Table 3 for WDC-1/NDC-1).

Wind Direction factor for Round Chimneys, Tanks and Similar
Structures, (ASCE 7-10, Section 26.6 and Table 26.6-1).

Velocity Pressure coefficient for Design Exposure C. (ASCE 7-10,
Table 29.3-1)

Topographic factor. (ASCE 7-10, Section 26.8.2)
Gust Effect factor. (ASCE 7-10, Section 26.9.1)

Outside diameter of B-Line B3088S-2 1/2 Seismic Base Stand,
Sch 40.

Outside diameter of largest pipe 4" Sch. 40 (H-2-838767, Item
18).

Plate Thickness of B3088S-2 1/2.

Distance from the bottom of the B3090 gusset to the certerline
of'the pipe (e.g., 'C' dimension in B-Line Catalog, page 132).

Maximum seismic base stand height.

Estimated contributary pipe and
insuation length supported by one

1 1 1 ..
S:= maxli(282in + —Sinj - (IOSin + linj,(434in + —Sinj - (282in + —Sinﬂ = 14.8 ft seismic base stand.
16 8 16 16 (H-2-838767,SH 3 Section E3-E5)

2
\
q, = 0.00256-KZ-Kzt-Kd-(m—ph) psf = 25.0-psf

h
=59
Dpipe
D._. q
P2 _205 >25
(in) + (psf)
0.6 — 0.5)-(7 — 1.5
Cyp = ( )-( )—0.6 =051
(7-1)

insulthk = 5-in
= insuly, 2) = 17.8-f
Af = S'(Dpipe + insu thk'z) = 17.8-ft

Fy, = q,GCpAp = 192.7 Ibf

Velocity pressure calculated at mean heighth. (ASCE7-10,
Equation 29.3-1)

Ratio of CL height of piping above CB floor to nominal diameter of
pipe diameter used.

ASCE 7-10, Figure 29.5-1 for Chimneys, tanks, rooftop
Equipment, & Similar Structures).

Net force coefficient (by extrapolation), wind normal to face,
(ASCE 7-10, Figure 29.5-1 for round Chimneys, tanks, rooftop
Equipment, & Similar Structures).

Estimated insulation thickness.

Projected area normal to the wind including insulation.

Design wind load on other structures. (ASCE 7-10, Equation
29.5-1)

Mathcad
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8.2 Determine Seismic Loads

16381bf  1641bf

Whase stand =

5861bf

Wopipe_support == = 5.91bf

W4_40s = 11-plf-s = 162.3 Ibf

W = 5.plf-s = 73.8 Ibf

Ibf Ibf
106240 _ 65 400.0f

ft3 f‘[3

insul -

Pwaste -

7r~[(Dpipe - 0.237~in~2ﬂ

F_.: = 81.41bf
wt 4

‘S| Pwaste

WtOt = WbaSC_Stal’ld -1.15 = 390.7 Ibf

+ Wpipefsupport

+ W4_40S + Winsul * Fwt

Spg = 0.588
z h:=10

Ip =1.0

0.4-a_-Spya-(W
DS tot
Fpnom = b < (Vo) [1+2(z h)] = 57.4-1bf

b

Fpmax = 1-6Spg-y(Wot) = 367.5 Ibf

Fomin = 0-35pgs Ly (Wiot) = 68.9 1bf
if F pnom < K pmin

pnom ~ Fpmax

p = |Fpmin
Fomax 1 F

Fpnom otherwise Fp = 68.9 1bf

s
|

= 0.2Spg Wiop = 45.9 Ibf

Weight of B3088S-2 1/2 Seismic Base Stand. (B-Line Catalog,
page 128)

Weight of B3090-4 Pipe Support with U-Bolt. (B-Line Catalog,
page 132)

Estimated contributary pipe weight supported by one pipe support
post based on 4" dia. Sch 40S SST pipe. (see Attachment 2)
Estimated weight of 5" thickness insulation.

Specific weight of basin fluid is based on RPP-CALC-63650,
"Leachate and Basin Pump Flow Calculation" which uses the
specific gravity of water.

Fluid weight is based on the full flow area of a Sch 40S 4-inch
dia.stainless steel pipe (see Attachment 2), conservative.

Estimated total dead load on one pipe support post including 15%
contingency for miscellaneous pipe support fittings and pipe
couplings etc.

Horizontal five-percent damped design spectral response
acceleration at short periods. (TFC-ENG-STD-06)

Ratio of the height in structure of point of atachment of
component to the average roof height of structure.

Component importance factor for SDC-1 loading.
(TFC-ENG-STD-06)

Component amplification factor for piping in accordance with
ASME B31, joint made by welding or brazing. (ASCE 7-10, Table
13.6-1)

Component response modification factor for piping in accordance
with ASME B31, joint made by welding or brazing. (ASCE 7-10,
Table 13.6-1)

The horizontal seismic force. (ASCE 7-10, Equation 13.3-1)

The maximum lateral seismic force. (ASCE 7-10, Equation 13.3-2)

The minimum lateral seismic force. (ASCE 7-10, Equation 13.3-3)

The minimum lateral force to use for design purposes.

The design vertical seismic force, (ASCE 7-10, Section 13.3.1).

Mathcad
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8.3 Determine Piping Loads on the Anchors

The following section determines the anchor forces to withstand the worst case loading.

Pipowith
- Insularinn NOTE: Use B3088S-2 1/2 seismic
base stand dimensions to get max
B3090 Pipe moments, shears and axial force
Supportwith Lol reactions, conservative.

BI0DERS—%Scismic
1 Baze szand

Plate Size Length of B3088S-2 1/2 seismic base stand. (B-Line
Catalog, page 128)

= 8.5in

Lplate:

Edge distance/edge margin of plate fastening hole for B3088S-2

Astand = 1-251n seismic base stand. (B-Line Catalog, page 128)

Dgtand = 2-88-in Diameter of base stand -B3088S-2 1/2 seismic base stand. (B-Line
Catalog, page 128)
Qy=25 Overstrength factor, (ASCE 7-10, Table 13-5.1, Supplement 1
is required for anchorage to concrete )
By cale = max( 1.OF,, l.O-Fp- QO) = 192.7-1bf Calqulated hop'zontgl piping load combination per ASCE 7-10,
Section 2.3.2 including overstrength factor.
F, B31.3 = 2107-1bf Horizontal piping load combination per RPP-CALC-63779,
- Appendix H including overstrength factor.
Fy comb = max(Fh_calc’Fh_B31.3> =2107.0Ibf Governing horizontal piping load combination.
Fy cale = max( 1AW, 1.22W ¢ + 1.O~FV-QO) = 583.7 Ibf Calculateq vertical piping load .combination per ASCE
7-10, Section 2.3.2 load including overstrength factor.
Fy B31.3 = 479-Ibf Vertical piping boad combination per RPP-CALC-63 779, Appendix H
including overstrength factor.
Fv_cornb = max(Fv_calc’Fv_B31.3> = 583.7 Ibf Governing vertical piping load combination.
D.. .
hyi=h - pipe _ 2 0ft Base stand height.
2
Mot_calc = Fh_calc'hs = 390.4-ft-1bf Calculated overturning moment.
My B31.3 = 1899-ft-Ibf Overturning moment combination per RPP-CALC-63779,
- Appendix H.

Mathcad
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Mg = max(Mog calo-Mot p31.3) = 1899.0-ft Ibf
_ Mot
stud =
Lplate Dgtand
2: 5 + 5 ~ Astand
F
h comb
Vtud = . = 526.8 Ibf

Tension load per stud, 2 studs in tension, (moment arm is taken
to face of seismic base stand, Pt. 'O', from tension side bolts,
conservative).

= 2566.2 Ibf

Shear load per stud, 4 studs in shear.

Mathcad
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84 Check Anchors in Accordance with ACI 318-14, Chapter 17

Define Constants

Use (4) 12" diameter fractional threaded rods with 3 12" minimum embedment depth

na::4

S, = Lplate = Agtand'2 = 6.0-in

hef = 2.75in

f', := 4500psi
ko =17

,le_N =1.0
by = 0.65
¢y = 0.65

by ¢i= 0.60

¢y =070
bg = 0.75

Oy seis = 0.70
(')d = 0.75

Coe = 2'hef = 5.5-in

Cu1 = 6in

Cyp = 6in

Ca min = min(cal,caz) = 6.0-in

hmin = hef + 1.25-in = 4.0-in

ha = 8in

d = 0.5in

The number of anchors per post.
The spacing of the anchors.
The effective minimum embedment. (ESR-3187, Table 12 & 14)

Number of anchors resisting tension. (Moment Couple)
Number of anchors resisting shear.
Compressive strength of concrete. (See Inputs)

Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

Cracked concrete factor for post-installed anchor in cracked
concrete. (ACI 318-14, Section 17.4.2.6)

Strength reduction factor for steel failure in tension. (ESR-3187,
Table 11, for ASTM F593 CW stainless steel material).

Strength reduction factor for concrete breakout failure in tension.
(ESR-3187, Table 12)

Strength reduction factor for steel failure in shear. (ESR-3187,
Table 11, for ASTM F593 CW stainless steel material).

Strength reduction factor for concrete breakout failure in shear.
(ESR-3187, Table 12)

Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4)

Seismic shear reduction factor, (ESR-3187, Table 11).

Bond strength reduction factor, (ESR-3187, Table 14).

Critical edge distance factor for adhesive anchors. (ACI 318-14,
Section 17.7.6)

Set minimum distance from the center of an anchor shaft to the
edge of concrete in the direction of the applied shear. (See ACI
318-14, Section 17.5.2.1 for illustration)

Set minimum distance from the center of an anchor shaft to the
edge of concrete in the direction perpendicular to the applied shear
(and c,;). (See ACI 318-14, Section 17.5.2.1 for illustration)

The minimum edge distance between the edge of the concrete
and the nearest anchor.

The minimum member thickness. (ESR-3187, Table 12)
Actual concrete thickness. (H-2-79571)

Anchor rod diameter.

Mathcad
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Determine Steel Strength of Anchors in Tension CNg = 5.0-in  See bond strength of anchors in tension.

Individual_Group := | "Analyze anchors individually according to ACI 318, Section 17.2.1.1" if 3-h e <'s, v 2:0N, <5y

"Analyze anchors as a group according to ACI 318, Section 17.2.1.1" otherwise

Individual Group = "Analyze anchors as a group according to ACI 318, Section 17.2.1.1"

Ng, = 141901bf The nominal tensile strength of the threaded anchor rods is based
on ASTM F593 CW, stainless steel material per ESR-3187, Table
11).

ONg, = ¢ ¢Ng, = 9223.51bf Tensile steel strength incorporating strength reduction factors.

Determine Concrete Breakout Strength of Anchors in Tension

Ved N:= |1 if ¢4 min = 1.5hee =1.0 The modification factor for edge effects. (ACI 318-14, Section
- B 17.4.2.5)
C .
0.7+ 0.3 amm otherwise
1.5-ho¢
wcp_N =11 if €2 min > Cac =1.0 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)
max(caimin, I.S'hef) .
otherwise
Cac
X:=1.0 Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)
1.5
f (h . . . o
_ c | ef 3 Basic concrete breakout strength of a single anchor in tension in
Np = ke /g(jj Ibf = 5200.6 Ibf cracked concrete. (ACI 318-14, Equation 17.4.2.2a)
5 5 Projected concrete failure area of a single anchor with an edge
ANco = 9hep = 68.1-in distance equal to or greater than 1.5 x h. (ACI318-14, Equation
17.4.2.1¢)
ANe = (min(l.shef,cal) +8, + 1.5-hef)-(min(1.5hef,ca2) +8, + 1.5-hef) = 203.1-in2 Projected concrete failure
area of the anchorage. (ACI
. .2 318-14, Section 17.4.2.1 and
AN = min(ny Angos ANg) = 203.1-in Figure R17.4.2.1(b))
ANc . .
Nep = " 'wed_N'wc_N'wcp_N'Nb = 15515.9-1bf Concrete breakout strength of the anchorage in tension. (ACI
Nco 318-14, Equation 17.4.2.1a)
ONp = by by N = 7564.0 1bf Tensile breakout strength incorporating strength reduction factors.
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Determine Bond Strength of Anchors in Tension

A= X=1.0 ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

Tep = 1170-psi Characteristic bond stress in cracked concrete, temperature range
A, (ESR-3187, Table 14).

Tuncr = 2220-psi Characteristic bond stress in uncracked concrete, temperature
range A, (ESR-3187, Table 14).

d,=d=0.5in . .

a Anchor diameter, previously defined.

Npa = Xy Ter Tdy-hop = 5054.0 Ibf Basic bond strength of adhesive anchor, (ACI 318-14, Section

1745.2)
p
CNg = 10-d,- 11(1)1(1)1“ - =7.1-in Critical edge distance, (ACI 318-14, Equation 17.4.5.1d).
\/ -psi

Projected influence area for a single anchor, (ACI 318-14,

2 .2
ANao = (Z'CNa) = 201.8-in Equation 17.4.5.1c).

ANg = (CNa +8,+ ¢y min)'(CNa +5, + ¢y min) — 364.9-in Projected influence area for a group of
- - anchors, (ACI 318-14, Fgure R17.4.5.1).

.2
ANa = Ma_tANao = 403.6-n Limiting value of A.Na per ACI 318-14, Section 17.4.5.1).

Yod Na = 1.0 Ca min = 0-0-in > ¢y, = 7.1-in  Modification factor for edge effects, ACI 318-14, Equation
- - 17.4.5 4a).
Yep Nai= 10 Ca_min = 6:010 = Cac =350\ g dification factor for adhesive anchors designed for uncracked
concrete, ACI 318-14, Equation 17.4.5.5a).
A
N, = " Na Y ed Na Y cp. Na'Nba = 10108.1 Ibf Nomina!l bonc! strength in tension for a.single adhesive
Nao anchor in tension, (ACI 318-14, Equation 17.4.5.1a).

A . . . . .
_ Na 3 Nominal bond strength in tension for a single adhesive
ON, = q)e'd)d'( AN Ped Na 'I’cp_Na'NbaJ = 3685.81bf anchor in tension incorporating strength reduction
a0 factors, (ACI 318-14, Equation 17.4.5.1a).

Determine Steel Strength of the Anchors in Shear

Individual_Group := | "Analyze anchors individually in shear according to ACI 318, Section 17.2.1.1" if 3-h ¢ <'s,

"Analyze anchors as a group in shear according to ACI 318, Section 17.2.1.1"  otherwise

Individual Group = "Analyze anchors as a group in shear according to ACI 318, Section 17.2.1.1"

The nominal shear strength of the threaded anchor rods is based
on ASTM F593 CW, stainless steel material per ESR-3187, Table
11)

Vg = 8515-Ibf

OV, = O‘v_seis'd)v_s'vsa = 3576.31bf Steel shear strength incorporating strength reduction factors.
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Determine Concrete Breakout Strength of the Anchors in Shear

Poq vi= |10 if cgp>1.5¢,; =09 Edge distance factor (Anchors not on a corner). (ACI 318-14,
- Section 17.5.2.6)
c
0.7+ 0.3 otherwise
1.5'Ca1
P v =10 Cracked concrete factor. (ACI 318-14, Section 17.5.2.7)
1.5'Ca1
Py v = if hy <15c,; =1.06 Thickness modification factor. (ACI 318-14, Section 17.5.2.8)
- a
1 otherwise
d,:=d=05in The outside diameter of the anchor.
. . The load bearing length of anchor for shear. (ACI 318-14, Section
le = m1n(8-da,hef) = 2.8-in 1752.2)

Basic concrete breakout strength
R 02 d, fo (cq 1.5 fo (cq 15 of'a single anchor in shear in
Vy, = mi 7(—} j:xj:[—j -1bf,9->\-\/:-('—] -Ibf| = 6862.6-1bf cracked concrete. (ACI318-14,
da in - psi\ in psi \ in Section 17.5.2.2)

5 5 The projected area for a single anchor in a deep member with a
Ayco = 4.5:¢,” = 162.0-in distance from edges equal or greater than 1.5 x c,;. (ACI

318-14, Equation 17.5.2.1¢)

2 Projected concrete failure area of the anchorage. (ACI

Ay = (min(egp, 1.5:ca1) + 1.5y ) min(1.5-cq1.h,) = 120.0-0° 31 ¢70"g0e017.52 1 and Figure R17.52.1b)

A

Vep = Ve WPog v Ve vV v Vp = 4852.6:1bf Nominal concrete breakout strength of anchorage in shear. (ACI
Ayeo — T~ 318-14, Equation 17.5.2.1a)

OV = by o Vep = 3396.81bf Shear breakout strength incorporating strength reduction factors.

Determine Pryout Strength of the Anchors in Shear

kep:= |1 if hep <2.5in =20 Coefficient for pryout strength. (ACI 318-14, Section

c
P 1753.1)
2 otherwise

The nominal pryout strength of the anchorage in shear per ACI

Vep = kepmin(Neps Ny) = 20216.1 Ibf 318-14, Equation 17.5.3.1a.

d)VCp = d)v_c'vcp = 14151.3 Ibf Shear pryout strength incorporating strength reduction factors.
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Determine Governing Failure Strength

Govern,, := | "Steel failure governs (Ductile Failure)." if ¢V, < min(d)VCb,d>ch)
"Concrete breakout governs (Brittle Failure)." if ¢V, < min(d)Vsa, d)ch)
"Concrete pryout governs (Brittle Failure)." otherwise

Govern,, = "Concrete breakout governs (Brittle Failure)."

Sheargovern = | Vg, if OV, < min(d)Vcb, d)VCp) The governing allowable shear capacity of the anchorage.
GVep if GV, < min(Vgy. V)
d)ch otherwise

Sheargovem = 3397 1bf

Shear Check := [ "Anchor capacity in shear is OK." if Sheargovem > Vetud Vgtud = 526.8 Ibf

"Anchor capacity in shear is NOT OK" otherwise

Shear Check = "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

Govern := | "Steel failure governs (Ductile Failure)." if ¢$Ng, < min(d)Ncb, d)Na)
"Concrete breakout governs (Brittle Failure)." if Ny < min(cl)Nsa, d)Na)
"Bond strength governs (Brittle Failure)." otherwise

Govern; = "Bond strength governs (Brittle Failure)."

Tensnegovern = | ONg, if ONg, < min(d)Ncb, (bNa) The governing allowable tensile capacity of the anchorage.
ONgp, if Ny < min(d)Nsa,d>Na)
ON, otherwise
Tensnegovem = 5686 1bf
Tension_Check := | "Anchor capacity in tension is OK." if Tensilegovem > Tqtud Tgtud = 2566 1bf
"Anchor capacity in tension is NOT OK" otherwise
Tension_Check = "Anchor capacity in tension is OK." Check to determine the adequacy of the anchors in tension.
T
tud
DCR g = —————— = 045
Tensﬂegovem
Vv,
tud
DCR o = —— = 0.16
Shea.rgoVern
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<0.2 =045 The DCR ratio is less than 1.0; therefore, OK

shear !
ACI318-14, Section 17.6.

DCR = |DCR, if DCR

DCRgp o if DCRygpg < 0.2

shear

1 .
E'(DCRtens + DCRShear) otherwise

8.5 Check Temperature and Shrinkage Reinforcement Minimum Requirements for Catch Basin Slab

(REFERENCE: H-2-838751, Rev. B, Sheet 5, Zone D2-D3)

EL VBRIES
58 9 EW

f _‘\\ EL 604.76
H n A IL .. I j
° —-- ] (EL 603.00)
) S » LI, 1 [ LU
I PR ]

/. A TWO OF EVERY THRED REINFORCING

1" MINUS COMPACTED N BARS IN CATCH BASIN SLAB MAY
GRAVEL —"  BE CUT FOR INSTALLATION
IE" OF BASE PLATE AMCHOR BOLTS
L

SECTION B

SCALE: 127 = 1I'-0" \Z

(REFERENCE: ACI 318-14)

Table 24.4.3.2—Minimum ratios of deformed
shrinkage and temperature reinforcement area to
gross concrete area

Reinforcement
tyvpe [ psi Minimum reinforcement ratio

Deformed bars < 60,000 0.0020

Deformed bars i W

or welded wire = 60,000 0;‘_ 5

reinforcement ’

0.0014
h, := 8in Thickness of the CB slab.
b := 12in Width of slab for rebar design.
B B .2 Area of steel required by temperature and shrinkage,

(Areqq) = 0-0018:-b-h¢ = 0.17-in (ACI 318-14, Table 24.4.3.2).
Aprovided = 0.41 ~in2 > (Areqd) = 0.17~in2 Area of'steel (#5 @ 9") for 1 ft wide section.

The design is adequate with #5 bars @ 9" EW.

Mathcad



RPP-CALC-63664 Rev.00 5/26/2020 - 12:51 PM 20 of 43

RPP-CALC-63664, Rev. 0 Calc. No. S54413.024-S-002

Rev.1  Page 17 of 40

s & Lirct Prepared By: RW Davidson Date: 04/27/2020
e s CALCULATION SHEET P Y

Checked By: PP Santos Date:04/27/2020

Title: LERF Basin 41 Catch Basin Desi
Project No.: S54413.024 e asin &7 Laloh Dasi Uesign

8.6 Check Spacing of Shrinkage and Temperature Reinforcement

Ref: ACI318-14

24.4.3.3 The spacing of deformed shrinkage and tempera-
ture remnforcement shall not exceed the lesser of 5/ and 18 .

5hg = 40.0-in

SPghars == 9-in < 18-in OK

8.7 Check Minimum Flexural Reinforcement (based on ACI 318-14, Section 7.6 for one-way slabs)

h, := 8in Thickness of the CB slab.
b := 12in Width of the slab for rebar design.
(Areqd) = 0.0018-b-h, = 0.17-in’ Area of steel required for flexure. (ACI 318-14, Table 7.6.1.1)

Aprovided = 0.41~in2 > (Areqd) = 0.17~in2 Area of steel #5 @ 9" for 1 ft wide section.

The design is adequate for minimum flexural reinforcement with #5 bars @ 9" EW

Ref: ACI318-14

Table 7.6.1.1—A; i, for nonprestressed one-way

slabs
Reinforcement
type [ psi A
Deformed barz | < 60,000 0.00204,
Deformed bars 00018 60,000
) i Greater —
or welded wire | = 60.000 of p
reinforcement 0.00144,
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8.8 Check One-Way Shear Reinforcem ent

0.625-1 i i i

dis 800 — 300 — 0.625-in — L Dlste%nce. from extreme compression fiber to centroid of
longitudinal tension reinf.

Oghear = 0.75 Capacity reduction factor for shear, (ACI 318-14, Table 21.2.1)

Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)

f .
_ .| ¢ o Shear strength of the evaluated concrete CB slab section.
Vei= ZXPS",/ e 4= Tk (ACI 318-14, Section 22.5.5.1)

A=1.0

f. := 60ksi

y Reinforcement yield strength.
nop, =5 Rebar number. (H-2-838751, Sheet 5)
MOpar | . ) .
dy, = 2 -in = 0.625-in Rebar diameter based on rebar number.
(dy)”
A, = 2 Rebar Shear Area.

spacing = 9in Rebar Spacing. (H-2-838751, Sheet 5)

f-A,-d

y v Steel Shear strength contribution adjusted for spacing. (ACI-318,
V.= = 8309.1 Ibf
spacing Eqn. (22.5.10.5.3))
V=V, + Vg = 14849.6 Ibf Nominal one-way shear strength. (ACI318, Eqn. (22.5.1.1)
OV, = q)shear'(vc + Vs) = 11137.2 1bf Factored one-way shear strength.
M,
V= Fv_comb + TN 5945.6 1bf Shear demand.
( plate
2
Vu
DCR = v 0.5 The DCR ratio is less than 1.0; therefore, OK.
n

8.9 Check Two-Way Punching Shear

b, = [Lplate + (gj2}4 =50.3-in Critical perimeter section "b," for two-way shear, ACI 318-14,
Section 22.6.4.1 (a)

B:=1.0 Ratio of long side to short side, square base plate.
From Section 22.6.5.3 of ACI 318-14, define value for corner
s” columns, conservative.

Modification factor for normal weight concrete. (ACI 318-14,
Section 19.2.4.2)
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fe

VoA = 4 N\| psit ; = 268.3 psi

f

C
Vopi=1|2+ — |-\ psi- |— | = 402.5 psi
B ( Bj (p \JPSJ b

OLS'd fc

Vo= | 24+ —— |'N| psi- |— | = 242.6 psi
cC b, P psi P

Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

N

Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

Allowable shear loading, Table 22.6.5.2 from ACI 318-14.

Vo= min(vc A’VcB’VcC) = 243 psi Nominal shear strength.
v _ FV_COl’l’lb Mot Applied punching shear load, including LRFD load factors per
applied_punch CB = " 4 L ACI 318-14, Table 5.3.1. Moment is applied as shear load acting
o plate
bo'd'T at center of base plate.
where = 8.5-in

Lplate

Vapplied_punch CB = 29.1psi

Vapplied | punch_CB

DCR =0.16 DCR is less than 1.0; therefore, OK.

shear punch CB ‘= PetoarV
shear' Ve

8.10 Check CB Soil Bearing Pressure

The following section will determine if the concrete CB slab is adequately sized to distribute the load to the soil at an
adequate pressure. Live load on CB slab ignored due to high concentration of piping systems distributed over CB floor.

Length of CB slab section considered (based on 45 deg.

les = Lplate *he2 =201 distribution of loads at edges of pipe support base plate).
Weg = log Width of CB slab section considered.

h, = 8.0:in Average thickness of the CB slab.

e = 150pcf Typical density of concrete.

W= peWegleghe = 416.8-1bf Weight of the CB slab area considered.

In-plane moment on the slab area. (ASCE 7-10, Section 2.4.1
Equation 5)

M := 0.6F-h = 255.9-ft-Ibf
where h=22ft

In-plane moment on the slab area. (ASCE 7-10, Section

My i= 0.7-F,h = 106.8-Ibf-fi

My, = max(My,My) = 255.9-f-Ibf

Q= Wi + 0.7°F, + W = 839.7Ibf
where Wiot = 390.7 Ibf

2.4.1 Equation 5)
Maximum in-plane moment on the slab area.

The total unfactored vertical load bearing on the soil.
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My ‘
Oy = —— = 3.7-in
Q

|
m:= % - eb:O.7ft

The resulting eccentricity, which is the moment divided by total
bearing load. (Das, pg. 147, Equation 3.51)

tot

>

=

qmin

qmax

Gmax = 1 "7,
cscs
les Wes

Pallow sb = 2000psf

_ Amax
DCRy, = — %~ 0,19

Pallow sb

= 381.9-psf Maximum Soil Pressure under slab area. (Principles of

,0psf | = 21.0-psf Minimum Soil Pressure under slab area. (Principles of
Foundation Engineering, Das, Eq 3.53, pg 147)

Foundation Engineering, Das, Eq 3.52, pg 147)

The allowable bearing pressure of the soil. (IBC 2015, Table
1806.2, material class 3)

The demand capacity ratio for the soil bearing pressure. The
CB slab area has a DCR lower than 1.0, therefore OK.
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8.11 Check Post Base Weld

NOTE: Use B3088S-2 1/2 Dimensions.

Vs, Mj
|
[
V2, M2 I ’*Vz, M2
|
Vs, Mj
Weld Geometry:
d:= 2.88-in Diameter of weld.
1. .
Woet = Z-m Weld size.
Fepxx = 70ksi Ultimate stress of the weld metal.

Inputs from AISC 2010, Table J2.5:

0:=20 The safety factor for welds.

R, = 0.6Fgyx R, =42.0-ksi Weld design strength.

Fh_comb = 2107.01bf

F = 583.7 Ibf

v_comb

M, = 1899.0-ft-Ibf

Connection forces and moments:

P = FV_COHlb V2 = Fh_COHlb = 2107.01bf

T := 0-in-1bf
My =M = 1899.0-ft-1bf

Maximum horizontal load, previously defined.

Mximum vertical load, previously defined.

Maximum moment, previously defined.

V3 := 0-1bf

My := 0-ft-Ibf
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Weld Properties Per Blodgett 1991, Table 5, Page 7.4-7.

C:= E C=141in The distance to the outer fiber.

Ay, = med Ay, = 9.0-in The linear area of the weld.

Ay = %-T\"d Ay = 4.5in The linear shear area of the weld (AISC 2010, Section G6-1).
7T-d2 2

S, = —— S. = 6.5in The linear section modulus.

w 4 w

Tr-d3 3

Jwi= ¥ Jy = 18.8-in The linear polar moment of inertia.

The resultant vectors for the bending moments and shears in the directions of 2-2 and 3-3 axes are:

Sy IV M= 2788.0dndbf  Vim [V, vy V = 2107.0-Ibf

2 2
P M T- Ibf .
Ajp= || —+—1| + v + e Alip = 3592.918-L Linear weld stress.
Ay Sy Ay s Jy in
Alin .
u= R, = 20.3-ksi Actual stress in the weld.
0'707Wact
QR
DCR = =0.97 The demand/capacity ratio is < 1; therefore, OK.
n

8.12 Determine Loads on CB Wall Weight Anchor Eye Bolts

IDg pipe = 7.921-in Wig hipe = 3.80-plf Weight and dimensions of 8" HDPE pipe based on SDR 26 (80 psi)
pressure rating, (See Attachment 3).
2
T-IDg :
Witgiled = %- 150-E + Wig pine = 55.1-plf  Weight of 8" grout filled pipe per foot length.
ft3
Invert. = 603.17-ft Invert elevation of 8" HPDE pipe at top of liner. (See
Velop = D021 H-2-838750 SH 2, Section D & H-838767 SH 7, Section Q-Q)
Inverty := 576.60-ft Invert elevation of 8" HPDE pipe at bottom of liner, (See
H-2-838750, SH 1, Plan).
Lyiser = \/ [(Inverttop - Invertbo,[)ﬁ]2 + {(Inverttop - Invertbot)2J = 84.0ft Based on 3:1 slope of top liner.
(See H-2-838750, SH 1, Plan)
Wteor 8= Liiser Wtilled = 4632.2 1bf Total weight of 8" HDPE grout filled pipe.
angle := tanh(%) = 18.4-deg Slope angle with respect to horizontal plane.
. . B Down drag component along length of the 8" HDPE grout filled
Fh_8pipe T thot_8' sin(angle) = 1463.8 Ibf pipes. Neglect fiiction between pipes and liner bed, conservative.
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8.13 Check Weight Anchor Eye Bolts in Accordance with ACI 318-14, Chapter 17

Teye bolt = Fh_gpipe~cos(angle) = 1388.8 Ibf Tension load on weight anchor eye bolt.

\Y -sin(angle) = 462.6 Ibf

eye_bolt = Fh_8pipe Shear load on weight anchor eye bolt.

Define Constants
Based on 5/8" diameter ASTM F593 stainless steel threaded rods with 3 7/8" maximum embedment depth

ng =1 The number of eye bolts per HPDE grouted pipe.
s, := 26:in Minimum spacing of the eye bolts. (See H-2-838767 SH 7,
Section P-P)

hop = 3.125in The effective minimum embedment. (ESR-3187, Table 12 & 14)

ng (=1 Number of eye bolts resisting tension.

n, =1 Number of eye bolts resisting shear.

f., == 4500psi Compressive strength of concrete. (See Inputs)

ko =17 Effectiveness factor for cracked concrete. (ESR-3187, Table 12)

- 1.0 Cracked concrete factor for post-installed anchor in cracked

wC_N T concrete. (ACI 318-14, Section 17.4.2.6)

¢y = 0.65 Strength reduction factor for steel failure in tension. (ESR-3187,
- Table 11)

¢y = 0.65 Strength reduction factor for concrete breakout failure in tension.
B (ESR-3187, Table 12)

¢y = 0.60 Strength reduction factor for steel failure in shear. (ESR-3187,
- Table 11).

¢y = 0.70 Strength reduction factor for concrete breakout failure in shear.

(ESR-3187, Table 12)

¢g = 0.75 Tensile strength reduction factor for anchors in moderate or high
seismic risk zones. (ACI 318-14 Section 17.2.3.4.4)

Oy seis = 0.70

(')d = 0.65
C, .= 2'hef = 6.3-in

ac

al = Cqc = 6.3-in

Cypi=C€y1 = 6.3-in

Seismic shear reduction factor, (ESR-3187, Table 11).

Bond strength reduction factor, (ESR-3187, Table 14 for dry &
water saturated concrete installation conditions).

Critical edge distance for adhesive anchors. (ACI 318-14, Section
17.7.6)

Limiting distance from center of anchor to edge of concrete in the
direction of applied load. (See ACI 318-14, Figures R17.4.2.1 and
R17.5.2.1 for illustration)

Limiting distance from center of anchor to edge of concrete in the
direction perpendicular to applied load. (See ACI 318-14, Figures
R17.4.2.1 and R17.5.2.1 for illustration)
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Ca min = min(cal,caz) = 6.3-in

hmin = hef + 1.25-in = 4.4-in

ha = 24in

d = 0.625in

Individual Group :=

Ng, i= 226001bf

ONg, = by Ngy = 14690.0 Ibf

,lbed_N = 1 if Ca_min > 15hef =

“a min

15hgp

0.7 + 0.3 otherwise

11"cp_N = |1 if ¢4 min = Cac

max(caimin, I.S'hef)

Cac

) hef 1.5
Np = kg X [—| —| Ibf = 6299.9 Ibf
psi \_ in

2 .2
ANco = 9'hef = 87.9-in

otherwise

. .2
ANc = mm(na'ANco’ANc> = 87.9-in

e'N = 0-in

Determine Steel Strength of Anchor in Tension

"Analyze anchors individually according to ACI 318-14, Chapter 17" if 3-h¢ <'s,

"Analyze anchors as a group according to ACI 318-14, Section 17.2.1.1"  otherwise

Individual Group = "Analyze anchors individually according to ACI 318-14, Chapter 17"

Determine Concrete Breakout Strength of Anchorage in Tension

ANc = (min(1.5~hef,ca1) +8, + l.5-hef)-(min(l.5-hef,ca2) + 1.5~hef) = 331.6-in2

The minimum edge distance between the edge of the concrete
and the nearest anchor. (Note: Envelopes actual edges distance)

The minimum member thickness. (ESR-3187, Table 12)
Actual concrete thickness. (H-2-838751 SH 2)

The anchor diameter. (ESR-3187, Table 11)

The tensile capacity of the anchor is based on ICC-ES Evaluation
Report ESR-3187, Table 11, for ASTM F593, stainless steel
threaded eye anchor rods.

Tensile steel strength incorporating strength reduction factors.

1.0 The modification factor for edge effects. (ACI 318-14, Section
17.4.2.5)

=1.0 Uncracked concrete pullout factor for post-installed anchors. (ACI
318-14, Section 17.4.2.7)

Modification factor for normalweight concrete. (ACI 318-14,
Section 19.2.4.2)

Basic concrete breakout strength of a single anchor in tension in
cracked concrete. (ACI 318-14, Equation 17.4.2.2a)

Projected concrete failure area of a single anchor with an edge
distance equal to or greater than 1.5 x h. (ACI318-14, Equation
174.2.1c)

Projected concrete failure
area of the anchorage group.
(ACI 318-14, Section
17.4.2.1 and Figure
R17.4.2.1(b))

No eccentricity of the anchors in tension. (See ACI 318-14,
Fig R17.4.2 .4 for illustration)
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1

,lbeC_N = Z'C'N
1+
3'hef

ANc

=1.0

N =
cb
g ANco

ONgpy = ey ¢Nepg = 3071.21bf

A, =Ax=1.0

Tep = 1170-psi

da =d=0.6-in

Npa = )\a-’rcr-ﬂ'-dahef = 7179.0 Ibf
Ter

cny, = 10-d,- = 6.4-in

Na 4 1100-psi

ANao = (2-cNa)2 = 166.2-in”

ANg = (Z'CNa)'(CNa + Ca_min + Sa) = 498.9-in2

.2
AN = na'ANao = 166.2-in

a
Ped Na = 10 Cq min = 6-3In > ¢y, = 6.4in
“a min . .
wcp Na= — Ca min= 6-3In < ¢, =63in
_ c |
ac
ey = 0-in
) 1
,lbeC Na = ; = 10
_ eN
I+—
) ANa
ag”™ 'wec_Na'¢ed_Na'¢cp_Na'Nba = 7179.01bf
Nao

ONyg = bgdg-Nag = 3499.8 Ibf

.’lJ'JeC_N.,lbed_N.,le_N./lep_N'Nb = 6299.9-1bf

Determine Bond Strength of Adhesive Anchors in Tension

Modification factor for anchor groups loaded eccentrically in
tension. (ACI 318-14, Section 17.4.2.4, Equation 17.4.2.4)

Concrete breakout strength of the anchorage in
tension. (ACI 318-14, Equation 17.4.2.1b)

Tensile breakout strength incorporating strength reduction factors.

ACI 318-14, Section 17.2.6 and modification factor for
normalweight concrete. (ACI 318-14, Section 19.2.4.2)

Characteristic bond stress in cracked concrete, temperature range
A, (ESR-3187, Table 14).

Anchor diameter, previously defined.
Basic bond strength of adhesive anchor, (ACI 318-14, Section
17.4.5.2)

Critical edge distance, (ACI 318-14, Equation 17.4.5.1d).

Projected influence area for a single anchor, (ACI 318-14,
Equation 17.4.5.1¢).

Projected influence area for a group of anchors, (ACI 318-14,
Figure R17.4.5.1).

Limiting value of A.Na per ACI 318-14, Section 17.4.5.1).

Modification factor for edge effects, (ACI 318-14,
Equation 17.4.5 4a).

Modification factor for adhesive anchors designed for uncracked
concrete, (ACI 318-14, Equation 17.4.5.5a).

Previously defined.

Modification factor for adhesive anchor group loaded
eccentrically in tension. (ACI 318-14, Equation 17.4.5.3)

Nominal bond strength of group of adhesive anchors in
tension, (ACI 318-14, Equation 17.4.5.1b).

Nominal bond strength in tension for a group of adhesive
anchors in tension incorporating strength reduction factors,
(ACI 318-14, Equation 17.4.5.1Db).
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Determine Steel Strength of the Anchorage in Shear

Individual_Group := | "Analyze anchors individually in shear according to ACI 318-14, Chapter 17" if 3-c,; <,

"Analyze anchors as a group in shear according to ACI 318-14, Section 17.2.1.1"  otherwise

Individual Group = "Analyze anchors individually in shear according to ACI 318-14, Chapter 17"

Vg, = 13560-1bf The steel strength in shear. (ESR-3187, Table 11, ASTM
F593)
OV, = 0y geis Py s Vea = 5695.21bf Steel shear strength incorporating strength reduction factors.

Determine Concrete Breakout Strength of the Anchorage in Shear

Poq vi= |10 if cgp>1.5¢,; =09 Edge distance factor (Anchors not on a corner). (ACI 318-14,
- Section 17.5.2.6)
c
0.7+ 0.3 otherwise
1.5'Ca1
P v =10 Cracked concrete factor without supplementary
- reinforcement, (ACI 318-14, Section 17.5.2.7)
1.5-c
Py v = al if hy <15c,; =1.00 Thickness modification factor. (ACI 318-14, Section 17.5.2.8)
- a
1 otherwise
d,:=d=06in The outside diameter of the anchor.
. . The load bearing length of anchor for shear. (ACI 318-14, Section
le = m1n(8-da,hef) =3.1'in 1752.2)

Basic concrete breakout strength

le 02 d, f. (ca 13 o [y 1.5 of'a single anchor in shear in
Vb = min| 7-| — . —>\ — | lbf, 9-\ — | -Ibf | = 8003.1-1bf cracked concrete. (ACI 318-14,
da in - psi\ in psi \ in Section 17.5.2.2)

5 5 The projected area for a single anchor in a deep member with a
Ayco = 4.5¢, = 175.8-in distance from edges equal or greater than 1.5 x c,;. (ACI

318-14, Equation 17.5.2.1¢)

o . B .2 Projected concrete failure area of the anchorage. (ACI
Ay = [(21:5:¢41) + sy min(1.5-¢,1.hy) = 419.5-in 318-14, Section 17.5.2.1 and Figure R17.5.2.1b)
e'y = 0-in No eccentricity of anchor group in shear.
Voo V= ;' =1.0 Modification factor for anchor group loaded eccentrically in shear.
- . 2-ely (ACI 318-14, Equation 17.5.2.5)
3 'Cal
Ay . .
Vcbg = Voo vWed v¥e v v Vp = 17190.7-1bf Nominal concrete breakout strength of anchorage in
Ayeo - - shear. (ACI 318-14, Equation 17.5.2.1a)
OV = by, c'Vcbg = 12033.5 Ibf Shear breakout strength incorporating strength reduction factors.
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Determine Pryout Strength of the Anchorage in Shear

k.. =

ep= |1 if hep <25in =20

2 otherwise

Nepg = 6299.9 1bf Nag = 7179.01bf
Vep = kep'Nepg = 125997 Ibf
OVep = by ¢ Vep = 8819.81bf

Determine Governing Failure Strength

"Anchor capacity in tension is NOT OK"

Tension Check = "Anchor capacity in tension is OK."

T
) eye bolt
DCReps = ————— =045

Tensﬂegovem

Coefficient for pryout strength. (ACI 318-14, Section
17.5.3.1)

Use the lesser of N.cbg from Equation 17.4.2.1b or Nag from
17.4.5.1b per ACI 318-14, Section 17.5.3.1).

The nominal pryout strength of the anchorage in shear per ACI
318-14, Equation 17.5.3.1a.

Shear pryout strength incorporating strength reduction factors.

Govern := | "Steel failure governs (Ductile Failure)." if ¢Ng, < min(d)Ncb, d)Nag)
"Concrete breakout governs (Brittle Failure)." if Ny < min(cl)Nsa, d)Nag)
"Bond strength governs (Brittle Failure)." otherwise
Govern; = "Concrete breakout governs (Brittle Failure)."
Tensnegovern = | ONg, if ONg, < min(d)Ncb, d)Nag) The governing allowable tensile capacity of the anchorage.
GNgp, i ONgp, < min(dNgy. HNp)
d)Nag otherwise
. T = 1388.8 Ibf
Tensﬂegovem = 3071 Ibf eye_bolt
Tension_Check := | "Anchor capacity in tension is OK." if Tensilegovem > Teye bolt

otherwise

Check to determine the adequacy of the anchors in tension.
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Govern,, := | "Steel failure governs (Ductile Failure)." if ¢V, < min(d)VCb,d>ch)

"Concrete breakout governs (Brittle Failure)." if ¢V, < min(d)Vsa, d)ch)
"Concrete pryout governs (Brittle Failure)." otherwise

Govern,, = "Steel failure governs (Ductile Failure)."

Sheargovem = | Vg, if OV, < min(d)Vcb, d)VCp) The governing allowable shear capacity of the anchorage.

GVep if GV, < min(Vgy. V)

d)ch otherwise

Shear = 5695 Ibf V

govern eye bolt = 462.6 Ibf

Shear Check := [ "Anchor capacity in shear is OK." if Shear

govern ~ Veye_bolt

"Anchor capacity in shear is NOT OK" otherwise

Shear Check = "Anchor capacity in shear is OK." Check to determine the adequacy of the anchors in shear.

DCR := |DCR, if DCR 0.2 =0.45 The DCR ratio is less than 1.0; therefore, OK

ACI 318-14, Section 17.6.

<
shear =

DCRgp o if DCRygpg < 0.2

shear

1 .
E'(DCRtens + DCRShear) otherwise

Mathcad
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ATTACHMENT 1

ICC-ES EVALUATION REPORT

ESR -3187

HILTI HIT-HY 200 ADHESIVE ANCHORS AND POST INSTALLED

REINFORCING BAR CONNECTIONS IN CONCRETE

(EXCERPT)
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ICC ;
EVALUATION Most Widely Accepted and Trusted

ESR-3187

Issued 03/2018

ICC-ES Evaluation Report

ICC-ES | (800) 423-6587 | (562) 699-0543 | www.icc-es.org Revised 04/2019
This report is subject to renewal 03/2020,

DIVISION: 03 00 00—CONCRETE
SECTION: 03 16 00—CONCRETE ANCHORS
DIVISION: 05 00 00—METALS
SECTION: 05 05 19—POST-INSTALLED CONCRETE ANCHORS

REPORT HOLDER:

HILTI, INC.

