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ICF KAISER CALCULATION IDENTIFICATION AND INDEX [Fage A @ 44
HANFORD COMPANY [PED 9/13/1996
This sheet shows the status and description of the attached Design Analysis sheets.

Discipline 27,Piping and Vessels WO/Job No. ER4318 Calculation No. w-320-27-015

Project No. & Name  Project W 320

Waste Retrieval for Tank 241-C-106

Calculation Item Support Structural Analysis

These calculations apply to:

Dwag. No. H-2-818548 Shts 1 & 2 of 2 Rev. No. 0
Dwg. No. Rev. No.
Other (Study, CDR)

Rev. No.

The status of these calculations is:

Preliminary Calculations

Final Calculations

Check Calculations (On Calculation Dated

OoOox0O

Void Calculation (Reason Voided

Incorporated in Final Drawings? .
This calculation verified by independent "check” calculation?

Originel and Revised Calculation Approvals:

Xl Yes O No
I Yes No

. Rev. 0 Rev. 1 Rev. 2
Signature / Date Signature / Date Signature / Date
Originator D.L Stone 5/20/94 D. L Stone _D/,;,,q, 7’.)}1{;7&»
J.R. Booth 5/31/94 8/8/95 0 L7 (o€
Checked by M.M. Ahmed C.D. Jones
: 5/20/94 8/10/95 LO/6B YN ~
Approved by C.D. Jones C.D. Jones o =
6/3/94 8/10/95 LO /O 2\fay,
Checked Against
" Approved Vendor Data
INDEX
Design Analysis __P_gigrﬁigp_
Page No.
i Calculation Identification and Index
ii Calculation Cross Index
1 Objective, Design Inputs, Design Methodology
2 Calculations, References and Conclusions
3 - 29 Calculations
Appx A "POP" Analysis
Appx B Drawings
JYINE. ’lﬁ’lﬁ’ !)\ e {\’ Pub A 1

CALC-015.XLS




Page 12 of ||
FLUOR DANIEL CALCULATION IDENTIFICATION |5 !
NORTHWEST INC. AND INDEX ‘l/ﬁ‘t/ﬁ?
This sheet shows the status and description of the attached Design Analysis sheets.
Discipline: (27) Piping and Vessels WO/Job No.: ER4319 Calcutation No.: W320-27-015
Project No. & Name: Project W-320 Waste Retrieval for Tank 241-C-106
Calculation Item: Support Structural Analysis
These calculations apply to:
Dwg. No.: See Calculation Cross Index Rev. No.
Dwg. No.: Rev. No.
Other (Study, CDR). Rev. No.
The status of these calculations is:
{1 Preliminary Calculations
X Final Calcutations
i} Check Calculations (On Calculation Dated)
il Void Calculation (Reason Voided)
Incorporated in Final Drawings? [X] Yes i} No
This calculation verified by independent “check” calcuiations? fl Yes X No
Original and Revised Calculation Approvals:
Rev. 3 Rev. 4 Rev. 5
Signature/Date Signature/Date Signature/Date
Originator Kﬂ Zh{ i
Croting - / % / 17
Checked by m\/
: %ﬂ% 3.13.98
Approved by j .
L Qv 1ot
Checked Against v
Approved Vendor Data Q\/ ° O’WA 16,98
INDEX
Des};ga:;;x:;l.ysis Description
i Calculation Identification and Index
il Calculation Cross Index
1 Objective, Design Inputs, Design Methodology
2 Calculations, References and Conclusions
3-29 Caclulations
Appx A “POP” Analysis
Appx B Drawings
Rev. 3 Incorporates As-Built Conditions. Page ia added. Pagesiii, 1, 2, 6, and 16 revised. -

FONW CALCULATION COVER SHEET

HINF=2474; Rev 0, Page A2
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CALCULATION CROSS INDEX (Typical)

Subject Calculation No.: W320-27-014

Page i of (1

Subject Superceded These interfacing calculation/documents Results and conclusions of the subject Does the output Has the output
Calculation by provide input to the subject calcutation, calculation are used in these interfacing interface f inter { Discipline manager's signature and
Revision Calculation and if revised may require revision of calculations and/or documents documents require documents been date indicating evaluation
No. No. the subject calculation. revision? revised? complete.
Calculation/Document No. Revision Calculation/Document No. Revision Yes | No Yes No
No. No.
3 NA | H-2-818532, Sheet 1 71 % 57 X

H-2-818532, Sheet 2

71

H-2-818548, Sheet 1

g1

H-2-818548, Sheet 2

a1

Calc # W320-27-013

-

Calc # W320-27-014

‘0 'A% ‘PLYC-INH

¢V 99eq

KEH 1975.00 (12/88)




ICF KAISER cuore, W-320-27-015

HANFORD COMPANY Revision No. /2/3

: DESIGN ANALYSIS Page No. / of 29
client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  fitename ~SSA-TEXT. WP
subject SUPPORT STRUCTURAL ANALYSIS Date 9/13/96 sy D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106  Checked 10./3/96 8y N.J.JUPLO
Location C TANK FARM - 200 W. AREA Revised || /2.4 /97 By K ri{ e )

ST cneprs

OBJECTIVE:

The objective of this calculation is to perform the structural analysis of the Pipe Supports designed for
Slurry & Supernate transfer pipe lines in order to meet the requirements of Code ASME Code B31.3,

DESIGN INPUTS:

Design Criteria: -

1. ASME Code B31.3-93 with B31.3a-93 Addenda.

2. Uniforﬁn Building Code, 1991 Edition.

3. Functional Design Criteria WHC-SD-W320-FDC-001, Rev78{ N
4 ' o

DESIGN METHODOLOGY:

Support Design Loads:

The pipe support design loads are obtained from the piping stress calculations W320-27-14 (Ref.7) and
W320-27-15 (Ref.8). These loads are the total summation of the gravity, pressure, thermal and seismic
loads.

Since standard typical designs are used for each type of pipe support such as Y-Stop, Guide and Anchors,
each type of support is evaluated for the maximum loads to which this type of supports are subjected.
These loads are obtained from the AutoPipe analysis (Ref.7) and used to check the structural adequacy of
these supports. These loads are tabulated on Page 3.

Since the intermediate anchor is designed to serve as an anchor for both primary pipe and encasement
pipe, it is evaluated for the combined effect of the loads from the primary pipe (AutoPipe analysis) and
encasement pipe loads. The only Encasement pipe load this anchor will be subjected to is a thermal axial
load. This load is calculated on Page 3. In the event of earth quake, since anchor structure will move in
tandem with ground motion, it will not experience any seismic loads.

HNF-2474, Rev. 0, Page A4




ICF KAISER Cale No. W-320-27-015

HANFORD COMPANY Revision No. 22
DESIGN ANALYSIS Page No. J_ of 29
client WESTINGHOUSE HANFORD COMPANY Wo/Job No. ER4319  Filename SSA-TEXT. WP
subject SUPPORT STRUCTURAL ANALYSIS Date 9/13/96 By D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106  Checked 10/3/96 8y N. J JUPLO
Location C TANK FARM - 200 W. AREA Revised 1!/ 74/ 47 8y ¢ e ese 3«
CH (D i

STRUCTURAL ANALYSIS:

The structural analysis {(member stresses & weld stresses) is performed using the principles of statics
as illustrated in "Design of Welded structures” by Blodgett {Ref.5) & "Formulas for Stress and Strain”
by Roark (Ref.6}.

The local stresses in the pipe wall due to welded attachments such as trunnions are computed based
on Bijilaard principles promulgated in WRC Bulletin 107 (Ref.10). The "POP" computer program
{Ref.11), a program based on WRC Bulletin, is used for computing the local stresses for Trunnion
attachment. The calculated pipe local stresses are added to corresponding pipe stresses obtained from
the AutoPipe analysis in order to satisfy the requirements of Code B31.3.

The base plates are analyzed using the moment of inertia method. The concrete anchors are qualified
based on criteria in SDC 4.2, Rev-0, (Ref.14).

CALCULATIONS:

See pages 3 thru 16 for caiculations.
See Appendix-A for "POP" program resuits.

BREFERENCES:

ASME B31.3-93 Code and ASME B31.3.3a-93 Addenda for "Chemical and Petroleum Refinery".
Uniform Building Code, 1991 Edition.
Crane Technical Paper No: 410, 22nd Printing-1985.
AISC "Steel Construction Manual" 9th Edition.
"Design of Welded Structures” by Blodgett, 8th Printing.
“Formulas for Stress and Strain” by Roark & Young, 5th Edition. y
Calculation: W320-27-14,-Rev-0-"Encasement Pipe Stress Analysis”. fev. 3 /3\
Calculation: W320-27-13,-Rev-6-" Process Pipe Stress Analysis". Ley 3
Pipe Support Detail Drawings: H-2-818548 sh 1 & 2 of 2, Rev-0

0.  WRC Bulletin no: 107, March 1979 "Local Stresses in Spherical and Cylindrical Shells due to

External Loadings" by K.R. Wichman, A.G.Hopper and J.L. Mershon.

11. Computer program "POP" (PIPE ON PIPE) Version-0, Release Date: Feb 12, 1993. 5
12, W-930-Project Specs: "WHC-SD-W320-FDC-001, Rev- ;/" 4 1~\
13. . "Hand Book of Engmeermg Fundamentals” Third Edition by O. W. Eshback and M. Souders.

SoENDaREN

14. SDC 4.2, Rev- 0 Desxgn & Installation of Expansxon Anchors” /5
(Now FO0W Prnclicg = 134, 1151206, Gestwn of £ypansion Ancls i ) £
1
CONCIUSION:

The review of succeeding calculations indicates, pipe supports structures meet ASME Code B31.3
LEQUIISTNED TSy HNF-2474, Rev. 0, Page A-5

L
Rev, 3 oF b calededs on veri€ied s C\qul‘rSkj ogen il Ao ag w\H'(mgu»m_,,
and dound Ko chavars dict vk haws: anoedo

©
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ICF KAISER Cale. No. W-320-27-015
HANFORD COMPANY Revision No. 2
DESIGN ANALYSIS Page No. 3 of 29
Client WESTINGHOUSE HANFORD CO. WO/Job No. ER4319  Filename FORCES.XLS
Subject PROJECT W-320 WASTE RETRIEVAL Date 9/13/96 By D.L.STONE
for Tank 241-C-106 Support Structural Analysis Checked to/03(%e By d.d.JdueLd
Location C TANK FARM 200 EAST AREA Revised By
SLURRY LINE From Autopipe Analysis for Inner Process Pipe {Ref. 8)
(Ref. W320-27-013 Appdx. A) FORCES {Ib} MOMENTS {ft-Ib)
Anchor Node X y z X y z
A39 508 E 259 688 88 273 362
Guide Node X y z X Ty F3
AO1 ¢ 514 1218 / / /
Incline - Node X y z X Yy 2
A74 283 / / /
SUPERNATE LINE
(Ref. W320-27-013 Appdx. B) FORCES {(Ib) MOMENTS (ft-Ib)
Anchor Node X y z X Y z
A39 422 259 612 88 227 362
Guide Node X Y z X y z
Ad41 670 632 670
incline Node X y z X y z
A25 288 ! / !
ENCASEMENT PIPE AXIAL LOADS FOR INTERMEDIATE ANCHOR {Ref. 7}
(Ref. W320-27-013 Appdx. ) FORCES {Ib} MOMENTS (ft-Ib)
Thermal Node X y 2 X y z
Loads A49 3844 ¢

* Note: Where Encasement Pipe segments on on either side of anchors are equal, axial friction forces at the
anchor are equal in magnitude and opposite in direction, resulting in zero axial load on the anchors.
The maximum difference between pipe segment lengths on either side of an anchor occurs at Node A48.

Axial load at A49:

AL = F =
13.82 23.18

Fz = FxAL =
3844.1712

A48

)

/| 67"

80.83"

HNF-2474; Rev. 0, Pa

ge A-6

(Ref. 7)
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KAISER

HANFORD COMPANY

Client:
Subject:

Location

DESIGN ANALYSIS

WESTINGHOUSE HANFORD COMPANY
PROJECT W-320 WASTE RETRIEVAL
PIPE SUPPORT STRUCTURAL ANALYSIS

: C TANK FARM - 200 EAST AREA HANFORD

WO/Job No.: ER4319
Date: 9/13 / 96
Checked: 103/02 /91,
Revised:

Cale. No:  W-320-27-015
Revision No.: 2
Page No.: 4 of 239

Filename: SA-01.mcd
By: D.L.STONE

By: 3. J. SUPLD
By:

DEAD WEIGHT SUPPORT ANALYSIS

(Details 2and 4 Ref.9)

The purpose of this calculation is to determine a minimum plate thickness required for the
Process Pipe Dead Weight Support. '

Static bending analysis to determine maximum allowable stress for a minimum plate thickness.

Worst case loadings determined from Autopipe analysis.

(See Page 3)

ASTM A36 Plate Material (Ref. 9)
Sy, := 16900-psi Code B31.3 Allowable Stress

at 200 deg F (Ref. 1)
F y= 286-1bf Worst case loading for

Process Pipe Dead Weght Support.

b:=3.3125-in Design width of support plate. (Ref. 9)
(Simple support beam span - conservative)

d=3

M:=F_,—

in Plate Length

b
Y4

M =236.844 -Ibf-in

t:= 0.25-in

-4

¢=0.125-in

3
. (dg_)
12

1=0.004 -in*
_Mc
“BpL T

o ppr, =7.579-10° psi

Moment at Fy (Ref. 5)

Calculated bending stress at F

Fy

l

| O ————

T

Design thickness of support plate.

“Distance between centroid and outerfiber.

Moment of Inertia of the plate

y

HNF-2474, Rev. 0, Page A-7

(Ref.5)




ICF KAISER Calo.No:  W-320-27-015

HANFORD COMPANY , Redsin o 2 29
DESIGN ANALYSIS age No. of
Client: "WESTINGHOUSE HANFORD COMPANY : WO/Job No.:  ERA319
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 /1 96 By D.L.STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: 10 /03 /% By: tl. 3 . JupLD

Location: C TANK FARM - 200 EAST AREA HANFORD Revised: By:

G = 1338y (Ref. 1) .

O gy =2.248¢ 10* *psi Allowable stress for ASTM A-36 Plate '

&M

dt . 3| T 5 Governing Equation (Ref.5)
min d'tmin
12 7
&M
1 =
doay

1y =0.145+in Minimum required plate thickness.

£=0.25 -in Design Thickness (Ref.9)
1/4" Plate is adequate for worst case loadings.