EVALUATION SUBJECT:

HILTI HIT-HY 200 ADHESIVE ANCHORS AND POST INSTALLED REINFORCING BAR
CONNECTIONS IN CONCRETE

Icc IcC ICC

K K PMG k LISTED
S
- - . . . AR
“2014 Recipient of Prestigious Western States Seismic Policy Council EEhE
{WSSPC) Award in Excellence” A Subsidiary of O

addressed, nor ave they to be construed as an endorsement of the subject of the report or a recommendation for its use.
There is no warranty by [CC Evaluation Service, LLC, express or implied, as {o any finding or other matter in this B ACGREDITED

FCC-ES Evaluation Reports are not to be construed as representing aesthetics or any other attributes not specifically ('-\

report, or as to any product covered by the report.

Copyright@ 2019 ICC Evaluation Service, LLC. All rights reserved.
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ICC-ES Evaluation Report

Most Widely Accepted and Trusted

ESR-3187

Reissued March 2018

Revised April 2019

This report is subject to renewal March 2020.

www.icc-es.org | (800) 423-6587 | (562) 699-0543

A Subsidiary of the International Code Council®

DIVISION: 03 00 00—CONCRETE
Section: 03 16 00—Concrete Anchors

DIVISION: 05 00 00—METALS
Section: 05 05 19—Post-installed Concrete Anchors

REPORT HOLDER:
HILTI, INC.
EVALUATION SUBJECT:

HILTI HIT-HY 200 ADHESIVE ANCHORS AND POST
INSTALLED REINFORCING BAR CONNECTIONS IN
CONCRETE

1.0 EVALUATION SCOPE
Compliance with the following codes:

m 2018, 2015, 2012, and 2008 Intermational Building
Code® (IBC)

m 2018, 2015, 2012, and 2009 Inlernational Residential
Cods” (IRC)

W 2013 Abu Dhabi international Building Code (ADIBC)

"The ADIBG is based on the 2009 IBC. 2008 IBC code seclions referenced
in this report are the same sections in the ADIBC.

For evaluation for compliance with codes adopted by the
Los Angeles Department of Building and Safety (LADBS),

For evaluation for compliance with the Nalional Building
Code of Canada” (NBCC), see listing report ELC-3187.

Property evaluated:
Structural
2.0 USES

Adhesive anchors and reinforcing bars installed using
the Hilti HIT-HY 200 Adhesive Anchoring System and
Post-Installed Reinforcing Bar System are used to resist
static, wind and earthquake (Seismic Design Calegories A
through F) tension and shear loads in cracked and
uncracked normal-weight concrete having a specified
compressive strength, /., of 2,500 psi to 8,500 psi
(17.2 MPa to 58.6 MPa) [minimum of 24 MPa is required
under ADIBC Appendix L, Section 5.1.1].

The anchor system complies with anchors as described
in Section 1901.3 of the 2018 and 2015 IBC, Section 1809
of the 2012 IBC and is an altermative to cast-in-place
anchors described in Section 1908 of the 2012 IBC, and

Sections 1911 and 1912 of the 2009 IBC. The anchor
systems may also be used where an engineered design is
submitted in accordance with Section R301.1.3 of the IRC.

The post-installed reinforcing bar system is an alternative
to cast-in-place reinforcing bars governed by ACI 318 and
IBC Chapter 19.

3.0 DESCRIPTION
3.1 General:

The Hilti HIT-HY 200 Adhesive Anchoring System and
Post-Installed Reinforcing Bar System are comprised of
the following components:

= Hilti HIT-HY 200 adhesive packaged in foil packs (either
Hilti HIT-HY 200-A or Hilti HIT-HY 200-R)

= Adhesive mixing and dispensing equipment
= Equipment for hole cleaning and adhesive injection

The Hilti HIT-HY 200 Adhesive Anchoring System may
be used with continuously threaded rod, Hilti HIT-Z{-R)
anchor rods, Hilti HIS-(R)N internally threaded inseris
or deformed steel reinforcing bars as depicted in Figure 1.
The Hilti HIT-HY 200 Post-Installed Reinforcing Bar
System may only be used with deformed steel reinforcing
bars as depicted in Figure 2. The primary components of
the Hilti Adhesive Anchoring and Post-Installed Reinforcing
Bar Systems, including the Hilti HIT-HY 200 Adhesive,
HIT-RE-M static mixing nozzle and steel anchoring
elements, are shown in Figure 6 of this report.

The manufacturer's printed Installation instructions
(MPI1), as included with each adhesive unit package, are
replicated as Figure 9.

3.2 Materials:

3.2.1 Hilti HIT-HY 200 Adhesive: Hilti HIT-HY 200
Adhesive is an injectable, two-component hybrid adhesive.
The two components are separated by means of a
dual-cylinder foil pack attached to a manifold. The two
components combine and react when dispensed through
a static mixing nozzle attached to the manifold.
Hilti HIT-HY 200 is available in 11.1-ounce (330 mL) and
16.9-ounce (500 mL) foil packs. The manifold attached to
each foil pack is stamped with the adhesive expiration
date. The shelfl life, as indicated by the expiration date,
applies to an unopened foil pack stored in a dry, dark
environment and in accordance with Figure 9.

Hilti HIT-HY 200 Adhesive is available in two options,
Hilti HIT-HY 200-A and Hilti HIT-HY 200-R. Both opticns
are subject to the same technical data as set forth in this
report. Hilti HIT-HY 200-A will have shorter working times

ta any finding or ether matter in this report, ar a5 (o any product covered by the report.

Copyright © 2019 |CC Evaluation Service, LLC. All rights reserved.

fCC-ES Evaluation Reporis ave wol o be construed as representing aestheties or any oifer arfviliies not specificaily addressed, nor are they o be constrieed
as an endarsement of the subject of the report or a recommendation for its use. There is no warranty by (CC Evaluation Service. LLC, express or implied, a5
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and curing times than Hilti HIT-HY 200-R. The packaging
for each option employs a different color, which helps the
user distinguish between the two adhesives.

3.2.2 Hole Cleaning Equipment:

3.2.2.1 Standard Equipment: Standard hole cleaning
equipment, comprised of steel wire brushes and air
nozzles, is described in Figure 9 of this report.

3.2.2.2 Hilti Safe-Set™ System: The Hilti Safe-Set™
with Hilti HIT-HY 200 consists of one of the following:

s For the Hilti HIT-Z and HIT-Z-R anchor rods, hole
cleaning is not required after drilling the hole, except if
the hole is drilled with a diamond core drill bit.

= For the elements described in Sections 3.2.4.2 through
3.244 and Section 3.2.5, the Hilti TE-CD or TE-YD
hollow carbide drill bit with a carbide driling head
conforming to ANSI B212.15. Used in conjunction with a
Hilti vacuum with a minimum value for the maximum
volumetric flow rate of 129 CFM (61 &'s), the Hilti TE-CD
or TE-YD drill bit will remove the drilling dust,
automatically cleaning the hole

3.2.3 Hole Preparation Equipment:

3.2.3.1 Hilti Safe-Set™ System: TE-YRT Roughening
Tool: For the elements described in Sections 3.2.52
through 3.2.5.4 and Tables 12, 13, 16, 17, 21, and 23, the
Hilti TE-YRT roughening tool with a carbide roughening
head is used for hole preparation in conjunction with holes
core drilled with a diamond core bit as illustrated in Figure
4,

3.2.4 Dispensers: Hilti HIT-HY 200 must be dispensed
with manual or electric dispensers provided by Hilti.

3.2.5 Anchor Elements:

3.2.5.1 Hilti HIT-Z and HIT-Z-R Anchor Rods: Hilti HIT-Z
and HIT-Z-R anchor rods have a conical shape on the
embedded section and a threaded section abowve the
concrete surface. Mechanical properties for the Hilti HIT-Z
and HIT-Z-R anchor rods are provided in Table 2. The
rods are available in diameters as shown in Table 7 and
Figure 1. Hilti HIT-Z anchor rods are produced from carbon
steel and furnished with a 0.005-millimeter-thick (5 pm)
zinc electroplated coating. Hilti HIT-Z-R anchor rods are
fabricated from grade 316 stainless steel.

3.2.5.2 Threaded Steel Rods: Threaded steel rods must
be clean, continuously threaded rods (all-thread) in
diameters as described in Tables 11 and 15 and Figure 1
of this report. Steel design information for common grades
of threaded rods is provided in Table 3. Carbon steel
threaded rods must be fumished with a 0.0002-inch-thick
(0.005 mm) zinc electroplated coating complying with
ASTM B633 SC 1 or must be hot-dipped galvanized
complying with ASTM A153, Class C or D. Stainless steel
threaded rods must comply with ASTM F593 or ISO 3506
A4. Threaded steel rods must be straight and free of
indentations or other defects along their length. The ends
may be stamped with identifying marks and the embedded
end may be blunt cut or cut on the bias to a chisel point.

3.2.5.3 Steel Reinforcing Bars for use in Post-Installed
Anchor Applications: Steel reinforcing bars are deformed
bars as described in Table 4 of this report. Tables 11, 15,
and 19 and Figure 1 summarize reinforcing bar size
ranges. The embedded portions of reinforcing bars must
be straight, and free of mill scale, rust, mud, oil and other
coatings (other than zinc) that may impair the bond with
the adhesive. Reinforcing bars must not be bent after
installation except as set forth in ACl 318-14 26.6.3.1(b) or
ACI 318-11 7.3.2, as applicable, with the additional

condition that the bars must be bent cold, and heating of
reinforcing bars to facilitate field bending is not permitted.

3.2.5.4 Hilti HIS-N and HIS-RN Inserts: Hilti HIS-N and
HIS-RN inserts have a profile on the external surface and
are internally threaded. Mechanical properties for Hilti
HIS-N and HIS-RN inserts are provided in Table 5.
The inserts are available in diameters and lengths as
shown in Table 22 and Figure 1. Hilti HIS-N inserts are
produced from carbon steel and furnished with a
0.005-millimeter-thick (5 pm) zinc electroplated coating
complying with ASTM B633 SC 1. The stainless steel Hilti
HIS-RN inserts are fabricated from XSCrNiMo17122 K700
steel conforming to DIN 17440, Specifications for common
bolt types that may be used in conjunction with Hilti HIS-N
and HIS-RN inserts are provided in Table 6. Bolt grade and
material type (carbon, stainless) must be matched to the
insert. Strength reduction factors, ¢ corresponding to
brittle steel elements must be used for Hilti HIS-N and
HIS-RN inserts.

3.2.5.5 Ductility: In accordance with ACI 318-14 2.3 or
ACI 318-11 D.1, as applicable, in order for a steel element
to be considered ductile, the tested elongation must be at
least 14 percent and reduction of area must be at least
30 percent. Steel elements with a tested elongation of less
than 14 percent or a reduction of area of less than
30 percent, or both, are considered brittle. Values for
various steel materials are provided in Tables 2, 3, and
6 of this report. Where wvalues are nonconforming or
unstated, the steel must be considered brittle.

3.2.6 Steel Reinforcing Bars for Use in Post-Installed
Reinforcing Bar Connections: Steel reinforcing bars
used in post-installed reinforcing bar connections are
deformed bars (rebar) as depicted in Figures 2 and 3.
Tables 25, 26, 27, and Figure 9 summarize reinforcing bar
size ranges. The embedded portions of reinforcing bars
must be straight, and free of mill scale, rust and other
coatings that may impair the bond with the adhesive.
Reinforcing bars must not be bent after installation, except
as set forth in Section 26.6.3.1(a) of AC| 318-14 or Section
7.3.2 of ACI 318-11, as applicable, with the additional
condition that the bars must be bent cold, and heating of
reinforcing bars to facilitate field baending is not permitted.

3.3 Concrete:

MNormal-weight concrete must comply with Sections 1903
and 1905 of the IBC, as applicable. The specified
compressive strength of the concrete must be from
2,500 psi to 8,500 psi (17.2 MPa to 58.6 MPa) [minimum of
24 MPa is required under ADIBC Appendix L, Section
5.1.1].
4,0 DESIGN AND INSTALLATION
4.1 Strength Design of Post-Installed Anchors:

Refer to Table 1 for the design parameters for specific
installed elements, and refer to Figure 4 and Section 4.1.4
for a flowchart to determine the applicable design bond
strength or pullout strength.

4.1.1 General: The design strength of anchors under the
2018 and 2015 IBC and 2018 and 2015 IRC must be
determined in accordance with ACI 318-14 and this report.
The design strength of anchors under the 2012 and 2009
IBC, as well as the 2012 and 2009 IRC must be
determined in accordance with ACI 318-11 and this report.

A design example according to the 2012 and 2009 IBC
based on ACI 318-11 is given in Figure 7 of this report.

Design parameters are based on ACI| 318-14 for use with
the 2018 and 2015 IBC, and ACI 318-11 for use with the
2012 and 2009 IBC unless noted otherwise in Sections
4.1.1 through 4.1.11 of this report.
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TABLE 1—DESIGN TABLE INDEX

Dasign Table Fractional Metric
9 Table Page Table Page
Hilti HIT-Z and HIT-Z-R Anchor Rod Steel Strength - Nss, Via 7 14 7 14
—-— Congcrete Breakout - New, Neeg, Ven, Viog, 8 15 B 15
Pullout Strength — N, 10 19 10 19
Standard Threaded Rod Steel Strength - Ny, Vi 11 20 15 25
Concrete Breakout - Nee, Wesg, Web, Visg, 12 23 16 26
RRRE T Vew, Veog
Bond Strength = Na, Nag 14 24 18 28
Hilti HIS-N and HIS-RN Internally
Threaded Insert Steel Strength - Nsa. Vs 22 32 22 3z
Concrete Breakout - Non, Neang, Voo, Vieg, 23 33 23 33
Viep, Veps
Bond Strength « M., Nay 24 34 24 34
Design Table Fractional EU Metric Canadian
. Table | Page | Table | Page | Table | Page
Steel Reinforcing Bars Steel Strangth - Ny, Vi 11A 29 15 25 19 29
Concrete Breakout = Ney, Newg, Wen, Vong, 12 29 16 26 20 3
s Wipy
== e S RS Bond Strength - No. Nug RN
Determination of development length for
post-installed reinforcing bar connections 25 335 6 36 27 36

Carbide Dnll Bit, or

m:#Tli(I)d#

Hilti HIT-Z and Cracked or Un- Hilti Hollow Carbide Bit, or Diry Concrate (d)
HIT.Z.R Threaded | M|  cracked -
Rod Concrete
Aok 11

= Diamond Core Bit I’ & 'y ‘: ‘ ¢w5 |’

t - .,]’ _): L el ] T
Water Saturated (ws) k,cr
ar

Carbide Dnll Bit, or

[}
| B g [*] “kuncr
Hilti Hollow Carbide Bit, or
HIS-N and HIS-RMN @:‘_‘f
Inserts, or Cracked or Un- K ry Cancrete (d

w5 cracked “r Diamond Core Bit with
Caoncrete TE-YRT Roughening Tool

£ © > 5|0 |* Dws 4

Threaded Rod, or

Steel Reinforcing
Bars

o &
-t 0olg®

Water Saturated (ws)

FIGURE 4—FLOWCHART FOR THE ESTABLISHMENT OF DESIGN BOND OR PULLOUT STRENGTH FOR POST-INSTALLED
ADHESIVE AMCHORS
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T»
o
s y —— ] |
Fractional Threaded Rod Steel Strength
TABLE 11—STEEL DESIGN INFORMATION FOR FRACTIONAL THREADED ROD
1
DESIGN INFORMATION Symbol | Units g ; atismmnal rod dipensiee i | :
1] (] {1 (N le 1 1y
in. 0.375 0.5 0.625 0.75 0875 1 1.256
Hodtin, o (i) [9.5) 12.71 (15.9) (19.1) (22.2) (25.4) (31.8)
. in. 0.0775 01419 0.2260 0.3345 0.4617 0.6057 0.9681
Rod effective cross-sectional area Aga {mmz} (50) (92 (146) (216) (208) (391) (625)
M Ib 5.6200 10,290 16,385 24 250 33,470 43,910 70,260
o Mominal strength as govemned by steel | bl _{kN) (25.0} (45.8) (72.9) {107.9) {148.9) {185.3) (312.5)
) ﬁ sirength v b 3,370 6,175 9.830 14,550 20,085 26,345 42,155
s - (KN} (15.03 (27 5) @37 | (847 (89.3) 117.2) (187.5)
2 g Reduction for seismic shear pr— - 0.70
= Strength reduction factor ¢ for tension” o = 0.65
Strength reduction factor ¢ for shear o = 0.60
- N 1] 9,685 17,735 28,250 41,810 S7.710 75710 121,135
o Mominal strength as governed by steel = (kM) {43.1) (78.9) {125.7) [1B6.0) 1256.7) 1336.8) (538.8)
a strength I 5810 10,640 16,950 25,085 34,625 45,425 72,680
- v,
Lo = (kM) {25.9) {47.3) (75.4) i111.6) (154.0) (202.1) (323.3)
= Reduction for seismic shear visuis - 0.70
g Strength reduction factor ¢ for tension” & - 0.75
Strength reduction factor ¢ for shear’ @ = 0.65
N, [[+] - 8,230 13,110 18,400 26,780 35130 56,210
.3 Mominal strength as governed by sieel = (kM) - (36.6) (58.3) (86.3) {1198.1) (156.3) (250.0)
o sirength V. 3] - 4,940 T.865 11,840 16,070 21,080 33,728
e - (kM) a (22.0) (35.0) (51.8) {71.5) (93.8) (150.0)
E @ | Reduction factor, seismic shear Dpeaiss - 0.6
& Strength raduction factar ¢ for tension ° ] = 0.75
Strength reduction factor ¢ for shear ” & & 0.65
N 1] - 10,645 16,950 25,090 34,830 45,430 72,685
b Nominal strength as governed by stee| erd (kM) (47.4) (75.4) (111.6) [154.0) 2.1) (323.3)
i B strength Vv b - 6,385 10,170 15,065 20,780 27,260 43,610
L o - (kM) - (28.4) (45.2) (67.0) (92.4) (121.3) {194.0)
E L] Raduction factor, seismic shear [ a: 0.7
(-'Q Strength reduction factor ¢ for tension 5 o 0.75
Strangth reduction factor ¢ for shear * @ - 0,65
N b - 17,740 28,250 41,815 §7.715 79,715 121,135
b Nominal strength as governed by steel - (M) - [78.9) (125.7) {186.0) (256.7) (336.8) (538.8)
o o sirangth v b - 10,645 16,950 26,080 34,630 45,430 72,680
e = = (kM) - (47.4) (T5.4) (111.6) (154.0) (202.1) (323.3)
E @ | Reduction factor, seismic shear . - 0.7
<I Strength reduction factor g for tension % [l L 0.75
Strength reduction factor ¢ for shear © @ & 0.65
N Io 7.750 14,190 22,6800 28,435 39,245 51,485 -
E Nominal strength as govemnead by steel i (KM} (34.5) (83.1) {100.5) (1268.5) {174.0) (229.0) -
E‘: ﬁ strength v I 4,650 8,615 13,560 17,060 23,545 30,890 =
e a (kM) (20.7) (3r.9 {60.3) (75.9) (104.7) (137.4) -
= r.""r; | Reduction factor, seismic shear [y - 0.7 -
E |_Strength reduction factor ¢ for tension £ ¢ s 0.66 -
Strength reduction factor ¢ for shear & - 0.60 -
N [[+] - — 55,240
& - Mominal sirength as governed by steel = (kM) - (245.7)
o & @| strength Ib - 33,145
o2 Vs (N} - (147.4)
= gg _Reduction factor. seismic shear [- v - = 0.6
E =4 Strength reduction factar ¢ for tension * ¢ = = 0.75
Strength reduction factor ¢ for shear @ - - 0.65
For SI: 1 inch = 25.4 mm, 1 Ibf = 4.448 N. For pound-inch units: 1 mm = 0.03937 inches, 1 N = 0.2248 Ibf
"walues provided for common rod material types are based on specified strengths and calculated in accordance with ACI 318-14 Eq, (17.4.1.2) and Eq (17.5.1.2b)
ar ACI318-11 Eq. (D-2) and Eg. (D-29). Nuls and washers must be appropriate fior the rod.
2 For use with the load combinations of IBC Saction 1605.2, ACI 318-14 5.3 or ACI 318-11 9.2, as set forth in AC| 318-14 17.3.3 or ACI 318-11 D.4.3. If the load
combinations of ACI 318-11 Appendix G are used, the appropriate value of ¢ must be determined in accordance with ACI 318-11 D.4.4, Values comespond toa
brittle steal alamant.
? For use with the load combinations of IBC Seclion 1605.2, ACI 318-14 5.3 or ACI 318-11 9.2, as set forth in AC| 318-14 17.3.3 or AC| 318-11 D.4.3. If the load
combinations of ACI 318-11 Appendix C are used, the apprapriate value of ¢ must be determined in accordance with ACI 318-11 D.4.4. Values correspond to a
ductile steel element.
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Gose—

% 4
- 3\__:.-..\‘ ./-‘__ O 9
IS
Fractional Threaded Rod and Concrete Breakout Strength _ Carbide Bit or
Reinforcing Bars Hilti Hollow Carbide Bit or

Diamond Core Bit + Roughening Tool

TABLE 12—CONCRETE BREAKOUT DESIGN INFORMATION FOR FRACTIONAL THREADED ROD AND REINFORCING BARS
IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE BIT (OR HILTI HOLLOW CARBIDE DRILL BIT) OR CORE DRILLED WITH
A DIAMOND CORE BIT AND ROUGHEMED WITH A HILTI ROUGHENING TOOL'

Nominal rod diameter (in.) / Reinforcing bar size
DESIGN INFORMATION Symbol | Units L) T
ym ﬂru‘"#a 112"#4 ’f.or#ﬁ iil.ﬁr T!Bar#? 1or #9 1 f.sl'.'H'
i #6 #8 #10
Effectiveness factor for P in-lb 17
cracked concrete i (s1) (7.1
Effectiveness factor for K in-lb 24
uncracked concrete s sl (10)
S B g A in. 2% 2 3V ', 3", 4 a'y 5
il eing “ | gom) | 00 | @o) | @9) | 9 | (89) | 02) | (14 | (127)
in. 7'Mz 10 12", 15 17 20 22'Y, 25
Maxi Embadment Rotaa
aximum Embedmen . (mm) | (91 | (258) | (318) | (381) | (445) | (s08) | (572) | (638)
i i 55 g in. 1ty 2'z 3l ¥, g 5 5% 6'
EpSarapanng Smn | mm) | (48) (64) (79) @) | @11y | @2n | ey | s
Min. edge distance 5 in. 1% 1% 2B 1 2™ [ 2m® | i ® e | 3
{Threaded rods) ™ fmm) {45) (45) B0 | 8@ | s | (Fo)® @0
Min. edge distance ; ; - . . — .
(Reinforcing bars)® Cimin - 5d; or see Section 4.1.9.2 of this report for dasign with reduced minimum edge distances
in. ho+ 11
Minimum concrete thickness B ) (P::r N 30":] her + 2™
Critical edge distance —
splitting o - See Section 4.1.10.2 of this report.
(for uncracked concrete)
Strength reduction factor for
tenslon, concrete failure @ - 0.65
modes, Condition B”
Strength reduction factor for
shear, concrete failure & - 0.70
mades, Condition B

For 8I: 1 inch = 25.4 mm, 1 lIbf = 4,448 N, 1 psi = 0.006887 MPa.
For pound-inch units: 1 mm = 0.03937 inches, 1 N = 0.2248 Ibf, 1 MPa = 145.0 psi

' Additional setling information is described in Figure 9, Manufacturers Printed Installation Instructions (MPII).

? Values provided for post-insialled anchors under Conditian B without supplementary reinforcement as defined in ACI 318-14 17.3.3 or ACI 318-11 D.4.3.
* For installations with 1%/,-inch edge distance, refer to Section 4.1.9.2 for spacing and maximum torque requirements.

* do = hole diameter.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63664 Rev.00 5/26/2020 - 12:51 PM 39 of 43

RPP-CALC-63664, Rev. 0

Sargent & Lundy

Erisi s b CALCULATION SHEET

Project No.  S54413.024 Calculation No. S54413.024-S-002 Rev. 1 Page No. 36 of 40

Title: LERF Basin 41 Catch Basin Design

Prepared By: =~ RW Davidson Date: 4/27/2020 | Checked By: PP Santos Date: 4/27/2020
ESR-3187 | Most Widely Accepted and Trusted Page 24 of 46

ARG e

Fractional Threaded Rod Bond Strength Carbide Bit or
Hilti Hollow Carbide Bit or
Diamond Core Bit + Roughening Tool

TABLE 14—BOND STRENGTH DESIGN INFORMATION FOR FRACTIONAL THREADED ROD
IN HOLES DRILLED WITH A HAMMER DRILL AND CARBIDE BIT (OR HILTI HOLLOW CARBIDE DRILL BIT) OR CORE DRILLED WITH
A DIAMOND CORE BIT AND ROUGHENED WITH A HILTI ROUGHENING TOOL'

Mominal rod diameter (in.)
DESIGN INFORMATION Symbol | Units 5 = . : - -
Ty 12 Ts Ia Is 1 1fa
. in. 2%s 2 3% Ve 3’y 4 5
Minimum Embecment Patmin | () (60) {70) (79) (89) {89) (102) (127)
. in. T2 10 12", 15 17" 20 25
NSl i leatimey Potmer | (rm) (191) (254) (318) (381) (445) (508) | (635)
o Characteristic bond psi 1,045 1,135 1,170 1,260 1,280 1,325 1,380
=L strength in cracked Ther
g » | concrete (MPa) (7.2) (7.8) (&.1) (8.7) (8.9) (9.1) (9.5)
e= Ehamelcitic band psi 2,220 2,220 2,220 2,220 2,220 2,220 2,220
@ = strength in Tk,
= uncracked concrete | MPa) | (15.3) (15.3) {15.3) (15.3) (15.3) (15.3) (16.3)
@ Characteristic bond psi 1,045 1,135 1,170 1,260 1,290 1,325 1,380
=1 strength in cracked iy T
E?, concrete (MPa) (7.2) (v.8) (8.1) (8.7) (8.9) (8.1) (9.5)
g2 :;;harag;:qristic bond psi 2,220 2,220 2,220 2,220 2,220 2,220 2,220
o - stren: in T umer
- etk e B narGE " (MPa) (15.3) {15.3) (15.3) (15.3) (15.3) (15.3) (15.3)
@ Characteristic bond psi 855 930 960 1,035 1,055 1,085 1,130
2% strength in cracked Thor
2 concrete (MPa) (5.9) (6:4) (6.6} (r.1) (7.3} (7-5) (7-8)
é g’ ;Jtrr:raﬁ_.e_risﬁc bond psi 1,620 1,820 1,820 1,820 1,820 1,820 1,820
o ngth in Ty,
F uncracked concrete | | (MPa) | (126) (12.6) {12.6) (12.6) (12.6) (12.6) (12.6)
__% .5 e Anchor 5 1
% © £ | Dry and water Category
‘E # 2| saturated concrete
FES . D - 0.65
[ & Hammer drilled
E [ace~e~r ]
§ T i ’ 0.88 0.99 0.99 1.0 1.0 0,95 0.99
55 g
c g Core drilled +
=l roughening
g & D> - 3 NIA 0.88 0.96 0.08 1.0 0.82

Far SI: 1 inch = 25.4 mm, 1 Ibf = 4.448 N, 1 psi = 0.006897 MPa.
For pound-inch units: 1 mm = 0.03937 inches, 1 N = 0.2248 Ibf, 1 MPa = 145.0 psi

" Bond strength values correspond to concrete compressive sirength £ = 2,500 psi (17.2 MPa). For concrete compressive strength, £, between 2,500 psi (17.2
MPa) and 8,000 psi (55.2 MPa) [minimum of 24 MPa is reguired under ADIBC Appendix L. Section 5.1.1]. the tabulated characteristic bond strength may be
increased by a factor of (F. / 2,500)™" [For SI: (f. / 17.2)""]. See Section 4.1.4 of this report for bond strength determination.

! Temperature range A: Maximum short term temperature = 130°F (55°C), Maximum long term temperature = 110°F (43°C).

Temperature range B: Maximum short term temperature = 176°F (80°C). Maximum long term temperature = 110°F (43°C).

Temperature range C: Maximum short term temperature = 248°F {120°C), Maximum long term temperature = 162°F (T2°C).

Short term elevated concrete temperatures are those that occur over brief intervals, e.g., as a result of diurnal cycling. Long term concrete temperatures are
roughly constant over significant periods of time.
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Specifications: ASTM A 312

is stocked through 4" size.

Stocked in 17 - 24 foot random mill lengths, plain ends.

"Annealed” pipe is used when the specifications referenced are required and is available only in the NPS
diameters and schedule wall thickness shown. Welded "annealed” pipe is available per ASTM A 312, ASI
SA-312 and ASTM A 358, A 376, A 409 and MIL-P-24691 (corrosion tested) and is stocked in most sizes thr
24" diameter. Seamless "annealed"” pipe is available per ASTM A 312 and MIL-P-24691 (corrosion tested) «

“Annealed” Welded and Seamless Comparison of Wall Thicknesses

Alloys Stocked Include Types 304-L and 316-L. Other corrosion resistant alloys are available.

Mominal  Qutside Sch Sech Sch Sch Sch .88
Fipz Siza Diamater bs Lbs/ftt 10s Lbs/Ft 40s Libs/Ft 80s Lbs/Ft 160 Lbs/Ft Strong  Lbe
N a5 049 19 088 28 0E 32
Yy 560 065 31 088 40 119 50
o, 675 065 43 091 &8 126 76
Iy, 840 065 55 083 69 108 &7 147 11 187 13 280 18
Y, 1.050 066 .70 082 &S 12 1.0 154 1.5 218 20 a08 25
1 1315 065 .68 109 1.4 1] 17 178 22 250 2.9 388 a7
1Y, 1,660 065 1.1 W0e 1.8 40 23 181 3 250 39 382 63
14, 1900 065 1.3 08 2 145 28 200 37 281 5O 400 BB
2 2%, 065 16 W9 27 154 37 218 51 243 76 438 92
24, 21, 083 25 120 36 202 58 276 18 375 102 562 14,
3 3y,  ©83 31 20 4.4 216 78 300 106 438 147 B0 19
34, 4 083 36 120 61 226 93 218 128 6% .
4 ay, 083 40 120 5.7 237 1.0 337 153 531 230 &7 28,
5 5% 109 65 138 BO 258 150  aj5 213 825 337 750 39,
8 6%, 109 78 .13 95 280 194 432 292 719 464 864 54
8 BY, 109 101 148 137 322 292 500 444 908 765 &5 74,
10 109, 134 156 165 191 365 414 500 660  1.128 118  1.00 10
12 129, 156 215 180 247 375 507  B00 &0 1312 164 o0 1
14 156 226 188 284 375 559 500 738
18 165 286 188 326 375 641 500 847
8 165 322 188 366 375 723 500 957
88 407 218 4710 375 805 500 107
22 188 448 218 518 375 887 500 118
24 218 567 250 648 375 969 500 128
26 375 105 500 139
2% a’s a3 500 150
30 250 B81.3 312 101 ) 37; 1_2] 500 ]El
b 375 130 500 172
24 a7 138 500 183
36 375 146 500 194
0 375 162 500 216
42 a5 17 500 227
48 3% 195 500 260
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HDPE Water/Sewer | IPS

PRESSURE-RATED HDPE PIPE

SUBMITTAL AND DATA SHEET

DELIVERING GOOD WATER TO YOU

HDPE IRON PIPE SIZE (IPS) PRESSURE PIPE

AVG.O.D.J M AvVa LD, war warT MIN. T. war
(L1 (L] [ L} (LEE/FT) (LBESFT) (L] {LBS/FT)

ANSIFAWWA C08 (Laying length tolerances are in
[ ASTM F714 accordance with AWWA and
EEENFTTE o06ia 3337 340 0500 3440 275 0408 2833 230 ASTM D2035 ASTM standards)
n 0795 3747 485 D618 4108 382 0506 4338 329 i gk R I
¢ | eses] o Bt ere R oo o Kesew o PPITR:APEATIO,ASTMDG350 for size 6" and below.
[ 7 | k o
s | o P s ek B Gane | aoud TREEE atag Call Class 445574 C/E Installation: JM Eagle™ HDPE Water/
“ 1536 7404 1940 1194 B.218 1588 0977 BETY 1314 Cortification: ANSI/NSF 61, Sawer Installation Guide
[ 12 | 1821 BBBS 2728 1417 0746 2207  1.158 10233 18.49 ANSI/NSF 14* Manning Coefficient () = 0.009
S 2000 9760 3290 1558 10107 2681 1273 11301 2230 Additional Option: Hazen-Williams Coefficient {c) = 150
[ 1 | 2286 11158 4287 1778 12231 3475 1455 12915 2912 Perforated (4" - 87
ES 2571 12548 5437 2000 13760 4387 1636 14532 3684 W i vy Aokl oy pl Wiy
N 2857 13.943 67.13 2200 15280 5428 1818 18.148 4549 P call eIty avaibliliy. .
[ 22 | 2143 15337 8123 2444 16819 6568 2000 17.760 5505
BN 2420 16732 96.67 2667 18348 TEIE 2182 10074 @582
[ 2 | M/A  MA  MN/A 2889 18875 9175 2364 20888 76.80 ¢ T
EEEETY s WA WA 3111 21405 10840 2545 22805 8915 1 T
EEEET s WA WA 3333 22834 122431 2727 24218 10235 T |.D.T
BIFEETT v wa WA NA WA MA 0 2000 25831 11848 T T T T © i _____Jr______ 0.D.
NPT v« wa o wa WA WA WA 3097 27447 13148 L l
EEEETT] va WA WA WA NA 0 WA 3273 29081 14741 :

I e e S e
oW} | Bs/FT) mg | mBaFn [ nBsF pBasFT)
| § omwossmeops § oORw2sps) § oRwotips) f 00000000 | DR21(00pa DR 26 (80 psi) DR 32.8 (63 pai)
RPN o:2 2 191 gzes asas 155 0zay e 1A 127 0473 4433 103 0138 4207 063
EFETTE o412 4531 273 gazy 4706 221 0283 4776 188 181 0214 4838 148 0471 6026 119
HEETTE o:o1 6504 215 0480 6788 535 padg  S885 A02 274 0256 6084 224 0204 6183 18t
EERNEETTN o0 coos 280 gazo e2ay ams oavs sam a4 ate o274 6844 280 0219 GeE 208
nm 0.633 7270 r.0a a.507 1.850 E.gl 0484 7582 B.12 486 o.2az 7 R 0266  BOS3 308
[ 10 | W ores oosz  tosr  oea 8410 BB nBeE 8550 7.5 724 0413 G874 580 0331 10048 477
TR cocc to74s 538 0750 11980 1241 0671 1132 1148 1047 0480 10711 830 0382 11819 669
EEDEEITS 1oxv 1102 qmse 0824 12253 1408 0737 12438 1340 1220 0.538 12898 1000 0431 13086  B.08
EETEEETY™N 1005 12488 2419 09841 14006 1956 084 14216 17.61 1603 06156 14606 1207 0482 14857 1054
TR 1o 15474 3061 qose 16755 2475 0847 16se2  2aoe 2028 0682 16633 1654 0564 1626 1236
BT 1401 16850 3779 1076 17507 3053 1058 17788 2752 2503 0768 18370 2043 G616 1E6B6 1648
BT 1600 18544 4675 1284 16267 3686 1158 18846 2330 B031 0846 20208 2472 0677 20565 1685
EEEETY 170 20231 ssas 1412 21007 4389 1263 21322 2063 3606 0923 22043 2042 0738 22435 2372
EENETT 1o 21917 sasa 1820 22758 S161 1968 23400 4851 4232 1000 23880 3453  0E0D 24304 2786
BT :ovd 23603 7408 1647 24508 5687 1474 24876 5aad 4807 1077 26717 4005 0862 26173 agaa
BT @2 5288 8504 1765 260258 GA74 1678 26883 6182 BESS 1154 27864 4508 0023 28043 AT09
m 2370 2WAET  GETE 1882 20010 7R 1684 28430 7048 6411 1.231 20300 E2.31 0885 28912 4222
BT :s19 2e660 10028 2000 20760 9828 1780 30206 79.54 7288 1308 31227 006 1046 3172 4763
BT :ccv soads 12248 2118 31510 988 1096 51983 8947 B2 1385 aso0Bs  sB22 1108 33851 5342
ECEIETY 21 35404 tes70 2471 fe7e1 12472 2211 234 1217 11043 1816 30E76 0008 120 20261 o8
BT cste codse 21776 2024 £2013 17897 2626 42844 15052 16426 1846 44088 11768 1477 44880 G495
T A NA WA 3177 47265 23267 2847 47.976 20063 18251 2077 49607 14885 1662 SO04TT 12020
248 48 2423 BT.BE3 202.73 1.938 Sa#81 163,53

Product Standard:

Nominal Laying Length: 40/50 feet

T: (Wall Thicknees)

LD.: (Inzide Diamatar) O.D.: (Outzide Diameter)

Ay asp)- N\ @
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1.0 PURPOSE

The purpose of this calculation is to estimate the risk of damage to the secondary (bottom) HDPE-liner during
construction. The greatest risk for damage is expected when the gravel drainage layer is spread using
lightweight construction equipment. A geotextile will be installed over the HDPE liner prior to placing and
spreading the gravel. The potential for damaging the geotextile will be evaluated first; the potential for damage
to the liner will then be evaluated if necessary.

2.0 METHODOLOGY
The liner system along the basin floor is comprised of (from top to bottom):

Primary HDPE liner
GCL

Geotextile

Gravel Drainage Layer
Geotextile

Secondary HDPE liner
Geotextile
Soil/Bentonite mixture
Geotextile

Beneath the gravel drainage layer is a geotextile with the secondary HDPE liner underneath the geotextile. The
geotextile will be analyzed for its burst, tensile, and puncture strength, and compared to typical values to ensure
sufficient strength to protect the secondary HDPE liner during construction. Typical geotextile strength values
will come from Reference 2. The required burst, tensile, and puncture strengths will be calculated in accordance
with Section 2.5.2 “Burst Resistance,” 2.5.3 “Tensile Strength,” and 2.5.4 “Puncture Resistance” in Reference
1. The results of the calculations will be used to specify the required geotextile strengths.

3.0 DESIGN INPUTS
3.1 Gravel Drainage Layer

The gravel drainage layer “shall conform to WSDOT M41-10 9-03.12(5) Gravel Backfill for Drywells
gradation, or an approved equal” (Reference 7, Section 31-90-52 2.1.D.1.a.i1). The maximum sieve size for this
gradation is 1.5” and requires 99-100% of material to pass. The maximum dimeter will be used in these
calculations.

Gravel diameter =da = 1.5 in (Reference 7)

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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3.2  Construction Equipment

A Bobcat skid-steer (or similar) will be allowed above the liner. Its use will be limited to spreading gravel, and
it will never drive on less than 0.5 feet of gravel. Information regarding the weight and balance of the assumed
Bobcat model T550 skid-steer was obtained from Cat’s website.

Bobcat ground pressure = pbobeat’ = 5.8 psi (Reference 3)

A dozer could potentially be used for spreading gravel. A Cat D6 dozer ground pressure is obtained from Cat’s
website.

Dozer ground pressure = pdozer = 7.9 psi (Reference 8)

The maximum ground pressure of the construction equipment will be used in the following calculations.
Equipment ground pressure = p° = MAX(pbobeat , Pdozer ) = 7.9 psi

4.0 ASSUMPTIONS

No assumptions have been made in this calculation.

5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Calculations are checked using a handheld
calculator.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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6.0 RESULTS

A summary of results is shown below.

Item Parameter DCR Remark
Geotextile Burst 0.061

Tensile 0.008

Puncture 0.081

A summary of material requirements is shown below.

Item Parameter Requirement
Geotextile Burst N/A
Tensile N/A - Tension will be controlled by liner stress in

Calculation S54413.024-C-004 / RPP-CALC-63748 Rev. 0

Puncture 700 Ibs (ASTM D6241)

The burst and tensile forces acting on the geotextile are negligible compared to the capacities of the HDPE
liner. The puncture force calculated in Section 8.3 (56.45 lbs, ASTM D4833) is less than the required HDPE
material strength of 108 Ibs given in the specifications. The required strengths of the HDPE liner will be
controlled by Calculation S54413.024-C-004 / RPP-CALC-63748 Rev. 0, Side Slope Liner Stresses.

7.0 REFERENCES
1) Koerner, Robert M., Designing with Geosynthetics, 6™ Edition
2) Tencate geotextile cut sheets.
3) Bobcat S740 Skid-steer Specifications

4) Geosynthetic Institute, GRI Test Method GT12(a) — ASTM Version, Test Methods and Properties for
Nonwoven Geotextiles Used as Protection (or Cushioning) Materials

5) Elhajjar, Rani, Hani H. Titi, Stacy Van Dyke, and Hamid Erfanian, Correlation of ASTM D4833 and
D6241 Geotextile Puncture Test Methods and Results for Use on WisDOT Projects, 2017

6) H-2-838749, Sheet 1, Rev. 0, LERF Basin 41 Civil Secondary Liner
7) RPP-SPEC-63632, Rev. 0, LERF Basin 41 Design Construction Specification

8) CAT D6 Dozer Specifications

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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8.0 CALCULATIONS
8.1 Burst Resistance (Ref. 1, Section 2.5.2):

Section 2.5.2 in Reference 1 discusses geotextiles to be used as a soil separator. The below calculation will be
compared to ASTM D3786 (Mullen Burst Strength) because “the field situation is analogous to the ASTM
D3786 (Mullen) burst test...” according to Reference 1, Page 178.

The below equation is from Reference 1, Attachment 1, Page 179.
FS = (ptest X dtest) / (ITRF x p* x dv)
Where the below values are defined on Reference 1, Attachment 1, Pages 178 and 179, unless noted:
FS = factor of safety for burst resistance

dv = the maximum void diameter in between individual stones
~0.33xda=0.33x1.5in=0.495 in

diest = the diameter of the burst test device = 30 mm

INIRF = cumulative reduction factors =2.5 (Reference 1, Attachment 1, Table 2.8a, Page 175,
max. value for Separation — Installation Damage)

prest = burst pressure of the geotextile at failure
The above equation can be rewritten to solve for ptest Wwhich will result in the geotextiles burst strength:
Ptest = (FS x IIRF x p‘ X dv) / (dtest)

The factor of safety will be determined once the required and allowable strengths have been determined,
therefore set FS = 1.

prest = (FS X [IRF x p" x dv) / (dtest) = (1 x 2.5 x 7.9 psi x 0.495 in) / (1.181 in) = 8.28 psi

Reference 2 provides several cut sheets of geotextiles. The Mullen Burst Strength of a typical geotextile
subjected to the Mullen Burst Test has a strength of 135 psi — 740 psi (ASTM D3786). Conservatively use a
strength of 135 psi.

DCR = prest / 135 psi = 8.28 psi/ 135 psi = 0.061

Although the Mullen Burst Strength is not a common test method for geotextiles anymore, the resulting DCR
demonstrates the geotextiles ability to resist bursting under the applied loads.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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8.2  Tensile Strength Requirements (Ref. 1, Section 2.5.3):

Section 2.5.3 in Reference 1 discusses the tensile stress in geotextile that can develop when voids are present in
between stones on top of the geotextile. See Figure 2.23 below from Reference 1, Page 182.

‘il.nm:
base
cuum.

— o ——

Gcotexmc

XXXXXXXX ; KKXXXXXX J(XXXXXXXXXXXXX

.f-__!'o Sml Subgmdc K

(a) Actual situation

D H—

(b) Analogous grab tensile test

Figure 2.23  Geotextile being subjected to tensile stress

as surface pressure is applied and stone base attempts to
spread laterally.

The required strength of the geotextile will be based on Equation 2.29 from Reference 1, Page 182:
Treqd = p° x dv? x f(g)
Where:
p’ is defined in Section 3.2
dv is defined in Section 8.1

f(¢) is the geotextiles strain function. A consistent minimum elongation is 0.50 (Reference 2). Example
2.9 in Reference 1, Page 183 used f(&)=0.52. Set f(¢)=1.0 to be conservative.

Treqd = p° x dv? X f(g) = 7.9 psi x (0.495 in)* x 1.0 = 1.94 Ibs
The required grab tensile strength is 230 lbs (Reference 4, Table 1a) for a 10 0z/sy geotextile.

DCR =1.94 1bs / 230 Ibs = 0.008

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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8.3 Puncture Strength Requirements (Ref. 1, Section 2.5.4):

Section 2.5.4 in Reference 1 discusses the required puncture resistance of the geotextile. The puncture
resistance of a geotextile is important to prevent damage to the geotextile from small object, stones, etc, that
may be pressed against the geotextile. This is illustrated below in Figure 2.24 from Reference 1, Page 184.

Figure 2.24 Visvalization of a stone puncturing a
geotextile as pressure is applied from above.

The required puncture strength of the geotextile is determined by Equation 2.30 from Reference 1, Page 184:
Freq=p X da® X S1x S2x S3
Where:
p’ is defined in Section 3.2
da is defined in Section 3.1
S1 is a “protrusion factor of the puncturing object,” defined in Table 2.9 in Reference 1, Page 185.

Sz is a “scale factor to adjust the ASTM D4833 puncture test value that uses an 8.0 mm diameter
puncture probe to the actual puncturing object,” defined in Table 2.9 in Reference 1, Page 185.

S3 is a “shape factor to adjust the ASTM D4833 flat puncture probe to the actual shape of the puncturing
object,” defined in Table 2.9 in Reference 1, Page 185.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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Table 2.9 from Reference 1, Page 185 is shown below:

TABLE 2.9 RECOMMENDED VALUES FOR INDEPENDENT FACTORS
USED IN PUNCTURE ANALYSIS (DIMENSIONLESS)

Puncturing Object S, S, S;
angular & relatively large 0.9 0.8 0.9
angular & relatively small 0.6 0.6 0.7
subrounded & relatively large 0.7 0.6 0.6
subrounded & relatively small 0.4 0.4 0.5
rounded & relatively large 0.5 0.4 0.4
rounded & relatively small 0.2 0.2 0.3

S, = protrusion factor
S, = scale factor } see Eq. 2.30

S, = shape factor

The values for Si, Sz, and S3 will conservatively be taken as the values for a puncturing object that is “angular
& relatively large.”

S1=0.9
S2=0.8
S3=0.9

The required puncture strength is:
Freq=p X da®?Xx S1xS2xS3=7.9psix (1.5in)* x 0.9 x 0.8 x 0.9 = 11.52 Ibs

The required puncture strength calculated above is for use with ASTM D4833. Current industry practice uses
ASTM D6241 more commonly, however there is not a one-to-one correlation between the two ASTM methods.
A correlation between the two ASTM methods is developed in Reference 5.

Freq cBR =4.90 X Freq =4.90 x 11.52 Ibs = 56.45 lbs
The required geotextile puncture strength in accordance with ASTM D6241 is 700 lbs.

DCR = 56.45 Ibs / 700 1bs = 0.081

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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directly in the test procedure, for example by conduct_ing a mmplletely
simulated performance test; but in most cases,lthls simply is not
possible. Simulating installation damage, perf:?mm}g I-?ng-term cresp
testing, using site-specific liquids, reproducing in-situ pore water
stresses, providing complete stress stale quehng, and s0 on are
generally not feasible. To account for such _dlm;renccs between the
laboratory measured test value and the desired performance value,

two approaches can be taken:

1. Require an extremely high factor of safety at the end of a
problem.

2. Use reduction factors on the laboratory-generated test value
1o make it into a site-specific allowable value.

At the suggestion of Voskamp and Rissceuw [66], the Iatter alternative
of reductionfactors (RF values) will be used inthis _baok. By dmngth}s,
the usual value of factor of safety can be assessed inthe hnajl analysis.
Our approach will be to refer to the general Iabora_tury-obtamod value
as an “ultimate” value and to modify it by reduction factors to obtain

an “allowable” value, See [67] for additional rationale and numerie

values.

2.4.1 Strength Related Problems

For problems dealing with geotextile strength, such as in separatiof;

and reinforcement applications, the formulation of the.allﬂwab -
values takes the form of equation 2.24a. Typical ranges of values
reduction factors for different applications are gi\:en in ?able
These values must be tempered by the site-specific cor}mdci“nﬂ .
Also, note that if the laboratory test includes the mechanism list
would appear in the equation as a value of 1.0.

1
Lo = i""[RFm X RFpy % RF ]

Ta."fw = Tm’r m?

Calculation Sheet (01-19)

RECOMMENDED STRENGTH REDUCTION FACTOR YALUES FOR
USE IN E(). 2.24a

Ramnge of Reduction Factors
Arca Installation Creep* Chemical/Biological
Damage Degradation®*
Separation 111w 25 1.5102.5 1hto 1.5
Cushioning 1110 2.0 1210 1.5 1010 2.0
Unpaved roads L1to 2.0 155 10 ta 1.5
Walls 1L.1to 2.0 20040 10ta 1.5
Embankments 1.1t 20 201035 I10to 1.5
Bearing and foundations 1.1t0 20 2040 I0to 1.5
Slope stabilization llwl5 20t 3.0 1.0to 1.5
Pavement overlays Ll L5 Lt 2.0 1.0t 15
TRailronds (filter/sep. ) 15160 3.0 L0t 1.5 1itn20
Flexible forms Liwls 151030 1010 1.5
Sile fences Llw L5 15025 10w 1.5

#The low end of the range refers to opplications whiich have relatively shorl service lifetimes andfor
situmtions where creep deformations are not eritical (0 the overall sysiem performance.

#=previous editions of this book have listed biological degradation as a separate reduction faclor. As
described in Section 2.3.6, however, there is no evidence of such degradation for the polymers used o
mamufaciure geobextiles.

where

Ty = allowable tensile strength,

T, = ultimate tensile strength,

RF,, = reduction factor for installation damage (= 1.0},

RF., = reduction factor for creep (= 1.0),

RF,;, = reduction factor for chemical and biological
degradation (= 1.0), and

[IRF = value of cumulative reduction factors (= 1.0).

Note that equation 2.24a could have included additional site-specific
terms, such as reduction factors for seams and for intentionally made
holes, Tt also could have been formulated with Fractional multipliers
(values < 1.0) and placed in the numerator of the equation or on the
Opposite side of the equation as with the load and reduction factor

sign method (LRFD), While the equation indicates tensile strength,
can be applied to burst strength. tear strength, puncture strength,
mpact strength, and so on.
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176
2.4.2 Flow Related Problems

For problems dealing with flow lI:IJ.‘OU'Lgh or within a geotc:;n‘;c_
<uch as filtration and drainage applications, the fonnylatmn of the
allowable values takes the form of equation 2.25a, Typical values for
reduction factors are given in table 2.81?, Note Fhat th&lesc values I';'lus‘;
be tempered by the site-specific conditions as in section 2.4.1. 1 ﬂ;;
labaratory test includes the mechanism listed, it would appear in t

equation as a value of 1.0.

- L _] (2.25a)
Hatiow = it RFqep % RFpp % RF) % Rbe % RF g
! 2.25b
Gl = Huts ﬁ‘?] ¢ )
whetre
Gangis = allowable flow rate,

g, = ultimate flow rate, ) .
RF,, = reduction factor for soil clogging and bhndmg (=1.0),
R, (.;., = reduction factor for creep reduction of void space

= 1.0), _
REy, = E';duct)ion factor for adjacent materials intruding
into geotextile’s void space = LO).
RF,, = reduetion factor for chenpwai clolgglng (= 1.0},
R!"..,-[. = reduction factor for biolnglca_l clogging (= 1.0), and
[IRF = value of cumulative reduction factors (= 1.0).

TABLE 2.8b RECOMBMENDED FLOW HEDUCTION FACTOR VALUES FOR USEIN BOAIATION 2250

¢ ol Reduction Factors B

Chemical Bielogical
I inass | Clopging®*®
1otell| L0wl2 10k L )
Lowl2| L2wls | 200 4,05458
1012 | 1L0wl2 1.0[04.0..'
121018 | 2.0w S0

[
Crocp Reduction
of Yok

Retaining wall fillers
Underdrain filters
Ercaion control filers

12
Landfill filters :E:ﬂ 5| 12wis | 121
grm;&ﬂ;::g‘ 10tl2] 1113 Lt lE

i tile use either the
*1f stone fip-rap or concrete blocks cover the surface of the geotestile use ithel

lues, orinclude an addition reduetion factor.
"‘t‘;l‘:l‘::i can he higher particularly for high alkalinity groundwater.
essyiues can be higher for exiremely high microorganism con
organisims and plant/ vegetalion roots,

tent and/or grow

As with the equation 2.24 for strength reduction, this flow reduction
equation could also have additional site-specific terms included, e.g.,
blacking of a portion of the geotextile’s surface by rip-rap or concrete
blocks.

2.5 DESIGNING FOR SEPARATION

Application areas for geotextiles used for the separation function were
given in section 1.3.3. There are indeed many specific applications,
and it could said, in a general sense, that geotextiles always serve
a separation function. If they do not serve this function, any other
function, including the primary function, will not be served properly.
This should not give the impression that the geotextile function of
separation always play a secondary role, Many situations call for
separation only, and in such cases the geotextiles do serve a significant
and worthwhile purpose,

2.5.1 Separation Applications

There are many geotextile applications where separation is the major
function. Certainly, the use of thick and heavy geotextiles used to
cushion geomembranes against stone puncture falls into this category.
Since it is geomembrane-related it will be addressed in chapter 5.
A much more common application that best illustrates the use of
geotextiles as separators is its placement between a reasonably firm
soil subgrade (beneath) and a stone base course, aggregate, or hallast
(above). We say “reasonably firm™ because it is assumed that the
subgrade deformation is not sufficiently large to mobilize uniformly
high-tensile stress in the geotextile. (The application of geotextiles
in unpaved roads on soft soils with membrane-type reinforcement
1§ treated later in section 2.6.1.) Thus, for a separation function
{0 oceur, the geotextile has only to be placed on the soil subgrade
and then have sione placed, spread, and compacted on top of it.
The subsequent deformations are very localized and occur around
cach individual stone particle. A number of design scenarios can be
developed showing what geotextile properties are required for this
type of situation.
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Consider a geotextile on a soil subgrade with stone of average particle
diameter (d,) placed above it. If the stone is uniformly sized, there
will be voids within it that will be available for the geotextile to enter.
This entry is caused by the simultaneous action of the traffic loads
being transmitted to the stone, through the geotextile, and into the
underlying soil. The stressed soil then tries to push the geotextile up
into the voids within the stone. The situation is shown schematically
in figure 2.21. Giroud [68] provides a formulation for the required
geotextile sirength that can be adopted for this application.

=2 6 220

where

T = required geotextile strength,

p' = stress on the geotextile that is slightly less
than, p, the tire inflation pressure at the ground
surface,

d, = maximum void diameter of the stone = 0.33d,,

d, = theaverage stone diameter,

flg) = strain function of the deformed geotextile
= _1[2_3:+i] , in which

4\ b 2y
b = width of opening (or void)
y = deformation into the opening (or void)

The field situation is analogous to the ASTM D3786 (Mullen) bu
test, which has the peotextile being stressed into a gradually increasi
hemispherical shape until it fails (recall section 2.3.3). Thus,
adapted form of equation 2.26 is as follows:

T = _; Prest e [f(b)] (2.

Calculation Sheet (01-19)

Figure 2.21
stone base by traffic tire loads,

Geotextile beimg forced up into voids of
where

T, = ultimate geotextile strength,

Prg = burst pressure of the geotextile at failure (ils
strength), and

d,, = diameter of the burst test device (= 30 mm).

Knowing that T = T AIIRF), where [IRF = cumulative reduction

factors, we xpression for th =0I-
| e
can f(}tI'JILllalc an ¢ pre factor-of safety (FS)

T
o L
Treq '

- P D)
(MRF)p d,

_-f;rsmmpae', if d, =30 mm; d, = 0.33 d,; and [1RF = 1.5 (which is
- OhablF since creep is not an issue with this application), then the
value is the following, with &, in units of mm,
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Example28:_ — ———————

Given a truck with 700 kPa tire inflation pressure on
a poorly graded aggregate layer consisting of 50 mm
maximum-size stone. What is the factor of safety using
a geotextile beneath the aggregate havi ng an ultimate
burst strength of 2000 kPa and cumulative reduction
factors of 1.5.

Solution: Assuming that the tire inﬂatign pressure is
not significantly reduced through the thickness of the
stone base, we can solve equation 2.28 as follows:

60.6(2000)
T00(50)
FS=35

=

Note that with the reduction factors of 1.5 already included, the
resulting factor of safety value is acceptable.

For arange of stone base particle diameters (d ), values of tire mﬂagl;:m
pressure (p’), and cumulative reduction factors o_f 1.5, falun_g wit a.
factor of safety of 2.0, we can generate lhekdcs_lgn' guide in figure
292, Here it can be seen that stone size is quite significant insofar 8
the required burst pressure values are concerned. Note also thTtlﬂ;::;’_
are poorly graded aggregates and that the presence of fines tml 'jera _
the severity of the design: hence this approach should be cons ]
to be a worst-case design.

2.5.3 Tensile Strength

Continuing the discussion of geotextile roadway separatmn.;:‘_
are other processes acting on the geotextile simultaneous

Required burst resistance (kPa) (FS = 2.0, IRF = 1 5}

.

Stone alze

:

=

x L
o 250 500 750 1000 1250
Pressure at geotexdile-stone interface (kPa)

Figure 2.22 Design guide for burst analysis of geotextile
used in a separation funetion based on cumulative reduction
factors of 1.5 and a factor of safety of 2.0

between two lower pieces that are in contact with the geotextile, The
analogy to the grab tensile test can be readily visualized. as illustrated
in figure 2.23. Here we can estimate the maximum strain that the
geotextile will undergo as the upper stone wedges itself down to the
level of the geotextile. Using the dimensions shown (where 8 ~ d/2 and
I, = deformed geotextile length), the maximum strain with no slippage
nor stone breakage can be calculated.

St ey CALCULATION SHEET
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P (30) tendency to burst in an out-of-plane mode. One of these is tensile
FS = TS) ”’:(ﬁd—) stress being mobilized by in-plane deformation. This occurs as the
(1.5)p (V.33 geotextile is locked into position by stone-base aggregate above it
- _t’:!l-ﬁpﬁ (2.28) and soil subgrade below it. A lateral, or in-plane, tensile stress in the
p'd, geotextile is mobilized when an upper piece of aggregate is forced
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stated above. Now the tensile force being m
pressure exerting on the slone as follows [68]:

To=p @Y E)]

\\ ' ’// i

d base
CouTsc

B

Geotextile

KAKAXHAKRARRRAALLAKKKARA

() Actunl situation

() Analogous grab tensilc test

Figure 223 Geotextile being subjected 1o tensile stress
as surface pressure is applied and stone base attempts Lo

spread laterally.

obilized is related to the

Given a truck with 700 kPa tire inflation pressure on a
stone base'course consisting of 50 mm maximum-size
stone with a geotextile beneath it. Caleulate (a) the
required grab tensile stress on the geotextile, and (b)
the factor of safety for a geotextile whose grab strength
at 33% is 500 N with cumulative reduction factors of
2.5, Use a value of f{g) = 0.52,

(2.29)

Solution: (a) Using an empirical relationship that o, =
0.33 d, and the value of f{z) = 0,52, the required grab
tensile sirength is as follows:

T = 6.} 052)
= p(0.334, ¥ (0.52)
=0.057p’d’
= 0.057(700)1000)0.050 ¥

Tt = 100N

(b) The factor of safety on a 500 N grab tensile
geotextile at 33% strain with reduction factors of 2.5
15 as follows:

T CALCULATION SHEET
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y g where
g=2—2(100)
L T, = required grab tensile force,
2+ 2012136 12) 49 P’ = applied pressure,
= 3&3: /2) d, = maximum void diameter ~ 0.33 d, where
d, = average stone diameter, and
) 4_(d 12)- @(a’-’z)(l m]) fle) = strain function of the deformed geotextile
3(d/2) o O B
g = | =4 — |, Where
R ] 4\ b 2y
. i 5 stodin that 8 b = width of stone void, and
Note that the preceding assumptions result in a strain y = deformation into stone void.
independent of particle size. Thus, the strain in the geotexiile could
be as 111gh as 33% given the idealized (uppct‘ b-ourld) assumptions Exnmplg 2.9:

Quality Assurance Procedure 3.1
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force exerted on the geotextile (which is gradually tightening around
the protruding object) is as follows:

Froa = P' 438,555, 2:30)

—b—‘

iy

Figure 224  Visualization of a stone puncturing &
geotextile as pressure is applied from above.

* USED IN PUNCTURE ANALYSIS (DIMENSIONLESS)
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. where
FT A=t i'I'IIO’\-\
el # = required vertical puncturing force to be resisted,
500/2.5 d, = average diameter of the puncturing aggregate
=100 or sharp object,
- iy J essure exerted on the geotextile (approximatel
=2.0, which is acceptable. p el g ppro: Y
Fin= 2l i P 100% of tire inflation pressure at the ground
i surface for thin covering thicknesses)
t : f .
2.5.4 Puneture Resistance 8, = protrusion factor of the puncturing object (see
. . : : +s5, This is table 2.9,
sotextile must always survive the installation process. i : ) .
:2: jﬁ;l related to the mgdmy separation function; indeed, fabric S scale factor to adjust the ASTM D4833 punciure
survivability is critical in all types of applications; without it the best test value that nscs 8 8.0 mm dlan?eter R
of designs are futile (recall figure 2.18). In this regard, sharp stones, probe to the actual puncturing object (see table
tree stumps, roots, miscellancous debris, and other items, either on 2.9), ;
the ground surface beneath the geotextile or placed above it, could §, = shape factor to adjust the ASTM 4833 flat
puncture through the geotextile during backfilling and when t‘rafﬁ!c: puncture probe to the actual shape of the
foads ate impos.ed. The design method suggcsted for this Sﬂ.‘l.lElth{l is puncturing object (see table 2.9).
tically in figure 2.24. For these conditions, the vertical
shawn sohetBtohy 0 4F | TABLE29 RECOMMENDED VALUES FOR INDEPENDENT FACTORS

Puncturing Object 5 8, 5,
amgular & relatively large 0.9 0.8 09
amgular & relatively small 0.6 0.6 0.7
subrounded & relatively large 0.7 0.6 0.6
subrounded & relatively small 0.4 04 0.5
rounded & relatively large 0.5 04 04
rounded & relatively small 0.2 0.2 0.3

5, = scale factor

Example 2.10:

8, = profrusion factor
} see Eq. 2.30
8y = shape factor

What is the factor of safety against puncture of a
geotextile from a subrounded 25 mm diameter stone
on the ground surface mobilized by a loaded truck
with tire inflation pressure of 550 kPa traveling on
the surface of the base course? The geotextile has

an ultimate puncture strength of 300 N according to
ASTM D4833.

Quality Assurance Proc
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TENCATE GEOSYNTHETICS

Amencas

Mirafi
Mirafi® S1000

%

rEinaga aparatian

Mirafi® S1000 is a needlepunched nonwoven geotextile composed of polypropylene fibers,
which are formed into a stable network such that the fibers retain their relative position.
Mirafi® S1000 is inert fo biological degradation and resists naturally encountered
chemicals, alkalis, and acids.

TenCate Geosynthetics Americas Laboratories are accredited by Geosynthetic
Accreditation Institute — Laboratory Accreditation Program (GAI-LAP).
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E ] : Minimum Average
Mechanical Properties Test Method Unit Roll Value
Weight ASTM D5261 oziyd? (g/m3) 10.0 (339)
Thickness ASTM D51599 mils (mm) 115 (2.9)

Grah Tensile Strength ASTM D4632 Ibs (M) 270 (1202)
Grab Tensile Elongation ASTM D4632 %% 50
Traperoid Tear Strength ASTM D4533 Ibs (N} 105 (467)

CEBER Puncture Strength ASTM DE241 Ibs (M) 725 (3226)

Minimum Roll Value
Permittivity ASTM D4491 sec! 12
Permeability ASTM D4451 cmisec 0.32
Flow Rate ASTM D4491 | galfminift® (Umin/m?) 85 (3463)
Maximum Opening Size
Apparent Opening Size (ADS) | ASTMD4751 [ U.S. Sieve (mm) 100 (0.15)
Minimum Test Value
| UV Resistance (at 500 hours) | ASTM D4355 | % sirength retained 80
Physical Properties Unit Roll Size
Roll Dimensions (width x length) ft {m) 15 x 300 (4.5 x 91)
Roll Area w2 (m?) 500 (418)

Dizcialmer: TenCate asswmes no lability for the accuracy or completenass of this information o for the ultmate use by the purchaser. TenCate discialms
any and al express, Implied, or StatADry standards, WAmanties or QUarantees, Nciuding wikout IMitaton any IMplIED Wamanty as 10 merchantaoiity or
Tiness for 3 partcular purpose or ansing from a course of dealing or usage of trade as to any equipment, materlals, or Information fumished herewith
This document should not be constnied as engineering atvice.

MIraf™® is a registered trademark of Micolon Corporation. Copyright & 2015 Micolon Corporation. Al Rights Reserved.

Fax TOE B33 4400

Tel 706 6932226 x
www. iEncate. com e

Tel 583 7950608

365 Sowth Holland Drive
Pendergrass, GA 30567

FG5000354 "oy
ETQRZZ
(rAL-LAP- 2597
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Mirafi

Mirafi® 180N

Mirafi® 180N is a nonwoven geotextile composed of polypropylene fibers, which are
formed into a stable network such that the fibers retain their relative position. 180N is
inert to biological degradation and resists naturally encountered chemicals, alkalis, and

acids.
Minimum Average
Mechanical Properties Test Method Unit Roll Value
MD CcD
Grab Tensile Strength ASTM D 4632 kN (Ibs) 0.9 (205) | 0.9 (205)
Grab Tensile Elongation ASTM D 4632 % 50 50
Trapezoid Tear Strength ASTM D 4533 kN (lbs) 0.36 (80) | 0.36 (80)
Mullen Burst Strength ASTM D 3786 kPa (psi) 2618 (380)
Puncture Strength’ ASTM D 4833 kN (lbs) 0.58 (130
CBR. Puncture Strength ASTM D 6241 kN (lbs) 222 (500)
Apparent Opening Size (AOS) | ASTMD 4751 |, "8 ) D(-g[‘f;:'
Permittivity ASTM D 4491 sec’ 1.2
Permeabhility ASTM D 4491 cmisec 0.21
: ¥
Flow Rate ASTM D 4491 {g";rh’r'::ﬁﬂz} EESE?
Q
UV Resistance (at 500 hours) | ASTMD 4385 | e Stengih 70
" ASTM D 4833 has been replaced with ASTM D 6241
Physical Properties Test Method Unit Typical Value
Weight ASTM D 5261 | g/m® (ozlyd®) 278(82)
Thickness ASTM D 5199 mim (mils) 21(825)
Roll Dimensions _ m 45x91
(width x length) (ft) (15 x 300}
Roll Area - m- (yd) 418 (500)
Estimated Roll Weight - kg (Ib) 124 (273)

Disclaimer: TenCate assumes no liability for the accuracy or completeness of this information or for the
ultimate use by the purchaser. TenCate disclaims any and all express, implied, or statutory standards,
warranties or guarantees, including without limitation any implied warranty as to merchantability or fitness

for a particular purpose or arising from a course of dealing or usage of trade as to any equipment,

materials, or information fumished herewith. This document should not be construed as engineering

advice.

TPSS000351
ETQRI2
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Mirafi

TenCate® develops and produces materials
that function to increase perfiormanca, reduce
costs and deliver measurable results by work-
ing with our customears to provide advancad
solutions.

The Diffarenca Mirafi® 5-Sanes Nonwowen
Gootextiles Maks:

» Construction. Mirafi® 5-Serios polypropy-
leng nonwoven geatextiles easily conform
to tha ground or tranch surface for trouble-
frea installation.

stand installation stressas with high punc-
tura and tear resistanca.

» Drainage. High permittivity proparties pro-
vide high water flow rates while providing
exczllent soil retention.

® Environmantal. Mirafi* 5-Saries geotaxtiles
ara chemically stable in a wide range of
AYQressive ervironments.

» Cost Effective. Mirafi® 5-Series geotextiles
provide economical solutions to many civil
engineering applications including a cost-

ters.

APPLICATIONS

Mirafi® S-Serias nonwovan geotextiles are
usad in a wide variety of applications in the
amvirgnmantal market. These include sapara-
fiom, filtration, and protection applications.

Protectiva & Dutdoor Fabrics enmynthatit
Aemmspace Composites
Ao Compasites

Industrial Fabrics
Synthetic Grass

= Strength. Mirafi® 5-Series geotaxtiles with-

effactive altemativa to graded-aggregate fil-

Mirafi® S-Series Nonwoven Polypropylene Geotextiles
for geomembrane liner protection, landfill gas collection, and landfill drainage systems

Mirafi® 5-Sarios nonwovens are usad in criti-
cal subsurface drainage systems, soil sapara-
tion, permanent erosion contral, HOPE and
other geomembranes in kandfill construction.
Thess geotaxtiles provide the raquired punc-
ture strangth and abrasion resistance o with-
stand installation and application stresses o
croato an affactive long-term solution. Other
applications for Mirafi® 5-Series nonwovens in
landfill applications include leachate collec-
tion/removal systems and for gas collaction
and vanting systems.

Nonwaven gootextiles play a critical role in
the collection of liquids in wasta containment
systems. Tha nonwoven gaotextilas prevent
clogging of the collection pipes and drainage
apggragates. Tha successful removal of thase
liguids is critical to the performanca of the
landfill sita. Mirafi® 5-Series gaotextiles assist
in maintaining an outhet for gasas to ascapa
from babow the liner systems. Gases may also
travel within the nomavoven fabrics laterally
until it reaches a vent. For these collection sys-
tems to be effactive, they must have a properly
designed protective filtar. Mirafi® 5-Series
Nonwoven Geotaxtiles allow designers flexibil-
ity in finding an economic source of a specific
aggragate gradation and assuring that the in-
placa aggregata provides affective filter per-
formance.

INSTALLATION GUIDELINES*

Mirafi* 5-Saries should be handlad and
deployed in a way that prevents damage to the
geatextile. The subgrade surface should ba
evan and free of dabriz of any kind. Adjacent
panels of Mirafi® & Series gaotextile shall ba
overlappad, sewn or heat-saamed unlass
anather method of seaming is specified by the
enginaer. It is important that owerlapped pan-
els of nonwoven geotaxtile ba continuoushy
joined to prevent any migration of soil through
the overlaps. Owerlap requirsments for
Mirafi* 5-3aries geotextiles should be speci-
fiad by the project engineer or agancy or fiol-
low the most cument AASHTO MZBE geotextila
installation guidelines in absance of project
specifications. In windy conditions, tha outsida
edges of deployed panels of Mirafi® S-Series
gaatoxtile should be weighted down with
sandbags or an equivalant manner as diract-
ed by tha projact anginear or agency. The
sandbags should remain in place until the
adjacant geotextile panal is fastanad or until
an overhyang layer of material is placed.

® Thesa guidelines serve a5 3 general hasis for installation.
Detsilad instructions ane availabie from your TenCate® ep-
rasantatie.
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Mirafi

Mirafi® S-Series Nonwoven Polypropylene Geotextiles

for geomembrane liner protection, landfill gas collection, and landfill drainage systems
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Property / Test Method Units S600 5800 S1000 51200 51600
MECHANICAL PROPERTIES

Weight ozfyd E B 10 2 18
ASTM D3E261 Iofm?) 1203} 1271} 133 1407) {547
Thickness mils BD a0 115 130 175
ASTM D5199 [mm} 12.0] 2.3} 33 4]
Grab Tensile Strangth Ibs 170 730 320 475
ASTM D632 M) man o4 [1424) {1Bgn}
Grab Tensile Elongation % 50 50 50 5
ASTM D432

Trapezoid Tear Strength Ibes 1 o 105 125 155
ASTM [4533 IN {312 1423) |467) |55E) {BE0|
CER Functure Stremgth bs 450 EQ0 725 500 1200
ASTM D241 1] 12003 [2570) 13226] 14005) {5340
U Resistance after 500 hre. % strength BO Ed B Bl Bl
ASTM [M355

HYDRAULIC PROPERTIES

Apparent Dpening Size {ADS) LS Siava BO oo 100 100

ASTM D4751 [mm} {0.Ea) I0.15) 10.15) I0L15)
Parmittivity sec’ 15 14 12 o4

ASTM D440

Flow Rate galfmin 11 Ho BS 5] 50
ASTM D401 [lfminfmr') 144381} [4481) [3483] |54E] 12087
Packaging

Fall Width ft imd 15(4.5] 15145 15 (4.5} 151450 15045
Rall Length ft im) 300 (81] 300(51) 3t 0@} 300
fres ' (m") 500413} 500 (418 5OO(418) 500(418) 500 (418}

Viafues and methods could change without natice

Mirafi* §-Saries Nonweoven Geofextiles

TenCate™ Beosynthetics Americas sxsumes no [isbiity for the scowsecy or completeness of this information o for the ultimste we by the percheser. TenCate™ Geosynihetics Americas disclaims sy and all
Ex , implied, or stafstony standsrds, wamanties of gusranteas, inchafing withost Emitstion any implied wearranty 2s in meschantshility or filmess for 3 partiosiar purpmse or srising from 8 coorss of desfing
of image of rade & 0 any equipment, msterials, or information fernished herewith. This document should not be construad 38 engneaning advice.

Franch Drain Without Pipa

Mirafi* &z a reg=iead trademark of TenCate™ Geaomynthetics Amenicas

P, SIE1T

122013 TenCate Gamsynthatics Morth America

3E5 South Halland Drive
Pendargrass, GA 30557

Tel B00&5E5 9990 Fex 706 ES3 4400
Tel 706603 2226  wwwomirafLcom

S>TENCATE

materials that make a difference
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MIRAFI® N-SERIES

PRODUCT DESCRIFTION

Mirafi N-Saries products are nomwoven geataxtiles
comprisad of polypropylene staple fibers. Mirafi
N-Series Nonwoven Folypropylene Geotexiles peo-
vide excellent physical and hydraulic properies in
addition to high tensilz strengths.

FEATURES AND BENEFITS

= Construction. Mirafi N-Series geotextiles easily
conform to the ground or trench surface for trou-
ble-frea installation.

= Strength. Mirafi N-Series geotextiles withstand
savere installation stresses with high puncture
and burst resistance.

» Filtration. High permeahility properties provide
high water flow rates while providing excellant
filtration properties.

= Environmental_ Mirafi N-Seties geotestiles are
chemically stable in a widz range of angressive
environments.

= Cost effective. Mirafi N-Series geatastiles pro-
wide economical solutions to many civil engineer-
ing applications including a cost-efective altama-
tive to gradad-aggragate filers.

PROPERTY / TEST METHOD UNITS
MECHANICAL PROPERTIES

Grab Tensile Strength

ASTM D 4632

—Strength @ Ulimate kN {lbs)
—Elongation @ Ultimate %
Mullen Burst Strength kPa
ASTM D 3786 (psi)
Trapezoidal Tear Strength kM
ASTM D 4355 {lbs)
Puncture Strength kM
ASTM D 4833 {lbs)
UV Resistance after 500 hrs. % strength
ASTM D 4355

HYDRAULIC PROPERTIES

Apparent Opening Size (RO5)  US Sieve
ASTM D 4751 mm
Permittivity sac-1
ASTM D 4491

Flow Rate limiin/m?
ASTM D 4401 {gelimindfe)

GEOSYNTHETICS

Mirafi® N-Series Nonwoven
Polypropylene Geotextiles

For 5oil Separation, Filtration and Protection

DESCRIPTION
Drainfield 3' x 360° (1,080 sg-ft)

5%

Drainfield 4' x 360° {1,440 sg-ft)

Ten Cate Nicolon

1350 — 3" ¥ 360" (1,080 sq-ft.} - 3 oz,

APPLICATIONS

Mirafi N-Saries Nonwovens are usad in a wide vari-
ety of applications including separation, filtration,
and protection applications.

Lightweight nonwovens are pradominantly wsed for
subsurface drainage applications along highways,
within embankments, under airfields, and athletic
fields. For these drainage structures to be effective
they must have a properly designed protective filber
Mirafi N-Series Nonwoven Geotextiles eliminate the
problems of determining the aggregate gradation
required to match soil conditions, finding a conven-

140HL - 125" ¥ 360° (4,500 sq-ft.) - 3.8 0z

157-1408L 125
140HL - 15" % 360° (5,400 sq-ft.) - 3.8 oo
157-140HL15

140HC - 125" x 360° {4,500 sg-ft.) - 4 om.
15714080125

140N - 15" ¥ 360° (5,400 sq-ft) - 4 oz
157-1408C15

140K - 12.5" & 360" (4,500 sq-ft.} - 4.5 0.
157-14084125

140K - 15" 1 3607 (5,400 sg-ft) - 45 oz
157-140415

160M — 15" ¥ 300" (4,500 sg-ft) - 6 oz,
157-160815

170M - 15" % 300° {4,500 sq-ft) - Toz
157170815

ient and economical source of a specific aggragate
gradation, transporting and placing graded aggre-
gate, and assuring that the in-place aggregate gra-
dation provides effective filker performance.

180N — 15" x 300" (4,500 st - 8 oz
157-180M 15

100N - 15" x 300° (4500 5q-L) - 10 0z
157-1 100N 15

Heawyweight nomwovens are used in aritical subsur-
face drainage systems, soil separation, permanent

1120N - 15" x 300" (4,500 sq-ft) - 12 0.
157.1130M

ercsion control, and geomembrans liner protection
within landfills. These geotextiles provide the

160N - 15" x 150' {2,250 sq-ft) - 16 0z.
157-1160M

required strength and abwasion resistance to with-
stand installation and application stresses to aeate
an effective, long-term solution.

CALTRANS
140ML  140NC 140N 160N 170N

CUSTOM SITES AVAILABLE BY SPECIAL DORDER

CALTRANS
180N 100N 1120 1160N

0,40 {90) | 0.45 {100} | 0.53 {120) | 0.71 {160} | 0.80 {180}{0.9 (205)| 1.11{250) 134 {300} 1.69 (380)
&0

50 50 50 5
1205 1447 1550 2100 un
[175) {210} (225) (305) (330)

016 020 0n 027 033
(35) (45) {50) (&0} (75)
0.24 030 030 042 0.46
(55 {65) (B5) (95 (105)
70 m 0 70 0
60 m ] 70 B0
0.25 02 0212 0212 0.180
10 19 13 14 14

5907 SEDE 5500 477 4378
[145) {140 {135} (11m (105)

50 50 50 50

2618 3445 4030 5098
(380 (S00) (585) (740)
036 0.45 0.51 0.62
{20 (100) {115) (140)

058 069 0.78 1.05
(130 (155) (75} (235)
m 70 m 0
a0 100 100 100
0180 (0J50 0150 Q150
12 10 08 0y

3866 | 3056 2643 037
{95) (75} {5 (50}

NOTE: All Mechanical Froperties and Hydraulic Properties shown are Minimum Average Roll Vahues {MBRV].

Your Caltrans Product Speci

alist: Kathy Brooks 800.936.6626
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12182018 Compare Bobeat Compact Track Loaders - Bobeat Company
& SHARE
Loaders / Compact Track Loaders
CUITIPEIF'E Models
To compars modelz, start by selecting products using the dropdown menus.
M Standard || Optional /A Mot Applicabls Ui US
Bobcat TS50 Select product... Select product...
Configuration Standard Roller Suzpsanzion
Option
Emissions Tier (EPA) Tier 4 Tier 4
Engine Coaling Liguid
Engine Fuel Diszsl
Horsepower 86 hp
Turbocharged Engine ‘
Performance
Rated Operating Capacity (150) 1,995 Ib 1,885 Ib
Operating Capacity (50% of Tip) 2850 Ib 2707 Ib
TippIng Load 5700 b 5414 Ib
Operating Welght 7557 Ib 7758 Ib
Travel Speed 7.1 mph 7.1 mph
Travel Speed (2-speed option) 104 mph nfa
Ground Pressure (Rubber) 4.8 psi 5.8 pai
hitps:/feenw boboat comioaders/compact-track-loaders/compare-models 13
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12112018 Compare Bobeat Compact Track Loaders - Bobeat Company
Capacities
Fuel Tank 36.5 gal 365 gal
Hydraulic System
System Rellet & Quick Couplers: 3,600 p=i
Auxiliary Std Flow 17.1 galfmin
Auxillary High Flow 26,7 gal/min
Dimension
Length 133 in
Length without Attachment 104.8 in
Length with Standard Bucket 133 im
‘Width BT in 71.5in
Width (with bucket) B8 in T4in
Helght F78in
Helght with Dperator Cab Tr.8in
Height 10 BUCKET HINge Pin 1145in
Reach @ Maximum Helght 18.3in
Turning Radius 80 in 80 in
Length of track on ground 54.1in
Track Width 12.6in
Track Witth - Optional 15.8in
hitps:/www.bobeat. com/loadersicompact-irack-loaders/compare-models 3
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12182019 Compare Bobeat Compact Track Loaders - Bobeat Company
Features
Joystick Control v
AIr Conditioning ’
Backup Alarm [ |
BICS System (IMeriock) [ |
Cab Heater +
Opesating Lights |
Suspension Seat [
Two Speed Travel NI
Delxe Instrumentation +
Engine Shutdown [ |
Hydraulic Bucket Positioning v
High Flow Optian ’
Auxillary Hydraulics [ ]
Baob-Tach Attachment System "
Fower Bob-Tach ;
ACS (Switchable Controis) +
Ride Control +
Hom [ |
i) @ prosided for comparison purposes orly and ane sulyect bo
5 in design, manufecturing, operaling conditions, and other facios
hittps:/fanena bobeat. comfloaders/compact-rack-Joaders/compare-models a3
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Geosvnthetic Institute
475 Kedron Avenue

Folsom, PA 19033-1208 USA @@@
TEL (610) 522-8440 ‘ )
FAX (610) 522-8441 @)‘-'@
Rev. 2: March 3, 2016
Bewvision Schedule: pg. 7
GRI Test Method GT12(a)" - ASTM Version
Standard Specification for

“Test Methods and Properties for Nonwoven Geotextiles Used as
Protection {or Cushioning) Materials™

This specification was developed by the Geosynthetic Research Institute (GRI) with the
cooperation of the member organizations for general use by the public. It 15 completely optional
in this regard and can be superseded by other existing or new specifications on the subject matter
in whole or in part. Neither GRI, the Geosynthetic Institute, nor any of its related instifutes,
warrant or indemnifies any materials produced according to this specification either at this time
or in the future.

1 Scope

1.1 This specification covers nonwoven geotexfile test properties for subsequent use as
protection (or cushioning) materials.

Note 1: The typical use will be as a protective covering or underlayment of a

geomembrane against puncture or fear due to rock, stones. concrete
or other hard surfaces and/or objects.

1.2 This specification sets forth a sef of physical, mechanical and endurance properties
that must be met, or exceeded by the geotextile being manufactured.

1.3 In the context of quality systems and management, this specification represents a
manufacturing quality control (MQUC) document.

Note 2: Manufacturing quality control represents those actions taken by a
manufacturer to assure that a product represents the stated objective
and properties set forth in the specification.

*This GBI standard 15 developed by the Geosynthetic Research Institute through consultation and review by the
member organizations. This specification will be reviewed at least every 2-years. or on an as-Tequired basis. In this
regard it is subject to change at any time. The most recent revision date is the effective version.
Copyright £ 2002, 2013 Geosyothetic Institute
All rights reserved
GT12(a) -1 of 7 Rev.2: 3/3/16
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4.2
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53

6.1

Note 3: This particular specification for nonwoven protection geotextiles
falls under the concept of MQC.

Minimum Average Roll Value (MARV) — For geosynthetics, a manufacturing
quality control tool vsed to allow manufacturers to establish published values such
that the user/purchaser will have a 97.7% confidence that the property in question
will meet published values. For normally distributed data, “"MARV™ is calculated
as the typical value minus two (2) standard deviations from documented quality
control test results for a defined population from one specific test method associated
with one specific property.

4 Material Classification and Formulation

This specification covers geotextiles used as protection (or cushioning) materials.

The type of resins are wsually polvpropvlene, polvester or polyvethylene, but other
resins are also possible in this regard.

The type of geotextile style is designated as a nonwoven since research has shown
these fabrics to be most effective in the typical applications toward which this
specification is directed. While needle-punched nonwovens are usually vsed. heat
bonded and resin dipped manufacturing styles (or others) can also be considered.

5. Specification Requirements

The geotextiles for wse as protection (or cushioning) materials shall conform to
Table 1. The table is given in English units and in SI (Metric) units. The
conversion from English to ST units is “soft”.

Since there are a number of geotextile puncture test methods available, Table 2 15
provided. Either of these tests can be considered to be an alternative test replacing
ASTM D4833 in Table 1. The decision to make such a replacement must be agreed
upon by the parties involved. The table is given in English units and in 51 (Metric)
units. The conversion from English to SI units is “soft™.

The required values for all properties in Tables 1 and 2 are to be minimum average
roll values (MARV) except UV resistance which 15 a minimmm value.

4. Workmanship and Appearance

The finished geotextile shall have good appearance qualities. It shall be free from
such defects that would affect the specific properties of the geotextile, or its proper
functiomng.

General manufacturing procedures shall be performed in accordance with the
manufacturer’s internal quality control guide and/or documents.

GT12(a} -3 of 7 Rev. 2: 3/3/16
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USA Units

Table 1{a) — Required Properties, Test Methods and Values for Geotextiles Used as
Geomembrane Protection (or Cushioning) Materials

Property™” Test Method | Unit Mass/Unit Area (oz/yd")
ASTM
Mass per unit area D35261 oz/yd” 10 12 16 24 32 60
Grab tensile strength D4632 1b 230 | 300 | 370 | 450 | 500 | 630
Grab tensile elongation D4632 % 50 50 50 50 50 | 50
Trap. tear strength D4533 1b 05 115 | 145 | 200 | 215 | 200
Puncture (CBR) strength D6241 1b 700 | 800 | 000 | 1100 | 1700 | 2400
UV resistance™ D7238 % 70 70 70 70 70 | 70

Notes:
(1) All values are MARV except UV resistance; it is a minimum value.

(2) Evaluation to be on 2.0 inch strip tensile specimens per ASTM D 5035 after 500 1t. hrs.
EXpOsUTE.

S.1. (Metric) Units

Table 1{b) — Required Properties, Test Methods and Values for Geotextiles Used as
Geomembrane Protection (or Cushioning) Materials

Property*” Test Method Unit Mass/Unit Area (g/m”)
ASTM
Mass per unit area D3261 g/m” 340 406 542 812 1080 | 2000
Grab tensile strength D4632 KN 1.02 133 164 | 200 | 225 | 280
Grab tensile elongation D4632 %o 50 50 50 30 50 50
Trap. tear strength D4533 KN 0.42 0.51 064 | 082 | 0096 1.27
Puncture (CBR) strength D6241 KN 3.11 3.56 400 | 490 | 756 | 1060
UV resistance'™ D7238 % 70 70 70 70 70 70
Notes:

(1) All values are MARYV except UV resistance; it is a minimum value.
(2) Evaluation to be on 50 mm strip tensile specimens per ASTM D5035 after 500 It. hrs.
EXPOSUTE.

GT12(a) -6 of 7 Bev. 2: 3/3/16
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Correlation of ASTM D4833 and D6241 Geotextile
Puncture Test Methods and Results for Use on
WisDOT Projects

Rani Elhajjar, Ph.D., P.E.

Hani H. Titi, Ph.D., P.E.

Stacy Van Dyke, M.5.
and

Hamid Erfanian, M.S.

Department of Civil and Environmental Engineering
University of Wisconsin = Milwaukes

3200 M. Cramer St. Milwaukee, Wi 53211

WisDOT ID no. 0092-15-07
May 2017

B i

RESEARCH & LIBRARY LIMIT WisconNsIM HIGHWAY RESEARCH PROGRAM
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Chapter 6

Proposed Geotextile Specification Limits

This chapter presents a summary of test results correlation and comparison from the geotextile

industry data. In addition, a set of proposed specification limits are presented based
geotextiles types.

6.1 Geotextile Industry Data

Minimum average roll values (MARV) for a subset of the geotextiles tested in this project were
found through research and data collection of vendor specification sheets. Table 6.1 and 6.2
show the results in context of the vendor provided MARV numbers. The research team also
obtained additional data and information from geotextile manufacturers that included both CBR
and pin puncture strength test data as well as published values of CBR and pin puncture strength.
These new data obtained are summarized in Tables B1 and B2 in Appendix B. In addition, the

data values are used to provide a comparison to the models developed based on the
study conducted herein.