HNF-2474, Rev. 0, Page A-8




ICF KAISER Cale. No: W= 320-27-015

HANFORD COMPANY . A
DESIGN ANALYSIS PN ©
Client:  WESTINGHOUSE HANFORD COMPANY WOWob No.:  ER4319
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 / 96 By D.L.STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: t@/62 /96 By: M. 4. JuPLO . e
Location: C TANK FARM -200 EAST AREA HANFORD Revised: 1] /2,,[/517 By: )( }JAU“& CHKD: T

WELD CALCULATIONS FOR JOINT BETWEEN LUGS- AND—PRQGEss—PIPE—-
Plate and Eucasesent Pise

WELD PROPERTIES: (Ref. 5)
As BoiLy ng pe U2t aevERNMirTEaT O
= 3.313in d=3«in | %

N
b .
Cy = a Cy =1.656-in
PN .
LB UTIR Cz‘=%1 Cz =15-nr O"Sm‘
Aw = 2-d Aw=6=in 2 I
Swy = bd Swy =939 310
2 Coa
Swe = Swz=3-if O 330
(32
W _dé —Fwr=20-964 T
JOINT LG DS:
Tensfe  Fx:=F y =286 lbs Fy=olf Fz = 0-1bf
Moment  Mx = 0-in-Ibf My=M = D37 o.lbs Mz = 0inlbf
WELD STRESS:
0.5
ool (X My Mz 2+ Fy+Mx-Cy2+ Fz +Mx-Cz2 2z2. ot
W= = e —_
Aw Swy Swz/ Aw Jw Aw Jw fw =7+-'4'96‘;
EILLET WELD SIZE REQUIRED: p
. : /}\\
81, = 16700-psi =
1-33%0.8%X 5 1798! !
S = k263586, S=% +psi Allowable Weld Stress per ASME Code B31.3 (Ref. 1)
fw GROOVE ‘
w = 5 w =0:007~1r Minimum Fitet Weld Required
it 0013
W Design (%m> Design Fillet Weld Size
9.6

W o
SF gy = M SF g, = 18578 a.5 Design exceeds requirement by a factor of 48:578-- OK
w : ..

HNF-2474, Rev. 0, Page A-9




ICF KAISER
HANFORD COMPANY

DESIGN ANALYSIS
Client: ~ WESTINGHOUSE HANFORD COMPANY WOlJob No.: ER4319
Subject: PROJECT W-320 WASTE RETRIEVAL Date:  9/13 / 96
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: 10 /02 /A
Location: C TANK FARM - 200 EAST AREA HANFORD Revised:

Cale. No.:  W-320-27-015
Revision No.: 2

PageNo.. 7 of 29
Filename:  SA-03A.mcd

By: D.L. STONE

By: [URRIRNTIT SR
By:

Process Pipe Guide Lug Design
Assumptions:

Lugs see Process Pipe Loads, only.

Each lug is subjected to total loading (conservative.)
Critical Process Pipe Loads located at Nodepoint A41 on
Autopipe Model TRAN-SP are determined as critical.

Loads (See Page 3)

F = Olbf

Fy = 53?-1bf

Fx

Freo Fp - 0:Ibf

F, = {6707+ 670°1bf  F, - 947.523-1bf

Longitudinal Force

Vertical Force

Horizontal Force

Longitudinal Loading

(Detail 3 Ref. 9)

(Ref.8)

Fz

Fp= Fy<c<>5(60'deg) +F sin60-degy  F 5 - 1087-10° “Ibf  Axial Loading

FS:Fy

Properties

Material: ASTM A240 TP 304L
84, = 16700-psi

L:=4in
w = 0.72:in

t:= 0.375-in

-sini 60-degy + F - cos: 60-deg)

F g - 934.487 -Ibf

(Ref. 9)

Shear Loading

Allowable Stress at 200 deg F (Ref.1)

Lug Length
Lug Width

Lug thickness

(Ref. 5)

Lug Area

HNF-2474, Rev. 0, Page A-10



ICF KAISER Calc. No.:  W-320-27-015
HANFORD COMPANY Redsintoz 2
DESIGN ANALYSIS Bl of
Client:  WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4318  Filename:  SA-03Amcd
Subject; PROJECT W-320 WASTE RETRIEVAL Date: 9/13 /96 By D.L. STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: to /63 /36 By: PURRERY W
Location: C TANK FARM - 200 EAST AREA HANFORD Revised: By:
Iy=— 21 Iy =0.018-in* Moment of Area abouty  (Ref. 5)
1
=
I,= 1 +13 =2 -in* Moment of Area about z
12
1 L Z > FS
.Y _ -3 q
zy=—= Zy =0.094 - Section Modulus
F
¥y A y
1z .3 Section Modulus
Z,=— z,=1n
z -
Tension and Bending
F Fow
oy S 0y =7.901-10° psi
A (zy)
4
Sap=1338y S 11 =2221-10° +psi
on] =7.90110" psi < 5, =222110% psi (Ref. 1)
WELD CALCULATIONS FOR JOINT BETWEEN LUGS AND PROCESS PIPE:
N WELD PROPERTIES: (Ref. 5)
lI) b= 0.375in d=4-in
=§ Cy=0.187-in
z df -
: - Cz=2+n
x/ Z = 2 Z
Aw = 2-d Aw =8+in
Swy = bd Swy =1.5+in”
2 2
Swz = T Swz =5.333 -in’
2 2
Tw =d<3b ) Jw =10.948 +in’

HNF-2474, Rev. 0, Page A-11




ICF KAISER Calc. No.:  W-320-27-015

HANFORD COMPANY : RevsionNo: 2 2
. DESIGN ANALYSIS Ragzitics &
Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 Filename: SA03AmMed
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 1 96 By: D.L. STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: (o0 /62 / Q6 By: N Juelo
Location: C TANK FARM - 200 EAST AREA HANFORD Revised: By:
JOINT LOADS:
Tensile Fx=F 5 Fy = 0-1bf Fz = O-Ibf
Moment Mx = O-inc 1bf My =Fgw Mz := 0-in-Ibf
WELD STRESS:

0.5

+

Aw Jw

fiv =

+ =+

Aw Jw

[Fx My MZ)2+<Fy

I LMz Mx-Cy 2 Fz MxCz 2
KA‘V Swy Swz

v =584.376 22
- mn

FILLET WELD SIZE REQUIRED:

S, = 16700-psi

$:212:0.758y, S =1.503-10" *psi Aliowable Weld Stress per ASME Code B31.3 (Ref. 1)
fw . - ' .
wis w =0.055-in Minimum Fillet Weld Required
0.707-S
3. : . o .
W Design <E-m) Design Fillet Weld Size
W Design . !
SF gy = ——— SF g, =3.409 Design exceeds requirement by a factor of 3.409 - OK
= i : ==

PIPE LOCAL STRESSES DUE TO WELDED LUGS:

As is evident from above, since weld stresses are very low,
local stresses in pipe will be insignificant.

HNF-2474, Rev. 0, Page A-12
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DESIGN ANALYSIS

Client: WESTINGHOUSE HANFORD COMPANY
Subject: PROJECT W-320 WASTE RETRIEVAL

PIPE SUPPORT STRUCTURAL ANALYSIS
Location: C TANK FARM -200 EAST AREA HANFORD

Calc. No.: W-320-27-015

Revision No.: 2

Page No.: 10  of 29
WO/Job No.: ER4319 Filename: SA-07mcd
Date: 9/13 / 96 By: D.L. STONE
Checked: 10 /63 /96 By: NS SUPLO

Revised: By:

INTERMEDIATE ANCHOR:
AUTOPIPE Loads for Process Pipe

Fo = 50816f M, = 88-ftJbf
Fy=25906f My = 273-Re1bf
F,=6881f M, :=362f1bf

AUTOPIPE global axes oriented at
45 degree angle to pipe local axes.
PIPE LOADS at A

P:=Fy

V ¢ = F ;-cos(45-deg) + F ,-cos(45-deg)

V' =F ysin(45-deg) + F ,-sin(45-deg)

Meg:= be-cos(45-deg) + M -cos(45-deg)

M := M -sin(45-deg) + M ,-sin(45-deg)

F pp = 3844.Ibf
PIPE LOADS atB
Pp:=P
Vep=Ve
Vig=VL+FaL
Mg =Mt
Mcgi= Mg+ (3324n)-V

Myg:i=Myp +(3.32:in)-Vyp

(Detail 1 Ref. 9)

P =259 -Iof

Vi, =857 1bf

M =3276+10° «inbf
M =3.818-10° -inlbf

My =3.818:10° “inlbf

Torsional Mome

nt

P
" §% i
(See Page 3) avﬁ T g
Pad 34" Thk { Pad 34" Thk
A A VC
| N\ T
3.32¢ D
| Drain
I B 4"& Pipe
468" 1/
L ¢
L« 1
Radial Load '
Vo =845.7 Ibf Circumferential Shear
Longitudinal Shear

Circumferential Moment

Longitudinal Moment

Encased pipe Axiaj Load

{See page 3)

Py =259-1bf

V o =845.7-1f
Vg =469-10° lbf
Mg =3276+10° vinelbf

Mg =6626110° “inlbf

HNF-2474, Roy 0, HaggoArd$ in 1o

Pa_ce A-13

" (Checking pipe local stresses and weld between pad and pipes.)
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Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 Filename: SA-07mcd
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 7 96 By: D.L. STONE
PIPE SUPPORT STRUCTURAL ANALYSIS . Checked: 10 /03 /% By: 11 3. JOFLo
Location:C TANK FARM - 200 EAST AREA HANFORD Revised: By:

PIPE LOADS at C  (Checking base plate and anchor bolts.)
Po=P

¢ P =259 -Ibf
Vee=Ve V o =845.7-bf

Vic=Vi+Fay Ve =4.6910° -Ibf

Mpe =My M =3276-10° -inIbf

Mgy = Mg N g M g =1.058-10% -in Ibf

Mpc=Mp+@nVic M =4134-10* -inlbf

TRUMION STRESSES:

Material: 4" Schedule 80 A 106 GR-B Pipe
A = 4.4G7-in? ) Area of metal of 4" pipe.
2= 4217-in° Section Modulus

Fc MccrMic

opt ot %y =1237-10* -psi Tension and Bending
z

S, := 20000-psi

S 1338y Allowable Stress

o =123710" psi < §,=26610" -psi

Shear stresses are insignificant.

HNF-2474, Rev. 0, Page A-14
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Client: WESTINGHOUSE HANFORD COMPANY WO/Job No.: ER4319 Filename: SA-07.mcd
Subject: PROJECT W-320 WASTE RETRIEVAL Date: 9/13 / 96 By: D.L. STONE
PIPE SUPPORT STRUCTURAL ANALYSIS Checked: (0 /03 / Gte  By: d.9- JSPLD
1 ocation; C TANK FARM -200 EAST AREA HANFORD Revised; By:

WELD CALCULATIONS FOR TRUNION TG BASEPLATE JOINT:

WELD PROPERTIES:

d=45in (Ref. 5)
Cy= g Cy=225-in
2
Cz = E Cz=2.25+n
2
Aw:=md Aw =14.137in
2
Swy = Eid' Swy = 15.904 -in”
Swz = Swy Swz =15.904 +in”
Jws “'j : Jw =71.569 +ir°
JOINT LOADS at C:
Fx=Pg Fy=Vic Fz:=V e
Px=259-1bf Fy =4.69-10° -Ibf Fz =845 1bf
Mx = MTtc My =Mce Mz =My
Mx =3.276-10° *invIof My =1.058-10" in-Ibf Mz =4.134-10% -inlof

WELD STRESS:

fw=3315-10° f - (RekS)
m

2 2 2
fw__{(Fx +&+Mz> +<_F_y_+Mx-Oy> +<Fz Mx-Cz>

== o — =
Aw  Swy Swz Aw Jw Aw Jw

FILLET WELD SIZE REQUIRED:

$1,:= 17800-psi ALLOWABLE WELD STRESS PER CODE B31.3 for A36 Plate
) Ref. 1
$:2120758y §=1602-10° -psi . (Ref. 1)
we Y =0293+n Minimum Filtet Weld Required
0.707-S
5\, I )
W Design (ﬁ).m Design Fillet Weld Size

w H
SF = " Design o £ =1.068 HNF-2434cRey dkceBasardqlirement by a factor of 1.068 - OK
w

HNF-2474, Rev. 0

Dacea A 1&
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Location:C TANK FARM - 200 EAST AREA HANFORD Revised: By:

WELD CALCULATIONS FOR JOINT BETWEEN PAD AND PIPES;

Note: 1" gaps on top and bottom have been omitted to allow room to weld drain and vent. These gaps
are insignificant compared to the total weld length and are, therefore, not considered in the analysis.

WELD PROPERTIES:

d:=4.5n (Ref. 5)
d o -

Cy := z Cy =2.25+in
d

Cz = — Cz=2.25-in
2

Aw = 2:(n-d) Aw =28.274+in

2
Swy =2 <%) Swy =31.809 +in’

Swz = Swy Swz =31.809 +in”
3
w2 (ff—> Jw =143.139 +in®

JOINT LOADS atB:

Fx=Vip - Fy=Pp ' Fz=Vcp

Fx=469"103 Ibf Fy =259 -1bf Fz =845.7 -1bf

Mx = Mg My = Mp Mz Myp

Mx =6‘626'103 «in-1bf My =3.276'103 «in- Ibf Mz = 1.939'104 «in-1bf
‘WELD STRESS:

Fx My Mz\?2 [Fy MxCy\? [Fz  MxCz\? 0'5 Iof
PV L AR Y 0 A +<_+—) fw =895.75 (Ref. 5)
Aw  Swy Swz Aw  Jw Aw Iw in
FILLET WELD SIZE REQUIRED:
S 1, = 16700-psi ALLOWABLE WELD STRESS PER CODE B31.3 (Ref. 1)
. for A312 TP306 Pipe ’
$=12-0.75-8y, S =1.503-10" -psi (Ref. 1)
e w =0.084 +in Minimum Fillet Weld Required
0.707-8
W Design <-1§g>m Design Fillet Weld Size
W Desi HNF-2474, Rev. 0, Page A-16
SF g = _Uesign  op fy =2.224 Design exceeds requirement by a factor of 2.224 - OK
w
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PIPE SUPPORT STRUCTURAL ANALYSIS Checked: J& /0% / 9> By: O3 Juplo
Location:C TANK FARM -200 EAST AREA HANFORD Revised: By:
BASE PLATE ANALYSIS;
y DIMENSIONS:
| < .
—— b b.=7.75in B .= 9%in
]
- - - 253 H
Z f— d:=11.75in D:=13:in
1:'/ a1
di .r__\./ ¢c:=7n t:= lin Plate Thickness
d2 -L . z

%:=4.5in z:=4.5in Attachment Diam.