Table 6.1 Comparison of Phase 1 to Industry MARV

on WisDOT

experimental

Standard . .
Geotextile Average Deviation in Coefficient Average
i ASTM No. of Puncture of Variation i . .
Material Puncture . Elongation, in
Test Tests Load, lbs in Punciure
Tvype ™ Load, Ibs Load (%) (mm)
T ™ !
D4833 15 73 (324) 10 (43) 133 0.50(12.7)
A D6241 10 362 (1611) 41 (134) 11.4 1.89 (48.0)
(nonwoven)
4 oziyd D6241/D4833 Ratio: 4.9
MARV-D6241 Puncture load, lbs (IN) - 250 (1113)
D4833 15 100 (443) 7(29) 6.6 0.35(3.9)
B D6241 10 733 (3261) 20 (92) 28 1.40(35.6)
(woven)
4 oziyd® D6241/D4833 Ratio: 7.3
MARV-D6241 Puncture load, Tbs (IN) : 700 (3115)
C D4833 15 115 (510) 21 (93) 18.3 046 (11.7)
102
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(nonwoven) | g4l 15 595 (2648) 57 (255) 9.6 1.88 (47.8)
8 oziyd

D6241/ 4833 Ratio: 5.2

MARV-D6241 Punctore load. Ibs (W) - 500 (2224)

D4833 10 178 (790) 18 (81) 10.3 046 (11.7)
D Da241 15 1392 (6190) 151 (673) 10.9 1.44 (36.6)
{(woven)
8 ozivdt D6241/D4833 Ratio: 7.8
MARV-D6241 Puncture load, Ibs (IN) - 1250 (5563)
D4833 10 240 (1069) 16 (73) 6.8 0.59(15.0)
E Da241 15 1268 (3642) 101 (451) 8.0 247 (62.7)
(nonwoven)
12 ozivd? D6241/D4833 Ratio: 5.3

MARV-D6241 Puncture load, Ibs (IN) - 200 (4003)

Table 6.2: Comparison of Phase 2 test values to industry MARYV

Project Number MARV Testing — Average Values
Fabric Type VendorType ["Dy533 |D6241|D6241D4533| DI833 (V)| D833 | D6241 | D624L D433
and Date MARV MARV Ratie  |-WISDOT| (V)- | (¥)- | Ratic-UWA
MARY WAL | UWAL
Propex
OF 1185-13-71 289 | 1380 48 213 148 | 9s0 6.3
Geotex 401
(mon-wermen’
Willacoches
Industrial Fabnes,
OF 1700170 | Winfsh 409 | 289 | 1380 48 27 158 | 627 40
(non-woven)
Hanes Geo
Componsnts T
DF 9200-04-71 ments e 4s7 | 2110 45 472 499 | 2759 53
Tex MOT
(non-woven)
Tencate — Muafi
OF 1030-11-70 1401 (noz- 300 | 1380 16 480 463 | 2600 5
WOVEen)

103
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Ceosynthetics
CF 2753-06-71 ST180M 467 - - 452 295 | 1084 3.7
(non-wovern)
Propex Geotex - - -
OF 1060-33-73 701 (non-woven) 445 2047 46 497 274 380 32
Propex 701
SAS 1133-403-71 445 | 2113 47 309 342 1731 3l
(non-woven)
Geosynthetics
SAS 8160-14-71 ST180M 467 - - 465 300 1312 44
(non-woven)
Tencate Mirafi
5AS 1060-33-75 170N {non- 260 | 2003 44 540 391 | 1845 47
woven)

6.2 Experimental Data Based Models

The results of the experimental data obtained from Phase I and II for both woven and nonwoven
geotextiles are summarized in Table 6.3 (see Figures 4.30 to 4.35 in Chapter 4).

Table 6.3: Correlations between CBR and pin puncture strength based on the experimental
test results.

Correlation:
Geotextile Test Result R!
eotextile Test Resu PS(CBR) = 0 * PS(Pin)

Woven PS{(CBR) =746 = PS(Pin) | 098
Phase I

Nonwoven PS{CBR)=5.19 = PS(Pin) | 098

Woven PS{(CBR) =428 = PS(Pin) | 0.85
Phase IT - -

Nonwoven PS{(CBR) =557 = PS(Pin) | 0.85
Combined (Phase | Woven PS(CBR)=6.36 = PS(Pin) | 0.91
I and Phase IT) Nonwoven PS{(CBR) =490 = PS(Pin) | 092

PS({CBE): CBR Puncture Strength (I, Ibs) from ASTM D6241
PS(Pin): Pin Puncture Strength (M, Ibs) from ASTM D4833
a: Correlation Constant

These models have a good coefficient of correlation values and will be used to propose the
average minimum limits for geotextile CBE puncture strength for WisDOT. The current pin
puncture strength based WisDOT specifications are summarized in Table 6.4.
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The results of the nonwoven geotextiles in Phase I & II (PS{CBR) = 4.90 = PS(Pin)) are selected
to propose for the specifications. These results have a (.92 coefficient of determination, which is
a good correlation with the largest number of test points of 142. Further, using this set of data
does not bias the factor to the woven specimens which achieve the highest benefit from moving
to the CBE. standard. The data obtained from the geotextile industry tests/specifications are
compiled and presented in Figure 6.1. The results show that the data compiled from the industry
is within a reasonable agreement of the models presented in this report. The analysis of
geotextile industry data for the nonwoven geotextiles showed the following correlations: ~
PS{CBR) = 4.75 = PS(Pin). which is a reasonable outcome compared with the model obtained
from the experimental test results. Additionally as a result of the phase ITT additional tests
conducted, we include a recommendation to include a minimum UV stability for the geotextiles
based on possible exposure in the field.

10,000
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= F Y -
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o 5,000 A 1
= “ T oY= 47682
= .. ® Rl = 0.9555
l‘é 4,000 i _i P
= e T g W
5] - . ‘.
2,000 o & Woven
e ae
o
0 =
o 200 400 00 B0 1,000 1,200 1,400
Pin ASTM D4833 [N)
3,000
—_— = 7.3283x .
— R=0.4794 ..
=
= it
= 2,000 ¥ = A.7532
E & ' "l"__-. o562
D 1,500 . T
= A o L
= A e : '
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< 1,000 gt -
o ‘_ Y __.-‘. .
& Aw o & Woven
500 '.-.
e L @ Mon-Woven
o L
o 50 100 150 200 250 300 350 400

Pin ASTM D483 3 (Ihs)

Figure 6.1 Industry data shown for comparative purposes (in 5I and U.5. customary units)
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Table 6.4 Current and proposed WisDOT specification limits

Minimum Puncture Strength (Average)
Cwrrent WisDOT Proposed WisDOT
Geotextile Tvpe Specifications Based on | Specifications Based on
ASTM D4833 (Pin) ASTM D6241 (CBR)

Ibs. N 1bs. N
Subgrade Aggregate Separation (SAS) 70 300 340 1500
Marsh Stabilization (MS) NA NA NA NA
Dirainage Filtration (DF). Schedule A 40 175 190 840
Drainage Filtration (DF), Schedule B 70 300 340 1500
Drainage Filtration (DF), Schedule C 70 311 340 1500
Subgrade Reinforcement (SE) NA (145)*F |NA (650)* [NA (7007** NA(3100)**
Riprap (R) 80 350 390 1700
Heavy Riprap (HR) 100 440 4900 2100
Modified Subgrade Aggregate
Separation Type C (SAS-C) 0 300 340 1500
Embankment Stabilization (ES) NA NA NA NA

UV Radiation Stabilization ASTM D4355 for 500 howrs of exposure — 50% Retention of Stremgth

* Specification values are obtained from WisDOT project documents.

** Based on same data from WisDOT project documents
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Chapter 7
Summary

The results from Phase 1 and IT show that the CBR puncture strength can possibly be predicted
for woven and nonwoven PP materials. The Woven PP materials exhibit a CBR puncture
strength approximately double that of nonwoven PP materials with the same mass per unit area.
The CBR displacement/elongation at puncture failure is determined by weave type rather than
mass per unit area for PP materials. D&241 appears to correlate more with the weight of the
fabric. We also found that the CBE. puncture strength failure of a woven material is likely a
function of filament tensile strength and CBR. failure of nonwoven materials is a function of
fiber-fiber contact area. When the results from D4833 are compared with the obtained values
from WisDOT using the same standard, we see similar results obtained. Industry obtained
minimum average roll value (MARV) numbers for both methods show similar correlations to the
results obtained. The results also show consistent higher values for D6241 compared to the
values from D4833. The outliers with high strength from the D241 approach sometimes
correlate with the higher strength (e.g. Group5s SAS). however in other cases (e.g. in the DF)
series we do not see this correlation. Finally, in the proposed specifications in Chapter 6 we
recommend values based on the correlations obtained in this report to enable and justify

transitions to the new ASTM D6241 standard.
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Aggregates S-03

9-03.12(5) Gravel Backfill for Drywells

Sieve Size Percent Passing
1" 99-100
1" 50-100
E 0-20
3" 0-2
Mo, 200 015

Sieve Size Percent Passing
2" 90-100
Mo. 4 24-100
Mo. 10 14-100
Mo. 50 0-30
Mo, 100 0-7.0
Mo, 200 0-3.0

All percentages are by weight.

Gravel backfill for drywells shall conform to the following gradings:

9-03.13  Backfill for Sand Drains
Backfill for sand drains shall conform to the following grading:
Sieve Size Percent Passing
" Q0-100
Mo. 4 57-100
Mo, 10 40-100
Mo, 30 3-30
MNa. 100 0-4
MNao. 200 0-3.0
All percentages are by weight.
by weight of wood waste.
9-03.13(1) Sand Drainage Blanket

As an alternative, AASHTO grading No. 4 may be used in accordance with Section
2-03.1(4)C. Alkali silica reactivity testing is not required.

That portion of backfill retained on a No. 4 sieve shall contain not more than 0.05 percent

Aggregate for the sand drainage blanket shall consist of granular material, free from wood,
bark, or other extraneous material and shall meet the following requirements for grading:

That portion of backfill retained on a No. 4 sieve shall contain not more than 0.05 percent
by weight of wood waste.

2020 Standard Specifications M 41-10

FPage 5-29
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PRODUCT SPECIFICATIONS FOR D6

EMNGIMNE

Engine Model
Power - Net

Emissions

Net Power - Rated - |SO 9249/5AE J1349

Net Power - Rated - |SO 9248/SAE J1349 (DIN)

Build Number
Note (1)

Note (2)

Mote (3)

Note (4)

Cat C9.3B
215 HP

.5, EPA Tier 4 Final, EU Stage V, Korea Tier 4
Final

215 HP

219 HP

204

Rated horsepower at 2,200 rpm

All nen-road Tier 4 Interim and Final, Stage B, IV
and V and Korea Tier 4 Final diesel engines are
required to use only ultra-low sulfur diesel (LULSD)
fuels containing 15 ppm (mg/kg) sulfur or less.
Biodiesel blends up to B20 (20% bland by volume)
are acceptable when blended with 15 ppm (mafkg)
sulfur or less ULSD. B20 should meet ASTM DV467
specification (biodiesel blend stock should meaet Cat
biodiesel spec, ASTM DETS1 or EM 14214). Cat
DECQ-ULS or oils that meet the Cat ECF-3, API
Cuatd ACEA ES specification are required, Consult
your OMM for further machine specific fuel
recommendations.

Diesel Exhaust Fluid (DEF) used in Cat Seleclive
Catalytic Reduction {SCR) systems must meet the
requirements outlined in the International
Organization for Standardization (150) standard
22241,

Basic machine specs provided below. For complete
specifications and dimensions by configuration,
blade and track shoe offerings and more, please
visit the product download section to view the full
D&E/D6 XE Technical Specifications.
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DIMEMSIONS = LGP VPAT (30-IM}
Operating Weight 50650 Ib

TRANSMISSION

Power Train

Fully Automatic 4-Speed Powershift

SERVICE REFILL CAPACITIES

Fuel Tank

DEF Tank

90 gal (US)

7.4 gal (US)

AIR CONDITIONIMG SYSTEM

Air Conditioning

The air conditioning system on this machine
contains the fluorinated greenhouse gas refrigerant
R134a (Global Warming Potential = 1430), The
system contains 1.36 kg of refrigerant which has a
CO2 equivalent of 1.946 metric tonnes,

D& PUSH ARM

Operating Weight 48500 It
Ground Pressure 7.9 psi
Width of Standard Shoe 241in

Elade

Elade Capacity

Semi-Universal (SU)

7.5 yd°

D& LGP (30-1M) PLISH ARM
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Operating Weight 50130 Ib

Ground Pressure 6.6 psi

Width of Standard Shoe 30 in

Elade Semi-Universal (SU)

Elade Capacity 7.6 yd*

D& LGP (3G6-IN) PUSH ARM

Operating Weight 52615 b

Ground Pressure 5.1 psi

Width of Standard Shoe 3G in

Blade Stralght

Blade Capacity g yd?

D& VPAT

Operating Weight 49030 Ib

Ground Pressure 7.1 psi

Width of Standard Shoe 24 in

Blade WRAT

Blade Capacity 5.4 yd?

D6 LGP (30-1N) VPAT

Operating Weight 50650 b

Ground Pressure 5.8 psi
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WwWiatn or SEanoara snoe AU
Blade WRAT
Elade Capacity 5.9 ya?

D& LGP (36-IN) VIPAT

Operating Weight 51875 Ib
Ground Pressure 5 psi
Width of Standard Shoe 36 In
Blade VPAT
Elade Capacity 6.5 yd*

D6 STANDARD EQUIPMENT

FOWER TRAIN

Hydraulic ravarsing fan

Double reduction planetary final drives
Cat C8.3B diesel engine
Fully-automatic 4-speed transmission

OPERATOR ENVIRONMENT

Cloth seat

Added storage areas

Electrohydraulic implement and steering controls

Lights - 6 LED

Communication radic ready

Cab mounted modular Heating®™entilation/Air Conditioning (HVAC) system

Fully redesigned cab, sound suppressed, with Integrated Roll Over Protective Structure (ROPS)
Integrated rearview camera

Adjustable operator controls/anmrests

Full-gglor 10-ingh (224 mm) liauid crvstal touch screen disolay
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CAT TECHNOLOGY

Slope Indicate

Product Link, Cellular PLEG41

Attachment Ready Option (AROC) with Assist/Cat GRADE with Slope Assist

UMDERCARRIAGE

Redesigned track roller frame

SERVICE AND MAINTENAMCE

Ecology drains
30-minute cab removal

Rear access ladder

Fire extinguisher mounting prowision
Shovel halder
Lnderhood work light

Ground level service center

HYDRALULICS

Independent steering and implement pumps

Load sensing hydraulics

ATTACHMENTS

Ripper-ready rear hydraulics

D6 OPTIONAL EQUIPMENT

OPERATOR ENVIRONMENT

Premium lights - 12 LED
Integrated warning lights

Deluxe leather heated/ventilated seat

CAT TECHNOLOGY

Cat GRADE with 3D

Product Link Elite PLEG31 - Dual Cellular/Satellite

BLADES
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Semi-Universal

Straight blade

Angle blade

Faldable WPAT - under 3 m (2.9 M) ransport width (Mot available in all regions)
Variable Pitch Angle Tilt (VPAT )

Waste/Landfill

INDERCARRIAGE

Moderate Service or Extreme Service track shoes
10-Roller Fine Grading undercamiage
Heawvy Duty (HDXL with Duralink) or SystemQOne

ERVICE AND MAINTEMAMCE

Refilling fusl pump (EL only)

JTTACHMENTS

High lift ripper with stralght or curved shanks
Winch

Farestry and Waste Special Arrangements
Countenweights

Ripper and winch-ready rear hydraulics

Side screens

Rear screen - hinged or fixed

Sweeps

Drrawbar
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1.0 PURPOSE

The purpose of this calculation is to demonstrate the ability of the 4 and 10” diameter leachate pipes in the
northwest corner of the basin to withstand both static and dynamic loads expected during construction and
operation.

2.0 METHODOLOGY
2.1 Pipes

The pipes that will be analyzed are a 4” diameter perforated pipe and a 10” diameter perforated pipe as shown
on drawing H-2-838749, Sheet 2, Rev. 0 (Attachment 1). In general, smaller diameter pipes can withstand loads
better than larger diameter pipes, so the 10” diameter pipe will be analyzed.

2.2 Loads

The pipes and cover material are shown in Sections C and D on drawing H-2-838749, Sheet 2, Rev. 0
(Attachment 1). The pipes will be subjected to loads from the gravel drainage layer, effluent, placement of the
gravel drainage layer, and construction equipment traveling over the pipes. Loads from other sources are
possible, as mentioned in Section 3.5 Design Loads in Reference 6, however, loads from other sources are not
expected to control.

During normal operation, the pipes will be subjected to the gravel drainage layer and the effluent loads
concurrently. During construction, the pipe will be subjected to placement of the gravel drainage layer and
construction equipment traveling over the pipes, which will be nonconcurrent. Placement of the gravel drainage
layer will be analyzed by applying an impact factor to the unit weight of gravel, and then analyzing as a static
system.

23 Acceptance Criteria

Pipe deflection and buckling capacity will be calculated for during normal operation, and buckling capacity will
be calculated for during construction.

The deflection will be calculated using the lowa Formula, given in Reference 1, Appendix I, Section 1.2.3
“Deflection,” using normal operating loads. The allowable deflection is given in Reference 1, Appendix I,
Section 1.2.7 “Procedures for Calculating Required Pipe Strength.”

The buckling capacity of the pipe will be calculated using the Luscher Equation, given in Reference 3, Page 221
“Luscher Equation for Constrained Buckling Below Ground Water Level.” This equation will be used to
calculate the allowable compressive pressure on the pipe. The allowable compressive pressure will be compared
to the normal operating loads, placement of the gravel drainage layer loads, and the construction equipment
loads to determine if the pipe is adequate for resisting buckling.
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3.0 DESIGN INPUTS

3.1 Basin Geometry

The basin geometry is given in the below drawings. These drawings are included in Attachment 1.
H-2-838749, Sheet 1, Rev. 0

H-2-838749, Sheet 2, Rev. 0

De = The maximum possible depth of effluent in the basin. The lowest point of the basin that effluent could
reach is the top of the primary liner (Attachment 1, Drawing H-2-838749, Sheet 1, Liner System Schematic)
and is elevation 576.50° (Attachment 1, Drawing H-2-838749, Sheet 2, Detail 2). The highest elevation around
the perimeter of the basin is the top of concrete of the anchor wall and is 603.50” (Attachment 1, Drawing H-2-
838750, Sheet 1, Section C). Therefore, De = top elevation — bottom elevation = 603.50° — 576.50° = 27.00°.

The actual top of effluent elevation is less than the top of the concrete anchor wall, but this freeboard will
conservatively be disregarded.

3.2 Gravel Drainage Layer

The height of the gravel drainage layer is 2 feet. (Drawing H-2-838749, Sheet 2, Rev. 0, Section C). The height
of gravel on top of each pipe is therefore:

Height of gravel above 10” pipe = Bpio=2 ft — 10 in = 14 in

Height of gravel above 4” pipe =Bpa =2 ft —4 in=20 in

Unit weight of gravel = Wg = 135 pcf (Engineering Judgement)

3.3  Pipes

The leachate pipes are shown in Drawing H-2-838749, Sheet 2, Rev. 0, Detail 1.
Large pipe diameter = di = 10 in

Small pipe diameter = ds =4 in

34 Construction Equipment

The largest piece of construction equipment expected above the pipes will be a Bobcat S740 skid-steer (or
similar). The below values are provided from Bobcat’s website, see Reference 5.

The bobcat width of wheelbase = Xbobcat = 48.3 in

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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The bobcat operating weight = Whobcat = 8794 Ibs

Near the sump of the basin, a dozer could potentially be used for spreading gravel. The below values are from
Cat’s website, see Reference 9.

The dozer width of wheelbase = Xdozer = 76 in

The dozer operating weight = Wdozer = 52615 1bs

3.5  Unit Weight of Leachate

The unit weight of leachate is taken from Reference 4, Page 1.

Unit weight of leachate = We = 62.4 pcf

4.0 ASSUMPTIONS

There are no assumptions in this calculation. Engineering judgement, where used, is documented herein.
5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Calculations are checked using a handheld
calculator.

6.0 RESULTS
A summary of results is below.

Load Case Item DCR Remarks
Norm. Operating Deflection  0.761

Norm. Operating Buckling 0.924

Const. Gravel Buckling <0.924 Loads less than during normal operation

Const. Equipment  Buckling >1 Add note to drawings: No construction equipment
nor vehicle shall drive over the leachate pipes after
installation.

Property Required Remarks

Pipe Dimension Ratio DR <26
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8.0 CALCULATIONS

8.1 Loads on Pipe During Normal Operation

The sum of vertical pressures acting on the pipe are:
0a = De X We + Wg X Bpio =27 ft x 62.4 pct + 135 pcf x 14 in = 12.79 psi

The stress on the pipe will need to be adjusted to account for the /2 inch perforations at 8 inch spacing.

The length of perforation per foot: (Reference 1, Page I-10)
p=(~2in/8in)x 12in=0.75 ft

Adjusting for the Y5 inch perforations @ 8inch spacing: (Reference 1, Page 1-10)
cd=[12in/(12in—p)]xca=[121in/ (12 in —0.75 ft)] x 12.79 psi = 13.64 psi

8.2 Pipe Deflection During Normal Operation

Pipe deflection will be calculated using the lowa Formula given in Reference 1, Pages I-10, I-12, and I-13:
Ay=Tix(BecxodxKxr’)/(ExI+0.061 xE xr’)

Time lagging factor: Ti=1.0 (Reference 1, Page I-10, no time lag is expected)

Modulus of passive soil resistance:

E’ =300 psi (Reference 1, Page I-11, gravel will not be compacted —
minimum value used)
Bedding factor: K=0.1 (Reference 1 page I-11, conservative value)
Modulus of elasticity: E =120000 psi (Reference 2)
Mean radius of pipe: r=5in
Pipe width: Bc=10.75in (Reference 2)
Pipe wall thickness: t=0.413 in (Reference 2, DR 26.0)
Pipe moment of inertia: I[=t/12=(0.4131in)’/ 12 = 0.00587 in
Deflection: Ay=Tix(Bexcax Kxr’)/(ExI+0.061 xE xr)
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=1.0x[10.75 in x 13.64 psi x 0.1 x (5 in)*] / [120000 psi x 0.00587 in® + 0.061 x 300 psi x (5 in)’]
=0.613 in

The allowable deflection is given in Reference 1, Page I-16 and is a range of 5%-10% of the pipe width. The
average of the range of allowable deflection will be used as the acceptance criteria.

Ayait = 72(0.05 + 0.10) x Be = 72(0.05 + 0.1) x 10.75 in = 0.806 in
DCR: DCRay = Ay / Ayan = 0.613 in / 0.806 in = 0.761
8.3 Pipe Buckling During Normal Operation

Reference 1, Page I-13 states that a pipe’s buckling capacity should be provided by the pipe manufacturer.
Performance Pipe’s website refers to the Plastic Pipes Institute Handbook of PE Pipe (Reference 3) for design
guidance, which will be used to calculate the pipe’s buckling capacity.

Pipe buckling will not be a concern when the basin is empty. For buckling scenarios, it is assumed the basin will
be full, therefore, the section “Luscher Equation for Constrained Buckling Below Ground Water Level” will be
used (Reference 3, Page 221).

Allowable compressive stress: Pwe=(5.65/N)x {(RxB xE xE)/[(12 x (DR — 1)’]}%3
Buoyancy reduction factor: R=1-0.33 xHow/H
Where:

Hcw = the height of water above the pipe
H = the height of cover above the pipe

The buoyancy factor reduces the allowable compressive stress in the pipe. The reduction factor is 1
when there is no groundwater acting on the pipe. When the groundwater is at the top of the soil layer,
then the reduction factor is 1 —0.33 = 0.67. This is assumed to be the greatest reduction factor, and will

be used.
R=1-0.33x1=0.67
B '=1/[1+4xe"-0.065x%xBpio)]=1/[1+4xe"-0.065x 1.167)]
B =0.212
Dimension ratio: DR =26
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Safety Factor: N = 2. Reference 3, Page 222 states that “the designer should apply a

safety factor commensurate with the application.” It is recommended for
thermoplastic pipes a safety factor of 2 should be applied. A factor of
safety of 2 for this application is reasonable.

Allowable compressive stress: Puwe=(5.65/N)x {(RxB xE xE)/[(12 x (DR — 1)*]}%3
=(5.65/2)x {(0.67 x 0.212 x 300 x 120000) / [(12 x (26 — 1)*]}*°
= 14.76 psi
DCR: DCRb =64/ Pwe =13.64 psi/ 14.76 psi = 0.924
The applied loads are conservative since the leachate will not reach a depth of 27 feet during normal operation.
8.4 Gravel Drainage Layer Loads During Construction

The gravel drainage layer will be analyzed with an impact factor in order to determine the effects of placing the
2’ thick gravel drainage layer.

Height of gravel to be placed around of pipe:
Bg=24in
Stress on pipe with a 1.5 impact factor:
cac = 1.5 x (Wg x Bg) = 1.5 x (135 pcf x 24 in) = 2.81 psi

The stress of the gravel with an impact factor is less than that of the during operation stress determined in
section 8.1, therefore, the stress in section 8.1 will govern.

8.5 Construction Equipment Loads During Construction

The weight of construction equipment traveling over the pipe after it has been installed has been analyzed for a
similar scenario in Reference 4. The weight of the equipment in Reference 4, however, is less than the weight of
the Bobcat model given in Reference 5 and the dozer model given in Reference 9. The calculations in Reference
4 concluded that small construction equipment could damage the pipe after it had been installed, and therefore
should be avoided by small construction equipment.

Given the results in Reference 4 and that the Bobcat model in Reference 5 and dozer model in Reference 9 both
weigh more than the equipment used in Reference 4, a note will be on the design drawings that deal with the
leachate pipes that state “no construction equipment nor vehicle shall drive over the leachate pipes after
installation.”
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ATTACHMENT -1 - H-2-838749, SHEET 1, REV. 0, LERF BASIN 41 CIVIL SECONDARY LINER
H-2-838749, SHEET 2, REV. 0, LERF BASIN 41 CIVIL SECONDARY LINER DETAILS
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ATTACHMENT -2 - DRISCOPLEX 9200 HDPE LINER PIPE CUT SHEETS
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———

A Division oF CHevRon Puitties CHEMICAL ComPany LP

Iron Pipe Size (IPS) and Dimension Data PE4710 (PE3408)
DriscoPlex® Pipe for Municipal and Industrial Applications

Pressure Ratings are calculated using 0.63 design factor for HDS at 73°F as listed in PP1 TR-4 for PE 4710 matenials. HDPE can accomodate up to 1.5 times the pipe pressure rating for a
recurring surge and up to 2.0 times the pipe pressure rating for an occasional surge. Temperature, Chemical, and Environmental use considerations may require use of additional design
factors.

Nominal IPS Minimum |Average ID| Weight Minimum |Average ID| Weight Minimum | Average ID| Weight Minimum |Average ID| Weight Nominal
Pipe Size | OD(in) | Wall (in) (in) (Ibsfft) Wall (in) (in) (Ibs/ft) Wall (in) (in) (Ibs/ft) Wall (in) {in) (Ibsift) Pipe Size
114" 1.660 114"
112" 1.900 112"
T 2375 0.140 2078 0.43 T
T 3.500 0.206 3.063 0.94 3
4" 4 500 0.265 3.938 155 0214 4.046 127 4"
5 6.625 0.390 5798 3.36 0315 5957 275 0.255 6.084 224 0.204 6.193 181 6"

g B.625 0.507 7550 5.69 0.411 7.754 4 66 0.332 7.921 3.80 0.265 B.063 3.07 8
10" 10.750 0.632 9410 8.83 0.512 9.665 724 0.413 9.874 591 0331 10.048 477 10"
12" 12.750 0.750 11.160 1243 0.607 11.463 10.19 0.490 11.711 8.31 0.392 11.919 671 12
14" 14.000 0.824 12.253 14.98 0.667 12.586 12.28 0.538 12.859 10.02 0431 13.086 8.09 14"
16" 16.000 0.941 14.005 19.57 0.762 14.385 16.04 0.615 14.696 13.09 0492 14.957 10.56 16"
18" 18.000 1.059 15.755 24.77 0.857 16.183 2030 0.692 16.533 16,57 0.554 16.826 13.37 18"
200 20.000 1176 17.507 30.58 0.952 17.982 25.07 0.769 18.370 2045 0615 18.696 16.50 200
277 22.000 1294 19.257 37.00 1.048 19.778 30.33 0.846 20.206 2475 0.677 20.565 19.97 27
24" 24.000 1412 21.007 44.03 1.143 21.577 36.10 0.923 22.043 2945 0.738 22435 2376 24"
26" 26.000 1529 22759 51.67 1.238 23375 4236 1.000 23.880 3457 0.800 24.304 27.89 26"
28" 28.000 1.647 24508 59.93 1.333 25174 49.13 1.077 25717 40.09 0.862 26.173 32.34 28"
30" 30.000 1.765 26.258 68.80 1.429 26.971 56.40 1.154 27.6554 46.02 0923 28.043 37.13 30"
3¢ 32.000 1.882 28.010 78.28 1.524 28.769 64.17 1.231 29.390 5236 0.985 29912 4224 3z
34" 34.000 2.000 29.760 88.37 1.619 30.568 7244 1.308 31.227 59.11 1.046 31.782 47.69 k'Y
36" 36.000 2.118 31510 99.07 1.714 32.366 81.21 1.385 33.064 66.27 1.108 33.651 53.46 36"
427 42.000 2411 36.761 134.84 2.000 37.760 110.54 1.615 38.576 90.20 1.292 39.261 7277 427
48" 48.000 2.824 42013 176.12 2.286 43.154 144.38 1.846 44.086 117.81 1477 44 869 95.05 48"
54" 54.000 3.176 47 266 222 90 2571 48.549 182.73 2077 49.597 149.10 1.662 50477 120.29 54"

This size and dimension chart is intended for reference purposes. It should not be used in place of the advice from a licensed Professional Engineer. Pipe weights are calculated in
accordance with PPl TR-7. Average inside diameter is calculated using IPS OD and Minimum wall plus 6% for use in estimating fluid flows. Actual ID will vary. When designing
compenents to fit the pipe |0, refer to pipe dimension and tolerances in the applicable pipe manufacturing specification.

Visit www.performancepipe.com for the most current literature.

7 February 2015 Supersedes all previous publications
Bulletin: PP 152-4710 © 2001-2015 Chevron Phillips Chemical Company LP
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PerformancePipe.com

DRISCOPLEX® 9200
HDPE LINER DATA SHEET

DriscoPlex® 9200 Liner meets or exceeds: DriscoPlex® 9200 Liner for:
ASTM D3350 Lining existing pipelines for service in
cell classification PE445574C 0il & Gas Gathering, Coal Bed Methane,
PPl TR-4 designation PE4710 Raw Water, Brine Water,
Produced to Customer Specific sizes Landfill Methane, Landfill Leachate, etc.

Iron Pipe Size OO (IPS) %" to 547,
40" and 50° Joints { Solid Black

NOMINAL PIPE PROPERTIES " UMIT TEST METHOD VALUE PE4710

Density gms/ cm’ ASTM D1505 960 (black)

Meit Index (M) Condition 190°C / 2.16kg gme /10 minutes ASTMD1238 0.08

Hydrostatic Design Basis ~ 73°F (23° C) psi ASTM D2837 1600

Hydrostatic Design Basis  140° F (60° C) psi ASTM D2837 1000

Color: UV Stabilizer [C] = ASTM D3350 Min 2% Carbon Black
NOMINAL MATERIAL PROPERTIES ™'

o span: depth. 0.5 in / min. P LS =10

Tensile Strength at Yield psi ASTT}gEDIf?fB 3500

B i Type IV Bar % ASTM DE38 =800

Elastic Modulus psi ASTM D638 >175,000

Hardness Shore D ASTM D2240 B2

PENT hrs ASTM F1473 =500

Vicat Softening Temperature °F ASTMD1525 256

Brttleness Temperaturs b ASTM D746 < -103

Thermal Expansion in fin | °F ASTM D696 10x10°

1. This is not a product specification and does not guarantee or establish specific minmem or

maximum values or manufacturing tolerance for material or piping products to be supplied.
2. Valwes obtamed from tests of specimens taken from piping product may vary from these typical When Performance Matters "I'u

values, P%W P ‘vf*‘

Bulietin: PP112 | October 2015 ® 2015 Chevron Phillips Chemical Company LP
Performance Fipe, a divislon of Chevron PRIBps Chemical Company LP | 5085 W. Park Sivd | Sulte 500 | Plano, TX 75083 | Phone: S00-527-D662 | Fax: ST2-599-7345

This data shest provides typical properiies for Perfommancs Pipe piping products. Bafore Lsing tis product, the usar s advised and cautionad to make thelr pwn detemination and
assessment of the satety and SURACARY of the product for the SpEcic Use In quastion and 15 furner advisan 3gainst TElyINg on the INFMaTon containad Rerei 35 It may et o
any specific use o appllcation. It Is the uimats responsioiity of the user o ensure Mat the product |5 sulked and the Infomation §s appicaton to Me users sp2cific applcation.
Chnegvron Phillps Chemical Company LP 0028 not make, and expressly dscams, 3l wamantes, INCUNg wamanties of memnantaniity of MNSss 07 3 Partcular pUrpose,
I'EFUEBE of whether oral or writien, EXDIESE ::rrnpleﬂ. alegeﬂly Wl‘gm oy Lasageuranymurm arqmmdealngin cornection with the u=e of Information
containad harsin or Me product fEaf. The user sxpressly assUMes al sk and |iabiity, whather based in cortract, toet or othanwse, In connacton with e 1Es2 of the Information
gontalnad heren o the product tsef. Further, information containe herzin Is given without referance to any Int=lleciual proparty Issues, 3s well 3s faderal, state oriocal laws which
may be encountared In the USs thereof. Such questions should be INvestigated by the user. The data shest may changs periodicaly. Visit www.Parormanca Pipe com for the

miost cuent data sheat
Page 10f1
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where
W = force per unit length of pipe, and

Bc

outside diameter of pipe.
[.2.2.2 Positive Projecting Condition (Figure I-4)--

This condition is assumed to exist whenever the top of the pipe is at or
above the level of the bottom of the unit. In this case, the load on the
pipe can be assumed to be equal to the weight of a prism ef overlying waste
fill with a width B. and height H¢ plus the weight of a similar prism of
gravel backfill above the pipe; because the pressure due to the gravel
backfill typically will be small compared to the pressure due to the waste
fill, the vertical pressure on the top of the pipe can be assumed to be equal
to the unit weight of the waste fill multiplied by the distance from top of
the waste fill to top of pipe, thus:

Ty = (@5)(Hf).
1.2.2.3 Perforated Pipe--

Perforations will reduce the effective length of pipe available to carry
loads and resist deflection. The effect of perforations cam be taken into
account by using an increased load per nomipal unit length of the pipe. If
1, equals the cumulative length in inches of perforations per foot of
pipe, the increased vertical stress to be used equals:

(9 )desian = T%%TE % (o

v}actua1.

1.2.3 Deflection

A well-accepted formela for calculating flexible pipe deflection under
gearth loading is that developed by Spangler. This equation, also known as
the Iowa formula, is presented together with suggested values for its various
constants im the 1270 edition of the American Society of Ciwvil Engineers
(ASCE) Manual of Practice, Mo. 37, Chapter 9, Section E, Subsection 1, and is
as fol lows:

Kur3

ay = Dg
El + 0,061 E'rd

where,
ay = horizontal and vertical deflection of the pipe {in.),

Dp = a factor, generally taken at a conservative value of 1.5,
compensating for the lag or time dependent behavior of the
soil/pipe systems (dimensionless),
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W= vertical load acting on the pipe per unit of pipe length
(1b/in.]),

r = mean radius of the pipe (in.},
E = modulus of elasticity of the pipe materials (psi),

E' = modulus of passive soil resfstance (psi) (normally estimated to
be 300 psi for soils of Proctor density of 65%, and 70C psi for
soils of Proctor density of at least 90%),

K = bedding constant, reflecting the support the pipe receives from
the bottom of the trench (dimensfonless) (a conservative value
generally taken is 0.10), and

I = moment of inertia of pipe wall per unit of length (in.%/in.);
for any round pipe, [ = t3/12 where t is the average thick-
ness (in).

The equation can be rewritten to express pipe deflection as a decimal frac-
tion of the pipe diameter, B., and to relate it to the vertical stress on

the pipe as follows:
W__oy . (ay)(EL + 0.061E'r3),
“Be {ﬁf}'{ Dekr3 )

Solutions to this equation are shown graphically in Fig. J-7 where the guant-
ity %v/(ay/B:) has been plotted against the passive soil modulus E'. The
relationship between v/ (ay/Be) and E' has been shown for four plastic
pipes: 4 and 6-in. Schedule 40 and 4 and 6-in. Schedule 80 PVC pipe. In
computing the quantity EI for these pipes, a reduced modulus was used to
account for creep of the plastic pipe. A value equal to 142,000 psi was used
to correspond to the modulus at 50 years under sustained loading (see Janson,
1974). Also shown is the relationship for EI = 0. This would represent a
relatienship between “v/(ay/B¢) and E', if the stiffness of the pipe is
neglected.

In addition to using the chart to check the adequacy of a §1ven pipe,
the chart can be used to determine the necessary value of El/rd which the
pipe must have for given values of 9max/(Ay/B:) and E'. Although it fis
customary to use efther 300 or 700 psi for the value of the modulus of
passive sofl resistance, it should be noted that the modulus of elasticity of
a coarse grained soil (sand or gravel) increases with increasing pressure (or
depth in the ground). Thus, it should be expected that the modulus of
passive soil resistance also would increase with increasing pressure or depth
of fill.
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The term EI in Spangler's equation reflects the pipe's contribution to
the total resistance to deflection under load offered by the pipefsoil
system. This term, known as the pipe's Stiffness Factor, is related to the
pipe's behavior under parallel plate loading as per ASTM D2412, "External
Loading Properties of Plastic Pipe by Parallel Plate Loading,” by the follow-
ing expression:

El = 0.149r3(F/ay),
where

E, I and r are as previously defined:

-
1]

the recorded load (1b/linear in.) required to produce a pipe
deflection Ay, and

by = the pipe's deflection (in.).

Minimum values of the term FfAy, called Pipe Stiffness, are set accord-
ing to PFipe DR (dimension ratio) by the ASTH PVC Sewer Pipe Specifications
D3I033 and D3034. The DR represents the ratio of the pipe's average outside
diameter to its minimum wall thickness. Thus, for each DR there is a cor-
responding minimum specified value of F/Ay.

The above expression for EIl can be substituted into the previous
equation for deflection to obtain the following:

9 = {(0.149F/Wy) + 0.061E'
(ay/RBe) Dk

Solutions to this equation can be made on a graph similar to Figure -7 where
the quantity %v/(ay/B:) is plotted against the soil modulus E' for
several values of FfAy.

l.2.4 Buckling Capacity

The capacity of a buried plastic drain pipe to support vertical stresses
may be limited by buckling. Estimates of the vertical stresses at which
buckling of the 6-in. Schedule 40 PYC pipe (the most flexible of the four
pipes shown) will occur are indicated by the curve in Figure [-7. For the
four pipes shown, buckling would not be a controlling facter. However, it
could be a controlling factor, depending on the flexibility of the pipe and
the medulus of passive soil resistance. Specific information for other sizes
and pipe materials proposed for use in the collection system should be
secured from the pipe manufacturer.

l.2.5% Compressive Strength

The capacity of the pipe to support vertical stresses may be influenced
by the circumferential compressive stremgth of the pipe. The designer or

1-13
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reviewer should secure up-to-date information on circumferential compres-
sive strength characteristics from the manufacturer of the type of pipe
proposed for use.

1.2.6 Construction Loadings

A pipe correctly designed to withstand loading from a high fill can fail
from loading received during construction. Although only a fraction of a
stationary wheel or tracked vehicle load applied at the ground surface over a
trench 1s transmitted to a pipe through the trench backfill, the percentage
increases rapidly as the vertical distance between the lopaded surface and the
top of the pipe decreases. [n addition, moving loads cause impact loading
which is generally considered to have a 1.5 to 2.0 multiplier effect over
stationary loading.

In general, eguipment should not cross leachate cellection drains in=
stalled in trenches with shallow cover or in projecting installations. When
equipment must be routed across a drain, impact loading can be minimized
by mounding material over the pipe to provide a vertical separation of 4 ft
between the loaded surface and the top of the pipe.

1.2.7 Procedures for Caleulating Required Pipe Strength

The procedures used to select the proper strength pipe are 11lustrated
in the following examples:

Trench Installation (Figures I-5 and 1-8)

Given: £ =1 ft - 8 in. Hg = 100 ft waste fill
Bg =1t -6 in. wf = 50 pcf
Kp' = 0.19 1 =110 pef

pipe diameter = 4 1in.
Determine: Required pipe strength/schedule.

Step 1 - Determine the maximum vertical pressure oy
(psi) acting on the top of the pipe:

%E - liéé = 1.11, and
qf = |:|-':"|"j:I Hf = 100 {SD]
= 5000 psf.
1-14
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Design of FE Pipi:i; ;:-:e;: =

raised to a power. Therefore the lower the DR, the higher the resistance. Buried pipe
has an added resistance due to suppert (or constraint) from the surrounding soil.

Non-pressurized pipes or gravity flow pipes are most likely to have a net
compressive stress in the pipe wall and, therefore, the allowable buckling pressure
should be calculated and compared to the total (seil and ground water) pressure.
For most pressure pipe applications, the fluid pressure in the pipe exceeds the
external pressure, and the net stress in the pipe wall is tensile. Buckling needs

only be considered for that time the pipe is not under pressure, such as during and
immediately after construction and during system shut-downs and, in cases in
which a surge pressure event can produce a temporary negative internal pressure.
Under these circumstances the pipe will react much stiffer to buckling as its
moduilus 15 higher under short term loading. When designing, select a modulus
appropriate for the duration of the negative external pressure. For pipe that are
subjected to negative pressure due to surge, consideration should be given to
selecting a DR that gives the pipe sufficient unconstrained cellapse strength to resist
the full applied negative pressure without support for the soil. This is to insure
against construction affects that result in the embedment material not developing its
full design strength.

This chapter gives two equations for calculating buckling. The modified Luscher
Equation is for buried pipes that are beneath the ground water level, subject to
vacuum pressure, or under live load with a shallow cover. These forces act to
increase even the slightest eccentricity in the pipe wall by following deformation
inward. While soil pressure alone can create instability, soil is less likely to follow
deformation inward, particularly if it is granular. 5o, dry ground buckling is only
considered for deep applications and is given by the Moore-Selig Equation found in
the section, “Buckling of Pipes in Deep, Dry Fill=".

Luscher Equation for Constrained Buckling Below Ground Water Level

For pipes below the ground water level, operating under a full or partial vacuum,
or subject to live load, Luscher’s equation may be used to determine the allowable
constrained buckling pressure. Equation 3-15 and 3-16 are for DR and profile pipe

respectively.
{3-15) f
Ht:@ IRB'E"—E
N 1,,' 12(DR-1)?
(3-16) |
565 [opp BT
Ny y
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222

Chapter &
Design of FE Piping Systems

WHERE
Fiyi-= allowable constrained buckling pressure, Ib/fin2

N= safety factor

@ H CW

A7)
R=1-033

WHERE

R = buoyancy reduction factor
Hipe= height of ground water above pipe, ft
H = depth of cover, ft

(318 1
B=——
1+ 4 00851

WHERE
&= natural log base number, 2. 71828

E’ = soil reaction modulus, psi

E = apparent modulus of elasticity, psi

R = Dimension Ratio

I'= pipe wall moment of inertia, in®/in (t3/12, if solid wall construction)
Iy 4= Mean diameter (D; + 22 or Dy — 1), in

Although buckling occurs rapidly, long-term external pressure can gradually
deform the pipe to the point of instability. This behavior is considered visceelastic
and can be accounted for in Equations 3-15 and 3-16 by using the apparent modulus
of elasticity value for the appropriate time and temperature of the loading. For
instance, a vacuum event is resisted by the short-term value of the modulus whereas
continuous ground water pressure would be resisted by the 50 year value. For
modulus values see Appendix, Chapter 3.

For pipes buried with less than 4 ft or a full diameter of cover, Equations 3-15 and
3-16 may have limited applicability. In this case the designer may want to use
Equations 3-39 and 3-40.

The designer should apply a safety factor commensurate with the application. A
safety factor of 2.0 has been used for thermoplastic pipe.

The allowable constrained buckling pressure should be compared to the total
vertical stress acting on the pipe crown from the combined load of soil, and ground
water or floodwater. It is prudent to check buckling resistance against a ground
water level for a 100-yvear-flood. In this calculation the total vertical stress is typically
taken as the prism load pressure for saturated soil, plus the fluid pressure of any
floodwater above the ground surface,
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12232018 5740 Skid-Steer Loader Specs & Options - Bobeat Company
#t SHARE
Skid-Steer Loaders / 5740 Skid-5Steer Loader
SPECifiCEI“DﬂS & UptiDﬂS
M Standard <] Optional  N/A Mot Applicable Uit s
Bobeat 5740
Emission Tier (EPA) Tier 4
Engine Cooling Liguid
Engine Fuel Discel
Horsepower T4 hp
Turbocharged Engine ;
Performance
Rated Operating Capacity (IS0) 31001b
Tipping Load 8200 Ib
Operating Weight 8794 Ib
Travel Speed 7.1 mph
Travel Speed (2-Gpeed option) 12.3 mph
Capacities
Fuel Tank 23 9 gal
hitps:/faene boboat comioadersiskid-steer-loaders/models/sT40ispecs-options. 114
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12/23/2010 5740 Skid-Steer Loader Specs & Options - Babeat Company
Hydraulic System

System Rellet @ Quick Couplers 3,500 pai

Auxiliary Std Fiow 23 galimin

Auxiliary High Fiow 0.5 gal/min

Dimension

Length 141 8in

Length without Attachment 1143 in

Length with Standard Bucket 141 8 in

Width 721 im

Width (with bucket) T4in

Helght 81.3in

Helght with Operator Cab B1.3in

Helght 1o Bucket HINge Pin 132in

Reach @ Maximum Helght #1.5in

Turning Radius B5.8in

Wheslbase 483in

hitps:/fwww bobeat. comiloadersiskid-steer-loaders/imodels/sT4/specs-options 24
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PRODUCT SPECIFICATIONS FOR D6

MNet Power - Rated - ISO 9249/SAE J1349

Net Power - Rated - ISO 9249/SAE J1349 (DIN)
EBuild Number

Note (1)

Note (2)

Note (3)

Note (4)

ENGINE

Engine Model Cat C9.36

Power - Net 215 HF

Emissions U.S. EPA Tier 4 Final, EUl Stage V, Korea Tier 4

Final

215 HP

219 HP

204

Rated horsepower at 2,200 rpm

All non-road Tier 4 Interim and Final, Stage B, IV
and Y and Korea Tier 4 Final diesel engines are
required to use only ultra-low sulfur diesel (ULSD)
fuels containing 15 ppm (mg/kg) sulfur or less.
Biodlesel blends up to B20 (20% blend by volume)
are acceptable when blended with 15 ppm (mgfkg)
sulfur or less ULSD, B20 should meet ASTM DV467
specification (biodiesel blend stock should meet Cat
bindiesel spec, ASTM DET51 or EN 14214). Cat
DEO-ULS or cils that meet the Cat ECF-3, API
CJathd ACEA ES specification are required, Consult
your OMM for further machine specific fuel
recommendations.

Diesel Exhaust Fluid (DEF} used in Cat Seleclive
Catalytic Reduction (SCR) systems must meet the
requirements outlined in the International
Organization for Standardization (150) standard
22241,

Basic machine specs provided below. For complete
specifications and dimensions by configuration,
blade and track shoe offerings and more, please
visit the product download section to view the full
D&E/DE XE Technical Specifications.
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DIMENSIONS = LGP VPAT {30-1M)

Operating Weight 50650 Ib

TRANSMISSION

Power Train Fully Automatic 4-Speed Powershift

SERVICE REFILL CAPACITIES

Fuel Tank a0 gal (US)

DEF Tank T4 gal (US)

AR CONDITIONING SYSTEM

Air Conditioning The air conditioning system on this machine
contains the fluorinated greenhouse gas refrigerant
R134a iGlobal Warming Potential = 1430). The
system contains 1.36 kg of refrigerant which has a
CO2 equivalent of 1,946 melric tonnes,

D& PUSH ARM

Operating Weight 48500 Ib

Ground Pressure 7.9 psi

Width of Standard Shoe 24 in

Elade Semi-Universal (SU)
Elade Capacity 7.5 yd®

D& LGP (30-IN) PUSH ARM
Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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Operating Weight 50130 Ib

Ground Pressiire 6.6 psi

Width of Standard Shoe 0 in

Elade Semi-Universal (SU)

Blade Capacity 7.6 yd®

DE LGP (36-IN} PUSH ARM

Operating Weight 52615 b

Ground Pressure 5.1 psi

Width of Standard Shoe 36 in

Blade Straight

Blade Capacity 8 yd*

D& VPAT

Operating Weight 49030 Ib

Ground Pressure 7.1 psi

Width of Standard Shoe 24 in

Elade WVRAT

Elade Capacity 5.4 yad?

DE LGP (30-IM} VIPAT

Operating Weight 50650 Ib

Ground Pressure 5.8 psi
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WWiatn or SEanoarag snoe AU
Blade WRAT
Elade Capacity 5.9 yo?

D& LGP (36-IN) VIPAT

Operating Weight 51875 b
Ground Pressure 5 psi
Width of Standard Shoe 36 in
Elade WPAT
Elade Capacity 6.5 yd*

D6 STANDARD EQUIPMENT

FOWER TRAIN

Hydraulic reversing fan

Double reduction planetary final drives
Cat C8.3B diesel engine
Fully-autcmatic 4-speed transmission

OFERATOR ENVIRONMEMNT

Clath seat

Added storage areas

Electrohydraulic implement and steering controls

Lights - 6 LED

Communication radio ready

Cab mounted modular HeatingMVentilation/Air Conditioning (HVAC) system

Fully redesigned cab, sound suppressed, with Integrated Roll Over Protective Structure (ROPS)
Integrated rearview camera

Adjustable operator controls/anmrests

Full-golor 10-inch (234 mm) liauid crystal touch screen disolay
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Slope Indicate
Product Link, Cellular PLEG41
Attachment Ready Option (ARO) with Assist/Cat GRADE with Slope Assist

UMDERCARRIAGE

Redesigned track roller frame

SERVICE AND MAINTENANCE

Ecology drains
30-minute cab removal

Rear access ladder

Fire extinguisher mounting provision
Shovel holder

Linderhood wark light

Ground level servics center

HYDRAULICS

Independent steering and implement pumps

Load sensing hydraulics

ATTACHMENTS

Ripper-ready rear hydraulics

D6 OPTIONAL EQUIPMENT

OPERATOR ENVIRONMENT

Premium lights - 12 LED
Integrated warning lights
Deluxe leather heatediventilated seat

CAT TECHNOLOGY
Cat GRADE with 3D

Product Link Elite PLEG21 - Dual Cellular'Satellite

BLADES

Serger Lundy CALCULATION SHEET
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Semi-Universal

Straight blade

Angle blade

Foldable VPAT - under 3 m (9.9 ) transport width (Not availabile in all regions)
Variable Pitch Angle Tilt (VPAT )

Waste/Landfil

INDERCARRIAGE

Moderate Service or Extreme Service track shoes
10-Roller Fime Grading undercarriage
Heavy Duty (HDXL with Duralink) or SystemOne

ERVICE AND MAINTENAMNCE

Refilling fuel pump (EU only)

JTACHMENTS

High lift ripper with straight or curved shanks
Winch

Farestry and Wasle Special Arangements
Counterweights

Ripper and winch-ready rear hydraulics

Side screens

Rear screen - hinged or fixed

Sweeps

Drrawhar
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D6/D6 XE

Track-Type Tractors

Technical Specifications

rail fuel system, simplified engine system electronics, and simplified
air system through the removal of the previously used exhaust gas
recirculation (EGR ) system.

* The XE drive train allows the engine to operate in a tighter rpm
range. 1,400-1_700 rpm, which helps extend engine tife and provide
improved fuel economy. The increased drive train efficiency also
allows the machine to provide more enging power to the ground,
resulting in greater machine performance.

Enail = Met power advertised is the power available at the engine fywheel
g when the engine is equipped with a fan. air cleaner, clean emissions
Engine Moded Cat® CU_3E module and alternator.
Fitiimions U.S. EPA Tier 4 Final, = Mo derating required up to 2286 m (7,500 ). Above this,
EU Stagc V. automatic derating occurs
5 " * All non-road Tier 4 Interim and Final, Stage 1B, IV and V
K.orea Tier 4 Final = : ks 2 E
. - and Korea Tier 4 Final diesel engines are required to use only
Build Number 204 ultra-low sulfur diesel (U LSD) fuels containing 15 ppm (mefkz)
Met Power (Rated) — Db 2 200 rpmd/T6 XE 1,700 rpm sulfur ot less Biodiesel blends up to B20 (200 blend by volume)
150 92405 AE 11349 161 kW 215hp are gcceptable when blended with 15 ppm (mgfkg) sulfur or less
= - ULSD. B20 should meet ASTM D7467 specification (biodicsel
IS0 9240/SAE 11349 (DIN 210 hp ;
: _ e L Blend stock should meet Cat biodiesel spec, ASTM D6751 ar
Bt Engine Power (Masimim]— 1.0 yp EN 14214}, Cat DEO-ULS™ or oils that mest the Cat ECF-3,
1500 143046 18T kW 251 hp API CJ4 and ACEA EY specification are required. Consolt your
1500 14306 (T M) 254 hp OMM for further machine specific fuel recommendations
. " m Y y * Dhesel Exhaust Fluid {DEF) used in Cat Selective Catalytic
D6 XE E Power (| M m) - 140 7
- nlgmc ey :Pm = — Reduction (SCR ) systems must meet the requirements outlined
150 14396 1TTEW 237 hp in the Intemational Organization for Standardization (150
IS0 143096 (DIN) 241 hp standard 22241
Bore 115 mm 4.5 . ;
Stroke 129 mm 50 D6 XE Drive Train
Displacement 23L 37T in? Type Electric Drive
* The new Cat CY.3B engine features a new high pressure common Electric Drive System T15 Volts

Nominal Voltage

CAT
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D6/D6 XE Track-Type Tractors Specifications
Maximum Drawbar Power
D6 114 kW 153 hp
D6 XE 19 kW 160 hp
D6 Travel Speed D&
Ibf= M=
1.0 Forward 3.6 km'h 2.2 mph 1000 1000
1.5 Forward 49km/h  3.0mph 400
2.0 Forward 6.5 kmih 4.0 mph _ 80 — 350 ‘\
1.5 Forward 9.2 km'h 3.7 mph 5‘ 300
3.0 Forward 1.7km/ . 7.2 mph o 60 250 '\\
1.0 Reverse 6kmih 2.2 mph = “~
- 200
1.5 Reverse 4.9 km'h 3.0 mph [== i ~
2.0y Reverse 6.5 km'h 4.0 mph 'ﬂgt 150 =
2.5 Reverse 87kmh  5.4mph = 20 100
3.0 Reverse 1.7kmh  7.2mph 50 L B
ol o 1015 2.0 25 M3
0 rd - 10 12 km/h
L 1 1 1 1 1
[ 2 3 4 B 7 mph
SPEED
NOTE: Usable pull will depend on traction and
weight of machine.
D6 XE Travel Speed D6 XE
Ibf= M=
1.0 Forward 3.6 kmih 2.2 mph 1000 1000
1.5 Forward 49kmh  3.0mph 400
2.0 Forward 6.5 km/'h 4.0 mph - 80 — 350 \\
1.5 Forward 9.2 km/'h 3.7 mph 5' 300
3.0 Forward 11.7km/ . 7.2 mph o. 60 250 ‘\
1.0y Reverse 3.6 km'h 2.2 mph E:t 200 \
1.5 Reverse 4.9 km/h 3.0 mph o 40
2.0 Reverse 6.5 kmv'h 4.0 mph E 150 \
2.5 Reverse 92km/h 5.7 mph ec ol 100 ]
1.0 Reverse 11.7km/M  7.2mph = 50 —
—
R |
0 rd - B 10 12 km/h
| 1 1 1 1 1
o 1 2 3 4 i 7 mph
SPEED
NOTE: Usable pull will depend on traction and
weight of machine.
* The fully automatic D6 4-speed transmission, with lock-up clutch torgue divider, continoously optimizes gear and engine speed for the
application.
* The Dé XE Electric Drive power train has no gears to shift. The dozer automatically optimizes power and efficiency for the application
and provides constant power to the ground.
* Thirty ground speed selections are available for both power trains, from 0.0 to 3.0/in 0.1 increments.
Fi
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D6/D6 XE Track-Type Tractors Specifications

Hydraulic Controls — Maximum Operating Flows

D& D& XE
{1,900 rpm engine speed®) {1,700 rpm engine speed®)
Implement Pump Maximum Flow 212 L/min 56 gal/imin 212 Limin 56 galfmin
Steering Pump Maximum Flow 198 L/min 52 galimin 240 Limin 63 galimin
Fan Pump Flow at Maximuom Fan (1,550 rpm) 42 Limin 11 gal/min
Fan Pump Flow at Maximuom Fan (1,625 rpm) 44 Li'min 12 galfmin

*Engine speed varies with loed and travel spead. A high idle/low working load speed shown.

Hydraulic Controls — Maximum Operating Pressures

Implement Reliet®

27 60D £ 500 kPa 4,000 + 73 psi

Steering — DG (8% cc pump)**

Electronic Relief

42 500 £ 1000 kPa 6,168 = 145 psi

System Maximum Relicf

47 B0 £ 10400 kPa 6,938 * 145 psi

Steering — D6 XE (100 cc pump)***

Electronic Relief

44 500 £ 1000 kPa 6,459 £ 145 psi

Svstem Maximum Relief

Steering

rotation for increased maneuverability.

47 00 £ 1000 kPa G938 145 psi

*Implement refief pressure increased over prior model DB tractors. Consult with your desler prior to using older vintage or third party implements
**The same differential stearing systam is used for bath power trains. This system maintzins full power to both tracks to provide best-in-class turning with a loadad blade

***The 06 XE power train utilizes a larger steering pump and enhanced steering controls to provide more steering power, compared to the DB power train, to furn largar
loads and to improve maneuverability. This includes the ability to counter-rotate in gear

Tha D& XE power train provides up to a 45 percent steering radius reduction compared to the 6. The D6 XE offers in-gear counter

D6
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D6/D6 XE Track-Type Tractors Specifications

Configuration Tables — D6/D6 XE

Configuration D&/D6 XE*
Oiperating Weight** 22 (D kg 48500 Ik
Shipping Weight=+* 19 060 kg 42,020 Ik
Ground Pressure (150 16754} # kPa 7.9 psi
Undercarriage (Standard) 42 Section with
7 Bottom Rollers

1 Track Gauge 1.930'm Thin

2 Width of Maximum Track Shoe 610 m 24in

3 width over Tracks 2540 m 10 i
Width over Trunnions 2692 m 106 in

4 Length of Track on Ground 20964 m 116.7 in
Ground Contact Area (150 16754) 1992 m? G188 in®
Track Pitch 0.2028 m 79in
Grouser Height (Moderate Service) 065 m 2bin
Ground Clearance 0.361 m 14.2in
Oscillation at Front 1dler 0103 m 4.0in

5 Machine Height***= 3172 m 1249 in

6 Length of Machine without Blade 4730 m 186.2 in

All fimensions sbove with Heavy Duty undercarrisge with Moderate Service shoes of maximum
width for configuration, & SU blade, and czlculsted per 150 16754 unless othenaize specified.
*XE power train adds 0.7 kPA (0.1 psi) and 273 kg (600 1h) to the published ground pressure
and weights.
**Dperating weight includes blade, lubricants, coeolant, full fuel tank, ADPSFOPS cab, drawbar,
and 75 kg (165 b} operator.
***Shipping weight includes blade lift cylinders, lubricants, coolant, 10% fuel, ROPS/FOPS cab,
and drawbsr.

****Mazchine haight from tip of grouser to top of Product Link™ Antenna. For sweeps, add 65 mm
{26 in| tw overall machine height. For forestry sweeps, add 122 mm (4.4 in). With Extreme Service
Track Shoes add 12 mm {0.5in). When Cat GRADE with 3D antennas are installed there is no
addition to machine height.

Blades
Configuration [3:11] & SU Landfill 6A
Capacity (150 9246) 57 m” 1.5 yd? 1.2 m* 14.6 yd* 42 m’ 5.5 yd?

T Width across End Bits 3312m 101t 104 in 3312m 10t 104in  433%m 14 1t 4.8 in
Width without End Bits 3246 m 10ft 7.8 in 3246m 10ft 7.8 in 4.250 m 13ft11.3in
Width across End Bits {Blade Angled) MNIA NiA 3982 m 13 ft 0.8 in
Width without End Bits {Blade Angled) MIA M/A 3858m 12t 79 in
Maximum Blade Angle MNiA MiA 25 degrees

8 Height 1408 m 41 74in 2027m Gft 7Ein 1.150m 3ft23in

9 Diig Depth 0502 m 19.8in 0.502 m 19.8 in 0.595m 234in

10 Lift Height 1180 m 46.5in 1.180m 46.5 in 1084 m 42.7in
1 Maximum Tilt at Blade Corner L5643 m 22.2in 0564 m 22 in .59 m 23.6im
Maximum Tilt Angle 0.8 degrees 0.8 degrees 7.8 degrees
Pitch Adjustment +4.2 degrees +4.2 degrees MNIA
12 Length of Machine (Blade Straight) 5436 m 17 ft 10.0in 5436 m 17ft 100in  5.377Tm 171t 7.7 in
Length of Machine (Blade Angled) MNIA NiA 6418 m 21 1t 0.7 in
Weight (Blade) 1373 kg 1027 Ik 1592 kg 35100k 1253 kg 2,762 1b
Weight (Blade and Push Arms) 2608 kg 5750 Ik 2827 kg 6,232 1b 3304 kg TE42 b
L]
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Configuration Tahles — D6/D6 XE LGP (30 in)

D6/D6 XE Track-Type Tractors Specifications

Configuration D&DE6 XE*
Operating Weight** 12740 ke 50,1300
Shipping Weight*** 19 580 kg 43,165 I
Ground Pressure (IS0 16754) 46 kPA 6.6 psi

Undercarriage (Standard)

42 Section with
7 Bottom Rollers

1 Track Gauge 2080 m 82in
2 Width of Maximum Track Shoe 0760 m 3in
3 width over Tracks 2E40m 111.8in
Width over Trunnions 2994 m 117 % in
4 Length of Track on Ground 2064 m 116.7 in
Ground Contact Area (150 16754) 4940 m? 7,735 in?
Track Pitch 0.2028 m T7.9in
Grouser Height (Moderate Service) 065 m 2.6in
Ground Clearance 0361 m 14.2in
Oscillation at Front 1dler 0100 m 19in
5 Machine Height*+** 3172 m 124 % in
6 Length of Machine without Blade 4730 m 1862 in

All dimensions above with Heavy Duty undercarriage with Moderate Senvice shoes of maximum
width for configuration, & SU blade, and calculated per 150 16754 unless otherwize specified.
*¥E power train adds 0.7 kPA |01 psi) and 273 kg (600 Ib) to the published grownd pressure
and weights.
**[Dperating weight includes blade, lubricants, cealant, full fuel tank, ADPSFORS cab, drawbar,
and 75 kg [165 Ib} operator.
***Shipping weight includies blada lift cylinders, lubricants, coolant, 10% fusl, ROPSFIPS cab,
and drawbar.

****Machina height from tip of grouser to top of Product Link Antanna. For sweeps, add 66 mm
{26in] to overall machine height. For forestry swaeps, add 122 mm (4.4 in). With Extreme Service
Track Shoes zdd 12 mm (05in]. When Cat GRADE with 30 antennzs ere instzlled there is no
addifion to machine height.

Blades
Configuration 65U LGP (20 in} 65U LGP (30 in) Landfill 6A LGP {30 in)
Capacity (IS0 9246) 58m? 7.6 yd? 12.3 m? 16.1 yd* 4.6m? 6.0 vd?

T Width across End Bits 3613 m 11t 10.2in J613 m 11 ft 10.2 in 4735 m 15 ft 6.4 in
Width without End Bits 3551 m 11t 78 in 3551 m 11 ft 7.8in 4.596 m 15ft 1.0in
Width across End Bits {Blade Angled) MNIA NiA 4295 m 14t 1.1 in
Width without End Bits (Blade Angled) NiA NiA 4172 m 13ft B3 in
Maximum Blade Angle MNiA NiA 25 degrees

8 Height 1.408 m 4t 74in 2027 m Gt 7.8 in 1.150 m IfR93in

9 Dig Depth 0.502 m 198 in 0.502 m 19.8 in 0.568 m 22.3im

10 Lift Height 1180 m 46.5in L1E0'm 46.51n 1.125 m 44.3in

11 Maximum Tilt at Blade Corner 0551 m 21.7in 0551 m 21.7m 0640 m 252im
Maximum Tilt Angle 8.8 degrees 8.8 degrees 7.8 degrees
Pitch Adjustment +4.2 degress *4.2 degrees MIA

12 Length of Machine (Blade Straight) 5436m 171t 10.0in 5436 m 17 ft 10.0 in 544Em 17t 10.5in
Length of Machine (Blade Angled) NIA NIA 6.561 m 21 ft 6.3 in
Weight (Blade) 14446 kg 3188 Ib 1700 kg 3748 I 1350 kg 2976 b
Weight (Blade and Push Arms) 82T kg 6,232 Ib 2973 kg 6,554 I M4 kg 1.5271b
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D6/D6 XE Track-Type Tractors Specifications

Configuration Tables — D6/D6 XE LGP (36 in)

Configuration D&D6 XE*
Operating Weight** 21 866 kg 52.6151b
Shipping Weight=** 21 165 ke 46,660 b
Ground Pressure (150 16754) 35kPa 5.1 psi

45 Section with
& Bottom Rollers

Undercarriage (Standard)

1 Track Gauge 2286m Q0 in
2 Width of Maximum Track Shoe 0915 m 36in
3 width over Tracks 3.200 m 1260 in
Width over Trunnions 3491 m 1374 in
4 Length of Track on Ground 3247 m 1278 in
Ground Contact Area (150 16754) 6.505 m® 10,083 in?
Track Pitch 0.2028 m 79 in
Grouser Height (Moderate Service) 065 m 26in
Ground Clearance 411 m 16.2in
Oscillation at Front I1dler ®116m 4.6 in
5 Machine Height*+== 3222 m 12649 in
b Length of Machine without Blade 5,040 m 19€.4 in

All dimensions above with Heavy Duty undercarriege with Moderate Service shoes of maximum
width for configuration, & 5 blade, and calculated per |30 16754 unless othenwise specified.
*XE power train adds 0.7 kPA0.1 psi) end 273 kg (600 Ih) to the published ground pressure
and weights.
**Dperating weight includes blade, lubricents, coolant, full fuel tank, ADPSFOPS cab, drawbar,

and 75 kg [165 Ib} operator. 7 3

*** Shipping weight includes blade lift cylinders, lubricants, coolant, 10% fuel, ROPS/FOPS cab, |

and drawbar. g
****Machine height from tip of grouser to top of Product Link Antenna. For sweeps, add BEmm | |
{26in| to overall maching height. For forestry sweeps, add 122 mm (4.4 in). With Extreme Service L |
Track Shoes add 12 mm (05 in). When Cat GRADE with 30 antennas are installed there is no [ .. F -
addition to machine height. 9 12- |

Blades
CGonfiguration & 5 LGP (36 in) 65 LGP (36 in) Landfill 64 LGP {36 in}
Capacity (150 9246) JEm? 5.0 yd? 040 m? 1.3 yd* 5.0m? 6.5 yd?

T Width across End Bits 4063 m 13ft4in 4063 m 13ft4in 5100 m 161t B8 in
Width without End Bits 3917 m 121t 10.2 in 30917 m 12ft102in 491 m 16ft 3.3 in
Width across End Bits (Blade Angled) MIA MfA 4626 m 151t 2.1 in
Width without End Bits {Blade Angled) MNIA NiA 4.502 m 14t 9.2 in
Maximum Blade Angle MNIA NiA 25 degrees

B Height 1.108 m Ift7.6in 1.767 m Ift7.60n 1.150 m Jf9.3in

9 Dig Depth 0600 m 1t 11.6in 0600 m 1ft1l.éin 0719 m 28.3in

10 Lift Height 1.080 m ift6.5in 1.080 m Ift6.5in 1.173 m 46.2in

11 Maximum Tilt at Blade Corner 0.500 m 1t 7.7 in 0.500 m 1ft7.7in 0689 m 27.1in
Maximum Tilt Angle 8.8 degrees 8.8 degrees 7.8 degrees
Pitch Adjustment +4.2 degrees 4.2 degrees MIA

12 Length of Machine (Blade Straight) 5483 m 1T 115 in 5483 m 17Tit119in 590 m 19 ft 6.6 in
Length of Machine (Blade Angled) MNIA NA 699% m 226t 10.3in
Weight (Blade) 120 kg 2600 Tk 1432 kg 3157 1453 kg 3,203 Ib
Weight (Blade and Push Arms) 2370 kg 52251b 2582 kg 5,692 I Mol8 kg TA76 b
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D6/D6 XE Track-Type Tractors Specifications

Configuration Tables — D6/D6 XE VPAT

Configuration D&/DG XE*
Operating Weight** 12240 kg 40,030 Ih
Shipping Weight*+* 20 500 ke 45,1951b
Ground Pressure (150 16754) 44 kPa 7.1 psi
Undercarriage (Standard) 45 Section with
8 Bottom Rollers

1 Track Gauge 2080 m 82in

2 Width of Maximum Track Shos 0610 m 24in

3 Width over Tracks 2690 m 1059 in

4 Length of Track on Ground 3247 m 1278 in
Ground Contact Area (150 16754) 4473 m’ 6,933 in®
Track Pitch 0. 228 m 7.9 in
Grouser Height {Moderate Service) 0065 m 26in
Ground Clearance 0422 m 16.6in
Oscillation at Front 1dler 0112 m 44in

5 Machine Height*+=* 32 m 1264 in

6 Length of Machine without Blade 5134 m 2021 in

All dimensions above with Heavy Duty undercarriage with Moderate Senvice shoes of maximum
width for configuration, VPAT blade, and calculzted per 150 16754 unless atherwise specified.
*¥E power train gdds 0.7 kP& |01 psi) end 273 kg (600 Ib) to the published ground pressurs
and weights.
**Dperating weight includes blade, lubricents, coolant, full fued tank, ROPSFOPS cab, drawber,
and 75 kg |165 Ih) oparator:
*** Shipping weight inchudes biade lift cylinders, C-frame, lubricants, codlant, 10% fuel, ROPSFOPS
czh, and drawhar.
****Machine height from tip of grouser to top of Product Link Antennz. For sweeps, add B8 mm
{ZE in] to overall machine height. For forestry sweeps, add 122 mm (4.4 in). With Extreme Service
Track Shoes add 12 mm (0.5 in). When Cat GRADE with 30 antennas are instzlled there is no
addifion to maching height.

Blade
Configuration & VPAT
Capacity (150 9244) 4.1 m? 5.4 yd?
T Width scross End Bits 3680 m 12t 0.9 in
Width without End Bits 3570 m 11 ft E.6in
Width across End Bits (Blade Angled) 31363 m 11 ft 0.4 in
Width without End Bits (Blade Angled) 3. 266 m 10 it 8.6 0n
Maximum Blade Angle 24.1 degrees
B Height 1312 m 41t 3.7in
9 Dig Depth 0698 m 27.5in
10 Lift Height L1131 m 44.5in
M Maximum Tilt at Blade Corner 0.576m 22.7in
Maximum Tilt Angle 9 degrees
Pitch Adjustment +3.1/-2.9 degrees
12 Length of Machine (Blade Straight) 5662 m 18 ft 6.9 in
Length of Machine (Blade Angled) 6365 m 201t 106 im
Weight { Blade) 1414 kg 31171k
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D6/D6 XE Track-Type Tractors Specifications

Configuration Tables — Db/D6 XE LGP VPAT (30 in)

Configuration DE/DE XE*
Operating Weight** 2975kge 50,650 I
Shipping Weight**+* 21 125kg 46,575 Iy
Ground Pressure (1530 16754) 40 kPa 5.8 psi

Undercarriage (Standard)

46 Section with
8 Bottom Rollers

Undercarriage {(Optional )

46 Section with
10 Bottom Rellers

1 Track Gauge 2.286m 90 in
2 Width of Maximum Track Shoe 0,760 m 30 in
3 Width over Tracks 3046 m 1199 in
4 Length of Track on Ground 3355 m 132.1 in
Ground Contact Area {150 16754) 5591 o B, 66 in?
Track Pitch 02028 m 79 1in
Grouser Height (Moderate Service) 0065 m 26in
Ground Clearance 0.3 m 154in
Oscillation at Front Idler 0121 m 1.8 in
5 Machine Height***= 323 m 126.9 in
B Length of Machine without Blade 5134 m 202.1 in

All dimensions above with Heavy Duty undercarriage with Moderate Service shoes of maximuam
wiidth for configuration, VPAT blade, and calculated per |30 16754 unless otherwise specified.
*XE power train adds 0.7 kPA |01 psi) and 373 kg (600 th) to the puhlished grownd pressure
and weights.
**Dperating weight includes blads, lubricents, cooltant, full fuel tank, ROPSFIPSE cab, drawbar,
and 75 kg [165 Ih} operataor.
***Shipping weight includes biade lift cylinders, C-frame, lubricants, coolant, 10% fuel, ROPSFOPS
cah, and drawhar.
****Machina height fram tip of grouser to top of Product Link Antenna. For sweaps, add 66 mm
{26 in] to overall machine height. For forestry sweeps, add 122 mm (4.4 in). With Extrema Service
Track Shoes add 12 mm [15in]. When Cat GRADE with 30 antennas are instzlled there is no

addition to machine height.

Blade
Configuration 6 VPAT LGP (30in)
Capacity {150 9246) 45m’ 5.9 yd?
T Width across End Bits 400 m I3ft 1.51n
Width without End Bits 3.8 m I2ft 9.1 in
Width across End Bits (Blade Angled) 3.655m 11ft11.9in
Width without End Bits (Blade Angled) 3554 m 11 ft 7.%n
Maximum Blade Angle 241 degrees
B Height 1312 m 41t 3.7in
9 Dig Depth 0.6%8 m 27.5in
10 Lift Height 1.131m 445in
M Maximum Tilt at Blade Comer 0.625m 24.6in
Maximum Tilt Angle 9 degrees

Pitch Adjustment

+3.1~2.9 degrees

12 Length of Machine (Blade Straight) 5.662 m 18 ft 6.9 in
Length of Machine (Blade Angled) 6430 m 21 R 1.1 in
Weight (Blade) 1516 ke 31342 1b

Quality Assurance Procedure 3.1
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D6/D6 XE Track-Type Tractors Specifications

Configuration Tables — D6/D6 XE LGP VPAT (36 in)

Configuration

D&/DE XE*

Orperating Weight**

23530 kg 51E751b

Shipping Weight=*+

21 580 kg 47.5751b

Ground Pressure (IS0 16754)

35kPa 5.0 psi

Undercarriage (Standard)

46 Section with
& Bottom Rollers

Undercarriage (Optional)

46 Section with
10 Bottom Rollers

1 Track Gauge 2¥Wm 94 in
2 Width of Maximum Track Shoe 0915 m 36 in
3 Width over Tracks 3305 m 1301 im
4 Length of Track on Ground 3.355m 132.1 in
Ground Contact Area (150 16753) 6,709 m? 9,510 in”
Track Pitch 02028 m 79 in
Grouser Height {Moderate Service) 0065 m 26in
Ground Clearance 0383 m 15.1in
Oscillation at Front Idler 0121 m 4 8in
5 Machine Height*=** 3222 m 1269 in
6 Length of Machine without Blade 5134 m 21 im

All dimenszions sbove with Heavy Duty undercarrisge with Moderate Service shoes of maximum
width fior configuration, VPAT blade, and calculated per 130 16754 unlezs otherwize specified.

*XE power train adds 0.7 kPA |01 psi) and 273 kg (500 Ih) o the published ground pressure

and weights.

**Dperating weight includes blada, lubricants, eoolant, full fuel tank, ROPSFOPS cab, tow point,

and 75 ki (165 Ih} operator.

#**Shipping weight includes blade lift cylinders, C-frame, |ubricants, coalant, 10% fuel, RDPS/FOPS

cah, and tow point

****Machina haight fram tip of grouser to top of Product Link Antennz. For sweeps, add 66 mm

{2E in| to overall machine height. For forestry sweeps, add 122 mm (4.4 in). With Extreme Service  ~ d

Track Shoes add 12 mm (0.5 in). When Cat GRADE with 30 antennas are installed there is no k

addifion to machine height.

12

Blade
Configuration 6 VPAT LGP (35 in]
Capacity (150 9246) 4,86 m* 6.5 yd?

T Width across End Bits

4.340m 14t 29

Width without End Bits

4230 m 13ft 10.5in

Width across End Bits (Blade Angled)

3066 m 13§t 0.1 in

Width without End Bits (Blade Angled)

3868 m 12ZftB.3in

Maximum Blade Angle 24.1 degrees
8 Height 1.312m 4ft3.7in
9 Dig Depth 0648 m 27.5in
10 Lift Height 1.131 m 445in
11 Maximum Tilt at Blade Corner 0684 m 26.0in
Maximum Tilt Angle ¥ degrees

Pitch Adjustment

+3.1/~2.9 deprees

12 Length of Machine (Blade Straight) 5.662 m 18 ft 6.91n
Length of Machine (Blade Angled) 6500 m 21t 3%in
Weight (Blade) 1617 kg 1,565 Ik
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D6/D6 XE Track-Type Tractors Specifications

Configuration Tables — D6/D6 XE LGP Folding VPAT (30 in) - EU only

Configuration DTG XE*
Operating Weight** 22360 kg 402095 Th
Shipping Weight=++ 19775 kg 43 595 Th
Ground Pressure (150 16754) 45 kPa 6.5 psi
Undercarriage (Standard) 46 Section with {
& Bottom Rollers 1] vy e ies

Undercarriage (Optional )

46 Section with

10 Bottom Rollers

1 Track Gauge 2.286m i in
2 Width of Standard Track Shoe*+++ (Lt m 26in
Optional Maximom Track Shog**** 760 m 3iin
3 Width over Tracks 2946 m 116.0 in
4 Length of Track on Ground 3.355m 132.1 in
Ground Contact Area (150 16754) 4845 m? 7,510 in?
Track Pitch 02028 m 7.91n
Grouser Height (Moderate Service) 065 m 26in
Ground Clearance 0.3 m 154in
Oscillation at Front Idler 0121 m 4.8in
B Machinc Height*++=* 3222 m 126.% in
b Length of Machine withoul Blade 5134 m 2.1 in

All dimensions sbove with Heawy Duty undercarriage with Moderate Service shoes of standard width
for configuration, Foldzble YPAT blade, end calculeted per 150 16754 unless otherwise specified.
*XE power train adds 0.7 kP& (0.1 psi) and 273 kg (600 Ib) to the publizhed ground pressure
and weights.
**Dparating weight includes bade, lubricants, coolant, full fuel tank, ADPSFOPS cab, drawbar,
and 75 kg | 165 Ibj operator.

***Ehipping weight includes bade lift cylinders, C-frame, lubricants, coolant, 10% fuel, ROPS/FOPS
b

cih, znd drewhar.
++++Standard track shoe width ensures 3,0 m shipping wadth with blade folded. Optional 30 inch

track shoes provide lower ground pressure of 42 kPa [B.1 psil. Increases shipping width to
35 m{120:0 in].

+++**Machine height from tip of grouser to top of Product Link Antenna. For sweeps, add 66 mm
{26 in} to overall machine height. For forestry sweeps, add 122 mm (4.4 in). With Extreme
Service Track Shoes add 12 mm |05 in}. \When Cat GRADE with 30 antennas are installad
there is no addition to machine height

Blade
Configuration & VPAT LGP Folding {30 in}
Capacity (150 9246&) 52 m? 6.8 yd?

T Width across End Bits 4229 m 13ft 10.5in
Width without End Bits 4115m 13 ft 6.010n
Width of Folded Blade 2960 m 9L 8.5 in
Maximum Blade Angle 24.1 degrees

8 Height 1.312m 41 3.7 in

9 Dig Depth LGYE m 27.540n

10 Lift Height I3l m 44 510n
M Maximum Tilt at Blade Comer (L65% m 260400
Maximum Tilt Angle 9 degrees

Pitch Adjustment

+3.1/1-2.9 degrees

10

12 Length of Machine (Blade Straight) 5662 m 1€ ft 6.9 in
Length of Machine (Blade Angled) Gi43 m 21 R9.5in
Weight (Blade) 223 kg EXU 4]

12
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The purpose of this calculation is to determine the required ballast to counteract wind uplift forces on the
HDPE liner system. Ballast will be determined in the form of sandbags for during construction and water for
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1.0 PURPOSE

The purpose of this calculation is to determine the required ballast to counteract wind uplift forces on the HDPE
liner system. Ballast will be determined in the form of sandbags for during construction and water for post
construction.

20 METHODOLOGY

Geosynthetic Design Guidance for Hazardous Waste Landfill Cells and Surface Impoundments (Reference 1)
has a procedure on Pages VI-14 and VI-34 to calculate the wind uplift forces on a basin liner system. This
method will be used to calculate the maximum wind uplift forces on the liner system. The required water level
to counteract the wind uplift will then be determined.

This calculation provides a recommended sandbag spacing for securing the HDPE liner during construction,
however, the Contractor is ultimately responsible for securing the HDPE liner during construction.

3.0 DESIGN INPUTS
3.1 Wind Speed

Design Loads for Tank Farm Facilities, TFC-ENG-STD-06, REV D-2, Table 3 (Reference 3, Page 30) provides
the design wind speed of 110 mph. This will be the design wind speed for anchorage calculations during
operation. During construction, a reduced wind load may be used since it will be temporary. The reduced wind
load for during construction is from Table 3, Note e, and is 82 mph (Reference 3, Page 30)

Vop =110 mph

Veon = 82 mph

3.2  Water Weight

Weight of water =Ww = 62.4 pcf

3.3  Liner Weight

The weight of the HDPE liner is taken as 4200 Ibs per 13800 sf (Reference 2).
Weight of the HDPE liner = WL = 4200 Ibs / 13800 sf = 0.304 psf

3.4 Sandbag Weight

The weight of a sandbag is taken as 50 1bs. The Contractor may need to adjust the recommended spacing
determined in this calculation based on actual sandbag weight, or other ballast used.

Weight of sandbag = Ws = 50 Ibs

Quality Assurance Procedure 3.1
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4.0 ASSUMPTIONS
No assumptions have been made in this calculation.
50 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Calculations are checked using a handheld
calculator. Microsoft Excel was used to generate graphs. The Microsoft Excel generated graphs were checked
using a handheld calculator.

6.0 RESULTS

During operation and while the basin is empty, a water depth of 6 inches will counteract the wind uplift forces.
During construction, it is recommended to provide one 50 Ib sandbag per 3.11 sf.

7.0 REFERENCES

1) Richardson, Gregory N., and Robert M. Koerner, Geosynthetic Design Guidance for Hazardous Waste
Landfill Cells and Surface Impoundments, Hazardous Waste Engineering Research Laboratory, Office
of Research and Development, U.S. Environmental Protection Agency

2) ARGU America HDPE Smooth Liner Cut Sheet

3) TFC-ENG-STD-06 REV D-2, Design Loads for Tank Farm Facilities

4) H-2-838750, Sheet 1, Rev. 0, LERF Basin 41 Civil Primary Liner

8.0 CALCULATIONS
8.1 Operation

Table 6.2 from Reference 1, Page VI-14, is below and provides wind uplift forces based on design wind speeds
and the height above ground. For basins located below grade it is permitted to graph the wind uplift force versus
height above ground for a given wind speed, and then use extrapolation to determine the wind uplift force
(Reference 1, Page VI-13).

Table 6.2 Wind Uplift Forces, PSF (Factory Mutual System)

Wind Isotach, mph (Figure 6.2)

Height Above | City,Suburban Areas,Towns Flat,Open Country, or Open
and Wooded Areas Coastal Belt>1500ft from Coast
Ground, (ft) | 70 80 90 100 110 70 80 90 100 110 120
0-15 10" 11 14 17 20 14 18 23 29 35 41
. 30 10 13 17 21 25 16 21 27 33 40 48
50 12 15 19 24 29 18 24 30 37 44 53
75 14 18 22 27 33 20 26 33 40 49 58

* Uplift Pressures in PSF

Quality Assurance Procedure 3.1
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The below graph provides the wind uplift for a 110 mph wind speed. The maximum uplift force occurs at the
top of the basin.

110 MPH Wind Speed

f)
g 3

y=46x+305

Wind Uplift (ps
= N w B
o o o o o

15 30 50 75
Height Above Ground (ft)
At height above ground = 0 ft, the uplift force Uop = 30.5 psf.
When the basin is complete but empty, uplift forces may be resisted by water.
Height of water = (Uop — WL) / Ww = (30.5 pst — 0.304 psf) / 62.4 pcf = 0.48 ft = 5.8 inch
Maintaining a water depth of 6 inches will result in a DCR = 5.8/6 =0.967< 1 okay

8.2 Construction

Table 6.2 from Reference 1, Page VI-14, provides wind uplift forces based on design wind speeds at 10 mph
intervals. The uplift force will be determined for an 80 mph wind speed and a 90 mph wind speed. Linear
interpolation will be used to determine the uplift force for Veon = 82 mph.

The below graph provides the wind uplift for Veon 80 = 80 mph wind speed. The maximum uplift force occurs at
the top of the basin.

80 MPH Wind Speed

. 30 y=2.7x+15.5
% 25
2
o 15
-]
- 10
£
= 5

0

15 30 50 75

Height Above Ground (ft)

Quality Assurance Procedure 3.1



RPP-CALC-63747 Rev.00 5/20/2020 - 6:45 AM 10 of 20

RPP-CALC-63747 Rev. 0

Sarge i Lundy CALCULATION SHEET

Engineering Services, Inc.

Project No. S54413.024 Calculation No.  S54413.024-C-003 Rev. 1 Page No. 7 of 17
Title: LERF Basin 41 Wind Uplift Forces and Required Ballast

Prepared By: G. Taylor Grant Date: 05/14/2020 |Checked By: Darrel J. Packard Date: 05/15/2020
At height above ground = 0 ft, the uplift force Ucon 80 = 15.5 psf.

The below graph provides the wind uplift for Veon 90 = 90 mph wind speed. The maximum uplift force occurs at
the top of the basin.

90 MPH Wind Speed

%

Wind Uplift (psf)
R R N N W W
o U1 O Ut o U o u

15 30 50 75
Height Above Ground (ft)
At height above ground = 0 ft, the uplift force Ucon 90 = 20 psf.
Uplift force at 82 mph = Ucon= Ucon 80 + [(Ucon 90 — Ucon 80) / (Veon 90 — Veon 80)] X (Veon — Veon 80)
=15.5 psf+ [(20 pst — 15.5 psf) / (90 mph — 80 mph)] x (82 mph — 80 mph)
=16.4 mph
Sandbag spacing = Scon = Ws / (Ucon — WL) = 50 Ibs / (16.4 psf — 0.304 psf) = 3.11 sf

It is recommended to place sandbags at least one 50 Ib bag per 3.11 sf.
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temperature limitations. This is particularly true with the thermoplastic
materials, since their properties change with temperature. Temperature
also affects the rate that solvents will evaporate and the rate that seams
become strong. Most manufacturers suggest that their adhesive systems work
best when the temperature of the liner meterial itself 18 abowve 607 F.
When ambient temperatures are below 60 F and a solvent adhesive system is
being wused, heat guns can provide an effective means to help bring the
temperature of the liner material up to ideal conditlons. Extreme caution
must be exercised when using heat guns around flammable solventa, which may
ignite, and cheolorinated solvents which may generate toxic gas.

Cold weather seaming requires that the field crew exercise caution
when making seams to assure that the temperature of the liner material
reaches minlmum acceptable conditionas. A cold weather contact adhesive is
gsometimes used. Field seaming during precipitation must be avolded.
Depending upon the location and the weather conditions, the number of
panels placed in one day should not exceed the number which can be seamed
in one day. This assures that, should bad weather conditions occur
overnight, unseamed panels will not be left on the subgrade, subjJect to
damage, especially from wind.