X T T - (circular)
s G;’*z d p Bli=br =+ 2t bl =12-in

X .
[ dl .-c+5+2~t dl =11.25-in

d2:=d+dl d2 =23-in
LOADS @ ATTACHMENT "A1":  (See Page 11)
Fxl:=P¢ Fyl=V o Fz1 =V
Px1 =250 -1bf Fyl =845.7-Iof Fzl =4.69-10° -Ibf
Mxl = M Myl = My Mzl = M
Mx1 =3.276-10° +in-1bf Myl =4.134:10% +in1bf Mzl =1.058-10* -in-1bf
LOADS @ ATTACHMENT "A2" :
Fx2:=P ¢ Fy2:=V e Fz2:= Vi
Fx2 =259 Ibf Fy2 =845.7-Ibf Fz2 =4.69:10° -Iof
Mx2 = M ¢ My2 =My Mz2 =M e
Mx2 =3.276-10° +in'Ibf My2 =4.134-10% «in Ibf Mz2 =1.058-10° -in1bf
LOADS @ CENTROID OF BOLT PATTEREN:
Fx = Fxl1 +Fx2 Fx =518 -1bf
Ly =55 L2 Fy =1691-10° -lbf
Fz = Fzl + F22 F2=0.379-10 Iof
Mx := Mx1 + Mx2 + ¢ (Fzl + Fz2) Mx =7.221-10% «in:Ibf
My = Myl + My2 My =8.267-10" -in-Ibf
Mz = Mzl + Mz2 + o-(Fx1 + FXBINF-2474, Rev. 0, MP5 910" -in-Ibf HNF-2474, Rev. 0

Page A-17
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PIPE SUPPORT STRUCTURAL ANALYS!S Checked: o / 063 /94 By: NS SuPLo
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BOLT TENSION & SHEAR:
x M
r-BM M T=2745-10" -Ibf
6 3bl 2dlr2d2
0.5
sol[Br. M P wmx T ,
e 0.5 6 0.5 S =3.247-10" -Ibf
40+ &) 462+ d)
BOLT INTERACTION (1) - BOLT SIZE & EMBEDMENT:
A= 0462 Tensile Stress Area for 7/8 Diam. Bolt {Ref. 4) |
Sh := 13700 Allowable Tensile stress for A307 Bolts ' Ref. AISC \
at 2000 F, Pg.4-3 |
|
Ta:= 1.33-A ¢Sh Ta =8.418-10° TENSION Allowable
Sa=133A,08Sh  Sa=673410" SHEAR Allowable
Tl & si 1=0808-bf < 1.0 BOLTS ARE ACCEPTABLE
a a
BASE PLATE STRESS:
Mb = 3T (b - %) Mb =4.529-10% «inIbf Maximum Bending Moment on Plate  (Ref. §)
. 2
7. 2B Z=3-i
6
. Mb = - 4 81
S ob=1.51-10" -psi Maximum Bending Stress

8y, := 17800-pst

Oy = 1.33:Sp

ob =151-10* «psi

For A36 Plate

0 4 =2.367+10" +psi Code B31.3 Allowable  (Ref. 1)

<

0aq=2367-10" .psi  MAXIMUM STRESS LEVEL ACCEPTABLE

HNF-2474, Rev. 0, Page A-18
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Subject: Support Structural Analysis Date: \l/zA‘/cH By: L. H&Y&iéc

Project W-320 Waste Retrieval for Tank 241-C-106 Checked: 313 .95 By | "&Lw_é_

Location: G Tank Farm 200 East Area Revised: By:

TOTAL PIPE STRESSES
Includes local pipe stresses due to welded trunion. Assumes the same stress state in the process and
encasement pipe due to the trunion.

- - 3 v
" Process Pipe: (ASTM) AZ12 TP304 LD g}\ =5, = 16700 i
Max Sustained Stress (Autopipe, Ref. 8) 8128 psi
Rppdx - A ?03’* j63
Local Stress (Sus. + Ther. + Occ.) 7813 psi
(From [POP’, Pg. 6, Appdx A) Total 15941 psi < 16700 psi allowable

Max Displacement Stress (Autopipe, Ref. 8) 16758 psi

Local Stress 7813 psi
Total 24571 pst < 25050 psi allowable

::i: \-2'—55)\ +0.25 ‘Scj

Max Occasional Stress (Autopipe, Ref. 8) 13427 psi
Afpdx-A ’Faz[}l fod

Local Stress 7813 psi

Total 21240 psi < 22211 psi allowable:( 1«3 3 S}\ 3\

P

Note: The allowable stress exceeds two-thirds of yield strength at temperature (Ref. B31.3 Para 302.3.6(a) and should be reduced
slightly. However, the actual stresses at the intermediate anchor points are significantly less than the max occasional stress used here,
therefore this is acceptable.

T es .t fAw.D ) b - !

Encasement Pipe: ( ASTM AS3 i ECE B Sh = 20000 pe
Max Sustained Stress (STAB, Ref. 7) 1922 psi
Local Stress 7813 psi

Total 9735psi < 20000 psi allowable CS)\ D)

Max Displacement Stress (STAB, Ref. 7) 23800 psi
CToge -0 & b loles)
Local Stress 7813 psi
N Total 31613 psi < 40265 psi allowable

Note: allowable = 1.25(20000 psi + 20000 psi) - 9735 psi = 40265 psi (Ref. B31.3)

Max Occasional Stress (STAB, Ref. 7) 5904 psi
Local Stress o 7813 psi

Total 13717 psi < 26600 psiallowable (.33 S

HNF-2474, Rev. 0, Page A-19
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Fx=2(905 J5) = | e10 Mx=2(79850)=19700 1w (b
= /.8 *‘,!'\' ’:}59‘7 ;\.«‘kli'JS

Fy= 2(257 /)= 518 i My =2 (CBL16)42(4752 b)(7 i)
=0.52 P’i/s =80/60 fn b

=80.2 1~ -H/
Fz= 2(4752) =9504ks. (i

L5 hips  Mz=Z7(9298 ) 3659¢ m-/é -

- "\Q) A P ,L{/,o
i

1T -2

]P: 0.57
v

8 .
BAR 3/4" SOUARE o w
ASTM A 276 1P 304L 1
" GROUT— TIP3 P ————
a. )
N i

|

{

D\
Ny
L

25
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M\~. YelleV 2= /102 ;Wkip
e e
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Fe=R ﬁavxﬁr EP £
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We= 14 kip S |
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F= &5 -

N

HNF-2474, Rev. 0, Page A-22

54-4300-037 KEH-0037.00 (06/92)




KAISER ENGINEERS Calc.’'No. Wianrn—oy -k
HANFORLO

Revision o
DESIGN ANALYSIS Page No. 27 of =7
Client |4 /tfC WO/Mob No. £ 22 2/5 i/~ B24 :
Subject =7, Vv-((sr Lo —Covicrs S moop DA S/ 0 G BY rode S emer der
B el Checked 5lo¢/ g By ltin 3y, 77 o
Location : Revised ! By
d. Cheek mowent Froma OYne View,
o
-
4" - 6" ENCASEMENT-uM2Ea
£ /
4" PROCESS-M§
PL 1/2 x 6" ARC WIDTH L L /_
BiTacse )
o e 7
E__:a ) TYP -
R Y : =" <
M ?4 I \/r: PRANA AL,
i 1
1]
i .
i B
i —d .
a7 ~ |
B S R
= - ~ WEN Ae
LF«E, C.52 k\r
407
B- S MIN

Mo= M= 159 7 i kip
P- }IT.—;» We 4 We= B Kips

esM = 597 <170 k=50im = 8.3:
P V2K <

Twneceaze B 4o SI’Q//,WMC«\« will }mcr&assz'a‘, 35 b
o P'= 844 \/\\es

159.7 2 18.9 W
8.44

#uw = 2P ,omee €7 K

ZL(4 -e)
vk = 2.(8. 7.7 Kﬁg: N. &
% \—'Sl‘hZ) (3‘)%7," lg%) = K

HNF-2474, Rev. 0, Page A-23

54-4300-037 KEH-0037.00 (08/92)



KAISER ENGINEERS Calc. No.
HANFORD

Revision 2}
DESIGN ANALYSIS Page No. _2) of =
Client \W/R(_ WO/Mob No.Zpa= 1y i/~ m20
Subject 7rp pe-Cor fine— Goverzie Roso Do (e Date & /= /74 "By /‘» N,
Checked ~ . L: By fdon i, 175,

Location 71} & Revised By

~ .

cl. Cowndaaved -
—TY‘\%, B =

P Wi\l vmevesse \O\OV 315 b 4, D= 8.7 x/\;P

e= 1547 = |B8.73 i~
2.70

Gz 2(8.76 = 32,0 kot 2« t
Fui 3(4(:()) : 22_. ‘_-,3__%}’} 3 Ko fk‘ o

Note! 5 +o b, \\ “ o—‘r apconcena since e p pe lttreg
NV ?\ (AVES el adt Lo i‘:(ovm ove (‘—‘r\,\f‘/\\\n}
B
Fowm a ’c\\a-/m;‘ PIRte -

ER s & Loy
Ae Los -

e. Dedernine Reﬂ‘ce[ k u el *of Sy,

?\ ?_(lﬂ
/ I “ ¥ = 3.0 keF
L= % - 62)?3 ( = g Usa 2.4 ‘!’0 ",Z'L—i(‘MW\Q \OQ»\C(‘IV"'

(1% -18.2303 ‘ Soo Rleadee! Y5t ke t_\A&D acebo+
173w j; - 2 the ovma ll vnament s fine
= ‘44 : i m\u«r /"\fﬁf\‘;p/\,

Fruave Ave. Xee distribated lood
o e V0T consery. awd tuke Hae
\/th\/\/\e‘/\}’\‘ OJoow\’ \’\M’. cev\*ar.

b=4.0"
u= b o 164000451 6400 p 4/
Averoging Hhe gu W to gy sve

?wwe"'(ﬁi)ziv[é!‘?‘ /44) j G4 plf

L\-(qﬁ I =\2.8 @vk\?

HNF-2474, Rev. 0, Page A-24

$4-4300-037 KEH-0037.00 {06/92)




KAISER ENGINEERS Cale. No. W320 -27-0i5
HANFORD

Revision (o]
DESIGN ANALYSIS Page No. _»2 of =22
Client  \,/WC WOWob No. ER 4319 /Ww-320
Subject Tranehec {ne - Conevele Base. Desion Date & /74 /QZJ By 19 Awnf.
U Checked </J.,"%¢ By £ (n: 77,

Location 200 E Revised By

e. Conbnnumed

i Uf,a, o\e.S [SXV E\’DO’Q&{\L‘(& 3 0¥ AC—X SP"\’] (C{\) \/‘)L f) /%CI

/‘~ GHOW 9-)0".(. )

o= w_ -3 - 025 8 (G PN, = AL
F=ed? = (z2)9)* . O.08/

12000 12000
%:/\/—}L/F = }(ng /6\08! = )58‘02
K 4 wa@x 6@\‘C'\' ‘(<v\ mweo [ A/ 42// Y
Hw=370

rD-&IFCY"/V\E“A& g}eyum\ 3"}1’_ \ (‘Q?’ »/,'

As"' =) S RfotsS \W/'F+

(q)(4.21)
As, = 0000(12V02)= 0.26 by T As T A

\}5& Ay = O\%S(R‘A'Z/?CJ’
¢ CleeX Shear: L/VQ 2V &d rmw\ 0e e o; su(){)bf+

Ve = (2450 )bwol
e =(%~BE>Y\Z (4000) 2 (\2)(4) = ). 1u wip

Vi =g - A\e 6.4(4 %)e 7 kin 25 s or 47
“t (___q ) (”{} ) g P S@ebsuofmr% &
ﬁ[/c > V/u ok for cheor How ONE sy sheay™

Twe- \A/a\,,/ S\ea (Pawelningl ComPu+e bo F?o,u;/eo( awd

c,ovxx\"sc.\fe, bo (S“PP“Q‘D

=2(Z6b+9) + 2012 +9= 124 . (S\-\H\lle)

HNF-2474, Rev. 0, Page A-25

— , 54-4300-037  KEH-0037.00 (06/92}




KAISER ENGINEERS Cale. No.

HANFORD Revision )
DESIGN ANALYSIS page No. @3 of ;_57
Client /4 C WO/Job No. E,Qz;’%/q // 320
Subiect Travetor | ine— Concrele Bume Date 5 /24 /4 5 By ténn*{‘a
Desin Checked <j57, L/ By * .- L, T
Location 503 E Revised ° By

£ ) Con *‘r;\« uecl .

W, Vi =\.772 ¥0r A= 87 conserv.
ot §o= €L Som SP-17 ,pg—264.
Qb'~‘ 26‘(0
A_E.\//I('Afyz‘(‘zé""'q 0% /8 _1._6‘)\): 7:4 ?"rz
1z 12/

Vi= Agy g5 = (A 4FX6.67 weF)= (2. 7 Kips
Bem 2= 144 Ky=10 for Az20

ba:‘ (‘)(697'7): 3(9’5
i.772

bo <€ bs (SuPPf!éOU
E_&\;\‘/Se ect bow ' Use 5- S bar s qceo/(?aa //

w/ 37clr o boHorm a 5/ os
3PGC\V\%

" HNF-2474,Rev. 0, Page A-26

54-4300-037 KEH-0037.00 (06/92)



KAISER ENGINEERS Cale. No. W/map -z 7= r3- &
HANFORD .