Wind Uplift Forces--—

Wind blowing over a geomembrane exerts varying amounts of uplift force
depending on the velocity of the wind and the roughness of the surrounding
land. When not adequately resisted by sandbags, the membrane will 1ift off
the ground and exert tear stresses on the sheet and seams. Such wind
induced stresses have been responsible for numerous fallures. Using methods
developed by the flat roof Industry, some insight into the problem can be
gained. '

In the absence of site specific data, design wind speeds for the USA
are given in Figure 6.2. These values are annual extremes based on a 100-
year mean recurrence intervals and represent worst case situatioens. These
contour wvalues are used directly with Table 6.2 to determine the wind
uplift wvalue based on elevation above ground and surface roughness. Thus
the method 1s applicable for FMLs placed at the ground Ilevel and on
elevated caps. For FMLe below grade we recommend a linear extrapolation as
demonstrated 1in Design Example 6.1. It should be noted that the roofing
industry recognizes that the perimeter and corners of sheets are the
initiating points for uplift and compensate accordingly. For example, they
multiply the perimeter uplift forces by 2 and the corner walues by 3 for
added safety. ' The temporary nature of a limner imstallation may nmot justify
such conservatism.

Anchoring--

Proper anchoring of the liner around the facility perimeter, as well
as consclentious +tailoring and sealing of the liner around penetrating
structures, are essential to satisfactory liner performance. Generally, in
cut-and-f1ll type facilities, it is recommended that the liner material be
anchored at the top of the dike or berm one of two ways: (1) using the
trench-and-backfill method, or (2) anchoring to a concrete structure. The
trench-and-backfill method seems to be recommended most oftemn by liner
manufacturers, probably due to its simplicity and economy. Excavation of
the anchor trench in preparation for laying the limer 18  usually
accomplished with a trenching machine or by using the blade of a motor

EPA VI - 13
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Table 6.2 Wind Uplift Forces, PSF (Factory Mutuasl System)

Height Above

Wind Isotach, mph (Figure 6.2)

City,Suburban Areas,Towns

and Wooded Areas

Flat,0Open Country., or Open
Coastal Belt»1500ft from Coast

Ground, (ft) 70 80 90 100 110 70 B8O 90 i00 110 120
0-15 10" 11 14 17 20 14 18 23 29 35 41

. 30 10 13 17 21 26 16 21 a7 33 40 48

50 12 15 19 24 29 18 24 a0 a7 44 53

75 14 18 22 27 33 20 26 33 40 - 49 58

* Uplift Pressures in PSF

Figure 6.2 Design Maximum 'Hinld Speeds

EPA VI - 14
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O agru

The Plastics Experts.

PRODUCT DATA

Property Test Method Frequency Minimum Average Values
Thickness (minimum avg), mil {mm) ASTM D5199 Per Rall 30(0.75) | 40(1.0) | 60(1.5) | 80(2.0) | 100 (2.5)
Thickness (minimum), mil (mm) 27(0.68) | 36(09) | 54(1.35) | 72(1.8) [ 90(2.25)
Sm D Uth Density, g/cc, minimum ASTM D792, Method B 200,000 b 0.94 0.94 0.94 0.94 0.94
Tensile Properties (both directions) ASTM DE693, Type IV
LI ne r@ Strength @ Yield, Ib/in width (W/mm) Zin/minute 20,0001b | 66(11.6) | 88(15.4) |132(23.1)| 176 (30.8) | 220 (38.5)
Elongation @ Yield, % (GL=1.3 in} 12 12 12 12 12
Strength @ Break, |b/in width (N/mm) 120(21) | 160(28) | 240(42) | 320(56) | 400 (70)
HIGH DENSITY Elongation @ Break, % (GL=2.0 in) 700 700 700 700 700
POLYETHYLENE Tear Resistance, Ibs (N} ASTM D1004 45,0001 | 22(98) | 30(133) | 45(200) | 60(267) | 72 (320)
Puncture Resistance, |bs (N) ASTM D4833 45,0001b | 60(267) | BO(356) | 120(534) | 160 (712) | 190 (845)
Carbon Black Content, % (range) ASTM D4218 20,000 Ib 2-3 2-3 2-3 2-3 2-3
Carbon Black Dispersion (Category) ASTM D5596 45,000 Ib Only near spherical agglomerates: 10 views Cat. 1 or 2
Stress Crack Resistance (SP NCTL), hrs. ASTM D5397 Appendix 200,000 Ib 500 500 500 500 500
Oxidative Induction Time, minutes ASTM D3895, 200°C, 1 atm O, | 200,000 b =140 =140 =140 =140 =140

AGRU America’s geomembranes are certified to pass Low Temp. Brittleness via ASTM D746 (-80°C), Dimensional Stability via ASTM D1204 (2% @ 100°C). Oven
Aging and UV Resistance are tested per GRI GM 13. These product specifications meet or exceed GRI's GM13.

SUPPLY INFORMATION (STANDARD ROLL DIMENSIONS)

THICKNESS WIDTH LENGTH AREA (APPROX.)
mil mm ft m ft m ft2 m?
30 0.75 23 7 1,175 358 27,025 2,511
40 1.0 23 7 900 274 20,700 1,923
60 1.5 23 7 600 183 13,800 1,282
80 20 23 7 455 139 10,465 972
100 25 23 7 365 111 8,395 780

Mote:

Average roll weight is 4,200 Ibs (1,905 kg). All rolls are supplied with two slings. Rolls are wound on 6" core. Spedial length available upon request. Roll length and width have a tolerance

of £1%. The weight values may change due to project specifications (i.e. absolute minimum thickness or spedial roll length) or shipping reguirments (i.e. international containerized
shipments).

All information, recommendations and suggestions appearing in this literature concerning the use of our products are based upon tests and data believed to be reliable; however,
the users responsibility to determine the suitability for their own use of the products described herein. Since the actual use by others is beyond our control, no guarantee or warranty of
any kind, expressed or implied, is made by AGRU America as to the effects of such use or the results to be obtained, nor does AGRU America assume any liability in connection herewith.
Any statement made herein may not be absolutely complete since additional information may be necessary or desirable when particular or exceptional conditions or circumstances exist
or because of applicable laws or government regulations. Nothing herein is to be construed as parmission or as a recommendation to infringe any patent.

itis

AGRU America, Inc. (800) 373-2478 | Fax: (843) 546-0516
500 Garrison Road salesmkg@agruamerica.com

Revision Date: December 3, 2018 12:42 PI
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Design Loads for Tank Farm Facilities Manual Engineering
Docoment TFC-ENG-5TD-06, REV D-2
Page a0 of 34
Issue Date July 31, 2019

Tahble 3. Wind Load.

WDC-3 WDC-2 WDC-1/
WDC-0=
Basic Straight Wind Nominal'= = 95 mvh 91 mih 5 mih
Design Spesd -
{3-Second Gust), V Ultimate! ™ <! 122 my/l™ 115 mvh 110 mih
Exposure Category c Cidr o
NOTES:

() For use with IBC 2009, ASCE 7-03, and other compatible codes and standards, including the
exceptions of IBC 2013, Section 1609.1.1.

(b} For uze with IBC 2015, ASCE 7-10, and other compatible codez and standards.

(c) Cenverzion of Nominal Wind speed to Ultimate Wind Speed (Basic Wind Speed ASCE 7-10
corresponds to the rounded value from the following relationship: Vg = Ve ¥0.6 (IBC 2015
Equation 16-33).

id) Expozure “C,” flat and generally open terrain, should be used for all construction unless it can be
shown that the necessary permanent shielding will be provided by natural terramn (not incloding
shielding from trees or adjacent buildings).

() NDC-0 85Cs shall be designed for WDC-1 wind loadimg. Wind loads on temporary S8Cs eracted
for a period of less than 180 days, and Construction Project S5Cs may be dezigned to a reduced
basic straight wind design speed, provided wind damage to the structure:

1. Will not result in injury to personnel.

2. Will not rezult in damage to permanent 35Cs.

3. Will not result in significant cost to repair or replace the temporary structure.
The reduced basic straight wind design speed shall be bazed on ASCE 37, but should not be less
than 82 mi'h (ulttmate)/'d4 mih (nommal) for a 3-Second Gust.

(£ The WDC-3 wind loading of 122 mph iz determined from ANSLANS-2.3 Figure 4 for Fegion I1T

wind hazard Site at return period of 2300 vears. There are no requirements for extreme wind
mizsile design at the Hanford Site. This iz based on the PWHA site specific wind speed for WDC-3
of 96 mph, which is less then the 110 mph miszile criteria of DOE-STD-1020-2016.
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Preparer (Print Name and Sign): Date:
G. Taylor Grant xfﬁf’W 4/8/2020
Checker (Print Name and Sign): Date:
Darrel Packard 4/9/2020
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Acronyms
cf cubic foot (ft%)
DCR Demand-to-Capacity Ratio
deg degree (angle)
ft foot (length)
GCL Geosynthetic Clay Liner
GDM Geosynthetic Drainage Material
HDPE High Density Polyethylene
Ib pound force
LERF Liquid Effluent Retention Facility
psf pound per square foot (Ib/ft?)
psi pound per square inch (1b/in?)
pcf pound per cubic foot (Ib/ft%)
plf pound per lineal foot (1b/ft)
sf square feet
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1.0 PURPOSE

The purpose of this calculation is to determine the stresses in the liner system for LERF Basin 41, except for the
northwest corner of the basin which contains the effluent collection and removal piping system. This corner
contains gravel and is a separate calculation. The liner stresses will be used to specify minimum required
material strengths.

2.0 METHODOLOGY

The forces on each layer of the liner system will be analyzed, beginning at the top layer. Although the liquid
waste (essentially water) in the basins is a shearless fluid, the approach taken in the calculation will be to
assume shear forces are transmitted at the waste-primary liner interface. This will result in a conservative
approach. The stresses in the liner layers will be analyzed at the toe of the slope around the basin floor. This
will be the location of the greatest liquid depth which will cause the greatest stresses.

The liner system along the slopes in the basin is comprised of (from top to bottom):

Primary HDPE liner
GCL

Geotextile

GDM

Secondary HDPE liner
Geotextile
Soil/Bentonite mixture
e (QGeotextile

The Primary HDPE liner and the Secondary HDPE liner are also referred to as the “top” and “bottom” liners,
respectively, in the drawings. This calculation deals with the interface between two layers, so often there will be
phrases such as “top of X layer to bottom of Y layer.” For this reason, the top HDPE liner will herein be
referred to as the primary and the bottom HDPE liner will herein be referred to as the secondary.

3.0 DESIGN INPUTS
3.1 Friction Angles

The friction angles between two materials are taken from Reference 1. Where similar surface-to-surface
interfaces are not provided in Reference 1, similar surface-to-similar surface angles are used. The friction angles
are presented below, along with remarks.

Friction Angle Remarks

d2=10 deg Bottom of primary liner to top of GCL. This is the angle of smooth HDPE
to slit film geotextile (Reference 1, Page 540)

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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di= 15 deg The internal friction angle of the GCL. This is the friction angle at internal

interfaces of the material (Reference 1, Table 6.1, Page 770). The average
internal friction value of the four GCL samples was taken for the
Hydration With Mild Leachate — Free Swell case.

ds =24 deg Bottom of GCL to top of geotextile. This is the angle of geomembrane to
geotextile (woven slit film) combinations, and interface assumed to be
similar to GCL-geotextile (Reference 1, Page 540).

The below friction angles between two materials are taken from Reference 2. These friction angles are for
similar materials that will be installed. The friction angles are presented below, along with remarks.

Friction Angle Remarks

de =15 deg Bottom of geotextile to top of GDM. Value is based on geonet to smooth
HDPE, which is expected to be similar to geonet to geotextile.

ds =12 deg Bottom of GDM to top of secondary liner. Value is based on geonet to
smooth HDPE.

dio="7.6 deg Bottom of secondary liner to top of soil/bentonite layer. Reference 2

derived a range of friction angles between smooth HDPE and clay soils,
and range from 7.6 to 18.3 degrees. The lowest value will be used.

3.2 Basin Geometry
The basin geometry is given in the below drawings. These drawings are included in Attachment 1.
H-2-838749, Sheet 1, Rev. 0

H-2-838750, Sheet 1, Rev. 0

He = The maximum possible depth of effluent around the toe of the basin. The lowest point of the basin that
effluent could reach is the top of the primary liner (Attachment 1, Drawing H-2-838749, Sheet 1, Liner System
Schematic) and is elevation 576.50” (Attachment 1, Drawing H-2-838749, Sheet 1). The highest elevation
around the perimeter of the basin is the top of concrete of the anchor wall and is 603.50° (Attachment 1,
Drawing H-2-838750, Sheet 1, Section C). Therefore, He = top elevation — bottom elevation = 603.50° —
576.50° = 27.00°.

Slope = the greatest slope (in degrees) around the basin. The slopes along the north, south, east, and west sides
are all 3:1 (Attachment 1, Drawing H-2-838749, Sheet 1, and Attachment 1, Drawing H-2-838750, Sheet 1).
Around the radii the slope will be slightly shallower than the 3:1 along the sides. Therefore, the Slope = 1/3 =
0.33 = 18.43 degrees.
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4.0 ASSUMPTIONS

5.0 COMPUTER SOFTWARE

calculator.

6.0 RESULTS

Prepared By: G. Taylor Grant Date: 04/08/2020 |Checked By: Darrel J. Packard Date: 04/09/2020
3.3 Effluent Weight
The unit weight of effluent = S1 = 62.4 pcf (Reference 2)

(Engineering Judgement)

A summary of the calculated DCRs is presented below.

There are no assumptions in this calculation. Engineering judgement, where used, is documented herein.

No unverified computer software was used in this analysis. Calculations are checked using a handheld

Layer Tension, Shear, or Normal Stress DCR
Primary Liner Tension DCRop =0.164
GCL Internal Shear DCRiibe = 0.658
Geotextile Tension DCRogeo = 0.262
GDM Tension DCRonet =0.173
Normal DCRnNret = 0.096
Secondary Liner Tension DCRos = 0.093
The required material properties are presented below. (Reference 7)
Layer Property Required Value
Primary Liner Tension Yield Strength >2000 psi
Thickness >60 mils
GCL Internal Friction Angle >15 deg
Geotextile Thickness >70 mils
Tear Strength >95 1b
GDM Tension Yield Strength >540 plf
Compressive Strength >120 psi
Secondary Liner Tension Yield Strength >2000 psi
Thickness >60 mils

Quality Assurance Procedure 3.1
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7.0 REFERENCES
1) Koerner, Robert M., Designing with Geosynthetics, 6" Edition
2) HNF-SD-LEF-TI-005 R1, Calculation 5, Side Slope Liner Stresses, 1990

3) Geosynthetic Institute, GRI-GN4 Standard, Test Methods, Required Properties and Testing Frequency
for Biplanar Geonets and Biplanar Geonet Composites

4) H-2-838749, Sheet 1, Rev. 0, LERF Basin 41 Civil Secondary Liner
5) H-2-838749, Sheet 2, Rev. 0, LERF Basin 41 Civil Secondary Liner Details
6) H-2-838750, Sheet 1, Rev. 0, LERF Basin 41 Civil Primary Liner
7) RPP-SPEC-63632, Rev. 0, LERF Basin 41 Design Construction Specification
8.0 CALCULATIONS
8.1 Primary Liner
Weight of liquid acting on a one-foot wide strip of liner:
Wi=SixHex 1 ft=62.4 pcfx 27 ft x 1 ft = 1684.80 plf
Force acting down the slope of the primary liner due to the weight of the liquid:
F1 = Wi x sin(slope) = 1684.80 plf x sin(18.43 deg) = 532.64 plf
Normal force resisting the liquid weight:
N =W =1684.80 plf
Shear force below the primary liner:
F2 =N x tan(d2) = 1684.80 plf x tan(10 deg) = 297.08 plf
F1—F2=532.64 plf - 297.08 plf = 235.56 plf
Since F1 > F2 the primary liner is in tension.
Thickness of primary liner:

tp = 60 mil = 0.06 in

Required tensile yield stress of HDPE:
Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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opy = 2000 psi
Actual tensile stress in primary liner:

opact = (F1 — F2) / tp = (532.64 plf — 297.08 plf) / 0.06 in = 327.17 psi
DCR for tensile stresses in the primary liner:

DCRop = Gpact / opy = 327.17 psi / 2000 psi = 0.164 < 1.0 okay
82 GCL
Shear force acting on the GCL:

F3 =F2=297.08 plf (equal and opposite force to F2)
Shear force below the GCL:

F4 =N x tan(d4) = 1684.80 plf x tan(24 deg) = 750.12 plf

F3 —F4=1297.08 plf — 750.12 plf = -453.04 plf
Since F3 < F4 the GCL layer is not in tension.
Check the internal stresses at the internal interfaces in the GCL:
Internal force resulting from the normal force:

Fi= N x tan(di) = 1684.80 plf x tan(15 deg) = 451.44 plf
DCR at internal interface of GCL:

DCRtibe = F3 / Fi=297.08 plf / 451.44 plf = 0.658 < 1.0 okay
8.3  Geotextile
Shear force acting on the geotextile:

Fs =F4="750.12 plf (conservative because the shear force acting on the geotextile is limited by
the shear force that the primary liner can transfer to the GCL, i.e. F4
cannot exceed F3)

Shear force below the geotextile:

Fs =N x tan(ds) = 1684.80 plf x tan(15 deg) = 451.44 plf

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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Fs — F¢=750.12 plf — 451.44 plf = 298.68 plf
Since Fs > F¢ the geotextile is in tension.
Calculate the tensile stresses:
Required thickness of geotextile:
tgeo = 0.070 in
Actual tensile stress in geotextile:
Ogeoact = (F5 — F6) / tgeo = (750.12 plf — 451.44 plf) / 0.07 in = 355.57 psi
Required strength of geotextile:
Ogeoall = 95 1b / (tgeo x 1 1n) =95 1b / (0.070 in x 1 in) = 1357.14 psi
DCR for tensile stresses in geotextile:
DCRogeo = Ggeoact / Ggeoall = 355.57 psi/ 1357.14 psi = 0.262 < 1.0 okay
84 GDM
Shear force acting on the GDM:
F7=Fe¢=451.44 plf
Shear force below the GDM:
Fs =N x tan(ds) = 1684.80 plf x tan(12 deg) = 358.12 plf
F7—Fs =451.44 plf — 358.12 plf = 93.32 plf
Since F7 > Fgs the GDM is in tension.
Calculate the tensile stresses:
Required GDM yield stress in roll direction:
Onety = 540 plf
Onetact = F7 — Fs = 451.44 plf — 358.12 plf = 93.32 plf

DCR for tensile stresses in GDM:

Quality Assurance Procedure 3.1
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DCRonet = Onetact / Onety = 93.32 plf/ 540 plf: 0.173<1.0 okay

Now calculate the normal stresses on the GDM. This is important because if the GDM is compressed then it
may not be able to adequately transmit effluent.

ONnetact = S1 X Hb = 62.4 pcf x 27 ft = 1684.80 psf
Required allowable compressive stress:
ONnetall = 120 psi = 17280 psf (Reference 3)
DCR for normal stresses in GDM:
DCRnNnet = ONnetact / ONnetall = 1684.80 psf/ 17280 psf = 0.096 < 1.0 okay
8.5 Secondary Liner
Shear force acting on the secondary liner:
Fo =Fg=358.12 plf
Shear force below the secondary liner:
Fi0 =N x sin(dio) = 1684.80 plf x tan(7.6 deg) = 224.80 plf
Fo — F10=358.12 plf — 224.80 plf = 133.32 plf
Since Fo9 > Fio the secondary liner is in tension.
Thickness of the secondary liner:
ts = tp = 60 mil = 0.060 inch
Required tensile yield stress of HDPE:
Osy = opy = 2000 psi
Actual tensile stress in secondary liner:
osact = (Fo — F10) / ts = (358.12 plf — 224.80 plf) / 0.06 in = 185.17 psi
DCR for tensile stresses in the secondary liner:

DCRos = Gsact / 0sy = 185.17 psi / 2000 psi = 0.093 < 1.0 okay

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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DESIGNING WITH GEOTEXTILES  CHAP, 2

YTEXTILE PRICTION ANGEES AND EFFICIENCIEG

"TED COHESIONLESS SOILS

Geotextile type

Concrete sand

© = 30 deg.

- [TV T
Silty sand

Woven, monofilament

Woven, slit film

Nonwaoven, heat bonded

Nonwoven, ncedle punched

26 deg. (84%)
24 deg. (77%)
26 d¢g (84%)

30 deg. (100%

24 deg. (84%)

26 deg. (92%)

o= 26 deg,

23 deg. (87%)

25 deg. (96%)

A% nin
i
-~ - traditional tesls on textile materials rarely have hydraulic appl"

Source: After Martin, ¢t al. [35)

Note:  Literature values such as the above should nof be used in ernitical designs. Sige

specific geotextiles and soils must be individually tested and evaluated jn
accordance with the particular project conditions, ¢.g., saturation, type of liquid,
normal stress, consolidation time, shear rate, displacement amount, ete.

dependent on the normal force applied to the soil, which mobilizeg
shearing resistances on both surfaces of the geotextile.

Since the test greatly resembles a direct shear test, albeit wi
stationary soil on both sides of the tensioned geotextile, a possible
design strategy is to take direct shear test results (for both sides of the
geotextile) and use these values for pullout design purposes. Howeve
this may not be a conservative practice.

Test results by Collios et al. [36] show a relationship of pullout te
results to shear test results with some notable exceptions. For pullo
testing, if the soil particles are smaller than the geotextile opening
efficiencies are high; if not, they can be low. In all cases, howey
pullout test resistances are less than the sum of the direct shear t
resistances. This is due to the fact that the geotextile is taut in &
pullout test and exhibits large deformations. This, in turn, causes i
soil particles to reorient themselves into a reduced shear streng
mode at the soil-to-geotextile interfaces, resulting in lower p
resistance. The stress state mobilized in this test is both interes
and complex as evidenced by the approximate one-hundred techt
references on this topic.

2.3.4 Hydraulic Properties
Uniike the physicai and mechanical properties just
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TABLE 5.6 PEAK FRICTION VALUES AND FFFICIENCIES OF
VARIOUS GEOSYNTEHTIC INTERFACES®

(a) Soil-to-Geomembrane Friction Angles

Soit type
Concrete sand I Ottawa sand Mica schist sand
Geomembrane (@ =30°) (= 28%) (& =26%
HDPE )
textured 3G° {1.00} 26° {0.92) 22 (0.83)
smooth 8 (0.56) 18° (D.61) 17° (0.63)
pPvC
rough 27° (0.88) ~ — 25° (0,96)
smooth 25° (0.81) - —- 21° {D.79)
Lf_PP-R 25° | {0.81) 21° (06.72) 23° (0.87)

(b) Geomembrane-to-Geotextile Friction Angles

[ Geomembrane
HDPE PVC PP-R
i !
Greotextile Textured | Smooth { Rough | Smooth
Nonwoven, needle punched 32° 8° 23‘; 21: g:
Nonwoven heat bonded 28° te 20.3 180 -
Waoven, monofilament i9° 6° 3] 4 1 00 ;
Waven it film 32° 16° 28 24° 1_3_ _
L_ »
(c) Soil-to-Geotextile Friction Angles
Soil type
F Mica schist
Concrete sand | Concrete sand aad
= = 3‘)") o
Geotextile (= 30% @ ($ = 26°)
Nonwoven, needie punched { 30° (1.00y } 26° | (0.92) Lo (0;-
Nonweoven heat bonded 26° | (0.84) - — —
Waoven, monofilament 26° | (0.84) — — —
Woven, slit film 2 | o | 240 | s8] 2 |08

*Efficiency values (in parentheses) are based on the relationship E "'
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770

Desigryg WiTH Geosyrrnenic Cray LiNERS

CHAP. 6

TABLE 6.1 SUMMARY OF GCL INTERNAL DIRECT SHEAR

TEST RESULTS
Hydration with Distilled Water Hydruiion with Tap Water
Diesignution Constrained | Free ; Contrained | Free
i Swell Swell Dt Swell _'_R'm:]I
GCL-1 o {degrees) i [ n° T 18 =
¢ (kPa) 0.9 28 4.1 oY 28 3.4
GCL-2 i (depress) | 367 L {1 36" a4 15
¢ (kPa) 68 £.9 9.0 o8 6.9 6.9
GCL-3  p (deprees) | 42° I rl g 42° 43 260
c (kPa) 14 B3 4.8 14 53 1]
GCL-4 (degrees) | 267 197 e 26" 18 s
¢ [kPa) 50 4.8 _E.S 50 4.8 3.4
Hydration with Mild Leachate | Hydration with Harsh Leachate |
Designation | Constrained | Free Dy Contrained | Freg
Dy | gwell | swent | PO swell | swell
GCL-1  dh (degrees) | 37 24 4 a7 197 e
c (kFa) 6.9 6.2 34 nY 5.5 2R
GCL-2 (degreas) in® 43 il iy i 3qe° £}
¢ (kPa) 6% 4.8 12 68 a1 83
GCL-3  di{deprees) | 427 390 25" 427 45
¢ (kPa) 14 B3 14 I4 4.8
GCL-4 i (degrees) | 26° 18° 9= 6 13®
¢ (kPa) 30 48 3.4 50 7.6
: Hydration with esel Fuel A
A i : f : *y refiers b the GCL s eIV
el ik Dey Lm11slru|n::d Free placed unier desired pormal S8
Swell Swell hen sheared at midplase.
T RGT T |  | | coppt t i0
L ’ " : hyidested under e lﬂcfl'ﬂd g
| dpa
GCL-2  dpfdegroes) | 367 36° age: | o thmshieesd S8
o (kPa) o = A8 | e sl refirs o GCL hydn
: wider zero noemal stress, e 6
GCL-3 o (deprees) [ 42° 40 a0 unnder he degired formil ST
 (kPa) 14 6.2 4.8 immecdintely sheaned at midg
GCL-4 o (degrees) | 26° 24° 29° Sonrce; A er Leksher [41:
¢ (kPa) 0 4.1 6.2
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Geosynthetic Institute
475 Kedron Avenue

(GRD
Folsom, PA 190331208 USA @%@1@
TEL (610) 522-8440 ‘-’
GAD—GCD

FAX (610) 522-8441

Final: October 3, 2018
Revision Schedule on Page 10

GRI-GN4 Standard”
Standard Specification for

“Test Methods, Required Properties and Testing Frequency for
Biplanar Geonets and Biplanar Geonet Composites™

This specification was developed by the Geosynthetic Research Institute (GRI) with the
cooperation of the member organizations for general use by the public. It is completely optional
in this regard and can be superseded by other existing or new specifications on the subject matter
in whole or in part. Neither GRI, the Geosynthetic Institute, nor any of its related institutes,
warrant or indemnifies any materials produced according to this specification either at this time
of in the future.

1 Scope

1.1 This generic specification covers biplanar geonets and biplanar geonet composites
(sometimes called geocomposites) for subsequent use in transmitting liquids within
the manufactured plane of the materials.

Note 1: This specification does not cover triplanar geonets or drainage
composites made therefrom. It also does not cover the category of
geosynthetic drainage materials called “geospacers™.

1.2 This specification sets forth a set of physical, mechanical, hydraulic, and endurance
properties that must be met, or exceeded by the product being manufactured.

Note 2:  The specification is based on tap water being the transmitted liquid.
It can be modified to accommodate other liquids as agreed upon by
the parties involved.

*This GRI standard specification is developed by the Geosynthetic Research Instifute through consultation and review
by the member crgamzations. This specification will be reviewed at least every 2-years, or on an as-requured basis.
In this regard it is subject to change at any time. The most recent revision date is the effective version and it is kept
current on the Institute’s Website <=<geosynthetic institute org==.

GRIGN4 -1 of 10
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42

43

44

4.3

4.6

51

52

Note 5 In a drainage geocomposite. the geonet serves the primary function of
drainage, whereas the geotextile(s) serves the dual functions of
separation and filtration.

The geonets covered in this specification are made from a formulation consisting of
high density polvethylene (density = 0930 g/ce), in a weight percentage of
approximately 97%, with about 2% carbon black. and the remainder being
antioxidants for protection during extrusion and long-term service performance.

MNote 6: The density of the base resin will be slightly lower. e.g., 2 0.940 g/cc,
however, this is still in the category of high density polyethylene
(HDPE).

The resin shall be virgin material with no more than 25% rework. If rework is used,
it must be a similar formulation as the parent material.

No post consumer resin (PCR) of any type shall be added to the formulation.

The type of geotextile is commonly a needle punched nonwoven polypropylene
thermally bonded to the geonet core in the manufacturing facility.

In this specification, the geotextile properties follow the AASHTO M288-16
specification since it is used on a widespread basis in providing for separation and
filtration functions. If the site-specific design calls for a different geotextile, or one
with different properties, it must be communicated between the parties involved.

Note 7:  Altemative geotextiles are burnished needle punched nonwovens {one
or both sides), heat-bonded nonwovens, slif-film wovens or
menofilament wovens.

5 Specification Requirements

The geonets, before lamination with geotextiles, shall conform to Table 1 which is
given in three nominal thicknesses. Other thicknesses up to 400 mils (10.2 mm) are
possible and information is available from the respective manufacturers. Table 1ais
given in English units and Table 1bin S.I units. The conversion from English to 5.1
units is “soft”. The values listed are “mimimum average” values except for carbon
black which is a range.

Note 8: To obtain the minimum average value, the number of test values
required by the respective standard is numerically averaged and the
value must equal or exceed the listed specification value.

The geotextiles. before lamination to the geonet, shall conform to Table | which is

given in two mass per unit area values. Other mass per unit areas are possible and
information is available from the respective manufacturers.

GPIGIN4 -4 of 10
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(1} The diameter of the presser foot shall be 2.22 in. and the pressure shall be 2.9 b./in".

(2} Density is of the formulated material; the base resin will be slightly lower.

(3) This is the average peak value for five equally spaced machine direction tests across the roll width.

(4) Test to be conducted using Section 6.3, the movable plate method.

(3} Geonets shall be tested between ngid Enclplatens at a hydraulic gradient of 1.0 (hence, this is also the “transmissivity™); a pressure of 10,000 Ib/ft%, and a seating dwell
time of 15 min If specimenis a E'ea-romposlte the geotextile side(s) should be tested using flexible boundaries. Test values are for machine direction only.

(6) These values are Class 1 and Class 2 of the AASHTO M288-00 specification for drammage (filtration) requirements of 15 to 30% fines passing #200 sieve. Generally, one

or the other will be used.

(7) Since these geotextile values are MARV, the statistics needed to obtain such values dictate the frequency of testing.
(8) Ths 15 the average of five equally spaced machine direction tests across the roll width of the single-sided geccomposite. Both sides should be tested for the double-sided

geocomposite.
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Table 1{a) - MQC Specification for Biplanar Geonets and Geonet Composites
Property Test Method Test Value Based on Geonet Thickness Test Frequency

(a) Geonet (before lamination) 200 mil 250 mil 200 mil

Thickness™), mils (min ave.) D5199 200 250 300 per 50,000 Ib.

Density™, glcc (min. ave.) D1505/D792 095 0.95 0.95 per 50,000 Ib.

Carbon Black Content, % (range) D1603/D4218 15t 3.0 151030 1530 per 100,000 lb.

Tensile Strength®™, Ib. (min. ave.) D7179 180 240 300 per 50,000 Ib.

Compressive Strength®™®, 1b/in ? (min. ave.) D6364 120 120 120 per 100,000 lb.

Flow Fate Width'”), gal/min-ft {min. ave.) D4716 3.0 72 9.0 per 200,000 lb.

(b) Geotextile (before lamination)'®

MassUnit Area, oz/sy (MARV) D3261 6 8 6 8 6 8 MNoate (T)

Grab Strength. Ib. (MARN) D4632 157 200 157 200 157 200

Grab Elongation. % (MARV) D4632 50 50 50 50 50 50

Tear Strength Ib. (MARV) D4533 55 20 53 80 55 80

Puncture Strength. Ib. (MARV) D6241 310 430 310 430 310 430

Permittivity, sec’ (MARV) D4401 0.2 02 02 0.2 02 0.2

A0S, mm (MaxARV) D4751 025 0.25 0.25 025 0.25 025

UV Stability, % ret. (500 hr) D4355 50 S0 S0 50 50 50

() Single-Sided Laminated Composite

Flow Rate/Width'™, D4716 27 22 EXY 32 49 40 per 200,000 1b.

gal/min-ft (min ave.)

Ply Adhesion™, Ib./in (min ave.) D7005 1.0 1.0 1.0 1.0 1.0 1.0 per 100,000 lb.

(d) Double-Sided Laminated Composite

Flow Rate/Width), D4716 20 15 29 22 36 27 per 200,000 1b.

gal/min-ft (min -ave.)
Ply Adhesion™, Ib.in (min ave) D7005 1.0 1.0 1.0 1.0 1.0 1.0 per 100,000 1b.
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KAISER ENGINEERS ANF-SD-LEF-T|- 005 Revi o /%
HAaANFOoORO .

" Aaviion (D

! DESIGN ANALYSIS

Subject

l.n'ﬂ‘ﬂﬂl'l

Cleh AL HC ENTRTEC - ' worsh o, £ 2 — O

=feny; re o5 /17090 w DT

Bocine /ILSE Y cwwr25/90 _wel I ).

243 AL, T00 2257 Revsed_ &

T
]

SIDE SLOPE LINER STRESSES

1.0 OBJECTIVE . *

This calculation addresses the stresses in the liner system for
the W-105 Retenticn Basins, except for the one cormer of each
basin containing the piping systems. This corner containe
gravel and separate ealculation. A separate calculation, "Side
Slope Liner Stability - Pipe Trench" addresses stresses and
stability at the pipe trench.

2.0 DESIGN INFUTS
2.1 EReferences

2.1.1 HKoermer, R.M., "Designing with Geosynthetics," 2nd
Editieon, Prentice Hall, Sectieons 5.5.8, 5,3, 5.1.3.5, and as
referenced belew, 1330, .

2.1.2 Industrial Fahcric Association Internaticnal, "The Use of.
g-en:sy:dmh:;.ics in Waste Contairnment,” Presentatien Handout, Fage
undated,

2.1.3 Lnttnr to W. Simpsen, James Clem Corporation, from

Gecservices, Inc., "Report on the Direct Shear Testing of

?alarﬂd CLAYMAY CL,"™ Table 1 and Attachment 1, dated 10 March
589.

2 :I..-i. Technical Report to Acme. Cﬂnﬂrete Company from
Chen=-Nerthern, Inc., "Tests of Drainage Gravel for the Grout
‘ifgg:l&t Storage Facility, Haiser B714 Prnje:t " dated 2§ February

2:1.5 Akzo Industrisl Systems . ' -mm "S5" Reinforced
Grip ILayer Matting [RGIM], Specificatieons," Ashevills, No - '
28802, undated.

2.1.6 mth:nft Inu., “mthsad Version 2.5 User's mida,"
Cambridge, Ma 0213%, June 198%.

2.1.7 Lattter to W. Simpson, James Clem Corpeoration from R. H.
Swan, Jr., GecServices, Inc, Consulting Engineers, "Report on
the Di:m:l: Shear Testing of Selected CIAYMAY CL Intarfaces,
GeoServices Project Number: Pl157, GecServices Document
Humber: NL82038," Norcross, Georgia, datsd March 10, 1989,
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S —— m e —

HANFORG T HUF-SD-LEF T-005 Revl: e
g . DESIGN ANALYSIS Poiwon (D
Cieni [4 ) 1 O : wmwgg_bffé_

mfﬂ?‘ér’fﬁq Keaten o Data By

Bacine [TESE e i/ae o

Loaston ) &3 Aé’- [, Egr?h.- Ravined By

other references are listed when 1
area of the calcwlatisn, Below applied o a spacific

2.2 Units Required for Calculati ir
2.2 } ation (This Infermation Required

unit of mass. "lbf is used for force, see belaw.)

II. Angular measure

. rad = 1 T

= d_Eg‘ B = r_ad
iso

III. Derived units: Length

i —
n=s — m o= = .
oee wil = 0.001-4in

cm = 0.01-m

IV. Derived units; Mass
‘slug ® 32,1741k

‘;-f. Derived units: Time
- min = £0-sec " hr m 3500-sec day = 24.-hr
YT = 3€5.2422.day (tropical year) '
VI. Derived units: Area, Velume '

3
gal = 0.1337-ft

36

(In this calculation "1b" represents “pounds-mass", the be.se
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MAISER ENGINEERS HNF-SU-LEF-TI-005 Rev |  pwpene 7 of [T
HANFEORD : Rurition_ (D
. . DESIGN ANALYSIS : i
_ M'FAJHC WOah Ma, S 47 t‘jf
| Bubiect ; ﬂ& r i KaTen ‘f/n.ﬂ S forese Cume
: M-EFP 2B 1‘4%;

tosaton 0 ¢/ A_,._A_Q/L&E

VII. Derived units: Acceleration

g = 32.174r—

2.3 Given or Fnown Data

slug )
e 1= L.84 - —— Density of licuid waste
1 3
by o4
— = = a ag
1 1
-‘-br = a
5 mBl.q— Specific welght of liguid waste
1 3
- ft
1bf Maximam specific weight of grawvel layer,
-5 = 123, e per Beference 2.1.4
el 3
e ft
H = §03.5 ft - 576.60-ft
b .

By

ft .

(acceleration of gravity)
r

ec )

£=: Force, Pressure

1bt
psi = —
2

in

37
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HAREGRD ™ T T THNF-SD- LEF-TI- 005 Ry -
‘ DESIGN ANALYSIS e 1 S R
Crent 14 0 L ¢

Maximin internal height of basin. -"'."he
b highast liquiq. level will be several feet
balow th;umaanf::; basin height. Using Othe
. maximm basin height as the liguid height
a cochnservative assumption. = ne ie

Determine maximum slnp;a angle: The nominal s1

: ope angle i
i8.4 degress, corresponding to & slope of 3:1, Hw-ﬁer :nme
areas pay have a slightly sSteeper slepe. '

Drawirsg He. H=2-T5590, Shest 1 of 1, Rev. 1, Zone

Reference:
E-5, E-B.
T i= 603.5 £t T '
aley ot elevation of dike
E i= EV6.6-F i i
lev it Bottom elevation at vicinity of sump
& = T - B Vertical distan .
alev elev elav slepe angle. °e for caleulating
& = 73.0-£t Horizentsl distance ini
; : (minimom
length identified) for ealeulating slepe
angle.
]
elav
Slope =
-5
length
slope = 0.4
B 1= atan(slepe)
8= 20.2-deg Maximm sl engle. The maximum angle will

be used during the calculatien, as a
conservative assumption.

38

P,
SEP 3% Um0, I

Quality Assurance Procedure 3.1

Calculation Sheet (01-19)



RPP-CALC-63748 Rev.00 5/20/2020 - 9:22 AM 34 of 35
RPP-CALC-63748 Rev. 0
Serger Lundy CALCULATION SHEET
Project No. S54413.024 Calculation No. S54413.024-C-004 Rev. 0 Page No. 31 of 32
Title: LERF Basin 41 Side Slope Liner Stresses
Prepared By: G. Taylor Grant Date: 04/08/2020 ‘ Checked By: Darrel J. Packard ‘ Date: 04/09/2020

8 o g e A R 3 S e P . b ke il T S T mEE ia mtim Lm0 Gmer G b otrm e e g e - P

icalsER ENGINEERS HMF-5P- LEF- T’ “O95 e S ot T
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\ Chaciosd "
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2.4 Friction Anglas

Figura 1 presents the layers of the basin liner systems, while
Figure 2 offars an anded view of the lavers. The top liner is
referred to as the pr liner in this calculation, while the
bottom liner is referred to as the secocndary liner,

The ewpressicns "primary® and "secondary® are used inm the
referenced documentation. "":'np" and "bottom" are used on project
drawings.

Frictien angles represent the coeficilent of rricti:m at the layer
b boundaries.  They are presented below, along with remarks.

o . EMGLE ' REMARES
& 1= 10-deg Bottom of primary liner to top of bentonite
2 carpet liner.

This is the value of smoocth HOPE to slit film
ctextile (Reference 2.l1.1, Page
382) —probably conservative.

& 1w 24-deg Bottem of bentonite carpet linar to top of
4 gectextile.

This angle is basead on Reference 2.1.1, Pasa
< ’ . 282, for gecmembrane-to-geotextile {wwe-_n slie
file) combinaticns, an interface assumed to be

T similar to bentcnite carpet liner-gectewtile.

& 1= 12+dag The "internal" friction angle for the

i bentenits carpet liner. This is the
friction angle at intermal interfaces of the
material, from Reference 2.1.7.

& im 15-degy Bottom of gectaxtile to top of geonet.

Fer Reference 2.l.1, FPage 468, the angle for
gecniet to smocth HOFE is 12 (ses §(8)
balow), so 15 degrees is taken to be a
valid conservative value for geotaxtile to

gechnet.

BAL Rmima WA . ‘3?
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JB =-12-deg Bottem of geonet to top of secondary liner.

Value is based on Reference 2.1.1, Page 462
for gecnet to smooth HDTE . .

' = 7, 6-deg Bottom of secondary liner to top of
10 . soil/bentonite laver. o

Reference 2.1.1, Page 382-384, includin

5.6, provides friction values and ? fanie
efficiencies for soil-to-gecmerbrane
interfaces. From these data, ction angles
for smeoth HDFE to clay soils,dérived,

and range freom 7.6 to 18.3 degrees.

The data provided in the refaranss are for
various types ef undrained elays. Project
t;;igziuaes nlsn:.ljhentanite Eix, and a

on angle of 7.6 degrees is expected to
be technically conservative, we

2.5 Caleulatian -

The approach will be to analvze forces en each laver of
the system, beginning at the top., It is based rm:.r ¢
?egug.-ame 2.1.1, "Designing with Gecsynthetics," Sestion

Assimptiont

:-..'Lthnug’h the liguid waste (essentially water) in th
basins is a shearless fluid, the npprgar:h ta}:m-]in Eha
:a.lculiting will ba to assume shear forces ara
ranamitted at the wvaste-primary liner interface. i
will result in a technically mnagmkr tive appmabecmm-s

Caleculation for Primary Liner

W =5 H -1i.f¢ weight of liguid aesti I
N , B 'Etrqip 55 qu‘ cting on one foot

Ho
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Acronyms
cf cubic foot (ft%)
DCR Demand-to-Capacity Ratio
deg degree (angle)
ft foot (length)
GCL Geosynthetic Clay Liner
GDM Geosynthetic Drainage Material
HDPE High Density Polyethylene
1b pound force
LERF Liquid Effluent Retention Facility
psf pound per square foot (Ib/ft?)
psi pound per square inch (1b/in?)
pef pound per cubic foot (Ib/ft)
plf pound per lineal foot (1b/ft)
sf square feet
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1.0 PURPOSE

The purpose of this calculation is to determine the stability of the liner system at the northwest corner of the
basin containing the pipe trench. The pipe trench is lined with gravel and a grip layer mat. Attachments 1 and 3
show the liner layers and free body diagram of the liner forces.

A separate calculation addresses the stresses along the side slopes for the balance of the basin containing
geonet. Since the composite liner systems are identical down to either the GDM or gravel, the results of the
companion calculation are quite similar, and will serve as one basis for this calculation, down to the point where
gravel replaces the GDM.

2.0 METHODOLOGY

The forces on each layer of the liner system will be analyzed, beginning at the top layer. Although the liquid
waste (essentially water) in the basin is a shearless fluid, the approach taken in the calculation will be to assume
shear forces are transmitted at the waste-primary liner interface. This will result in a conservative approach. The
stresses in the liner layers will be analyzed at the toe of the slope around the basin floor. This will be the
location of the greatest liquid depth which will cause the greatest stresses.

3.0 DESIGN INPUTS
3.1 Friction Angles

The friction angles between two materials are taken from Reference 1. Where similar surface-to-surface
interfaces are not provided in Reference 1, similar surface-to-similar surface angles are used. The friction angles
are presented below, along with remarks.

Friction Angle Remarks

d2=10 deg Bottom of primary liner to top of GCL. This is the angle of smooth HDPE
to slit film geotextile (Reference 1, Page 540)

di=15deg The internal friction angle of the GCL. This is the friction angle at internal
interfaces of the material (Reference 1, Table 6.1, Page 770). The average
internal friction value of the four GCL samples was taken for the
Hydration With Mild Leachate — Free Swell case.

ds =24 deg Bottom of GCL to top of geotextile. This is the friction angle of
geomembrane to geotextile (woven slit film) combinations, and interface
assumed to be similar to GCL-geotextile (Reference 1, Page 540).

de =26 deg Bottom of geotextile to top of gravel. This is the friction angle of
nonwoven, needle punched geotextile to rounded sand (Reference 1, Page
140).

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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dio =15 deg Bottom of grip layer mat to top of secondary liner. This is the friction

angle of Enkamat to smooth geomembrane (Reference 6, Page 490).

The below friction angles between two materials are taken from Reference 2. These friction angles are for
similar materials that will be installed. The friction angles are presented below, along with remarks.

Friction Angle Remarks

ds =25 deg Bottom of gravel to top of grip layer mat. Based on an example referenced
in Reference 2.

di2=7.6 deg Bottom of secondary liner to top of soil/bentonite layer. Reference 2
derived a range of friction angles between smooth HDPE and clay soils,
and range from 7.6 to 18.3 degrees. The lowest value will be used.

3.2 Basin Geometry

The basin geometry is given in the below drawings. These drawings are included in Attachment 1.
H-2-838749, Sheet 1, Rev. 0

H-2-838749, Sheet 2, Rev. 0

H-2-838750, Sheet 1, Rev. 0

He = The maximum possible depth of effluent around the toe of the basin. The lowest point of the basin that
effluent could reach is the top of the primary liner (Attachment 1, Drawing H-2-838749, Sheet 1, Liner System
Schematic) and is elevation 576.50” (Attachment 1, Drawing H-2-838750, Sheet 1). The highest elevation
around the perimeter of the basin is the top of concrete of the anchor wall and is 603.50° (Attachment 1,
Drawing H-2-838750, Sheet 1, Section C). Therefore, He = top elevation — bottom elevation = 603.50° —
576.50° = 27.00°.

Slope = the greatest slope (in degrees) around the radius of the northwest corner. The slope is a 3.72:1
(Attachment 1, Drawing H-2-838749, Sheet 2), therefore the Slope = 1/3.72 = 0.27 = 15.05 degrees.

33 Primary and Secondary Liner Thickness
The specified thickness of the HDPE Liner = t, = 60 mil = 0.06 in (Reference 7)
3.4  Geotextile Thickness

The specified thickness of the geotextile = tgeo = 70 mil = 0.07 in  (Reference 7)

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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3.5  Effluent Weight

The unit weight of effluent = S1 = 62.4 pcf (Reference 2)
3.6 Gravel
The unit weight of gravel = Sgravel = 135 pcf (Engineering Judgement)

4.0 ASSUMPTIONS
There are no assumptions in this calculation. Engineering judgement, where used, is documented herein.
5.0 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Calculations are checked using a handheld
calculator.

6.0 RESULTS

A summary of the calculated DCRs is presented below.

Layer Tension, Shear, or Normal Stress DCR
Primary Liner Tension DCRosp = 0.098
GCL Internal Shear DCRiibe = 0.658
Geotextile Shear DCR1geo = 0.658
Grip Layer Mat Tension DCRosg = 0.193
Secondary Liner Tension DCRss = 0.182
The required material properties are presented below. (Reference 7 unless noted)
Layer Type Required Value
Primary Liner Tension Yield Strength >2000 psi
Thickness >60 mils
GCL Internal Friction Angle >15 deg
Geotextile Thickness >70 mils
Tear Strength >95 1b
Grip Layer Mat Tension Yield Strength (Reference 4) >2000 plf

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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Secondary Liner Tension Yield Strength >2000 psi
Thickness >60 mils

7.0 REFERENCES
1) Koerner, Robert M., Designing with Geosynthetics, 6 Edition
2) HNF-SD-LEF-TI-005 R1, Calculation 6, Side Slope Liner Stability and Stress — Pipe Trench, 1990
3) H-2-838749, Sheet 1, Rev. 0, LERF Basin 41 Civil Secondary Liner
4) H-2-838749, Sheet 2, Rev. 0, LERF Basin 41 Civil Secondary Liner Details
5) H-2-838750, Sheet 1, Rev. 0, LERF Basin 41 Civil Primary Liner

6) 4™ International Conference on Geotextiles Geomembranes and Related Products Volume 2,
Geosynthetics for Safe Waste Disposal, Hoekstra, S. E. and H.C. Berkhout

7) RPP-SPEC-63632, Rev. 0, LERF Basin 41 Design Construction Specification
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8.0 CALCULATIONS
8.1 Primary Liner
Weight of liquid acting on a one-foot wide strip of liner:
Wi=SixHox 1 ft=62.4pctx 27 ftx 1 ft =1684.80 plf
Force acting down the slope of the primary liner due to the weight of the liquid:
F1 = W x sin(slope) = 1684.80 plf x sin(15.05 deg) = 437.48 plf
Normal force resisting the liquid weight:
N=Wi=1684.80 plf
Shear force below the primary liner:
F2 =N x tan(d2) = 1684.80 plf x tan(10 deg) = 297.08 plf
F1 — F2=437.48 plf —297.08 plf = 140.40 plf
Since F1 > F2 the primary liner is in tension.
Thickness of primary liner:
tp = 60 mil = 0.06 in
Required tensile yield stress of HDPE:
opy = 2000 psi
Actual tensile stress in primary liner:
opact = (F1 — F2) / tp = (437.48 plf — 297.08 plf) / 0.06 in = 195.00 psi
DCR for tensile stresses in the primary liner:

DCRop = Gpact / Gpacy = 195.00 psi / 2000 psi = 0.098 < 1.0 okay

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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8.2 GCL

Shear force acting on the GCL:

F3=F>=297.08 plf (equal and opposite force to F2)
Shear force below the GCL:

F4=N x tan(d4) = 1684.80 plf x tan(24 deg) = 750.12 plf

F3 —F4=297.08 plf — 750.12 plf = -453.04 plf
Since F3 < Fa4 the GCL is not in tension.
Check the internal stresses at the internal interfaces in the GCL:
Internal force resulting from the normal force:

Fi =N x tan(di) = 1684.80 plf x tan(15 deg) = 451.44 plf
DCR at internal interface of GCL:

DCRube = F3 / Fi = 297.08 plf / 451.44 plf = 0.658 < 1.0 okay
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8.3 Geotextile
Shear force acting on the geotextile:

Fs =F4=750.12 plf (conservative because the shear force acting on the geotextile is limited by
the shear force that the primary liner can transfer to the GCL, i.e. F4
cannot exceed F3)

Shear force below the geotextile:
Fs =N x tan(ds) = 1684.80 plf x tan(26 deg) = 821.73 plf
Fs — F6 =750.12 plf — 821.73 plf = -71.61 plf
Since Fs < Fe the geotextile is in shear.
Calculate the shear stress:
Required thickness of geotextile:
tgeo = 0.070 in
Actual shear stress in geotextile:
Teeoact = F'5 / tgeo = 750.12 plf / 0.07 in = 893.00 psi
Required strength of geotextile:
Teeoall = 95 Ib / (tgeo X 1 in) =95 1b/(0.070 in x 1 in) = 1357.14 psi
DCR for tensile stresses in geotextile:

DCRTgeo = Tgeoact / Tgeoall = 893.00 pSl /1357.14 pSl =0.658<1.0 okay

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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8.4 Gravel

The weight of the gravel layer will be addressed:
The thickness of the gravel layer is 2 feet.
hgravel = 2 ft
The weight of gravel is:
Woeravel = Sgravel X hgravel X 1 ft X cos(slope) = 135 pcfx 2 ft x 1 ft x cos(15.05) = 260.74 plf
Normal force at the bottom of the gravel layer:
Gn = N + Wgravel = 1684.80 plf + 260.74 plf = 1945.54 plf
Set F7 equal and opposite to Fe (shear force beneath the geotextile)
F7=Fe6=821.73 plf
Shear force below the gravel:
Fs = Gn x sin(ds) = 1945.54 plf x tan(25 deg) = 907.22 plf
F7—Fs=821.73 plf — 907.22 plf = -85.49 plf

Since F7 > Fg the gravel is in compression.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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8.5 Grip Layer Mat
Shear force acting on the grip layer mat:
Fo=Fs=907.22 plf
Shear force below the grip layer mat:
Fi0 = Gn x tan(dio) = 1945.54 plf x tan(15 deg) = 521.31 plf
Fo—F10=907.22 plf — 521.31 plf = 385.91 plf
Since Fo > Fio the grip layer mat is in tension.
Required tensile strength of grip layer mat:
Ggy = 2000 plf
Actual tensile stress in primary liner:
Ggact = Fo — F10 = 907.22 plf — 521.31 plf = 385.91 plf
DCR for tensile stresses in the grip layer mat:

DCRog = Ggact / Gey = 385.91 plf / 2000 plf = 0.193 < 1.0 okay
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8.6 Secondary Liner
Shear force acting on the secondary liner:
Fi1 =Fi0=521.31 plf
Shear force below the secondary liner:
Fi2 = Gn x tan(di2) = 1945.54 plf x tan(7.6 deg) = 259.59 plf
Fi1 —Fi2=1521.31 plf — 259.59 plf = 261.72 plf
Since Fi1 > F12 the secondary liner is in tension.
Thickness of the secondary liner:
ts = tp = 60 mil = 0.060 inch
Required tensile yield stress of HDPE:
Osy = opy = 2000 psi
Actual tensile stress in secondary liner:
Osecact = (F11 — F12) / ts = (521.31 plf — 259.59 plf) / 0.06 in = 363.50 psi
DCR for tensile stresses in the secondary liner:

DCRos = Gsecant / 6sy = 363.50 psi / 2000 psi = 0.182 < 1.0 okay
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DESIGNING WITH GEOTEXTILES  CHAP, 2

VIEYTI B PRICTION ANGE EQ AND BEEFICIENG 1D

"TED COHESIONLESS SOILS

nnbestla Suien
AIFCARTALNT 1y pye

Concrete sand

© = 30 deg.

T T
Sty sand

Woven, monofilament

Woven, slit film

Nonwaoven, heat bonded

Nonwoven, ncedle punched

26 deg. (84%)
24 deg. (77%)
26 deg. (84%)
30 deg. (100%

24 deg. (84%)

26 deg. (92%)

o= 26 deg,

23 deg. (87%)

25 deg. (96%)

Source: After Martin, ¢t al. [35)

Note:  Literature values such as the above should nof be used in ernitical designs. Sige

specific geotextiles and soils must be individually tested and evaluated jn
accordance with the particular project conditions, ¢.g., saturation, type of liquid,
normal stress, consolidation time, shear rate, displacement amount, ete.

dependent on the normal force applied to the soil, which mobilizeg
shearing resistances on both surfaces of the geotextile.

Since the test greatly resembles a direct shear test, albeit wi
stationary soil on both sides of the tensioned geotextile, a possible
design strategy is to take direct shear test results (for both sides of the
geotextile) and use these values for pullout design purposes. Howeve
this may not be a conservative practice.

Test results by Collios et al. [36] show a relationship of pullout te
results to shear test results with some notable exceptions. For pullo
testing, if the soil particles are smaller than the geotextile opening
efficiencies are high; if not, they can be low. In all cases, howey
pullout test resistances are less than the sum of the direct shear t
resistances. This is due to the fact that the geotextile is taut in &
pullout test and exhibits large deformations. This, in turn, causes i
soil particles to reorient themselves into a reduced shear streng
mode at the soil-to-geotextile interfaces, resulting in lower p
resistance. The stress state mobilized in this test is both interes
and complex as evidenced by the approximate one-hundred techt
references on this topic.

2.3.4 Hydraulic Properties

Uniike the physicai and mechanical properties just d:_ i
-~ - traditional tesls on textile materials rarely have hydraulic app
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it GEOMEMBRANES
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TABLE 5.6 PEAK FRICTION VALUES AND FFFICIENCIES OF
VARIOUS GEOSYNTEHTIC INTERFACES®

(a) Soil-to-Geomembrane Friction Angles

Soil type
Conerete sand I Ottawa sand Mica schist sand
Geomembrane (@ =30°) (= 28%) (& =26%
HDPE )
textured 3G° {1.00} 26° {0.92) 22 (0.83)
smooth 18 | (0.56) | 18° | (0.61) 17° (0.63)
pPVvC i
rough 27° (0.88) — — 25 (0.96)
smooth 25° (0.81) - - 21 {D.79)
Lf'PP—R 25° | {0.81) 21" (0.72) 23° {(0.87)
(b) Geomembrane-to-Geotextile Friction Angles
[ Geomembrane
HDPE PVC PP-R
i
Greotextile Textured | Smooth { Rough | Smooth
Nonwoven, needle punched 32° 3"'o 23‘; 21: g:
Nonwoven heat bonded 28° it 20.3 180 -
Woven, monofilament i9° 6° 3} 4 1 00 4
Woven, i film 32 (i 28 24° I_ '3
L_ *
(c) Soil-to-Geotextile Friction Angles
Soil type
F Mica schist
Concrete sand | Concrete sand aad
Geotextile (¢ = 30°) @ =307 ($ = 26°)
Nonwoven, needie punched { 30° (1.00y } 26° | (0.92) Lo (0;-
Nonweoven heat bonded 26% § (0.84) - - ——
Waoven, monofilament 26° | (0.84) — — i
Woven, slit film 2 | o | 240 | s8] 2 |08

*Efficiency values (in parentheses) are based on the relationship E "'
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770

Desionmg WiTH Geos v neTIC CLay LINERS

CHaR.

TABLE 6.1 SUMMARY OF GCL INTERNAL DIRECT SHEAR

TEST RESULTS
Hydration with Distilled Water Hydration with Tap Water
Diesignition Constrained | Free : Contrained Free
Dy® | swell | Swell | P77 | swell | Swen
GCL-1 ¢ {degrees) | 37° 16° 0° 37° 18 o
¢ (kPa) 6.9 2% 4.1 6.9 2.8 34
GCL=2 i [degrees) 36 s 1 16" ET 15°
¢ (kPa) 68 6.9 90 68 6.9 6.9
GOL-3 b (degrees) | 42° 37° 3¢ | 4 43° 26°
c (kPa) 14 8.3 4.8 14 5.5 10
GCL-4  dp(degrees) | 267 19 0° 26 15° i
¢ [kPa) Al 4.8 _E.S 50 4.8 1.4
Hydration with Mild Leachate | Hydration with Harsh Leachate |
Designation | Constrained | Free | Contrained | Fres
Dry Swell Swell ury Swell Swell
GCL-1  ap (depress) | 37° 24" 40 ir 19 0
c [kPa) 6% 6,2 4 n.Y9 5.5 28
GCL-2 i (degrees) In® 43 20 L o0 L
¢ (kPa) it 4.8 Iz Bt d.l #3
GCL-3  didegrees) | 42° 300 a5 | 420 45° 3
¢ (kPa) 14 8.3 14 14 48 12
GUL=d i (degrees) | 26° 18" 13® 267 13® [l
¢ (kPa) 50 48 3.4 50 7.6 14
- Hydration with Diesel Fuel r
sirndd g , : # [y refiors b fhe GCL ns receive
Designation Dy Constmined | Free | ooy ner desired normal siies
Swell swell then sheared ot midplane.
GOCL-1 i idegrees) | 37" : Tl 3g® : :_'
Constrained sl refers 40
¢ (kPa} 6.5 6.9 6.2 S A i . I 4 o
i dptan
GCL-2  p(degrees) | 367 36® 46" stress, then sheascd ot the
¢ (kPu) 68 L 4.8 Free swell refers o GCL I."'
wider zero normal stress, e S
GOL-3 o (deprees) | 427 43° 4 wuinder fhe desired narmial sre
Le [kp'n.l] 4 6.2 4.5 i||1|-|1|:|.'|iu].-|:1:,' sheamed it g
GCL-4  p (degrees) | 26° L 2ge Sonrce; Afer Leisher [4]:
¢ (kPa) 30 4.1 6.2
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SIDE SLOPE LINER STABILITY = PIFE THENCH

1.0 OBRJECTIVE

This calculation addresses the stability of the liner system at
the corner containing the pipa trench, for tha W-10F5 Deramkisn
bazinz. The pipe trench is lined with gravel and a grip layer
mat, refer to Project Drawing No. H-2-75580. The remainder of
the I=teo=1 side sloped arsas of the basins use a geonet in lieu
ef the gravel and grip laver mat.

A separate calculation addresses stresses along the side slopes
containing gecnet. Since the composite liner systems are
identical down to either the gecnet or gravel/grip laver =at,
the results of the companion calculaticn are guite similar, and
will serve as one basis for this calculaticn, down to the point
whers gravel replaces the gecnet.

2.0 DESIGN INEUTS
2.1 Referances

2.1.1 ¥oermer, R.M., "Designing with Gecsynthetiszs," 2nd
Editicn, Prentice Hall, Secticns 5.6.8, 8,3, 5.1.3.8, and as
referanced below, 1990, )

2.1.2 TIrdustrial Fabric Assceiatien Internatienal, "The Use of
Eeazﬂaﬂ-;t:glcs in Waste Contairment,™ Presentation Handout, Page
¥ -

2.1.3 Letter to W. Simpscn, James Clem Corporation, frem
Geoservices, Inc., "Report cn the Direct Shear Testing of
ig;:cted CLAYMAY CL,"™ Table 1 and Attachment 1, dated 10 March

2.1.4 Technical Report to RAcme Concrete Company from
Chen~Nerthern, Inc., "Tests of Crainage Sravel for the drout
11?';19.1%1; Storage Facility, Kaiser B714 Project,” dated 2§ February

2.1.5 Akzo Industrial Systems Company, "ENIAMAT "S" Reinforced
Grip layer Matting [RGIM], Specifications," Asheville, KC
28802, undated.

2.1.6 Mathscft, Inc., "Mathcad Version 2.5 User's Guide,"
Carbridge, Ma 0213%, June 1989, -

2.1.7 Letter to W. Simpson, James Clem Corporation from R. H.
. C— . .
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. area. of the caleculation.

Efd Spema s . = . Ll DS

Other references are listed below when applied to a specific

2.2 Units for ired feor ca ;
I. Base mitm%} Calculation (This Information
ft = 1L 1k m 1M Sec = 1T

(In this document "1b" represents "pounds-mass® i
of mass. "lof is used for ferce, 52:- helnw.?g » fhe base unic

II. Angular n.enm:re
rad & 1 -
deg = —-rad
189

III. Derived units: Length

in 44 £+
B — T B e— . m - ﬂ+'ﬂﬂ‘1r'
12 .3048 =

S cmm 0.0L-m

I¥. Derived units: Mass
slug = 32,174-1b

V. Derived units: Time
min m £0-sec hr = 3600-sec” day = 24-hr
Y& = 365.2422-day (tropical year)

VI. Derived units: Area, Volume

. -
gal = 0,.1337-ft
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worsos Mo, £/ -0/ ::*.::: /w -/05

oecgED 3% Tl

B By

mnﬂ"—fﬁ A L 2700 FazT

VII. Derived units: Acceleratien

ft
gw 312.174 ——
2

Sec

(accelaration of gravity)

¥III. Derived units: Force, Pressure

1hf m g+1b 1bf
(pound force) psi m —
2

in

2.3 Given or ¥nown Data

slug .
Pl 1= 1.94. Density of liguid waste
3
£
= - rg
1 1
1bf
51 = 52.4-—3 Spacific weight of liguid waste
it
1lbf Maximum specific welghi: of gravel laver,
5 = 123, 1= per Reference 2.1.4
gravel 3 )
rt
R 603.5- f£ = 576.60- £t
H = 26,5.-f¢ Maximum intermal height of basin. The
b - highest liguid level will be several feet

_below the maximum basin height. Using the
maximm internal height of the basin is a .
conzervative aszsumption.

57
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[- KAISER ENGINEER ’ L Fage Ne. j af Eﬁ

HNF-SP-LEF-TI-005 Rev}

- DESIGN ANALYSIS el
cient W) H £ muf’;?-dj:m'/w-fﬁf
. i Xic s By .'I" .CP . .
P 2-h 1980 VIV, 0T
By )

g im

2.4

BBl Baaapms ma

18.4-deg

Friction Angles ©

Figure 1 presents the lai.rer: of the basin liner £ i
Figure 2 offerc an expanded view of the layers. Fg::::l; ﬁgi: is
referred to as the primary liner in this calculation, and the

bottom liner iz referred to as the secondary limer Th

expressions "primarvy" and » dary"” Tt l1.-1=_1-L¢u=

Sxpressions ' =" a SEcon &re used in the refe |

Friction angles represent the eseficient of friced t

bourdaries.  They are presented belew, along withnnrm.au“gf deyer

ENGLE REMARKS

& = 10-deg Eottoa of primary liner to t of ben

2 - carpet liner. * renite
Thisz i= the walue of smooth HDEE to slit film
gectextile (Reference 2.1.1, Fage
382 )==probably conservative.

] = 24 deg Eottea of bentonite earpet liner to

4 - gestextile. Irpa “op of
This angle is based on Referemes 2.1.1, Pa
382, for geomesbrane-to-gectextile (woven g;.!it
film} ecmbinations, an interface assumes te be
simllar to bentonite carpet liner-gectestile.

€ = lzideg The “internal® fricticn angle for the

i benteonite carpet liner. This is the
friction angle at internal interfaces of the
material, from Referance 2.1.7.

55 ;= 30-deg Bottom of gectextile to top of gravel.

Slope angle correspending te a slope of 7:1, .
Astually, the slope in the corner fﬁ somewhat
less that 3:1 3o this iz & copse=vative

assumpticon,

GD AT AT
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KAISER ENGINEERS Pgene_S ot /9
HANFORD Revision_(J
R DESIGN ANALYSIS :
e U H & WOIJab Ne ;?'{?f,‘ﬂ:’; /W"'z"ﬁ'ﬁ-

=T

. ‘1.’ S?&Lf!ﬂ'ﬁ) l:llllﬁ'/ By 0 :
Trenc h ' _cm&lp f%'m_ﬁm% P

D FasT Aevised . By’

Fer Raference 2.1.1, Page 382, this angle is
for nonwoven, nesdle-panched gectextile te
concrate sand. The friction angle for gravel

iz expected to be slightly hichsr.
& 1= 25-deg Bottom of gravel to top of Enkamat 5 grid.
3

Value basad on axample for the South Hampton
Land£ill, Reference 2.l.5.

§ :=12.deg  Bottom of Enkamat S, or similar, grid to to of
i -gsecondary liner.

Value based on example for the
South Hampton Landfill,Reference 2.1.5.

& 1= ?.E-dﬁg Bottom of secondary liner to top of
12 soil/bentonite layer.

"Reference Z.1.1, Fage 382-334, including
Tabla 5.8, provides frictien wvalues and
efficiencies for scll-to-gecmenmbrans
interfaces., From these data, friction znoles
for smooth HDPE to clay soils were derived,
and range from 7.6 to 18.3 degress.

The data provided in the reference are for
varicus types of undrained clays. Project
W-105 uses a soil/bentcnite miy, and a
friction angle of 7.6 degrees is expected to
be technically conservative.

2.5 Calcoulation

The approach will be to analyze forces on each layer of
the system, beginning at the top. It is based on
Reference 2.1.1l, "Designing with Gensynthatiaa." Section
5.6.8.

Assumption:

AltHough the liguid waste (essentially water) in the
Basins is a shearless £luid, the approach taken in the
this caleulation will be to assume shear forces are
transaitted at the waste-primary liner interface. This
will result in a technically conservetive approach.

Gl
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1.0 PURPOSE

The purpose of this calculation is to evaluate the Liquid Effluent Retention Facility (LERF) Basin 41 for the
following items:

e Settlement of foundation soils

e Settlement of soil-bentonite layer

The analyses performed herein are for the LERF Basin 41 Project adjacent to Area 200 East (and immediately
adjacent to existing LERF Basins 42, 43 and 44) at the U.S. Department of Energy (DOE) Hanford Site in the
State of Washington.

2.0 METHODOLOGY

2.1 Design Basis Soil Properties

Geotechnical and Seismic Design Input identified in Section 3.0 of this analysis is reviewed to establish the
design basis soil profile and soil properties. The parameters and profile documented in the Existing Design
Analysis identified in Section 3.0 of this analysis for LERF Basins 42, 43, 44 are utilized for this analysis after
verifying consistency with the Geotechnical and Seismic Design Input. The elastic modulus and Poisson’s
Ratio are required parameters to be established. The basis for the compressibility of the soil bentonite layer is
established by reference to the data reported in HNF-SD-LEF-TI-005.

The groundwater level observations provided in the Geotechnical and Seismic Design Input are utilized as the
design groundwater for analysis.

2.2  Design Requirements
Current DOE requirements for both general design criteria and natural phenomena hazard (NPH) mitigation for

the Hanford site are in Supplemented Contractor Requirements Document (SCRD) DOE O 420.1C and DOE
STD-1020-2016.

DOE-STD-1020-2016 provides NPH design and evaluation criteria for seismic, wind, flood, precipitation,
lightning, and volcanic hazards based on natural phenomena design categories (NDCs). The LERF Basin 41
Project is NDC-1. The design requirements are summarized in TFC-ENG-STD-06.

TFC-ENG-STD-06 establishes structural design loads and acceptance criteria for use in designing new
Structures, Systems, and Components (SSCs), evaluating existing SSCs, evaluating anchorage effects of new
and modified systems on existing SSCs, and designing additions and modifications to existing SSCs.

TFC-ENG-STD-06 fulfills three objectives:

J NPH requirements with DOE and other requirements governing design and evaluation of SSCs,

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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o Limit requirements and NPH criteria to those applicable to the DOE Hanford Site Tank

Operations Contractor (TOC), which are applied to LERF Basin 41, and

o Stipulate the appropriate levels of depth, rigor, and thoroughness in complying with the
requirements.

SSCs are designed and evaluated to withstand loads associated with the operation of the facility and the effects

of NPHs. DOE O 420.1C, IBC 2015 and ASCE 7-10 are used as the minimum basic design requirements for
DOE facilities.

The SSCs need not be subjected simultaneously to any combination of extreme wind, seismic ground motions,
volcanic ashfall, and flood. However, common cause events are to be evaluated as single events.

SSCs are categorized into the following individual NDCs (recall LERF Basin 41 is NDC-1):
o For seismic hazards, Seismic Design Categories: SDC-1

° For extreme wind hazards, including straight-line wind, tornado, and hurricane hazards, Wind
Design Categories: WDC-1

° For flood hazards, including seiche, tsunami, and other flood hazards, Flood Design Categories:
FDC-1

o For precipitation hazards, Precipitation Design Categories: PDC-1

o For volcanic eruption hazards, Volcanic Design Categories: VDC-1.

2.3 Seismic Accelerations

Per TFC-ENG-STD-06 the return period for seismic design is not specifically defined for SDC-1 but is the
same as that achieved for IBC-2015 for Risk Category II, Ir = 1.0 (ASCE 7-10), for Limit States A, B, C, or D.

Seismic analyses include horizontal and vertical components of motion expressed as a percentage of gravity. A
site-specific maximum considered earthquake (MCE) spectra and design spectra (2/3MCE) are developed in
Figure 50 of RPP-RPT-27570 for the site, which are based on a 2,500-year return period.

Given that is not appropriate to couple the seismic acceleration with static loads in a long term settlement
analysis, the seismic design criteria is not applicable herein. Also, given the deep groundwater table,
liquefaction induced ground surface settlement is not required. Ground surface settlement of unsaturated
granular material is negligible and does not require analysis.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)
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2.4 Flood and Hydrodynamic Loading

Per TFC-ENG-STD-06 the return period for flood analysis of structures not exposed to submersion for FDC-1
is 100 years. Flood and hydrodynamic loading are not input for a settlement analysis given the temporary
nature of the loading condition.

2.5  Wind Loading

Per TFC-ENG-STD-06 the return period for extreme straight line wind loading analysis for WDC-1. The wind
loads are defined as Exposure Category C with nominal 3-second gusts at 85 miles per hour and ultimate 3-
second gusts at 110 miles per hour.

Wind loading is neglected as a design load for these analyses based the temporary nature of the loading
condition and standard geotechnical engineering practice for settlement analysis.

2.6 Surcharge Loading

Surcharge for temporary loads (operating equipment or traffic) are considered as 500 psf. These traffic loads
are not considered appropriate to include in the settlement analysis given the short duration of application and
the location (dike crest, not on the liner) area. Sustained surcharge loads (generically includes ash, snow, etc)
possibly contributing to the settlement magnitude of the overall basin system are anticipated to be small and can
be represented by a 50 psf uniform load.

2.7 Precipitation

Per TFC-ENG-STD-06 the return period for precipitation structural loading analysis for PDC-1 is 100 years.
The design basis precipitation load is 1.8 inch per TFC-ENG-STD-06 and intensity of 1 inch per hour per DOC
1961.

Loading due to PDC-1 rainfall is considered as temporary and analysis is not required to be specifically
evaluated herein.

Per TFC-ENG-STD-06 the design snow load is 15 psf, which is bounded by the uniform 50 psf pressure
established in the surcharge loading section above.

2.8 Volcanic

Per TFC-ENG-STD-06 the return period for volcanic ashfall structural load analysis for VDC-1 is 100 years.
Ash loading considerations are considered bounded by the surcharge load analysis and are not required to be
specifically evaluated herein.
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2.9 Settlement Analysis

The profile analyzed herein is determined based on the maximum dike heights, topographic considerations, nearby
structures (including existing basins), the soil conditions, and maximum retained effluent height. The location of
maximum settlement is within the basin under the maximum retained effluent load and sustained surcharge.

At low stresses and strains, settlement of granular soils can be modelled using an elastic response. The settlement

of the basin with base dimensions B (width) and L (length) on granular soil can be calculated using an elastic
analysis defined in Bowles (1997):

2
AH=qo*B*AH=qO*B*((1E—“))* Iy * Iy

Where;

AH = settlement (ft)

Jo = intensity of contact pressure (psf)

B = least lateral dimension of contact pressure (ft)

u = Poisson’s Ratio from Table 2-7 Bowles (1997)

Es = Elastic (Young’s) Modulus of the soil (psf) from Table 2-8 Bowles (1997)
Is = Shape Factor =11 + [(1-2 p)/(1- w)]*12

L = Table 5-2 Bowles (1997)

I = Table 5-2 Bowles (1997)

It = Depth Factor (conservatively neglected)

2.10 Acceptance Criteria

There are no acceptance criteria for these settlement analyses. The magnitude of settlement determined herein
is input for evaluation of liner stress.

3.0 DESIGN INPUT

Topographic Data:

Existing site topographic survey is provided on the Project Design Drawings.
Horizontal Datum: NAD&3
Vertical Datum: 200E (based on PT 29 Reference Drawing No. H-2-2310, Rev. 9)

Project Design Drawings:

H-2-838747, Sheet 1

H-2-838748, Sheet 1
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H-2-838749, Sheet 1

H-2-838749, Sheet 2
H-2-838750, Sheet 1

Geotechnical and Seismic Data:

Shannon & Wilson, Inc. (1994a)
Shannon & Wilson, Inc. (1994b)
Shannon & Wilson, Inc. (1994c)
RPP-RPT-27570

Existing Design Analysis:

HNF-SD-LEF-TI-005

Design Standards:

TFC-ENG-STD-06
DOE-STD-1020-2016
DOE 0O 420.1C

4.0 ASSUMPTIONS

There are no assumptions that require further verification in these analyses. Engineering judgement, where
used, is documented herein.

5.0 CALCULATIONS

5.1 Design Basis Soil Parameters

Based on the review of the geotechnical and seismic design input it is determined the design soil profile, soil
parameters and groundwater level used in the existing analysis (HNF-SD-LEF-TI-005) can be used for this
analysis of LERF Basin 41. The in situ subsurface material is subdivided into stratigraphic units based on
constituents, structure, geotechnical engineering properties, stress history and geologic deposition.
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Design Soil Profile
Natural Site Soil: Sand and Gravel

u = 0.4 from Table 2-7 Bowles (1997)
Es = 1,440,000 psf from Table 2-8 Bowles (1997) and HNF-SD-LEF-TI-005.

Soil-Bentonite: Sand and Bentonite
2.5 percent compression at 1300 psf, 19.6 percent moisture content and dry
density of 104.2 pcf.

Groundwater is deep at the site, well below the bottom of the basin. Thus, it does not affect the settlement
analyses. Groundwater is considered to be encountered at depths greater than 200 feet below the ground
surface.

5.2 Settlement of Foundation Soils

Per Bowles (1997). the settlement of a rectangular base with dimensions B and L on an elastic half-space can be
computed using an equation satisfying the Theory of Elasticity.

2
AH=qo*B*AH=qO*B*((1E—”))* Iy * Iy

AH = settlement, in units of feet

qo = Intensity of contact pressure; since the impounded fluid is essentially water, the unit weight of the
impounded fluid is approximately 62.4 pcf, conservatively use 65.0 pcf. Contact pressure on the liner then
equals fluid unit weight multiplied by the depth of fluid. At the toe of the interior dike slope the fluid depth is
21 ft (max. fluid level - Top of liner Elevation = El. 601 — El. 580 = 21 ft). To conservatively represent the
average fluid depth in the balance of the basin a depth of 23 ft is used (max. fluid level - average top of liner
Elevation = El. 601 — ElL. 578 =23 ft).

Interior Dike Slope Toe = 65 pounds per cubic foot * 21 feet = 1,365 pounds per square foot (psf)
Average Balance of Basin = 65 pounds per cubic foot * 23 feet = 1,495 pounds per square foot (psf)

To account for miscellaneous “sustained” environmental loads (surcharge loads) add 50 psf per the Design
Requirements section of this analysis.

Thereby

Qotoe = 1,365 psf+ 50 psf=1,415 psf
Qoave = 1,495 psf+ 50 psf= 1,545 psf
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B = Least lateral dimension of contact area. Per the Project Design Drawings, the minimum planned width

of the basin bottoms is approximately 120 feet and the approximately length, L = 180 feet.

u =04

Es = 1,440,000 psf

Settlement of the natural soil at the toe of the interior dike slope (a basin corner) is calculated as follows:

Is = Shape Factor; settlement was calculated to a depth of 120 feet below the basin bottom (H in ft).
N=H/B=120’/120"=1.0 and M = L/B = 180/120 = 1.5. Referring to Table 5-2 in Bowles (1997), ;= 0.132,
and 1>=0.100.

Lo=1p + (22 2“) s 1, == 0132 + (2222 4 0,100 = 0.165

Ir= Depth Ratio Factor (conservatively) taken as 1.0.

Inserting the above figures into the original equation gives:

(1-(0.4)"2

AH = 1,415 psf + 120 ft « (100

) * 0.165 * 1.0 = 0.016 feet = 0.19 inch, use 0.25 inch.

Settlement of the natural soil for the balance of the basin is calculated as follows:

Is = Shape Factor; settlement was calculated to a depth of 120 feet below the basin bottom (H in ft).
N=H/B’=120’/60=2.0 and M = L’/B’ = 90/60 = 1.5. Referring to Table 5-2 in Bowles (1997), [i= 0.292,
and 1>=0.086.

1-2(0.4)

) £0.086 = 0.321
4

=1+ (112“) I, = 0292 + (22

Ir= Depth Ratio Factor (conservatively) taken as 1.0.

Inserting the above figures into the original equation gives:

(1-(0.4)"2
1,440,000

AH = 4 x 1,545 psf * 60 ft * ( ) * 0.321 * 1.0 = 0.069 feet = 0.83 inches, use 1.0 inch.
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5.3 Settlement of Soil-Bentonite Layer

As documented in HNF-SD-LEF-TI-005, consolidation testing was performed on borrow sand and bentonite
miXx, at 8 percent mix ratio, determined the consolidation at approximately 1300 psf was about 2.5 percent. Use
3.0 percent to represent the slightly higher pressures in this analysis. The moisture content of the as-tested
material was 19.6 percent. Higher mix ratios (on the order of 10 to 15 percent bentonite) are not expected to
significantly impact the compressibility of the soil-bentonite mix. Therefore, compression of the 36-inch
(bottom) and 42-inch (side/corner) thick soil-bentonite liner can be calculated as:

AH = (%) * 36 inches = 1.08 inches, say 1.10 inches at bottom of basin.

AH = (%) * 42 inches = 1.26 inches, say 1.25 inches at side/corner of basin.

5.4 Settlement Summary

Combining the settlement magnitudes of the soil-bentonite and foundation soil at the corner of the basin results
in a total settlement of 1.50 inches (0.25 inch + 1.25 inch = 1.50 inch).

Combining the settlement magnitudes of the soil-bentonite and foundation soil at the center of the basin results
in a total settlement of 2.25 inches (1.00 inch + 1.10 inch = 2.10 inch, use 2.25 inches).

6.0 CONCLUSIONS

The basin liner can be designed to accommodate settlement of 2.25 inches at the center of the basin and 1.50
inches of settlement at the corner of the basin under full depth of retained effluent and miscellaneous surcharge
loads (NDCs).

The settlement around the perimeter of the basin where the liner is anchored can be considered as 0 inches.

The differential settlement between the dike crest and the basin corner is 1.50 inches. The differential
settlement between the center of the basin and the corners of the basin is 0.75 inch (2.25 inches — 1.50 inch =
0.75 inch).
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1.0 PURPOSE

The purpose of this calculation is to determine the amount of slack necessary in the HDPE liners to allow for
thermal contraction and expansion due to environmental temperature changes. The amount of slack necessary to
prevent tension in the HDPE liner due to thermal contraction will be specified on the design drawings.

2.0 METHODOLOGY

The HDPE liners will be analyzed to determine the maximum expansion and contraction along the width and
length of the basin. The greatest length and width of the HDPE liner across the basin, thermal coefficient of
linear expansion, and the maximum temperature changes will be used to calculate the maximum expansion and
contraction of the HDPE liner.

There is no acceptance criteria for the expansion and contraction. The result of this calculation will be used to
specify the required slack of the HDPE liner on the design drawings.

3.0 DESIGN INPUTS

The thermal coefficient of linear expansion will come from Reference 2, Attachment 2, Table 5.10, Page 552.
The table provides a range of coefficient of linear expansion for HDPE liners, therefore the greatest value is
conservatively chosen. Coefficient of linear expansion = Cie = 13x107° /°C

The design drawing (Reference 1, Attachment 1) will be used to determine the greatest length and greatest
width of the HDPE liner.

The minimum temperature to be designed for is from Reference 3, Attachment 3, Section 3.5.9 Thermal Forces.
This section states “structures shall be designed for movements resulting from the maximum seasonal
temperature change (-25°F to +115°F).” The minimum temperature of -25°F will be used in the analysis. Low
temperature = t| = -25°F = -31.67°C.

The maximum temperature to be designed for is from Reference 4, Attachment 4, Page VII-6. This reference
states that “the actual temperatures reached at the bottom and sides of a solid waste landfill have been measured
and values as high as 160°F.” The maximum temperature of 160°F will be used in the analysis. High
temperature = tn = 160°F = 71.11°C.

4.0 ASSUMPTIONS
No assumptions have been made in this calculation.
50 COMPUTER SOFTWARE

No unverified computer software was used in this analysis. Calculations are checked using a handheld
calculator.
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6.0 RESULTS

The below values represent the maximum potential contraction of the HDPE liners due to environmental
temperature changes.

Location Maximum Contraction Remarks
Bottom Length 2.54 ft
Bottom Width 1.74 ft
Side Slopes 1.46 ft

The maximum contraction shown in the table above represents the expected contraction of the HDPE liner
when the temperature is -25°F and the temperature during installation was 160°F. Since the required slack is
dependent upon the temperature at the time of installation, the equation to calculate the required slack based on
installation temperature will be provided on the design drawings for the Installer to calculate.

7.0 REFERENCES
1) H-2-838750, Sheet 1, Rev. 0, LERF Basin 41 Civil Primary Liner
2) Koerner, Robert M., Designing with Geosynthetics, 6 Edition
3) TFC-ENG-STD-06 REV D-2, Design Loads for Tank Farm Facilities

4) Richardson, Gregory N., and Robert M. Koerner, Geosynthetic Design Guidance for Hazardous Waste
Landyfill Cells and Surface Impoundments, Hazardous Waste Engineering Research Laboratory, Office
of Research and Development, U.S. Environmental Protection Agency
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8.0 CALCULATIONS
Maximum length of basin floor = Ibr = 35.67 ft + 118.87 ft + 35.67 ft = 190.21 ft (Reference 1, Attachment 1)
Maximum width of basin floor = wer = 35.67 ft + 58.87 ft + 35.67 ft = 130.21 ft (Reference 1, Attachment 1)
Maximum side slope length = ds = 109.00 ft (Reference 1, Attachment 1)
Maximum thermal contraction:

Side slopes:

sse = (t1 — tn) X ds X Cie = (-31.67°C — 71.11°C) x 109.00 ft x 13x107 /C° = -1.46 ft

Bottom width:

bwe = (t1 — th) X Wbt X Cle = (-31.67°C — 71.11°C) x 130.21 ft x 13x107 /C° =-1.74 ft

Bottom length:

ble = (1 — tn) X Ibe x Cle = (-31.67°C — 71.11°C) x 190.21ft x 13x107° /C° = -2.54 ft
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Example 5.3

latter point 15 ; X ;

nditions. The (.a]f.-ulate ﬂ?c amount of expansion _that is gcm:rqred
during the installation of a HDPE liner for a surface
impoundment anticipating a 40°C  lemperature
incresse from the coldest to warmest part of the day.
Base the calculations on a 30 m distance and the range
of thermal expansion values of table 5.10.

: |
ient of th;ng Solution: Minimum slack: 11 * 107 (40)(30)(1000)
=132 mm

{ specimen ton

Maximum slack: 13 % 10°% (40)30)(1000) = 156 mm

It is easily seen that the caleulated amounts in example
5.3 are quite significant and that considerations for

temperature expansion (or contraction) are important
field-placement issues.

e —

pansivity
!

Oxidation. Whenever a free radical is ercated (e.g., on a carbon
in the polyethylene chain), oxygen can create progressive
long-term degradiation. Oxygen combines with the fiee radical to form
droperoxy radical, which is passed around within the molecular
ture. It eventually reacts with another polymer chain, creating a
free radical and causing chain scission. The reaction generally
sletates once it is triggered, as shown in the following equations:

R+ 0,— RO

(5.11)
RO + RH — ROOH +

(5.12)

= free radical
hydroperoxy-free radical
polymer chain

oxidized polymer chain

L]

LB |
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3512

Basement or other rigid walls exposed to ordinary compacted backfill shall be designed for a
static equivalent fluid pressure of 55 Ib/ft*, based on an at-rest earth pressure coefficient, Ko, of
0.50 and a soil density of 110 Ib/f.

Rigid walls exposed to backfill compacted to at least 75% of relative density shall be designed
for 77 Ib/ft”, based on a K. of 0.70 and a soil density of 110 to/f’.

Supernimposed lateral pressures resplting from wniform surcharge loadings shall be calculated by
using appropriate earth pressure coefficients as shown above. Resultant forces from point and
line loads shall be added.

Thermal Forces
(5.1.7

The design of structures shall include the effects of stresses and movements resulting from
wvariations in temperature. Structures shall be designed for movements resulting from the
maximun seasonal temperature change (-25°F to +113°F). The design shall provide for the lags
between air temperatures and the interior temperatures of massive concrete members or
stuctures. Consideration shall be given to passive soil loading resulting from thermal growth of
sub grade structures. See TEC-ENG-STD-02 for additional environmental/seasonal conditions.

Creep and Shrinkage Forces
(517

Concrete and masonry stmuctures shall be investigated for stresses and deformations induced by
creep and shrinkage. For concrete and masonry structures, the mimnmm binear coefficient of
shrinkage shall be 0.005 in/in.. unless a detailed analysis is undertaken. The theoretical
shrinkage displacement shall be computed as the product of the linear coefficient and the length
of the member.

Ice Loads
(5.14,518

Ice loading shall be evaluated for ice-sensitive structures such as those with lattice type framing
in accordance with the requirements of ASCE 7 Chapter 10. The equivalent radial ice thickness
due to freezing rain is 0.25 inch with a concurrent wind speed (3-second gust) of 40 mph.

For hoarfrost effects on ventilation systems refer to TFC-ENG-STD-07.

Load Combinations
(5.14,516

Load combinations, allowable stresses, deformation and strength requirements for load
conditions for NDC-1 and NDC-2 S5Cs, shall comply with IBC Section 1605 for Risk Category
II and Risk Category IV S5Cs. Load combinations, allowable stresses, deformation and strength
requirements for NDC-3 SDCs shall comply with ACT 349 and ATSC N&90. The exception to
this is that for seismic hazards the failore of an SSC shall be defined in terms of its limit state.
Additional load combination requirements may apply based on industry standards identified in
Section 3.6 below.
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These temperatures cannot be reached unless some unnatural event occurs.
Unfortunately, landfill fires are not at all uncommon and in such ecases
these high temperatures can be reached. They would be disastrous to the

integrity of the FML.

The actual temperatures reached at the bottom and sides of a wsolid
waste landfill have been measured and values as high as 160 © F  have been
reached. As shown in Table 7.3, Welfgang (1959) gives a wvery comprehensive
list of the burning characteristics of fibers. While not of direct comcern
te the FML itself, such elevated temperatures will actively promote
biological growth which was discussed previously.