Revision o
DESIGN ANALYSIS Page No. 2.4 of 22
Client  \4 /Lt WO/Job No ER4RIG /",«/ '»!2;)
SubieCt g mlen 7~ J i@ o Come o de e Dite g 7, / *»"w' BY ~ 2 Eom 5
Iom st Checked S uw 24 By \(/.CLA//:U.,,.,_
Location Y Revised ! By
c oo e : - .
T Tio R ,[ :;.3_5 Y I .
4_/_0//
2 5 -¥5 2ATY sralrn =5
?'.Lk_ ;‘:;2
i
j ' . . 1A e e e
| !
' I
© A L A
[ ' ‘___I
i
!
¢ ]
s ]
S g
J &
s 0
E

2YCLR
=

127

d

)

=t K
b

L)

d

HNF-2474, Rev. 0, Page A-27

64-4300-037 KEH-0037.00 (06/92)




KAISER ENGINEERS

Cale. No. W=20-27-0i%

HANFORLD Revision o)
DESIGN ANALYSIS Page No. 24~ of 227
Client  \a/ tic WOMob No. Z2 A219/W-220
Subject Imm<§:(r Line =Ca, crete Bpse. 03136/20/44/ By IR ?407"}\ 2
e Checked Zix., ' ¥: By Wb in .70/

Location Revised

By

g Check Pull =Out

‘f)’%‘(“a\/\ﬁ,é"‘x\, 0'? Anchor 807“*5;

Um:cac,*ofii.‘l 700\0{5 ‘\rrow\ P@ /5 of cale,

1bs

lbs

T=278¢C
&= 34077

£

Adle nacy o Bol+ has a /réaof;a- £
44

Usiw

er A ole tevimmecd

Clheek ewbedment ofepth of oawchor bolts

871 w-2)
* TYP 3 PL
BAR 3/4 SOURRE £ WP
O e ?Sﬁ; PL"G TP 3048
; &
E i
o ]
i N |
i \;_.__ d, S5 céb,
ngﬁgg!oif;sg TOR s NGLE \CDNCRE‘KE BASE
EX T
SECTION
Le =7 /1/\_
C= |44 10
Pu=5(].24Cle) (4@eAFic ) =26430 1
A= 0. 462 2
Fe= D65
F}c = 3000 ) ) o
Fu= 2¢4 = 87200 psi
O.4962 HNF-2474, Rev. 0, Page A-28

54-4300-037 KEH-

o wiethod presented . A/F STD,* GL-AMCE-0.

142 Bufe

1 E M%e&’.w, < v’z'l: .

0037.00 (06/92}




KAISER ENGINEERS

Calc. No. W370-27-0i5
HANFORDO Revision )
DESIGN ANALYSIS Page No. i/, of — -

Client  \,/Hc WOWob No. ER 43/9 /144520
Subject Teansbor Pine = Cownerote Ruse. Date 5/26/94 By LI Fepth

Dgaiew 1\ Checked £)f Ve By /X U0 00Ty
Location - n&p Revised By

%. Continued
i&: ‘CZ,‘,\\ 23 puét .-.C_
N Pe T
=z

(nd)

= /(;»44)2+ 2 (67210)(0462) ' _ 144w o 8.0

T (0.6S) S =20
2 .

- K@ Kg,) = ©.04)(1.0)(08L)092)56.43 ;.

L'le = le embedinen de/)?"l\, —szg
Eolﬁ-e, Dicdevice for Tewvizimn ZOaG(

tu=/05 ket (ASHE 2.2 Table A-2, 1993 FD.)
F‘a,: LS Ksi .

D=7 i«
Fuie= 05 kst
T lc= 4000 pst

vv\_t‘=\ wax = K%> [ ]05000 = 4.7(@LVL
S+ e 7 66 14000

My s Mmin. eostae_ O(I‘SJ'aan,

Ackial e_dga distance = 11,775 OH

Vo=223.7 Gu)* = 2237 (3= 37805 |bs

HNF-2474, Rev. 0, Page A-29

- 54-4300-037 KEH-0037.00 {06/92}



KAISER ENGINEERS

Calc. No.
HANFORO Revision
DESIGN ANALYSIS Page No. 2.7 of 5% 7 of o7
Client  WHC WONob No. R 4215 [ in/- 320
Subiect Trovehor Dine-Coverede Eose DA 5/20/F/BY IR Lngsh
Demc,\z\ Checked  ={Y (% By "Xijp  De0-377) .
Location 7 ON £ Revised By

% N CO\/‘\‘I.‘:-‘-/‘_)Q-’J} .
50(3e distavee Cor Sheor Looad!

VV\V=. D Vix = (Zé) _/—(_)m.___: =) 15 ~\\,\
A7 5 7.5 4000

\/‘/\C(i 4‘/‘/’.,// A/néh C‘sO.x‘»w{ +> F{G‘: 4 te. SE /wa-,
; = 4'0(:34/ /bs
V%/c.? 0.8 W‘CJW\‘/: 08 ( Zovie | OK -go r Shear

C\ec K oontwor boll SPQC~i\A3/I

Cen’ = wana s ez bo b spoevug

= 2 le T ) P 0

=2(7)+ 144 = 15,44 . > 11.7% A&
Q&-‘&\/&lu@"e L p= i}, 758% /\/Q-ha lnevease e vava.

evnbedwent u!{i“ T
cegured becavse

I’\m-'-é =0.29 H?e, = 0,93 C( Moy bol-soqvwmé,

less Jr\mwx YAV u%.

Lo = f (772 "—'7L32VL; W//é ¢wH'r
{0.973)

Go o B*-U-UNMC-2AX10.57 LG AsTM A4 193
Anchor bolts. (Min. ewid. = 7. 5 )

£
77

COV;C_/us :oms:

1) Conevete Base diniensions mow 4-07 s 47-07 s /-0~

2) lzeswlce.( - 5 # 5 bars eguall
sPacmg, /m/vy s iefe s é bof?[o

R Use ZB7 P anchor bolts nows 1027

s/é‘awc( W/ 3 c,/ear

/0;4;,

HNF-2474, Rev. 0, Page A-30

54-4300-037 KEH-0037.00 {06/92}




KAISER ENGINEERS Calc. No. WR20-27-0/%
HANFORD 0

Revision
DESIGN ANALYSIS Page No. 28 of 29 g of =9
Client WHC WOMob No. ER 4319/ vww="20o
Subject Trav\wk'ef Live ~Coveyeie {vaic{ Date 23/44 By .//]E f%m‘ﬁﬁ
Dealgy Checked SI=lya By /L ry o nosby oo -
Location U 2006 Revised By °

Lxs\_/ Size QQ%M:‘/LC\ ‘Yo{“ C,O\Acff‘{‘ ’:x«_;e__ W/ku Ouge

a) C\/\aa\& \/‘\/o v‘é* C,q:aa OW/h,w\ 1g Mome 1t
/—- 6" ENCASEMENT-M26a

/-4" PROCESS-MY
PL 172" x 6" ARC wWIDWH L

ASTW A 36 ﬁ& 0

- Q \ t=zfz3 )

h L\

PIPE, 4" SCHED 80 R —

AST & 106 6 B —— | 7/8711-UNC-28
Jrn _{ 1 M AR L

&

l
T
1
= i
1 ]
| = |
1 I
cth /——-- 215 -~ BOLT 7/8-11-UNC-2A xl0} ‘o

Mo ol 700
|P

3-0" MIN

/Vi?(" 79.8% 'M'Vu'p

P=Fy +We + 8

wheve 2

‘\/\/g—,\-v SOPc?U X3 %3
S = I/5F¢\3(3K3><3ﬁ
IE%, 59 Jbe

P=259+1350+4057 = 5,647 nip

[{-X-2%]

e=7‘785 ;V\‘k;p = /4./ o K" 3(0 ;\-\ = b
567

! K wik = 3.9 ksf
pmes < » o ™ 37(?& = '7 3%(3) 210

HNF-2474, Rev. 0, Page A-31

)= 1350 \o (Comerete W2)
2)=4057 16 ( %oil W)

54-4300-037 KEH-0037.00 {06/92)




{Z6/90) 00'LEQO-HIX  LEO-OOET-$S
Te-veBed 0 A9 ‘pLYT-INH

m‘:\%

‘pailnbai s| sisAjeue 1ayying o "pijeA {[11S St 0 UOlSIAaL Ul papiaosd

uoIsnisuod ay; ‘pi ebed ‘uoneinoles syl Jo Z ucisiaal Ul pajussald speoj pasiaal ay} uodn paseg
. - {
/,o//iy/\ [[1F S! s>V 2A0q0 Vg Loy lvu\ﬂ i N \(/)\2’\%
Fobuc! 3o | MOSInas Wi popvasesd 3o pasines oen PosTg 'Zf?)
m” L /foaﬁ oY+t

?JOj:uQ%é)

o vé_e;a/o CUTARG Ao pssossu wso 9;/1/.0177 ou’
SN[ oA ,a'/_lj 91774 ’Mv\f7g A,/Q*D?JO
IIQ( %/l)y«!uxi/’a/ ——
Y B PO

okgpe 7q PG poPpepndon
DA MUY ’—uo/.,/mw,,tc‘:w/ 597 44G 24
w0 preShg B2/ ﬁ?w‘qm"j Svi whisip af T YL
. /. R
ol e X, g pis S v |
SRRV LS

L e

S oA & E WS
o [
P < 7”\/}\/\‘ \\z\m Ve DT T Pl

Sl &
- oo P o i W de B2 |~
CHpEIT T 'W'/RV N :7)3%\1‘ ' ’(M\vnd«».x
1224524 INADT 2y ]7-‘»9vm'\_><o/\le /éav-.\_\/\\‘\u\_\/\\\gu,l\.
g XL 70 29 pRON \yi Moo vy BNy
2T NG TR0 BV LGNS IR 1wV ) e (g
—— W i ‘I i o
wotClapl ) Dpeion |
ST AN A8 346/ B/ B pesiney Y 1 =
E ISV ¢
TV EETFAEE A ] /\'J,\.\—\:v-U/> 100lGnS
AN s

1%
U T2 A 7 TS peawosy)
> 5/%.0/ J8eq

Soywnl gf 4+ 20 AL DT LU0 VWIND W)
\A’\/OR

TEORTS

uonesoT

6"’}-‘-}“-"{";’]; ,7! ,/_; _AB
TCTL~-/F /L7 7! 7 oN aor/om
jo "L "o efey SISATYNV NDIS3a
3 uoIsIAgY OO ANYH
SMYIINIONT HISIV

=7

A
L2701 o ded

e
o K-




SOURCE:

WELDING RESEARCH COUNCIL BULLETIN NO. 107MARCH 1979 REVISION.LOCAL
STRESSES IN SPHERICAL AND CYLINDRICAL SHELL DUE TO EXTERNAL
LOADING" BY K.R. WICHMAN A.G. HOPPER AND J.L. MERSHON

PROGRAM AUTHOR: MOHAMMED M. AHMED

FILE NAME: W320POP. mcd

WORK ORDER/ JOB NO: ER4319

INPUT BY: Dianna L. Stone

CHECKED BY:
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MODEL 7400

Design Specific2**-,

Janue —_
{Supersedes V. K

WAFER-MAG™ ELECTROMAGNETIC FLOWMETER

DESCRIPTION
The Brooks® Wafer-Mag electromagnetic flowmeleris a

“solid state, obstructionless flow rale measuring device

whichis capable of measuring a wide range of conductive
liquids, clear or slurried.

The Wafer-Mag is comprised of two basic parts: a How
transmitter which becomes a part of the pipeline and a
signal converter. A magnetic field is generated by com-

pact high density field coils mounted 1o a short sectionof .

straight pipe. As a conductive liquid passes through the
pipe section and ils magnetic field, a voltage is generated
that Is directly proportional to the velocity of the conduc-
tive liquid. The voltage induced is sensed by electrodes
mounted at right angles to the magnetic field and in
contact with the conductive liquid or slurry. The elec-
trodes are insulated from the pipe by a non-conductive
liner that encapsulates all wetted parts of the pipe. From

the electrodes, the voltage is transmitled to a signal .

conditioner where it is conditioned to the desired output
signal(s).

“he Brooks Wafer-Mag employs a keyed bi-directional de

magnetic field and digital electronics to establish new
criteria in wide rangeability, high accuracy and low power
consumption. The Wafer-Mag generates an open collec-
tor frequency (proportional to liquid velocity) of 10 kHz at
maximum flow rate. Convenientlerminal connections are
provided to permit local or remote verification of proper
meter operation. Optional analog current or factored/
scaled pulse outputs are available for integral or remote
mounting.

DESIGN FEATURES

* Accuracy of £0.5% of rate

* Laylength: wafer body design for installation between
mating flanges of ANS!, DIN of BS bolt pattern, 1o 300

Ib. ANSI rating. Minimum length for maximum ease of
Instaliation.

Light weight. the wafer body design minimizes weightto
maximize ease of handling.

Unobstructed flow. no restrictions are in the liquid path.
Pressure dropis equalto an equivalentiength of pipe of
the same inside diameter.

Stable operation: flow measurementis unaffected by
Changes in temperature, pressure, specific gravity,

viscosity and/or conductivity above a minimum of 3
micromhos/cm over a wide range of ambient tempera-
tures.

DC magnetic field: bi-directionally driven magnetic
field.

Automalic zero: no adjustments required. Signal volt-
age is dynamically verified each time the coil current
reverses up to 75 times per second.

Low power consumption:. approximately 15 watls for
sizes 0.15" 10 8",

Interchangeable electronics: all wafer-mag electronics
are interchangeable. No test equipment required.

Potted coil housing: coil housing internals are
complelely potted for maximum environmental
and vibration resistance.

Separale sealed wiring compariments:. provide easy
customer access for hook-up with maximum protection
for electronics.

Digital analog spam: analog output has digital span
sefting for re-ranging without test equipment and no
electrical power required for setting.

Optional Smart electronics (3580): configurable through
local or remote operator interface.

Brooks Instrument

HNF-2474, Rev. 0
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Electrical Approvals:

-’ Flowheads withintegralelecironics: FM approved Ciass
1, Division 2, Groups A, B, C and D, Class 11, Division 1,
Groups E, F and G and Class Il

« Flowheads for remote hook-up to 3560, 3570 or 3580
electronics: FM approved Class |, Division 2, Groups A,
8, Cand D, Class li, Division 1, Groups E, Fand G and
Class lll.

« Optional: FM approved Class 1, Division 1, Groups C
and D. Flowhead can be used with Brooks remote
electronics Models 3560, 3570 and 3580.

SPECIFICATIONS

WARNING: Do not operate this instrument in excess
ofthe specifications listed below. Failureto heed this
warning could result in personal injury and/or dam-
age to the equipment.

Capacities

FullScale Meter Range: 1to 10 meters/secor 1to 10feet/
sec, jumper selectable with no special calibration
required (refer to Table 1).

Accuracy
System +0.5% of the rate from one unit per second to fen

units per second. (one unit = one foot or meter) and__ .

0.005 units per second below one unit per second.

Analog output .
Add £0.1% full scale to above accuracy specifications.