Table 7.3 Burning Characteristice of FML Polymerie Materials,
after Wolfgang (1969)

Fiber

Before touching

Folyethylene

Melts, shrinks

FPolypropylene

Shrinks rapldly

Folystyrene

Melts, shrinks,

Ilame and curls from from flame, and curls from
flame curls and melts flame
Iy flame Melts and Melts, ignites Melts and burns
burna with difficulty

After leaving

Burns rapidly

Burns slowly

Burns rapidly with

production of great

deal of soot

Odor Burning Faintly like Benzene
paraffin burning asphalt hyacinth
Ash Soft, round Hard, round Soft, round,

game color as
fiber

Environmental Stress Cracking

Stress

light tan

same color as
fiber

cracking of polyethylene has been reported as early as 1950 by

Carey (ASTM Bull, ASTBA, No. 167, July 1950), and its significance has been
recognized wia ASTM Standard D1693 entitled "Environmental Stress=-Cracking

of Ethylene Plastics™.
presence of environments such as soapa,
or organic substances, ethylene

cracking.

Under certain conditionsz of stress
wetting egents,
plastics may exhibilt mechanical fallure by
Figure 7.1a shows the existence of such ecracking which eccurred

and in

the

olle, detergents,

on laboratory test specimens but has also been similarly seem in fi

applications.

By definition,

stress~-crack

is an external or internal rupture in

eld

plastic caused by a tensile stress lower than the shert term mechanical
strength of the material. Failure is usually Iinterpreted by wvisable
EPA VII - &
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1.0 PURPOSE

The purpose of this calculation is to evaluate the Liquid Effluent Retention Facility (LERF) Basin 41 for the
following items:
e Global slope stability,
Internal slope stability
Structural stability,
Erosion stability, and
Piping.

The analyses performed herein are for the LERF Basin 41 Project adjacent to Area 200 East (and immediately
adjacent to existing LERF Basins 42, 43 and 44) at the DOE Hanford Site in the State of Washington.

2.0 METHODOLOGY

2.1 Ciritical Sections

The critical section(s) for these analyses are determined based on the steepest terrain conditions adjacent to the
development area, maximum dike heights, topographic considerations, property limitations, nearby structures
(including existing basins), the soil conditions, and location of surcharge loading.

2.2 Design Basis Soil Properties

Geotechnical and Seismic Design Input identified in Section 3.0 of this analysis is reviewed to establish the
design basis soil profile and soil properties. The parameters and profile documented in the Existing Design
Analysis identified in Section 3.0 of this analysis for LERF Basins 42, 43, 44 are utilized for this analysis after
verifying consistency with the Geotechnical and Seismic Design Input. The existing geotechnical data is
supplemented with published literature values through correlation of material type or engineering judgment,
where required.

The groundwater level observations provided in the Geotechnical and Seismic Design Input are utilized as the
design groundwater for analysis.
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2.3 Design Requirements

Current DOE requirements for both general design criteria and natural phenomena hazard (NPH) mitigation for
the Hanford site are in Supplemented Contractor Requirements Document (SCRD) DOE O 420.1C and DOE
STD-1020-2016.

DOE-STD-1020-2016 provides NPH design and evaluation criteria for seismic, wind, flood, precipitation,
lightning, and volcanic hazards based on natural phenomena design categories (NDCs). The LERF Basin 41
Project is NDC-1. The design requirements are summarized in TFC-ENG-STD-06.

TFC-ENG-STD-06 establishes structural design loads and acceptance criteria for use in designing new
Structures, Systems, and Components (SSCs), evaluating existing SSCs, evaluating anchorage effects of new
and modified systems on existing SSCs, and designing additions and modifications to existing SSCs.

TFC-ENG-STD-06 fulfills three objectives:

o Integration of the Natural Phenomena Hazards (NPH) requirements with U.S. Department of
Energy (DOE) and other requirements governing design and evaluation of SSCs,

o Limit requirements and NPH criteria to those applicable to the DOE Hanford Site Tank
Operations Contractor (TOC), which are applied to LERF Basin 41, and

o Stipulate the appropriate levels of depth, rigor, and thoroughness in complying with the
requirements.

SSCs are designed and evaluated to withstand loads associated with the operation of the facility and the effects

of NPHs. DOE O 420.1C, IBC 2015 and ASCE 7-10 are used as the minimum basic design requirements for
DOE facilities.

The SSCs need not be subjected simultaneously to any combination of extreme wind, seismic ground motions,
volcanic ashfall, and flood. However, common cause events are to be evaluated as single events.

SSCs are categorized into the following individual NDCs (recall LERF Basin 41 is NDC-1):
o For seismic hazards, Seismic Design Categories: SDC-1

° For extreme wind hazards, including straight-line wind, tornado, and hurricane hazards, Wind
Design Categories: WDC-1
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o For flood hazards, including seiche, tsunami, and other flood hazards, Flood Design Categories:
FDC-1
o For precipitation hazards, Precipitation Design Categories: PDC-1
o For volcanic eruption hazards, Volcanic Design Categories: VDC-1.

2.4 Site Classification for Seismic Design

In accordance with IBC 2015, the definitions provided in Table 20.3-1 of Chapter 20 in ASCE 7-10 are utilized
to establish the seismic site classification for seismic design. Per Section 2.3.2 on page 2.46 of
RPP-RPT-27570, the site is considered to meet the definition of Class C. This conclusion in RPP-RPT-27570 is
compared to IBC 2015 requirements to verify Class C remains valid for design on this project.

2.5 Seismic Accelerations

Per TFC-ENG-STD-06 the return period for seismic design is not specifically defined for SDC-1 but is the
same as that achieved for IBC 2015 for Risk Category II, Ir = 1.0 (ASCE 7-10), for Limit States A, B, C, or D.

Seismic analyses include horizontal and vertical components of motion expressed as a percentage of gravity. A
site-specific maximum considered earthquake (MCE) spectra and design spectra (2/3MCE) are developed in
Figure 50 of RPP-RPT-27570 for the site, which are based on a 2,500-year return period. The peak ground
surface acceleration (PGA) for horizontal and vertical directions are of interest in this geotechnical analysis for
slope stability. The design PGA is taken as the spectral acceleration at a 100 Hz frequency from the Figure 50
in RPP-RPT-27570.

Horizontal seismic PGA can be verified from Figure 22-7 in ASCE 7-10, which is based on a similar return
period as the site-specific analysis. To scale the horizontal acceleration from Class B site to Class C site, a
value of 1.2 is used per Table 11.8-1 in ASCE 7-10.

After obtaining the PGA values for the site, the values are correlated appropriately for the seismic global slope
stability analysis using a coefficient per Melo and Sharma (2004). A typical and industry accepted horizontal
coefficient for analysis is 1/2 of the PGA. Typically, literature references recommend values between 1/4 and
3/4 of the PGA. This analysis utilizes 0.5 as the coefficient factor consistent with the industry standard.

2.6 Flood and Hydrodynamic Loading

Per TFC-ENG-STD-06 the return period for flood analysis of structures not exposed to submersion for FDC-1
is 100 years. Given that any flooding on the exterior of the LERF Basin 41 would act as a buttressing
(resisting) force, flood and hydrodynamic loading are not applicable for analysis of the exterior slope. Any
flood or hydrodynamic loading conditions on the exterior slope are bounded by the analysis performed for the
seismic and surcharge analyses.
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Hydrodynamic load due to the seismic event for the retained fluid is calculated in accordance with Eq. 4 on
page 8 of USBR 2011 for use in the Structural Stability analysis check of sliding. The pressure distribution is
parabolic in shape. However, the maximum calculated pressure and the base of the fluid is applied uniformly
throughout the full depth of the fluid as a conservative approximation. The pressure at the bottom of the
retained effluent is calculated as follows:

p = Cp Yeffluent @ h Equation 4, page 8, USBR 2011
Where;

p = seismic induced pressure (psf)

Cp = pressure coefficient (0.3 based on basin geometry) determined from Figure 4b in USBR 2011
Yeffluent = density of retained fluid (pcf)

a = seismic acceleration as percent of gravity

h = depth of fluid retained (ft)

The seismic force Ps is conservatively approximately as the pressure, p, times the depth of the fluid, h.
2.7 Wind Loading

Per TFC-ENG-STD-06 the return period for extreme straight line wind loading analysis for WDC-1. The wind
loads are defined as Exposure Category C with nominal 3-second gusts at 85 miles per hour and ultimate 3-
second gusts at 110 miles per hour.

Wind loading is neglected as a design load for these analyses based on the limited projection of the LERF Basin
41 dike above grade and standard geotechnical engineering practice for embankment analysis. Any wind loads
are negligible and a specific analysis is bounded by the seismic and surcharge loading analyses.

2.8 Surcharge Loading

The static loading information for temporary loads (operating equipment or traffic) are considered as 500 psf.
Typical traffic surcharge loading is taken as 250 psf, thus using 500 psf is considered conservative for typical
applications. The traffic loading surcharge bounds analysis for other structural environmental loading surcharge
conditions such as snow, rainfall, ash, etc. In the analysis model, the surcharge loading represents an infinitely
long surcharge since the model is only two-dimensional. This is conservative relative to the actual area loading
condition of these items.
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Surcharge loading is not combined with other intermittent loading conditions, such as seismic loading.
Sustained surcharge loads contributing to the stability of the slopes are conservatively neglected for the
analyses. Sustained surcharge loads contributing to the driving forces in the slope stability are not present per
the design drawings; therefore, these are not required in the analysis.

2.9 Precipitation

Per TFC-ENG-STD-06 the return period for precipitation structural loading analysis for PDC-1 is 100 years.
The design basis precipitation load is 1.8 inch per TFC-ENG-STD-06 and intensity of 1 inch per hour per DOC
1961.

Rainfall intensity is considered for erosion stability evaluation of the dike side slopes. Structural loading on the
dike for global stability analysis is considered bounded by the surcharge load analysis and is not required to be
specifically evaluated herein.

2.10 Volcanic

Per TFC-ENG-STD-06 the return period for volcanic ashfall structural load analysis for VDC-1 is 100 years.
Ash loading considerations are considered bounded by the surcharge load analysis and are not required to be
specifically evaluated herein.

2.11 Global Slope Stability Analysis

Interior Dike Slope
The analysis is performed utilizing the GeoStudio SLOPE/W software. Three (3) general loading cases are
analyzed: (1) normal static, (2) static with surcharge loading, and (3) seismic.

The slope stability analysis methodology used in the evaluation is based on the limit equilibrium concept. The
limit equilibrium concept involves calculating a factor of safety against a failure by comparing the resisting
(stabilizing) forces and/or moments within the mass of the structure to driving (destabilizing) forces and/or
moments. The main destabilizing factor is the self-weight of the slope mass under normal loading conditions.
A number of limit equilibrium methods have been developed over the last several decades to analyze the
stability of slopes. The Morgenstern-Price method is used in this calculation since it is the most numerically
robust analytical tool available in the computer software.

In a global slope stability analysis, the factor of safety is evaluated along a series of surfaces located through the
slope mass. These surfaces are a series of small straight lines at the bases of slices, which are each analyzed for
forces to establish the overall factor of safety. The software determines the location of the critical slip surface,
which has the lowest factor of safety by analyzing a large number of potential failure surfaces, typically on the
order of 10,000 to 20,000, that are systematically generated. The method used to locate the critical slip surface
for the basin dike wall is the entry and exit approach.
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Global stability analysis verifies deep seated potential failure surfaces exist with a minimum safety factor
documented in the acceptance criteria. Near surface stability (shallow failure surfaces or erosion) of the dike
slopes is evaluated as part of the erosion stability analysis. The internal structural stability analyses for the
interfaces between materials is evaluated as part of the internal slope stability analysis.

Rapid drawdown analysis for the interior slopes of this structure is not required given that the liner system
prevents saturation of the dike from the retained effluent. Rapid drawdown analysis due to site flooding for the
exterior slopes is not required given the free draining nature of the dike materials.

Exterior Dike Slope

The global stability of the exterior dike slope is evaluated using a conservative simplified approach considering
the slope as an infinite slope using the same methodology discussed in Section 2.14 below. This simplified
approach is appropriate given that the external dike slope is separated from the interior dike slope by a large
dike crest (approximately 38 ft) and since the existing dike slope will not undergo significant modification
which has proven to be stable since its construction as part of Basin 42, Basin 43 and Basin 44 work. Per the
discussion in USACE 2003, page C-27, Section C-7, the infinite slope analysis method is appropriate for
cohesionless soil slopes and accurately represents other analysis methods, such as circular potential failure
surfaces with multiple slices (the approach used to analyze the interior dike slope).

The seismic accelerations are accounted for in the analysis by considering the pseudostatic coefficients
documented in Section 2.5 of this analysis as a reduction in normal force and additional driving force. It is
conservative to consider the horizontal and vertical seismic components acting simultaneously in directions
parallel and normal to the slope, respectively. Thereby; the normal (resisting) force is reduced to 92 percent of
normal condition (1g — 0.08g = 0.92¢g) and the driving force is increased by 11 percent from normal condition
(1g+0.11g=1.11g).

Surcharge loading case is not required to be specifically analyzed since it is bounded by the normal and seismic
loading casing considered.

2.12 Internal Slope Stability Analysis

Internal slope stability is evaluated to verify sloughing does not occur on the interior side slopes due to the
sliding resistance of dissimilar materials. The evaluation is performed by comparing the frictional resistance
between the lower most layer of geotextile and the controlling material immediately adjacent to the geotextile in
the profile (soil-bentonite mix). The evaluation is used to establish the critical side slope angle (maximum
steepness a slide slope can be while maintaining the minimum safety factor). The ultimate frictional resistance
between a non-woven needle punched geotextile and the soil-bentonite mix layer is taken as 100 percent of the
soil-bentonite friction angle (¢) per Table 2.4 on page 140 of Koerner 2012 and evaluated using the following
relationship:
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FS = tan(1.0¢)/tan(s) USACE 2003, page C-29, equation C-27
Where;
FS = Safety factor
] = Dike Slope

2.13 Structural Stability

Sliding stability of the basin dike is analyzed by comparison of the resisting forces to the driving forces to
confirm an adequate safety factor is available in the design.

Overturning of the exterior dike is not a possible failure mechanism since the earthen dike cannot exhibit
sufficient tension to act as a rigid body to overturn. The earthen dike can only exhibit compression resistance.

2.14 Erosion Stability

Erosion stability of a 3” layer thickness of 1/2” minimum particle size crushed stone (if a thicker layer is used or
currently present it is more conservative — note the thickness analyzed does not enter into the numerical
evaluation and the thickness is only mentioned since it is mentioned in the existing basin analyses) is evaluated
in HNF-SD-LEF-TI-005, Rev 1. The analysis was performed for the existing LERF basins and determined to
be stable for the applicable rainfall conditions. Utilizing a similar surfacing material for the slope surface it is
considered stable based on the previous analysis and engineering judgement.

Shallow surface failures (sloughing) are evaluated by comparing the frictional resistance of the surface material
(friction angle, @) to side slope angles to establish the critical slide slope angle (maximum steepness a slide
slope can be while maintaining the minimum safety factor) using the following relationship:

FS = tan(p)/tan(s) USACE 2003, page C-29, equation C-27
Terms in the above equation are defined above.
2.15 Piping

The potential for piping of material is evaluated in accordance with USACE 1993 by comparing the potential
exit gradient to the critical gradient for the dike material. A conservative seepage path is considered as only the
width of the dike crest (38 ft), to demonstrate the high safety factor for this potential failure mechanism. A
more detailed analysis is not required since this approach conservatively neglects the contributions of all liner
systems and conservatively represents the seepage path length.
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2.16 Acceptance Criteria

Acceptable global slope stability safety factors are 1.5 for normal long term static loading (USACE 2003) and
1.3 for surcharge with static loading (also temporary, construction, or infrequent conditions) (USACE 2003).
For seismic loading conditions, the standard minimum safety factor typically ranges from 1.0 to 1.15 (Melo and
Sharma 2004) depending on the compatibility with the horizontal seismic coefficient. For this analysis, a value
of 1.1 is used for the minimum acceptable safety factor with the horizontal coefficient of 0.5.

The acceptable safety factor for structural stability, internal slope stability, and erosion stability is 1.5.
The minimum safety factor for piping is 5 (USACE 1993).
3.0 DESIGN INPUTS

Topographic Data:

Existing site topographic survey and design elevations are provided on the Project Design Drawings.
Horizontal Datum: WCS South Zone NADS&3
Vertical Datum: 200E

Project Design Drawings:

H-2-838747, Sheet 1
H-2-838748, Sheet 1
H-2-838749, Sheet 1
H-2-838749, Sheet 2
H-2-838750, Sheet 1

Geotechnical and Seismic Data:

Shannon & Wilson, Inc. (1994a)
Shannon & Wilson, Inc. (1994b)
Shannon & Wilson, Inc. (1994c)

RPP-RPT-27570
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Existing Design Analysis:

HNF-SD-LEF-TI-005

Design Standards:

TFC-ENG-STD-06
DOE-STD-1020-2016
DOE 0O 420.1C

4.0 ASSUMPTIONS

There are no assumptions that require further verification in this analysis. Engineering judgement, where used,
is documented herein.

5.0 COMPUTER SOFTWARE

The slope stability analyses are performed using GeoStudio 2012 SLOPE/W program Version 8.0 (Geo-Slope
International Ltd. 2014). This program has been verified and validated in accordance with Sargent & Lundy
(S&L) Standard Operating Procedure (SOP 0204). The S&L program number is 03.7.747-8.0. The computer
runs are performed on S&L Computer No. ZL11226. The list of controlled files for this software is included in
Attachment 2 as the long form audit trail.

6.0 CALCULATIONS

6.1 Ciritical Sections
The approximate location of the critical section for global stability analysis is identified is shown in red on the
following figure:
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'Gioogle Earth
. A

The typical bottom (toe) of the slope on the interior of the basin is near elevation 580 ft, which is the top of the
gravel drainage layer. On the interior of the basin bottom the elevation varies because it slopes to drain to the
sump. Near the sump pit in the northwest corner of the basin, the top of the gravel drainage layer at the toe of
the slope is approximately elevation 575.5 ft. The top of the soil bentonite layer is nominally 1 ft below the
liner elevation. The slope stability analysis models the bottom of the basin (top of the soil bentonite layer) at
elevation 575 ft to conservatively represent the overall site condition (given the cohesionless nature of the
profile the bottom of elevation of the basin does not play a significant role in the analysis because the slope
approaches an infinite slope when considering the depth of failure surface to the height of the slope). The
gravel drainage layer is not included in the analysis since it is only installed in the bottom of the basin. The top
of the anchor wall is elevation 603.5 ft, and the dike crest is modeled as elevation 603 ft in the slope stability
analysis. Prevailing grade at the critical section location on the exterior of the basin is elevation 595 ft. The
interior dike slope is 3H:1V and the exterior slope is 2.25H:1V.
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6.2 Design Basis Soil Parameters

Based on the review of the geotechnical and seismic design input, it is determined that the design soil profile,
soil parameters and groundwater level used in the existing analysis (HNF-SD-LEF-TI-005) can be used for this
analysis of LERF Basin 41. The geotechnical and seismic design input indicates that higher strength parameters
are justifiable for the site; however, it is conservative to utilize the existing analysis parameters for design. The
in situ subsurface material is subdivided into stratigraphic units based on constituents, structure, geotechnical
engineering properties, stress history and geologic deposition.

Design Soil Profile
Dike Materials: Sand and Gravel

Moist Unit Wt. ymoist = 135 pcf (HNF-SD-LEF-TI-005),

Friction Angle, ¢’ = 33 degrees (HNF-SD-LEF-TI-005)
Natural Site Soil: Sand and Gravel

Moist Unit Wt. ymoist = 135 pcf, (Engineering Judgment)

Friction Angle, ¢’ = 37 degrees (Use 33 degrees) (Shannon & Wilson 1994a)
Soil-Bentonite: Sand (soil) and Bentonite

Moist Unit Wt. ymoist = 100 pcf (HNF-SD-LEF-TI-005),

Friction Angle, ¢’ = 30 degrees (HNF-SD-LEF-TI-005)
Gravel Drainage Layer: Gravel

Moist Unit Wt. ymoist = 135 pcf,(Engineering Judgment)

Friction Angle, ¢’ =40 degrees (Sturm 2001, page 131, Figure 4.13)
Gravel Surface Cover: Gravel

Moist Unit Wt. ymoist = 135 pcf (Engineering Judgement),
Friction Angle, ¢’ =40 degrees (Sturm 2001, page 131, Figure 4.13)

Groundwater is deep at the site (approximately elevation 400 ft per Shannon & Wilson 1994a), well below the
bottom of the basin. Thus, it does not affect the stability analyses. Groundwater is considered to be
encountered at depths greater than 200 feet below the ground surface (included in the slope stability analyses at
elevation 550 ft for modeling purposes only).
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6.3 Site Class

Per RPP-RPT-27570, the harmonic average of the shear wave velocity in the upper 100 feet of the soil profile is
approximately 1400 feet per second. This considers approximately 14 feet of fill with a shear wave velocity of
1000 feet per second. The natural site soil exhibits shear wave velocities higher than 1000 feet per second.

In accordance with IBC 2015, the definitions provided in Table 20.3-1 of Chapter 20 in ASCE 7-10 are utilized
to establish the seismic site classification for seismic design. It is confirmed that the site meets the definition of
Class C per ASCE 7-10, which is defined as a site with an average shear wave velocity between 1,200 and
2,500 feet per second.

6.4 Seismic Accelerations

Per Figure 50 of RPP-RPT-27570 at 100 Hz, the design horizontal PGA is 0.2148g (use 0.22¢g) and the design
vertical PGA is 0.1566g (use 0.16g).

The horizontal PGA for the site in Figure 22-7 in ASCE 7-10 is approximately 0.18g, which is applicable for a
site Class B. To scale the horizontal acceleration from a Class B site to a Class C site, a value of 1.2 is used per
Table 11.8-1 in ASCE 7-10. Thereby, the horizontal PGA is 0.216g (0.18g*1.2 = 0.216g). This comparison
shows good agreement and the use of 0.22¢g horizontal PGA is validated.

Using the pseudostatic slope stability analysis slope stability coefficient per Melo and Sharma (2004) of 0.5, the
global slope stability analyses utilize a horizontal acceleration of 0.11g (0.22g * 0.5 =0.11g) and a vertical
acceleration of 0.08g (0.16g * 0.5 = 0.08g).

6.5 Surcharge Loading

An infinite strip (10 ft wide) with a pressure of 500 psf'is applied to the crest of the dike for slope stability
analyses.

6.6 Global Slope Stability Analysis

Internal Dike Slope

The detailed input/output sheets of the analysis are included Attachment 1 of this calculation. The sheets
include a depiction of the critical slip surface and safety factor for each case analyzed. The input/output also
include the subsurface profile parameters, stratigraphy, surcharge loading, and seismic loading where
applicable. The following tables summarize the results of the computer analyses.
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Table 6-1 — Global Slope Stability Analysis Results

Model Calculated
Analysis Safety Page
No. Analysis Case Factor Result | No.
--- Section 1 - — —
01 Normal Case Interior Slope (long term condition) 1.97 OK 22
02 Normal Case + Surcharge Interior Slope (interm'it.tent 1.97 OK 73
condition)
03 Seismic Case Interior Slope (intermittent condition) 1.40 OK 24

The acceptance criteria are provided in Section 2.15 of this analysis.

Exterior Dike Slope
The static, long term condition analysis for the exterior dike slope is documented as follows (recall the
minimum safety factor is 1.5):

FS = tan(¢)/tan(s)
Rearranging the equation to solve for s results in the following:
s = tan"'[tan(1.0 ¢)/FS]

s = tan'[tan(1.0 * 33 degrees)/1.5] = 23.41 degrees = 2.3H:1V (use 2.25H:1V for design, given the conservative
method of analysis and since overburden of surface erosion protection material is neglected).

The seismic, intermittent condition analysis for the exterior dike slope is documented as follows (recall the
minimum safety factor is 1.1):

s = tan"![(0.92)*tan(1.0 ¢)/FS/(1.11)]
s = tan"'[[(0.92)*tan(1.0 * 33 degrees)/1.1/(1.11)] = 26.07 degrees = 2.0H:1V (use 2.25H:1V for design).

Thereby, the exterior dike slope is validated for a slope of 2.25H:1V.
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6.7  Internal Slope Stability Analysis

Comparing the frictional resistance between the soil bentonite mix and the lower most geotextile layer to side
slope angles establishes the critical slide slope angle (maximum steepness a slide slope can be while
maintaining the minimum safety factor). Recall the minimum safety factor is 1.5.

Thereby;

FS = tan(1.0¢)/tan(s)

Rearranging the equation to solve for s results in the following:

s = tan"'[tan(1.0 ¢)/FS]

s = tan'[tan(1.0 * 30 degrees)/1.5] = 21.1 degrees = 2.6H:1V (use 3H:1V for design)

Thus, the slopes on the interior of the basin cannot exceed 2.6H:1V to maintain the minimum safety factor,

which is not a limitation applicable to slopes within/immediately around the sump pit since these are confined
with drainage gravel. Localized steeper slopes in sump area are considered stable due to the confinement.

6.8 Structural Stability

Sliding stability of the basin dike is analyzed by comparison of the resisting forces to the driving forces to
confirm an adequate safety factor is available in the design.

The weight of the embankment is calculated using 125 pcf unit weight. The sliding evaluation is performed as
follows:

Top (crest) width: 38 ft

Height: 8 ft =603 ft — 595 ft)

Interior Slope: 3H:1V (design)

Exterior Slope: 2.25H:1V (conservative, actual is 3H:1V)
Base Width: 80 ft (at elevation 595 ft)

Cross Section Area: 472 st=0.5*%8 ft * 24 ft + 38 ft *§ ft + 0.5 * § ft * 18 ft

Static Dike Weight: 59,000 Ibs/ft =472 sf * 125 pcf

Seismic Weight: 49,560 Ibs/ft (49.5 kips) = 59,000 Ibs/ft * (1g-0.16g)

Horz. Seismic Load: 12,980 Ibs/ft (13.0 kips) = 59,000 Ibs/ft * 0.22¢g

Max. Fluid Height: 6 ft =601 ft — 595 ft

Fluid Weight: 62.4 pcf, use 65 pcf

Static Fluid Load: 1,170 Ibs/ft (1.2 kips) = 0.5 * 6 ft * 6 ft * 65 pcf

Fluid Uplift Load: 0 Ibs/ft (no groundwater, no saturated dike due to liner)

Seismic Fluid Load: 154.4 Ibs/ft (0.2 kips) = [Cp*Yeftuent*a*h]*h = 0.3 * 65pct * 0.22g * 6ft * 6ft
Ice Load: 3,000 Ibs/ft (3 kips) (HNF-SD-LEF-TI-005)
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Driving Force: 174k/Mt=13k+1.2k+02k+3k
Resisting Force: 32.1 k/ft =49.5 k * tan(33 degrees)
Safety Factor: 1.84=32.1k/174k ...OK

6.9 Erosion Stability

Based on the previous analysis completed in HNF-SD-LEF-TI-005 and engineering judgment, erosion of the
gravel surface material on the exterior slope of the dike during the design rainfall event of 1 inch per hour does
not require numerical evaluation. A 0.5 inch minimum crushed stone size is adequate for use.

Shallow slope surface failures (sloughing erosion) of the Gravel Surface Cover material is evaluated by
comparing the frictional resistance internally (or between it and the dike material) to the critical slope angle for
stability while maintaining the minimum safety factor. Recall the minimum safety factor is 1.5.

Thereby;

FS = tan(o)/tan(s)

Rearranging the equation to solve for s results in the following:

s = tan"![tan()/FS]

s = tan"'[tan(40 degrees)/1.5] = 29.2 degrees = 1.79H:1V (use 2.25H:1V for design with FS>1.5) ...OK

Thus, the slopes on the exterior of the basin at 2.25H:1V maintain the minimum safety factor.

6.10 Piping

Per Page 4-22 of USACE 1993, the critical gradient, ic, for sand is 1 (sand is a conservative representation of
the material used for dike construction, which is sand and gravel). Considering a conservative seepage path
length of 38 ft (dike crest width) and head pressure differential of 6 ft (fluid level at elevation 601 ft and
prevailing grade at elevation 595 ft), the exit gradient, ic, is 0.16 (head loss / length = 6 ft /38 ft = 0.16).

Thereby, the safety factor, FS, for piping is 6.25 (FS=ic/ie=1/0.16 = 6.25), which exceeds the minimum for
acceptance criterion of 5. Therefore, the dike is stable for piping considerations.
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7.0 CONCLUSIONS

Refer to the Design Input section of this analysis for the design drawings validated herein.

Interior side slopes (including the soil-bentonite mix) of the basin are stable for the NDCs at 3H:1V.
Exterior side slopes of the basin are stable for the NDCs at 2.25H:1V.

Global slope stability analysis determined that the interior dike slope maintains a safety factor 1.97 for normal
static condition, 1.97 for static condition with surcharge, and 1.40 for the design seismic event.

Global slope stability analysis determined that the exterior dike slope maintains a safety factor of approximately
1.5 for normal static condition and exceeding 1.1 for the design seismic event. The surcharge load case
maintains an adequate safety factor by inspection and numerical analysis is not required.

Structural stability is validated by sliding check and demonstrating a safety factor of 1.84. Overturning is not a
plausible mechanism of failure and does not require a numerical evaluation.

Crushed stone surfacing material with minimum particle size of 0.5 inch is stable for use on the exterior slope
for erosion protection.

The dike is stable for piping considerations by exhibiting a safety factor of at least 6.25.

Per the analysis contained herein, the dike will withstand the stress of the pressure exerted by the types and
amounts of wastes to be placed in the impoundment; and will not fail due to scouring or piping, without
dependence on any liner system included in the surface impoundment construction.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63752 Rev.00 5/26/2020 - 11:31 AM 25 of 31

RPP-CALC-63752, Rev. 0

Seraed Lunay CALCULATION SHEET

Project No. 54413.024 Calculation No. S54413.024-C-008 Rev. 1 Page No. 22 of 28
Title: LERF Basin 41 Evaluation of Dike Stability and Erosion

Prepared By: Joshua M. Bickett Date: 4/29/2020 Checked By: David E. Nielson, P.E. Date: 4/29/2020

8.0 REFERENCES

ASCE 7-10, “Minimum Design Loads for Buildings and Other Structures”.

DOE-STD-1020-2016, “Natural Phenomena Hazards Analysis and Design Criteria for DOE Facilities.”
DOE 0 420.1C, “Facility Safety.”

Geo-Slope International Ltd. (2014) “SLOPE/W V. 8.0 for Windows 7.

HNF-SD-LEF-TI-005, Rev. 1, Calculations for Liquid Effluent Retention Facility Part B Permit Application,
August 22, 1997.

International Code Council (IBC 2015), 2015 International Building Code.
Koerner, R. (2012), “Designing with Geosynthetics”, Xlibris, 6™ Ed. Vol. 1.

Melo, C. and Sharma, S. (2004), “Seismic Coefficients for Pseudostatic Slope Analysis”, 13th World
Conference on Earthquake Engineering, Vancouver, B.C., Canada, August 1-6, 2004, Paper No. 369.

RPP-RPT-27570, Rev. 0, Development of PC2 Surface Spectra for Double-Shell Tank Facilities, DOE Hanford
Site in Washington State, February 2, 2006.

Shannon & Wilson, Inc. (1994a) Geotechnical Investigation KEH W236A, Multi-Function Wast Tank Facility
— Hanford Site Richland, Washington, Volume 1, January 1994.

Shannon & Wilson, Inc. (1994b), Draft Geotechnical Investigation KEH W-236A, Multi-Function Waste Tank
Facility 200 West Area Addition Richland, Washington, March 1994.

Shannon & Wilson, Inc. (1994c), Final Report of Geotechnical Studies; ICF KH Project W 320, Tank 241-C-
106 Waste Retrieval and Sluicing System; 200 East Area, Hanford Site, April 14, 1994.

Sturm, T. (2001), “Open Channel Hydraulics”, McGraw-Hill.
TFC-ENG-STD-06, Rev D-2, Design Load for Tank Farm Facilities, July 31, 2019.

US Army Corps of Engineers (USACE 1993), “Seepage Analysis and Control for Dams”, Engineering Manual,
EM 1110-2-1901, April 30, 1993.

US Army Corps of Engineers (USACE 2003), “Slope Stability”, Engineering Manual, EM 1110-2-1902,
October 31, 2003.

U.S. Bureau of Reclamation (USBR 2011), “Seismic Induced Loads on Spillway Gates, Phase I — Literature
Review”, Report No. DSO-11-06, September 2011.

U.S. Department of Commerce (DOC 1961), Rainfall Frequency Atlas of the United States for Durations of 30
Minutes to 24 hours and Return Periods from 1 to 100 years, Technical Paper No. 40, May 1961.

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63752 Rev.00 5/26/2020 - 11:31 AM 26 of 31

RPP-CALC-63752, Rev. 0

Seraed Lunay CALCULATION SHEET

Project No. 54413.024 Calculation No. S54413.024-C-008 Rev. 1 Page No. 23 of 28
Title: LERF Basin 41 Evaluation of Dike Stability and Erosion

Prepared By: Joshua M. Bickett Date: 4/29/2020 Checked By: David E. Nielson, P.E. Date: 4/29/2020

ATTACHMENT 1
SLOPE/W INPUT/OUTPUT RESULTS

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



27 of 31

5/26/2020 - 11:31 AM

RPP-CALC-63752 Rev.00

RPP-CALC-63752, Rev. 0

CALCULATION SHEET

Page No. 24 of 28

1

Rev.

S54413.024-C-008

Calculation No.

Engineering Services, Inc.

Sargent & Lundy

54413.024
LERF Basin 41 Evaluation of Dike Stability and Erosion

Project No.

Title:
Prepared By:

| Date:  4/29/2020

0oz

OBl 0gl okl azL oL e

ot

(4) uoneso uonoag ssol Buoly aoursig

¥

o9 g ok~ 0Zk-

O~

oal-

0 1907 Jlusa S Yap,
014800 SIS ZI0H

| Checked By:  David E. Niclson, P.E.

£ ON [eusjen

| Date:  4/29/2020

Joshua M. Bickett

W YNHSOr ‘L13Y0Id :Ag payp3 3se
OU_._&.Ewum_.._@m..OE poyiaiy

(touayun) [ewo sishjeuy WIJOTS - | :oweN
zsB1ou3iu] | uonoas :awep ajd

610Z/9L1Z) :a3eq

0'g :uo|sIap alid

sisf|euy AJ|IQeIS [BQOID - LY UISEE 433 @il

D

a0ELNS aunjed

-

Z oM leusiey

« OE "ud

45d i uoisayog

d 00 WBiepm Hun
QUISINO I YS (Bpoy
JUBF-IOS (elwep
€ ON |eusie

« €€ 1M4d

ssd p 1uoisayog

pd el wSiop nun
QuISNeI-IYe POl

|[BARIE) U DUES [BIMEN alUeN
T oM [eusie

. €€ 1Ud

s5d [y uoisayos

od ce | uSiopm Jun
QUISINGD-IYSH opo
|aARIS) pUR PUBS DYI(] joWeN
| On [euejep

L O el

OFS

008

(12:}

Y uopens|3

Calculation Sheet (01-19)

Quality Assurance Procedure 3.1



28 of 31

Page No. 25 of 28
| Date:  4/29/2020

1

Rev.

| Checked By:  David E. Niclson, P.E.

0oz el oal ove 0zk oL

(4) uoneso uonoag ssol Buoly aoursig
] ov 0z [} 0z op-

oal-

0 /§e0] JlWsiag Pap
0 1JBe0 SIS 210

£ ON [eusjen

5/26/2020 - 11:31 AM
CALCULATION SHEET
S54413.024-C-008

4/29/2020

RPP-CALC-63752, Rev. 0

Calculation No.
‘ Date:

Joshua M. Bickett

54413.024
LERF Basin 41 Evaluation of Dike Stability and Erosion

Sargent & Lundy
Engineering Services, Inc.
Project No.

Title:
Prepared By:

W YNHSOr ‘L13)0Ig :Ag paup3 ise
aoud-waysuabisop :poyray

(touayuy) abreyoins sishjeuy pMEJOTS - T :aweN
zsBuoiaiu | uonoas aweN a4

61L0Z/9LiT | :=leq

0'g :uoisiap 34

sisfjeuy ANIqeIs [BQOD - LY UISEd 4431 eNIL

)

a0ELNS aunjed

-

Z oM leusiey

quCINeD-IYo|N ‘[8po
BPUSUSF-0S owenN

Quicina -S|y Jlepoy
[BARIS) PUE PUBS [EIMEN jweN

QUICINaJ-IYe|n Jlepoiy
|3ARIS) PUR PUES 0YIQ) (oWen

L O el

(21, UonIeNg
Jod pos (4B mun) sBieyaung

OFS

(=

095

(=

009

o0Le

RPP-CALC-63752 Rev.00

1 uoneas|y
Calculation Sheet (01-19)

Quality Assurance Procedure 3.1




29 of 31

5/26/2020 - 11:31 AM

RPP-CALC-63752 Rev.00

RPP-CALC-63752, Rev. 0

CALCULATION SHEET

Page No. 26 of 28

1

Rev.

S54413.024-C-008

Calculation No.

Engineering Services, Inc.

Sargent & Lundy

54413.024
LERF Basin 41 Evaluation of Dike Stability and Erosion

Project No.

Title:
Prepared By:

| Date:  4/29/2020

0oz

ol 0g okl azh oL e

(4) uoneso uonoag ssol Buoly asursig

o (14 c 0c- Ob-

o3 g 0ok~ 0z

Ok

oal-

900 Je0D AWSIaS Paf,
110 jeed dusiag 2104

| Checked By:  David E. Niclson, P.E.

£ ON [eusjen
4

4/29/2020

‘ Date:

Joshua M. Bickett

W YNHSOr ‘L13Y0Id :Ag payp3 Jse
Qu_h&-Egmr_Gm..OE poyiaiy

(1ousul) nwsies sishjeuy WILOTS - € :BWeN
zsB1ou33u] | uonoas tawep ajd

610Z/91L/Z] 338

0'8 :UoISIaA a|id

sisf|euy AJ|IQeIS [BQOID - LY UISEE 4M3 ] @il

)

80ELNG aunjed

-

Z oM leusiely

. 0 Lud

#5d p suoseyogs

sod oo L Eiepn Nun
QUISINO - YS|N Jlepoy
SPUNUSFNOS oen
£ ON| |eLsje

« €€ ud

ssd  1uoiseyog

pd el Eiop nun

QUISINE US| POl

[BARIE) PUB DUES [RIME N alieN
T ON| [euatep

- €€ Ud

s=d 2 Loisayos

od eg | wEilep Nun
QUICINOD-IYOIA opol
[9ABIS) PUB PUES 231 (e
1 oN| [euolRp

L O el

OFS

()

(12:}

Y uopens|3

Calculation Sheet (01-19)

Quality Assurance Procedure 3.1



RPP-CALC-63752 Rev.00 5/26/2020 - 11:31 AM 30 of 31

RPP-CALC-63752, Rev. 0

Serger Lundy CALCULATION SHEET
Project No. 54413.024 Calculation No. S54413.024-C-008 Rev. 1 Page No. 27 of 28
Title: LERF Basin 41 Evaluation of Dike Stability and Erosion
Prepared By: Joshua M. Bickett Date: 4/29/2020 Checked By: David E. Nielson, P.E. Date: 4/29/2020
ATTACHMENT 2
SLOPE/W AUDIT TRAIL

Quality Assurance Procedure 3.1 Calculation Sheet (01-19)



RPP-CALC-63752 Rev.00 5/26/2020 - 11:31 AM

RPP-CALC-63752, Rev. 0

31 of 31

CALCULATION SHEET

Sargent & Lundy
Engineering Services, Inc.

Calculation No. Rev. 1

Project No. 54413.024 S54413.024-C-008

Page No. 28 of 28

Title: LERF Basin 41 Evaluation of Dike Stability and Erosion

Prepared By: Joshua M. Bickett Date:  4/29/2020 ‘ Checked By: David E. Nielson, P.E.
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Controlled File Detail - SLOPE/W (S&L Program No. 03.7.747-8.0)
Type: 2 Status: C Effective Date: 01-31-2018
Executed 12-16-2019 10:45
Controlled File Path: \SNLVS5\SYS3\OPS$\SLO74780\Bin\

File Size Date/Time Stamp File Name

67424 11-29-2012 17:12 cm2lapack_42.dll
174944 11-29-2012 17:12 cm2math1_42.dll
123752 11-29-2012 17:12 cm2meshtools1d_42.dl1
127848 11-29-2012 17:12 cm2meshtools2d_42.dl1
309096 11-29-2012 17:12 cm2meshtools_42.dll
21336 11-29-2012 17:12 cm2misc_42.d11
421728 11-29-2012 17:12 cm2quadmesh_42.d11
276320 11-29-2012 17:12 cm2triamesh_42.dll
132728 11-29-2012 17:38 Ctranl.dll
182904 11-29-2012 17:38 Ctran3.dll
279160 11-29-2012 17:35 CtranSolver.dll
1453432 11-29-2012 17:12 FNP_ACT _Installer.dll
270200 11-29-2012 17:12 FnpCommsSoap.dll
59512 11-29-2012 17:36 GeoCmd.exe
2036856 11-29-2012 17:38 GeoLicense.exe
4691064 11-29-2012 17:38 GeoLicense_libFNP.dll
751136 11-29-2012 17:37 GeoStudio.chm
1649784 11-29-2012 17:38 GeoStudio.exe
2951288 11-29-2012 17:37 GsDlg.dll
1225848 11-29-2012 17:33 GsDoc.dll
4553848 11-29-2012 17:33 GSLdll
4691064 11-29-2012 17:33 GSI_libFNP.dll
2842744 11-29-2012 17:35 GSIDB.dIl
3428984 11-29-2012 17:35 GSILIB.dII
4857464 11-29-2012 17:36 GSRes.All.1033.dl1
4771960 11-29-2012 17:36 GSRes.All.2052.d11
265336 11-29-2012 17:32 GSRes.Core.1033.dll
276088 11-29-2012 17:32 GSRes.Core.2052.d11
2912888 11-29-2012 17:33 gsv6.dll
2995832 11-29-2012 17:33 gsv7.dll
841336 11-29-2012 17:36 GsView.dll
434176 11-29-2012 17:12 GSW32.EXE
253952 11-29-2012 17:12 GSWAG32.DLL
167936 11-29-2012 17:12 GSWDLL32.DLL
736160 11-29-2012 17:12 libiomp5md.dil
1683456 11-29-2012 17:12 Ltclrl3n.dll
255488 11-29-2012 17:12 Ltdis13n.dll
205312 11-29-2012 17:12 Ltefx13n.dll
136704 11-29-2012 17:12 Ltfill13n.dll
310272 11-29-2012 17:12 Ltimgl3n.dll
416768 11-29-2012 17:12 Ltkrn13n.dll
4342088 11-29-2012 17:12 mfc100.d11
13866496 11-29-2012 17:12 mkl_custom.dll
173688 11-29-2012 17:35 MNGSRV.dll
421200 11-29-2012 17:12 msvep100.dil
770384 11-29-2012 17:12 msver100.dil
724088 11-29-2012 17:33 OC.dll
193144 11-29-2012 17:38 Quakel.dll
137336 11-29-2012 17:38 Quake3.dll
466552 11-29-2012 17:35 QuakeSolver.dll
133752 11-29-2012 17:38 Seepl.dll
133752 11-29-2012 17:38 Seep3.dil
291960 11-29-2012 17:35 SeepSolver.dll
131192 11-29-2012 17:38 Sigmal.dll
136312 11-29-2012 17:38 Sigma3.dll
408184 11-29-2012 17:35 SigmaSolver.dll
357496 11-29-2012 17:38 Slopel.dll
232056 11-29-2012 17:38 Slope3.dll
415352 11-29-2012 17:35 SlopeSolver.dll
83064 11-29-2012 17:36 SolveServer.exe
132728 11-29-2012 17:38 Templ.dll
137336 11-29-2012 17:38 Temp3.dll
205432 11-29-2012 17:35 TempSolver.dll
133752 11-29-2012 17:38 Vadosel.dll
137336 11-29-2012 17:38 Vadose3.dll
300664 11-29-2012 17:35 VadoseSolver.dll
51024 11-29-2012 17:12 vecomp100.dil
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