Repeatability
0.25% of rate

Pressure Limits

740 psig @ 100°F (40°C) Tefzel and Teflon tubes

285 psig @ 100°F (40°C) Ryton™ tubes (1" and smaller)

150 psig @ 100°F {40°C) Ryton tubes 1-1/2" and 2"

Temperature

Ambient: 0 to 150°F (-18 10 65°C)

Process: Refer to Table 2.

Power Requirements

Selectable by jumper plug -115 Vac or 230 Vac. £15%
47-63 Hz, 10-30 Vdc

Power Consumption

15 Watls maximum

Table 1 Capacity Table - Velocity-1o-Flow Conversion Factors 0.15" to 8" *

Flow in gpm Units = Feet Flow in gpm Units = Meters
Meter Low Flow Low Flow Guidelines
Size 1.000 fsec 10.00 fUsec Cut-off @ 1.000 m/sec | 10.000 misec Cut-off & Flow 6 f/sec,
Inches| mm gpm Ipm apm Ipm gpm ipm apm Ipm gpm Ipm gpm | Ipm | gpm ipm
0.15% 1 4 0.055 { 0.2% 0.58 2.1 0.001 | 0.004 | 0.18 0.68 1.8 6.8 0.004 | 0.02 | 0.33 13
0.3 8 0.22 0.83 2.2 8.3 0.005 | 0.02 Q.72 27 7.2 27 0.02 | 0.06 1.3 4.8
1/2 15 0.86 3.3 8.6 33 0.02 0.08 2.8 10.6 28 106 0.06 | 0.23 5 19
1 25 23 8.7 23 87 0.05 0.20 7 28 75 284 0.16 0.6 14 53
1-1/2 | 40 5.5 21 55 208 0.13 0.48 18 68 180 681 0.41 1.6 36 136
2 50 9.1 34 81 344 0.2% 0.78 30 113 300 1,136 | 0.68 2.6 55 208
3 80 21 80 213 806 0.48 1.8 70 265 700 2,650 1.6 & 128 485
4 100 37. 138 365 1,382 | 085 | 3.2 120 454 1.200 | 4,542 2.8 10 220 833
& 150 83 314 830 3,142 1.9 7.2 270 1.022 | 2,700 110220} 8.2 24 485 1,874
8 200 152 575 1,520 | 5,753 35 13 500 | 1,893 | 5,000 | 18,925 | 11.5 44 915 3,463

* All Values are approximate — actual values will depend on flow tube K-factor

™ These meter sizes are only offered with Ryton fiow tubes, maximum pressure 285 psig at 100°F {40°C)

@ Low flow cut-off is 2.3% of the selected analog setting adjustable from 23 Hz as listed in the above table through 230 Hz at the
MAXIMUM FULL SCALE ANALOG SETTING AT 10 FEET OR 10M PER SECOND,

Table 2 Maximum Workin

Pressures and Temperatures

Pressure psig (kPa) Maximum
150/300 Ib. Flanges Allowable
Materlals | Characteristics Available in tiquid
(Liner) (Liner) Meter Sizes 0-100°F (40°C) 200°F {33°C) 300°F {145°C) Temperature (1)
740 psig 675 psig 655 psig 300°F
Tefzel | Chemical Resistant |1/2 through 8 inch 5202 kPa 4745 kPa 4605 kPa {149°C})
740 psig §75 psig 655 psig 350°F
Teflon | 3A Food Services |1/2 through 6 inch 5202 kPa 4745 kPa 4605 kPa {149°C)
285 psig 185 psig Not 200°F
Ryton Fractional Sizes' .15 and .30 inch 2004 kPa 1300 kPa Applicable {93°C)
Kynar | Consult Factory | Consult Factory CF CF CF CF
“©te (1): Temperature tmits may vary depending on liquid being metered.
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PROGRAMMED BY: VERSION: 0
M. M. ABMED PAGE NO: 2
INPUT DATA:

NOTE: THESE ARE THE LOADS ACTING AT PIPE WALL & ‘ (Ref. File SA-07.med,
ATTACHMENT JUNCTURE. "Pipe Loads at B")
P=259 RADIAL LOAD IN POUNDS

M =6626 CIRCUMFERENTIAL MOMENT IN INCH-POUNDS

M;=19390 LONGITUDINAL MOMENT IN INCH-POUNDS

M=3276 TORSIONAL MOMENT IN INCH-POUNDS

V=846 SHEAR LOAD ACROSS PIPE LENGTH IN POUNDS

V124690 SHEAR LOAD ALONG PIPE LENGTH IN POUNDS

2. GEOMETRY:

T=1.267 FROC.PIPT 0 237+ENC, PIPE 0.28+PAD 0.75=1.267"

Rm=2.68 (ENC. OD 6.625 - T 1.267)/2

102225 ATTACHMENT PIPE (TRUNNION) RADIUS IN INCHES

w=0.3125 FILLET WELD SIZE IN INCHES

r=0.707-w FILLET WELD RADIUS IN INCHES

r=0221

3. GEOMETRIC PARAMETERS:

r QTRT PIPE/VESSEL PARAMETER
r=2115

B 5(0.875)-1;—011 ATTACHMENT PARAMETER
B =0735
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PROGRAMMED BY: VERSION: 0
M.M.AHMED PAGE NO: 3

4. STRESS CONCENTRATION FACTORS:

9.7 |0:63

Kn=1+ <?> TENSILE FACTOR
O T,

Kn =2.594
2.\ 08

Kb=1+ (9 a ) BENDING FACTOR
4T

Kb=2.173

BIJLAARD'S NONDIMENSIONAL CURVES:

THESE CURVES ARE PLOTTED FOR 'B'VERSUS A NONDIMENSIONAL
CONSTANTS FOR DIFFERENT VALUES OF 'T' AND APPLIED
LOADS.THIS PROGRAM ADOPTS A SIMPLE AND CONSERVATIVE
APPROACH FOR A SPECIFIC, MOST OFTEN USED RANGE OF VALUES
FOR 'B' & 'T"". SINCE MOST OF THE PIPE ATTACHMENTS

DESIGNED HAVE THE PARAMETERS 'B' & 'T" WITHIN THE RANGES
LISTED BELOW, THE MOST CRITICAL NONDIMENSIONAL CONSTANTS
ARE CHOSEN FROM THE APPLICABLE CURVES AND USED IN
COMPUTING STRESSES CONSERVATIVELY, THUS ELIMINATING THE
USE OF BIJLAARD CHARTS EACH TIME.

IF VALUE OF 'T" 1S BETWEEN 5 AND 15 T'=2.115

AND "B" = OR > 0.5, B =035

USE THE CONSTANTS GIVEN BELOW.

(IF I' & B DO NOT FALL WITHIN ABOVE RANGE, READ CONSTANTS
FROM SPECIFIC CURVES AND USE THEM IN PLACE OF CONSTANTS
LISTED BELOW.)

SINCE "b

SINCE VALUES ARE OUT OF ABOVE RANGE , APPROPRIATE BJILAARD
CONSTANTS ARE USED.
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PROGRAMMED BY:
M.M. AHMED

CONSTANTS FOR CIRCUMFERENTIAL STRESSES:

VERSION. 0
PAGE NO: 4

AbROT0
B$=0.04
C$=020
Dégo.12
E$=0.50

Fém0.04

FROM FIG 4C: VALUE OF 'N¢/P/Rm' FOR 'P'
FROM FIG 2C-1: VALUE OF 'M¢/P' FOR 'P'

FROM FIG 3A: VALUE OF 'N$/Mc/Rm"2.5' FOR Mc
FROM FIG 1A: VALUE OF 'M¢/Mc/Rm.p' FOR Mc
FROM FIG 3B: VALUE OF 'N¢/ML/Rm"2.' FOR ML

FROM FIG 1B: VALUE OF 'M¢/ML/Rm.3' FOR ML

CONSTANTS FOR LONGITUDINAL STRESSESS

Ax=0.60

Bx=0.08

Cx=0.30

Dx=0.07

Ex=0.15

Fx=0.08

FROM FIG 4C: VALUE OF 'Nx/P/Rm' FOR 'P'
FROM FIG 1C-1: VALUE OF 'Nx/P' FOR 'P'

FROM FIG 4A: VALUE OF 'Nx/Mc/Rm”2.8' FOR Mc
FROM FIG 2A: VALUE OF 'Mx/Mc/Rm.' FOR Mc
FROM FIG 4B: VALUE OF 'Nx/ML/Rm"2.5' FOR ML

FROM FIG 2B: VALUE OF 'Mx/ML/Rm.p' FOR ML
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PROGRAMMED BY:
M.M. AHMED

CIRCUMFERENTIAL ( 6¢ ) STRESSES:

odb= Kb~B¢<6'£
T2

M,

ode =Kn-Co- 5
Rm"-B-T

o6d=Kb-Dd-6- °
(RmB)- T

ope=Kn Ed-

Re?- BT

$f=Kb-Fd-6 Ml
. I
(R p12)

VERSION-0
PAGE NO:5

oda =138.48

ofb =84.125

ofc =514.14

obd =3.28-10°

e =3.761-10°

o4f =3.199-10°

CIRCUMFERENTIAL STRESS (c$) SUMMATION:

NOTE: USE THE MOST CRITICAL STRESS OF THE FOLLOWING

SUMMATIONS.

odCu=cda + ob + ofe + odpd

OR

cdAu=oda + opb + ode + odf

o¢Cu =4.016-10°

obAu =7.183-10°
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PROGRAMMED BY: VERSION:0
M.M. AHMED PAGE NO:6

LONGITUDINAL ( ox ) STRESSES:

et = oxa =118.697
b =Kb Bx-61
oo 2RO 7 oxb =168.25
oxc=Kn-Cx i
xc=Kn Cx- _
) Rt BT oxe =771.209
[ 3
oxd = Kb-Dx-6- = oxd =1.913+10
(R p-%)
M1 3
oxe=Kn-Ex 5 oxe =1.128-10
Rm“ BT
M 3
oxf=Kb-Fx6——— oxf=6.39810
(Rmp-12)

LONGITUDINAL (ox) STRESS SUMMATION:

NOTE: USE THE MOST CRITICAL OF THE FOLLOWING SUMMATIONS.

oxCuzoxa + oxb + oxc + oxd chu=2.97l-103

OR

oxAu=oxa + oxb + oxe + oxf oxAu=7.813-10°
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PROGRAMMED BY: ’ 'VERSION:0
M.M. AHMED PAGE NO:7

SHEAR (I'x¢) STRESSES:

(et T) SHEAR STRESS DUE TO TORSION 'MT"
x4l =81.287
bt o V 4
P oT SHEAR STRESS DUE TO SHEAR 'VC'
T'x¢2 =94.463

Y

I'x¢3=

1o T SHEAR STRESS DUE TO SHEAR 'VL'

T'x¢3 =523.677

SHEAR STRESS (I'x$) SUMMATION:

THE TWO COMPONENTS OF SHEAR STRESSES ARE:
TxdAu=(Txpl + I'x¢2) I'x¢Au =175.75

Tx¢Dus=(I'x¢1 + Ix$3) I'x¢Du =604.965

NOTE: WHILE QUALIFYING THE PIPE STRESSES FOR ASME CODES B31.1 AND B31.3, THIS
PROGRAM, "POP", SHALL BE RUN TWICE, ONCE FOR THERMAL LOADS AND ONCE FOR
SUSTAINED + SEISMIC LOADS.  THE HIGHEST OF THE LONGITUDINAL STRESSES

(oxAu or oxCu) COMPUTED ON PAGE-6 OF THIS PROGRAM SHALL BE ADDED TO THE
"AUTOPIPE" PIPE STRESSES FOR RESPECTIVE LOAD CASE. THE SUMMATION PIPE NORMAL
STRESSES (AUTOPIE) AND LOCAL LONGITUDINAL STRESSES (POP) SHALL BE WITHIN THE
CODE ALLOWABLES FOR CORROSPONDING LOAD CASES.

HNF-2474, Rev. 0, Page A-39
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ICF KAISER
HANFORD COMPANY

Calc No. W320-27-016
Revision No. -0~ 2

DESIGN ANALYSIS PageNo. 1 of 9

Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  Filename:COBA. WP
3ubject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-85 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
tocation C TANK FARM - 200 W. AREA Revised / / By

11/25/,,7

Lev. 2 EY? |8 Ham
cre By 3999 Rev-1: By: f Qbved — ¢.28-9¢
OBJECTIVE: Chk'd By::p é‘%_—_//7 /-7 |
The objectives of this calculation are:

1. Perform static and dynamic piping stress analysis of the "C- Tank Farm™ Jumper Assemblies in order to
be in compliance with the Code ASME B31.3 requirements.

2. Qualify the Integral Sea! Block {ISB)} Jumper connectors for loads exerted by
piping in accordance with document WHC-SD-W236A-DA-002, Rev-0

3. Prepare a report on piping loads exerted on pit wall at pipe penetration location.
REV-1:

To incorporate the changes reéulting from using a different Booster pump.
ev-2+  Vewky As-bollt covdtions !
DESIGN CRITERIA:

. ASME CODE B31.3-93 with Addenda up to 1994.

. SDC 4.1, REV-12. (Moo FOMW Putice * 134,215,117 ) A
. PROJECT W-320 FDC: WHC-SD-W320-FDC-001, REV. 2/ 4

. WHC-SD-W236A-DA-002, Rev-0

W=

DESIGN INPUTS:

GENERAL (Applicable to all Jumpers)

Ambient Temperature 40°F (Ref. 3)

Design Temperature: 180°F (Ref: 3)

Design Pressure: 325 psig (Ref: 10)

Hydrostatic Pressure 490 psig

Pipe Materials: ASTM A312 TP304L {Ref: 19}

Pipe Sizes: 3in. and 4 in. | Rev-1 {Ref: 19)

Pipe Wall Schedule 40 (Ref: 5 & 19)

Safety Class category: SC-3 (Ref. 4)

Corrosion Allowance 0.06 inches (Ref. 7}

B31.3 Code Allowable stress 16700 psi (Ref: 1)
MA-CO6LS A\

JUMPER US-A, B PUMP PIT 241-C-06A (Autopipe Filename: MA-COBA & €06A=ST— B

Process Fluid: 241-C-0BA SLury (Ref: 20)

Specific gravity: 1.20 (Ref: 8)

Piping Dimensions: Dwg: H-2-818505 (Ref: 19)

Flanges ' 300# ANSI rated (Ref. 21)

Connector weights 4": 1221bs 3" 77 lbs 2": 29 lbs (Ref: 9)

Nozzle weights 4": 111lbs 3" 6.5lbs 2": 2,5 Ibs (Ref: 9)

Kickplate weights 4": 16.51bs 3": 121bs 2" 3.51lbs (Ref: 9)

Pressure Element Weight 47; 27 tbs N/A 2": 12 Ibs (Appx: C) {Ref. 18)

Pump Wiums = 1000 Ibs (Appx: C)  (Ref: 17) | Rev-1

Pump Motor Weims Motr = 2250 Ibs (Appx: C) (Ref: 17) | Rev-1

Blank 2" Connector with Counter Weight 86.98 lbs {Appx: C) (Ref. 22)

HNF-2474, Rev. 0
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ICF KAISER Calc No. W320-27-016

HANFORD COMPANY Revision No. 0
DESIGN ANALYSIS PageNo. 2 of 9
Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  Filename:COBA. WP
Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM -200 W. AREA Revised / [/ By:
JUMPER U86-A PUMP PIT 241-C-06C {Autopipe Filename: MA-JBA)
Process Fluid: Tank 241-C-106 Supernate (Ref: 20)
Specific gravity: 1.12 {Ref: 3)
Piping Dimensions: Dwg: H-2-818515 (Ref: 19)
Connector weight 122 Ibs {Ref: 9}
Nozzle weight 11 lbs {Ref: 9)
Kickplate weight 17 Ibs {Ref: 9}
Jumper Flushing Blank Head 71.5 lbs (Ref: 9)

DESIGN METHODOLOGY:

C Farm Jumper Piping Assemblies include Jumper US-A that is located in Pump Pit 241-c-06A and Jumper
U6-A that is located in Pump Pit 241-C-06C.

The jumper assembly models include connectors and nozzles. The nozzies are considered to be rigidly
anchored either to pit walls or cover plate for tanks (H-2-818524 and H-2-818526, Ref:19).

The jumper connectors are specified as Integral Seal Block (ISB) connectors {Ref:9) The document
WHC-SD-W236A-DA-002 (Ref:22) provides all the analytical data such as connector stiffness,
acceptable piping loads & seating forces for the ISB connectors. These connectors have been modeled in
Autopipe as short radius elbows and flexible couplings with specified translation and rotational

stiffness. The connector and nozzle weights are imposed at Flexible coupling.

The weights of structural steel assemblies and lifting bails used to connect jumper piping to nozzles during
installation are calculated and imposed at appropriate points.

Stress analysis of the jumpers has been performed in accordance with ASME B31.3 for sustained, thermal
and seismic loading (Ref. 1} using the computer program "Autopipe” Version-4.6 by "Engineering Design
Automation™ (EDA) (Ref. 11).

SUSTAINED LOADS:

The "AutoPipe" program checks the sustained stress (the summation of gravity and pressure
stresses) against the B31.3 Code Allowable stress "S" for the material specified for each jumper

piping.
THERMAL (DISPLACEMENT) STRESS:

The maximum design temperature for the pipe of 180°F and the ambient temperature of 40°F
has been used in "AutoPipe” program to qualify the thermal expansion stress to the Code B31.3
allowable for displacement stress, "Sa". :

HNF-2474, Rev. 0
Page B-5
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HANFORD COMPANY
DESIGN ANALYSIS

“lient WESTINGHOUSE HANFORD COMPANY

Cale No. W320-27-016

Revision No. o]

Page No.

WO/Job No. ER4319

3 of 9
Filename:COBA. WP

3ubject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM - 200 W. AREA Revised / / By:

SEISMIC STRESSES:

The jumper piping has been categorized as Safety Class 3. However the pit structure is classified
as Safety Class 1 category. In order to perform Safety Class 3/1 analysis for this investigation,
dynamic response spectra analysis is performed using Safety class-1, "Fig 3" seismic response
spectra (6% Damping) of SDC 4.1, Rev-12 (Ref.2). This response spectra is created in
"AutoPipe" as "SC1" and used in this dynamic analysis. Autopipe qualifies seismic stresses as
occasional stress with the code allowable 1.33S.

The Jumper Connectors are qualified in accordance with WHC-SD-236A-DA-002, Rev-0 (Ref:22)
Table 3.4 Acceptable piping loads. The acceptable axial force is limited to allowable seating
forces for 50 ft-Ib torque of Table 3.3 assuming all the actual axial loads tend to un-seat
connector assembly. This results in conservative analysis. The acceptable loads are not increased
by 1/3 as permitted on page-6 of Ref:22, which is conservative. The interaction of loads for
critical connector is calculated (See page-6 of this calculations) as specified on page-7 of Ref:22.

HYDROSTATIC PRESSURE:

A hydrostatic pressure analysis is performed for 490 psig (1.5 times of Design pressure)
and documented in Appendix-B.

The following describes the modelling and analysis techniques unique to individual jumpers.
JUMPER U9-A

Jumper US-A includes the piping extending from the Tank C-06 Submersible Pump Assembly
nozzle (A) to the Tank C-06 Booster Pump, and from the Booster Pump to the Transfer Line
nozzle (U-9). The "Frame" feature of the "Autopipe" program has been used to assimilate the
Booster Pump Assembly in order to consider the adequate stiffness of the pump in the system.
The weight of the pump and motor is imposed at locations corresponding the centers of gravity of
the pump and motor. The seismic stabilizer is represented in the model by two 3-inch

schedule 40 pipes that connect to the lifting frame sub-assembly.

‘A Gravity support (Y-stop) has been modeled directly below the pump assembly (Node point#1)
which is seated on concrete pedestal for the Sustained (Static) analysis only (See Appendix-B).
The Y-stop is removed from the model for the dynamic analysis (See Appendix-A)} in order to
retain the linearity of the dynamic analysis and most accurately assimilate the effects of
movement of the pump assembly in a Seismic event.

Weight of instrumentation has been applied at the instrument center on the pipe with flanges
input as 400# ANS! rated in accordance with the 325 psig design pressure.

PIPING LOADS AT BUILDING PENETRATION ANCHORS
The spreadsheet program, "Excel” (Ref. 12), has been used to summarize Pipe Loading at Building
Penetration Anchors and listed on pages 7 & 8.

HNF-2474, Rev. 0
Page B-6
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HANFORD COMPANY ' Revision No. 0~ Z-
. DESIGN ANALYSIS Page No. 4 of 9

“lient WESTINGHOUSE HANFORD COMPANY Wo/Job No. ER4319  Filename:COBA.WP
Subject AY FARM - JUMPER STRESS ANALYSIS Date 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Chacked 9/11/95 By: M.K. Pal

Location C TANK FARM - 200 W. AREA Revised “/Z-Sf'\7 8y: }( }«‘,N/\se/

) {
CHED By L Ot

3.04¢
ASSUMPTIONS: :

1. Since the "Autopipe" program cannot perform non-linear dynamic analysis, Y-stops {No gap
below and an infinite gap above the pipe) is ignored for the dynamic analysis. This results in a
conservative analysis.

2. It is assumed that the lifting bail and structural steel assemblies designed to support the jumper
piping during installation will be supported by the jumper during operation.

3. Assumed the ISB jumper connectors will be used and torqued to 50 ft-lbs.

4, Building structures and tank nozzles are structurally adequate to withstand pipe loads.

REFERENCES:
1. ASME Code B31.3 and B31.3a-1994 Addenda for "Chemical and Petroleum Refinery.”
2. SDC 4.1, Rev. 12, "Standard Architecture & Civil Design Criteria."”

(Mow FOMW Pracdice 2 134, 21512177, Ozsign Losds £, Facbdhies ) /Z\
3. WHC-SD-W320-FDC-001, Rev-/Z/. "Functional Design Criteria for Tank 241-C-106 Waste -
Retrieval, Project W-320".

4. WHC-SD-WM-SEL-033, Rev-1, "Safety Equipment List for 241-C-106 Waste Retrieval Project
w-230"

5. Construction specifications W-320-C5, Rev-0 , Section 15493 for piping materials.
6.Construction Specification No: B-131-C1, Section 15415 for piping materials.

7. Calculation No: W-030-011, Rev-1 for "Fouling factor and Corrosion rate."

8. Data Compendium, Bruce A. Castaing

9. Jumper Design Fabrication Drawings: H-2-821325, H-2-821326 & H-2-821404.

10. DSI from C.D.Jones dated March 28, 1994 "Design Pressure for Slurry and Sluice Pumps".
11. Computer program "AutoPipe" Version 4.6 by "Engineering Design Automation.”

12. Computer Program "EXCEL" Version 4.0, by Microsoft.

13. Crane Technical Paper No: 410, 22nd Printing-1986.

14. Ryerson Stock List and Data Book, 1985-86 Edition, Joseph T. Ryerson & Son, Inc.

HNF-2474, Rev. 0
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Client WESTINGHOUSE HANFORD COMPANY
subject AY FARM - JUMPER STRESS ANALYSIS

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106
Location C TANK FARM - 200 W. AREA

Calc No. W320-27-016

Revision No. 0
Page No. 5 of 9

WO/Job No. ER4319  Filename:COBA.WP

Date 9-11-85 By: M.M. Ahmed
Checked 9/11/95 By: M.K. Pal
Revised / [/ By:

Rev-1: By:iL Ohwed 6.28:9¢
Checked By: D (. X570 7/ -%

15. PBM Reference Book Sec. Il (SP Series) and Sec. IV (MP Series), PBM, inc.

16. Fax Transmittal Memo from Micro Motion, Inc. Fax dated 6/22/94

17. Fax Transmittal Memo from C.D.Jones of Reliance Dimension Sheet 611740-503 and Goulds
Catalog # GPM5, Page 134 for Pump Model 3900 , dated 1/23/95

18. Fax Transmittal Memo from Red Valve Co. Inc.,

on Series 40 Pressure Sensors.

19. Piping Arrangement and Detail drawings: H-2-818524, H-2-818505, H-2-818508,

H-2-818526, and H-2-8185156

20. Process Flow Diagrams: H-2-818558 H-2-818559, and H-2-818560

21. ASME/ANS! B16.5

22. WHC-SD-W236A-DA-002, Rev-0 "Stress Analysis of Single Port (ISB} Jumper Connectors for

2-, 3-, and 4-in Sizes".

23. Seismic Design White Paper Project W-320 Tank 241-C-106 Sluicing ~

CALCULATIONS:

The calculations are documented in this package as shown below.

AutoPipe stress analysis results & Isometric models
Jumper Connector load qualification

Pit Wall Anchor Loads

Jumper 3D Isometrric Model for AutoPipe

CONCLUSION:

Appendices A, B&C
Page-6
Pages 7 & 8

Page-9 I Rev-1

The review of the "AutoPipe" summary results attached as Appendices to this calculation
indicates that all pipe stresses are in compliance with the requirements of ASME Code B31.3

requirements.

The Jumper qualification on page-6 indicates that ISB connectors are adequate for piping

loads.

The Piping loads on Pit walls at piping penetrations are summarized on pages 7 & 8.
HNF-2474, Rev. 0
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5 FLUOR DANIEL Cale. No.: W320-27-016

NORTHWEST INC. Revision: 2
~ DESIGN ANALYSIS Page No: 5, of ]
Client: Numatec WO/Job No.: ER4319/W-320
Subject: C Farm Jumper Stress Analysis Date: | 1/25 /c} 7 By: HAY“”
Project W-320 Waste Retrieval for Tank 241-C-106 Checked: 3.17,9 ¢ By , OJV“’)}
Location: C Tank Farm 200 East Area Revised: By:
Rev, 2

CONCLUSION (CONTINUED)
5%

Rev. 2 of this calculation verified the analysis against the as-built conditions (ee&k#R4#e7). The analysis

includes the weights of a flow meter and pressure sensors. These weights are not critical to the results of the

analysis. Therefore, any differences between the weights used in the analysis and the approved vendor data

are negligible.

AS-BUILT CHANGES ARE INSIGN IFICART AND WILL NOT HAVE ANY

ADVERSE WMPhcT gN ANALYSIE:

HNF-2474, Rev. 0 W320-016.WPD
Page B-9
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Calc No. W320-27-016
Revision No. o]

Page No.

woOsJob No. ER4319

6 of 8
Filename:COBA.WP

Client WESTINGHOUSE HANFORD COMPANY
Subject AY FARM - JUMPER STRESS ANALYSIS pate 9-11-95 By: M.M. Ahmed
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By: M.K. Pal
Location C TANK FARM - 200 W. AREA Revised [ / By:
Rev-1: By: qx\, AQ‘\“@’ 6.28-%

Checked By: Wl y&—;? 7178

ISB JUMPER CONNECTOR LOADS QUALIFICATION

CONNECTOR | AUTOPIPE | SIZE | CONNECTOR ACTUAL LOADS I Rev-1
LOCATION FILE NAME /ALLOWABLE LOADS
& NODE REF NO:
Axial | Shear Shear Torsion Bend | Bend
X Y 4 Mx My Mz

{Ibs) (ibs) (Ibs) (ft-1b) (ft-lb) | (ft-Ib)

Connector-U9 MA-CO6A 4" 520 276 381 180 197 236 APDX-A
- Pump Pit AO3M

C-06A 6310 | 2220 2220 780 1170 | 1170 22
Connector A MA-CO6A 4" 483 149 337 140 365 185 APDX-A
Pump Pit A1TM
C-06A . 6310 | 2220 2220 780 1170 | 1170 22
Connector B MA-CO6A 4" 269 258 333 30 100 84 APDX-A
Pump Pit BO4M
C-06A 6310 | 2220 2220 780 1170 | 1170 22

SEATING FORCES BETWEEN CONNECTOR & NOZZLES:

The axial allowable load considered in table above are limited to seating forces for 4" Connectors

for 50 ft-Ib torque as specified in Table 3.3(Ref:22). Since the actual axial forces are less than

the allowable seating forces, the connector will not be un-seated from the nozzle.

INTERACTION OF SHEAR, TORSION AND BENDING:

| = fyz/Fyz + [mx]/Mx + myz/Myz < 1.0 Ref:22, page-7

Review of actual loads and allowable loads in the table above indicates that the Connector-U9
in the pump pit is more critical for interaction.

fyz = 470 Ibs (SRSS of fy=276 & fz=381). Increase Allowable by 1.33 for seismic

myz = 307 ft-lbs (SRSS of my=197 & mz=236)

0.563 < 1.00

470/1.33x2220 + 180/1.33x780 + 307/1.33x1170

As such Jumper Connectors are adequate.

HNF-2474, Rev. 0
Page B-10
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Calc. No. W-320-27-016

HANFORD COMPANY Revision No: 0

DESIGN ANALYSIS Page No. 7of 9
Client WESTINGHOUSE HANFORD CO, WO/Job N ER4319 Filename Us.xls:2
Subject AY FARM JUMPER STRESS ANALYSIS Date 9/11/95 By M. M. AHMED
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9M1/95 8y M. K. PAL
Location C TANK FARM 200 EAST AREA Revised By

REV-1: BV ‘\\_ OLN’/GL &.28.94

ANCHOR LOADS AT PIT WALLS

checkep av: L. LSS 7 1-9¢

NOTE: THESE ARE THE JUMPER PIPING LOADS EXERTED ON PIT WALL FROM INSIDE THE PIT. DOES NOT INCLUDE THE TRANSFER .

PIPE LINE LOADS FROM QUT SIDE THE PIT.

{Inside Pit) JUMPER LOADS Fx Fy Fz Mx - My Mz
tibe) {os) tibs) tinb) Linviby tinvto)
fdentification:
(Seismic) 132 128 295 1548 2352 948
Dwg:H-2-818505
i} t=1)
AutoPipe File: MA-CO6A {Thermalj 23 321 233 3192 24 468
Node #: ACO
*2)
Orientation:
b3 A
=
(Plan view)
i {*3) ABSOLUTE SUM 155 449 528 4740 2376 1416

HNF-2474, Rev, ¢

Page B-11
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HANFORD COMPANY Revision No: 0
DESIGN ANALYSIS Page No, Bof 9
Client WESTINGHOUSE HANFORD CO. WO/Job N ER4318 Filename Us.xis:2
Subject AY FARM JUMPER STRESS ANALYSIS Date 9/11/95 By M. M. AHMED
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/11/95 By M. K. PAL
Location C TANK FARM 200 EAST AREA Revised By
6.28-9

REV:1  BY: Q\/ . O\\“"g’ﬁ

CHECKED BY: ‘D L - %7&;/ 7 / ;/(
NOTES:

(*1): SEISMIC LOADS COULD BE POSITIVE OR NEGATIVE.

{*2): THERMAL LOADS SPECIFIED ARE THE ALGEBRIC SUM OF GRAVITY AND THERMAL LOADS.

(*3): ABSOLUTE SUM IS THE TOTAL OF THERMAL AND SEISMIC DISREGARDING THE SIGNS.

HNF-2474, Rev. 0
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DESIGN ANALYSIS PageNo. 9 of 9
Client WESTINGHOUSE HANFORD COMPANY WO/Job No. ER4319  Filename:COBA. WP
subject AY FARM - JUMPER STRESS ANALYSIS . pate 9-11-95 By: M.M. Ahmed
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8 i 3 | 2 |
. PARTS/MATERIAL LIST
Va POWER CABLES CUAMTATE T parT 0ASH nuBER NOMENCUATURE /DESCRIPTION WATERIAL/REFERENCE  fneTJTEM
/—NI'IROGEN HOSE -010 ASSEMBLY 1
- T e 1 }-020 LIFYING FRAME SUB-ASSY 2 2
1 |03 PUMP BASE SUB-ASSY 2|3
. A JUMPER ASSEMBLY o
{H-2-818505) s
TH x
NOR B 4 ~001 PLATE, 3/8" THK ASTM A 36 3 6
% l B —— L 4 -002 PLATE, 3/8" THK ASTM A 36 3 7
IDENT NO : 2 -003 PLATE, 3,8 THK ASTM A 36 5[
EpvELGHT 1 -004 PLATE. 1/2" THK ASTM 4 36 BB
2 PLATE, 1" THK x 11 5/8" DIA ASTM A 276 304t 3110
o V222 /// T AR
N ’ 1007 PLATE, 3/6" THK ASTM A 36 3 12
T 13
o I AN
) 4
Y 2 Y EEE 1| H-2-32440-2 ONN, VERT 4" 14
8 a4 241-C-064 1 | ne2-901872 cozsz- - : P 15
-2~ - N . MALE 4
B PUMP PIT =
- 1 {H-2-3897-8 GASKEY 4" TYPE 1IT 16
KEY PLAN 1 [H-2-3194-4 KICK-OFF PL, 4" STO ROUND 17
SCALE: NONE
18
v - T
SEE NOTE 6—(57) + | RB350-250 CONDUIT RER BUSHING, 3 1/2" x 2 1/2" | APPLEYON ELECTRIC 19
. PUMP, IN-LINE 3" INLET PROCUREMENT
D | 0] Getea & 37 OUTLET SPEC W-320-P17 20
i 9 | s e o | PRESSURE sensor, 37 RED VALVE €0, INC 21
L [ Pe-1363 PRESSURE TRANSOUCER, (PE} CONSTR_SPEC -
@ SEE NQYE 7 174" NPT W-320-C5
— 5 CABLE FITTING. 2 1/2° MNPT x ,
i 2 | coB7ots CABLE FITIING. CROUSE-HINDS 23
XHHW CABLE, 3C, 4/0 AWG W/ ‘GROUND, | ROCKBESTOS
7 8T ' 2 | Pe2-0404 RATED' FOR 90°C. 30' FIREWALL 111 28
CABLE, 3C, #16 A
13/16" 21,16 EEnER 5 [ 2433¢ VSRR SRS x 25 1 En 25
2, 073 “H H ’ ’ ' ’ ‘ ’ | l ’ POWER LEAD 1ERMXNAL 80X 3 | coB293 (;;\E%L/ES;KSTHNG 374" MNPT x CROUSE-HINDS 26
2 i i H 1 [oL150 CABINET ADAPTER, 1 1/2" 0-Z/GEDNEY 27
(EOSES R AV IRESINOTRSHOFNYEORICIAR 1) - 1 | cse1-15op-1 CONDUIT SEALING BUSHING, 1 1/2" | 0-2/GEDNEY 28
: l 1 |vicTos0smcomc-300 | HOSE. ASSY 1/47 10 FLEx IMPERIAL EASTMAN 29
- OETAILH St 3 T€F) WRAPS
go BEARING RYD TERMINAL BOX AR | w1sor CABLESTEFLON SPRIAU WRAPPING | o, 1y 30
$§LB§h$ i ECIRTuATE ?&mrsemc": Wrn
INAT
TERMINAL BOX LIFING Frane B2 AR | Purane SABLETIE, MON HOY CROSS | oot 3
rt 1
I
[ A R FH ebsTiduit 2 GASKET, 3" FLANGE, 1/8" Tk | SOMPRESSED FIBER 2

@)

@S- e o

(305~ ste note &

1'-2 29/32"
* 116"

4 EL (6391 9,309

s

(CONT ON SHEET 2)

NOTES:

FABRICATION AND TESTING SHALL BE IN ACCORDANCE
WITH HANFORD SPECIFICATION HS-BS-0084, REV B.

2. HYDROSTATIC TEST AT 480 PSIG.

3. JUMPER WEIGHT 1S 3750 L8 APPROX.

4. RQUTE CABLES APPROXIMATELY AS SHOWN AND SECURE
TO SUPPORT STEEL W/PN 31, AVOID IMPACT WRENCH AND
LIFTING BAIL AREAS.

5. USE {1) COAT OF AMERLOCK 400 IN PLACE QF AMERCOAT 187

PRIMER AND AMERCOAT 33, WHERE REGUIRED BY JUMPER

FABRICATION SPECIFICAT]ON

6. SEE CONSTRUCTION SPEC W-320-C5, SECTION 13440 FOR

FILLING INSTRUCTION AFTER ASSEMBLY. AFTER FILLING,
REMOVE HANDLE FROM BALL VALVE PN 57).

7. TRIM CABLES FURNISHED WITH PN 22 T0 25' LONG
PRIOR TO INSTALLATION.

8. TIE EACH END_OF TEFLON SPIRAL WRAPPING (PN 30) WITH
NYLON CABLE TIES (PN 31)
. PRESSURE SENSOR (PN 21) SHALL BE SERIES 40, FOR CLASS 300
FLANGES, 316 SST, EPDM SLEEVES, WITH 1/4" NPT PRESSURE TAP,
FURNISH WITH 100ML OF SILICONE OIL IN A SEPERATE CONTAINER.
| @) é» SEE NOTE 4
(20) ()1 of 2
"SEAL INLET" T"P OF 2
TYP OF 8
ELEVATION A-p &
S G of 32
ASSEMBLY [ CONSIRUCTION ]
—_— forms Bo MEYER SrEL [svow ams I
SCALE: § 172" 170" Us. DEPARTMENT Of ENERGY
N YT e T 160 KAISER AANPORD COMPANY
v _SEE_DR/AT FORM 2
E~w SEE DR/AT FORM JUMPER ASSEMBLY
s w#SEE_OR/AT FORM chMP‘ PI(T)
=w o ver ~08A-B-(A
HNF-2474, Rev. 0 P [ CRITITS We T —— ¥ o] S 3 [resm ——W-320 TANK 241-C-106_SLUTCIRG
_ e = ¥ I i bt R =
Page B-15 — = s e F | we B508AR1 1
“onnig TRACARILITY (AT [sexr ars o H-2-818524 [0 e B508AR1 Jeo e 2B: TBM:ACDZ, e WHIC__ oot unt _SHOWN — [sse ER4310 [wc | o 3
8 6 5 t 4 3 2 PLOT SCALE: 148 | KEMCAD 1 il RGSES



5 REGD To CENTER PN 33 . PARTS/MATERIAL LIST
?;;;IEEN MOTOR COOLING SUANIIY PART/OASH NUUBER HOMENGLATURE/DESCRIPTION MATERI AL/REFERENCE  [SHEET] LTEY
(CONT FROM SHEET 1)
ASSEMBLY IR
LIFTING FRAME SUB-ASSY 2
- WP 4 PL PUMP BASE SUB-ASSY 81| g
33
% 77 =
L e A A i 35
8 STUD BOLT, 3/4°™-10 UNC-2A x 7 3/27L] ASTM A 193, GR B8 304 36
32 NUT, HVY HEX, 3/4"-10 UNC-28 ASTM A 184, GR 8F 303 37
MACHINE SCREW, 1/2°-13 UNC-24 | SAE 4423 GR. &
— TYP 4 PL DETAIL B 3 x 4 12 % —
B IS S0 3 NUT, VY HEX, 172733 UNC-28 | ASTM A 563, GR B 39
QETAL D 6 APPROX 120° APART 3 NOT, JAW. 17213 UNC-28 ASTM A 563, OR A <
2-2 1/2"% 3/8" 1D FIELD VERIFY =
MOTOR CODLING FINS DO NOT 2
EXCEED DIM SHOWN) -
PLAN AR w4 x 13 ASTM A 36 43
3 AR FLAT BAR, 3" x 172" ASTM A 36 4| €
32 304 AR FLAT BAR, 5" x 3/4" ASTM A 36 45
(OUTSIDE OF wf) 2 BAR, 1 172" DIA x 4 7/8" L ASTM A 36 45
1-7 378" AR BAR, 3/8" DIA ASTM A 36 47
@O)rer . 46
oeran E AR PIPE, 10" SCHED 405 ASTH A 312 GR TP 304L 9
i ® AR PIPE, 4" SCHED 40S ASTH A 312 R TP 30AL 50
Q ’ AR PIPE, 3" SCHED 40S ASTH A 312 GR TP 3041 51
| "_) 1 | $5-8-RB-4 RED BUSKING, 1/2" NPT x 1/4” NPT| CAJON 52
1 1) 2 ROCR £LB 90° LR, 4" x 3", SCHED 405 BW| ASTM A 403 WP-S 304L 53
Tl N 2 FLANGE 3, 3008 RF WN ASTH A 182 OR F 3041 54
Sz =
= '{ 1 PLUG, 3/8” NPT ASTM A 126 GCI 55
°c B e 1 ?5;‘5%9 S ) ¥ - 1 [ ss-a-s1 STREET TEE. 174" NPT CAJON 56| ©
s oo g G \l\ - 1 [ $5-43M3 BALL VALVE, 174" NPT WHITEY 57
=] =1 =] AN 1 | s5-4-cP PIPE CAP. 174" NPT CAJON 58
| Lad \J =
\ + j_® v \ ®
- 3/16
— N 7] () / e
i i ELEVATION
: PUMP BASE SUB-ASSY
P @3 1727 pevan D SCALE: 2= 1-0"
G TYP 2 PL
o
c L @
o —~
PLAN
REF
| ELEVATION ELEVATION
LIFTING FRAME SUB-ASSY DRI [z
SCALE: 1= 10" i
B o
— NOTE: .
l—— 1. FOR NOTES. SEE SHEET 1
1 x 45° CHAMFER
TYP 4 PL N
|
&
— G N —
. e nI2 ELEVATION
1.9/16" DIA THRY o
IN BOTH OF FLANGES S
DETAIL D = CONSTRUCTION.
- 5 s B0 e Bs MEVER st EX [wnvas 3 IED
A L— il U.S. DEPARTMENT OF ENERGY A
becas RICHAND OPERATIONS OFFICE
Lo SEE_DR7AT_FORM ’CSE‘J"LSFEE;"A’%;‘ES’B“&W
. Fw» _SEE_DR/AT_FORM
ELEVATION ELEVATION bx oSEE_DR/AT_FORM PUMP PI(T
—ISHEHSTEA I BN ———na— o s C-06A-B-(A)
DETAIL C o p— v o e s 12 Tl e W-320 TANK 241-C-106 SLUICING
SCALE: 3'=1-0" = T - e 0a s, e il foadet Bl
— = e LTy o F jae1-c] s BS08BR1 1
-~ ev. 0 e e T [ o Gam: BS0BBRI _ Jwoow 26:1BMACDZIZ.0NN | 5oiN e WHC i i SHOWN [ 04318 [ 2 @ 3
> )

a nair l 1 | [ l s 1 4 3 2 PLOT SCALE: 1+12 |KEHCAD 1 SIS TR
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS

POINT DATA LISTING

POINT ----- OFFSETS (ft )-----

NAME TYPE Y z PIPE ID DESCRIPTION

*** SEGMENT A

AO0  Run 0 0 0 4PIPE

A0l  Flex 0.22 0 -0.M Wt= 144 Lb , Ar= 3.2 sq.in
Axial= 23300000 Tors= 304.0
Y-Shear= RIGID 8end=  2080.0
Z-shear= RIGID Bend=  2080.0

A02  Run 0.04 0 -0.02

A03  Bend 0.30 0 -0.15 Short Elbow, Radius = 4.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 2.56, Out = 2.13
Flex = 7.908

AO4  Bend 0 -1.49 0 Long Elbow, Radius = 6.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.95, Out = 1.63
Flex = 5.272

A05 Bend 5.46 [ 0 Long Elbow, Radius = 6.00 inch
Bend angle change = 90.00 deg
Mid point at 50,00 percent
SIF - In 1.95, Out = 1.63
Flex = 5.272

ADé6 * Bend 0 0 2.00 Long Elbow, Radius = 6.00 inch
8end angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.95, Out = 1.63
Flex = 5.272

AO7  Run 1.63 0 0

A08  Run 0.92 0 0

AD9  Run 0.92 0 0

A0 Run 2,66 0 0

A1l Bend 1.04 0 0 short Elbow, Radius = 4.00 inch
Bend angle change = 90.00 deg
Mid point_at 50.00 percent
SIF - In 2.56, Out = 2,13
Flex = 7.908

A2 Flex 0 -0.40 0 Wt= 144 1b , Ar= 3.2 sq.in

] Axial= 23300000 Tors=  304.0

Y-Shear= RIGID Bend=  2080.0
Z-Shear= RIGID Bend=  2080.0

A13  Run 0 -0.04 0

A4 Bend 0 -0.60 0 Long Elbow, Radius = 6.00 inch

AutoPIPE+4.60 MODEL PAGE 3

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MODEL PAGE 4

POINT DATA LISTING

z PIPE ID DESCRIPTION

Bend angle change = 90,00 deg
Mid point at 50.00 percent
SIF - In 1.95, out = 1.63

Flex = 5.272

A14 F Far 3PIPE

Al4A  Run 0 0 -0.66

A1S  Run 0 0 -0.64

**k SEGMENT B

802 Run 13.19  -2.84  -1.78 3PIPE

BO3 Bend 0 o  -1.30 Long Elbow, Radius = 4,50 inch
gend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.78, Out = 1.48
Flex = 4.577

BO3 F Far 4PIPE

BO4 Bend - -1.30 0 0 Short Elbow, Radius = 4.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 2.56, Out = 2.13
Flex = 7.908

BG5S  Flex 0 -0.40 0 Wt= 144 lb , Ar= 3.2 sq.in
Axial= 23300000 Tors= ' 304.0
Y-Shear= RIGID Bend=  2080.0
Z-Shear= RIGID Bend=  2080.0

B06 Run 0 -0.04 g

807 Run 0 -0.19 0

ik SEGMENT C '

5 RuUn 13.19  3.50 -1.78 3.5PIPE

€01 Run 0 0 -0.25

**% SEGMENT D

3 Run 13.19  3.50  0.42 3.5PIPE

D01  Run 0 0 0.25

Total weight of empty pipes : 254 lb

MA-COGA.OUT  6-26-96 1i:11a

Page 2 of 24
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MA-COSA  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4 .60 MODEL PAGE 5

COMPONENT DATA LISTING
POINT ---COORDINATE(ft )--- DATA
NAME X Y Z TYPE

0.00 0.00 0.00 ANCHOR Rigid
Thermal movements : None
A01 0.22 0.00 -0.11
A02 0.26 .00 -0.13
A03 N 0.26 0.00 -0.13
AO3 0.56 0.00 -0.28 TI
AO3 M 0.47 -0.10 -0.24
AO3 F 0.56 -0.33 -0.28
AO4 N 0.56 -0.99 -0.28
AQ4 0.56 -1.49 -0.28 TI
AQ4 M 0.71 -1.34  -0.28
AO4 F 1.06 -1.49 -0.28
AO5 N 5.52 -1.49 -0.28
AQS 6.02 -1.49 -0.28 71
AQS M 5.87 -1.49 -0.13
AQ5 F 6.02  -1.49 0.22
A0 N 6.02  -1.49 1.22
A0S 6.02  -1.49 1.72 T1
A0S M 6.17  -1.49 1.57
AQ6 F 6.52  -1.49 1.72
AO7 7.65  -1.49 1.72 WEIGHT 23 (b No offsets
AO8 8.57 -1.49 1.72 WEIGHT 35 (b No offsets
FLANGE Weld neck SIF = 1,00
Rating = 400, Uelght 35 b
FLANGE Weld neck SIF = 1.00
Rating = 400, Weight = 35 Lb
AQ9 9.49  -1.49 1.72 WEIGHT 17 | , No offsets
A10 12,15 -1.49 1.72 WEIGHT 27 (b No offsets
FLANGE Weld neck = 1.00
Rating = 400, Helght = 35 b
FLANGE Weld neck = 1.00
Rating = 400, Height = 35 b
A1 N 12.86 1.72
A1l 13.19 T2 T
A1 M 13.09 1.72
A1 F 13,19 1.72
A2 13.19 1.72
A13 13.19 1.72
Al4 N 13,19 1.72
Al4 13.19 1.72 71
A4 M 13.19 57
A4 F 3.19 1.22
Al4A 13.19 1.06
A15 13.19 0.42
% SEGMENT B
802 13.19  -2.84 -1.78
BO3 N 13.19 -2.84 -2.70

MA-COSA  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFQRD CO
06/26/96 PIPE STRESS ANALYSIS

COMPONENT DATA LISTING
-+~COORDINATE(ft )---

DATA
NAME X Y z TYPE DESCRIPTXON

8
-3.08 ANCHOR Rigid
Thermal movements : None

*dk SEGMENT C
13.19 -1.78 ANCHOR Translat\onal st1ffness lb/in
= FREE Y= FREE Z= FREE
Rctet\onal st\ffness ft-lb/deg
X= RIGID Y= RIGID 2= RIGID
Thermal movements : None
-2.03 ANCHOR Rigid
Thermal movements : None

co1 13.19 3.50

*kk SEGMENT D

3 13.19 3.50 0.42 ANCHOR Translational stlffness lb/in
X= FREE Y= FRE Z= FREE
Rotational st\ffness ft-lb/deg
X= RIGID Y= RIGID 7= RIGID
Thermal movements : None
001 13.19 3.50 G.67 ANCHOR Rigid

Thermal movements : None

Number of points in the system : 51

AutoPIPE+4.60 MODEL PAGE 6

MA-COBA.OUT  6-26-96 11:11a

Page 3 of 24
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JUMPER ASSEMBLY C-06A-9-A

MA-CO6A
06/26/96 PIPE STRESS ANALYSIS

ICF KAISER HANFORD CO

AutoPI1PE+4.60 MODEL PAGE 7

PIPE DATA LISTING

Pipe ID/ Nom/ 0.0. ----- Thickness(inch)----- Spec  Weight(lb/ft )
Material Sch inch W.Th. Corr Mill Insu Ling Grav Pipe Other Total
4PIPE 4 4.500 0.237 0.06 0.03 (1] 0 1.20 11.04 0 17.66
AU STD

3.5PIPE 3.500 4.000 0.226 0.06 0.03 0 0 0 9.32 0 9.32
AU sT0

3pIPE 3.000 3.500 0.216 0.06 0.03 0 0 1.20 7.75 0 11.60
AU STD

MA-COSA  JUMPER ASSEMBLY C-06A-9-A
06/26/96 PIPE STRESS ANALYSIS

ICF XKAISER HANFORD CO
AutoPIPE+4 .60 MODEL PAGE

16700.0
16700.0

16700.0
16700.0

16700.0

MATERIAL DATA LISTING
Material Density Pois. Temper. Modulus Expans.
Name Pipe ID Llb/cu.ft Ratio deg F E6 psi  in/100ft
AY 4PIPE 501.0 0.30 40.0 28.42
180.0 1.5442
AU 3PIPE 501.0 0.30 40.0 28.42
180.0 1.5442
AU 3.5PIPE 501.0 0.30 40.0 28.42
180.0 1.5442

16700.0

MA-CO6A.OUT  6-26-96 11:11a

Page 4 of 24
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AUutoPIPE+4.60 MODEL PAGE 9

FRAME POINT DATA LISTING

)--- DATA
TYPE DESCRIPTION

POINT ---COORDINATE(ft
NAME X Y z

A1S 13.19

1 13.19

B02 13.19 -1.78

13.19 o -1.78 ANCHOR Translatlonal st1ffness lb/in

X= FREE = FREE 2= FREE
Rotat|onal stlffness ft-1b/de
X= RIGID Y= RIGID 2= RI 1D
Thermal movements : None

4 13.19 3.50 -0.68

3 13.19 3.50 0.42

6 13.19  -2.04  -0.68 WEIGHT 1000 lb . MNo offsets

2 13.19  -2.84 0.42

7 13.19 2.08 Offsets in ft

-0.68 WEIGHT 2250 b,
o

X = 0.00, DY = 0.00, D2 = 0.03

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MODEL PAGE 10

BEAM DATA LISTING

BEAM POINT  LENGTH  SECTION 1D/ BETA RIGID RELEASE
10 NAME (ft ) 1 ANG E END(ft) AX Y-Y 2-Z
M2 From 1.10 N "N N
To N N N

M9 From 2 0.31 N N N
To A1S N N W

M1 From 1 1.10 N N N
To B02 N N N

M6 From 5 6.34 0.00 0.00 N N N
To  BOZ A36 ) 0.00 N N N

M3 From A1S 6.03  W&X13 0.00 0.00 N N N
To 3 A36 0.00 N N N

M4 From 3 1.10  WeX13 0.00 0.00 N N N
To 4 A36 0.00 N N N

M5 From .4 1.10  W4X13 0.00 0.00 N N N
To 5 A36 0.00 N N N

N7 from 1 0.80 xs12 0.00 0.00 N N N
To 6 A36 0.00 N N N

M8 From 6 4.12° X812 0.00 0.00 N N N
To 7 A36 0.00 N N N

Mi0  From 4 1.2 xs12 0.00 0.00 N N N
To 7 A36 0.00 N N N

MA-COSA.OUY 6-26-96 11:11a

Page 5 of 24
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
AUutoPIPE+4.60 MODEL PAGE 11

06/26/96 PIPE STRESS ANALYSIS

CROSS SECTION LISTING

12-9 9824

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 MODEL

PAGE 12

BEAM MATERIAL LISTING

INBaY LA

Section 1D Area(sq.in ) Inertia (in**4 ) Elastic Yield . Ultimate
Axial  Y-Shear Z-Shear Torsion Y-Y Bend Z-Z Bend modulus  Poissons Stress Density Expansion stress

------------------------------------------------------------- MATERIAL 1D E6 psi ratio psi tb/eu.ft  E-6 /F psi
Wax13 3.83 1.16 1.86 0.2 3.9 ) S B e T L Et SO,
Xs12 19.20 9.60 9.60 724.0 362.0 362.0 29.000 0.250 36000 490.00 6.50000 $8000

.%

)

&>

23

&

Pl

2

S 0

MA-COGA.OUT  6-26-96 11:11a Page 6 of 24
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoP1PE+4.60 MODEL PAGE 13

-CASE
PRESS TEMPER EXPAN.
deg F in/100ft

CASE
POINT PRESS. TEMPER
NAME psi deg F

EXPAN. PRESS TEMPER EXPAN
in/100ft psi deg F in/100ft psi

**k SEGMENT A

AOC 325 180 1.544
A4 F 325 180 1.544
AlS 325 180 1.544
4% SEGMENT B

B02 325 180 1.544
BO3 F 325 180 1.544
BO7 325 180 1.544
k% SEGMENT €

5 490 180 1.544
cot 490 180 1.544
*kk SEGMENT D

3 490 180 1.544
D01 490 180 1.544

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AUtoPIPE+4. 60 RESULT PAGE 1

ANALYSIS SUMMARY

Current model revision number : 24

1996

Static - Date and Time of analysis ......eevve.. Jun 26, 11:08 AM
odel Revision Number .. 2RI

Number of load cases .
Load cases analyzed .
Gaps/Fr\ctlon/Y\eld1ng considered
Hanger design run ........
Cut short included .......
Weight of contents included .
Pressure stiffening case ........
Water elevation for buoyancy loads

0
Not considered

Pressure stiffening case ......
Water elevation for buoyancy loads ...

Modal - Date and Time of analysis Jun 26, 1996  11:09 AM
Mode! Revision N 24
Number of modes .. .6
Cutoff frequency (H . 33.0
Weight of contents inc . Yes
Pressure stiffening case ...... .0
. Water elevation for buoyancy loads .... Not considered

Response - Date and Time of analysis ..... . Jun 26, 1996 11:09 AM
Model Revision Number .... . 24
Number of load cases . o
Load cases analyzed ......... . RT R2 R3
Date and time of modal analysis . . dun 26, 1996 11:09 AM
Number of modes ........c.... .6
Cutoff frequency (Hz) ..... . 33.0
Model revision of modal analysis . 24
Weight of contents included ... . Yes

[}
Not considered

*** WARNING

Current model revision does not match analysis

Ngar 3T

MA-COGA.QUT 6-26-96 11:11a

Page 7 of 24
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JUMPER ASSEMBLY C-06A-9-A

MA-CO6A
06/26/96 PIPE STRESS ANALYSIS

ICF KAISER HANFORD CO
AUtoPIPE+4.60 RESULT PAGE 2

CODE COMPLIANCE COMBINATIONS

MA-CO6A

JUMPER ASSEMBLY C-06A-9-A
06/26/96 PIPE STRESS ANALYSIS

ICF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE 3

Y - Factor
Weld efficiency factor

. 0.40
. 1.00
Combination Category Method Load Factor Allowable Remarks Range reduction factor . 1.00
Ssmssmessss seccoeossc sssssos smsmsssses ssssss sosssesss seseses Design Pressure Factor .. . 1.00
GR + Max P Sustain Sum Gravity 1.00 Automatic Default Minimum stress ratio used in repor s... 0.00
Max Long 1.00 Include corrosion in stress calcs. .Y
Include torsion in code stress ........ N
Cold to 71 Expansion Sum Thermal 1 1.00 Automatic Default Include axial force in code stress . N
. o Longitudinal pressure calculation . . PD/4t
Sus. + Rt Occasion Abs sum Response 1 1.00 Automatic Default Include rigorous pressure ........ +.... Not analyzed
Max Sus 1.00
Sus. + R2 Occasion Abs sum Response 2 1.00 Automatic Default
Max Sus 1.00
Sus. + R3  Occasion Abs sum Response 3 1.00 Automatic Default
Max Sus 1.00
Max P Hoop Max Hoop 1.00 Automatic Default
SRSS Occasion  SRSS Response 1 1.00 Automatic User
Response 2 1.00
Response 3 1.00
OTHER USER COMBINATIONS
Combination Method Load Factor Remarks
GR Sum Gravity 1.00 Default
m sum Thermal 1 1.00 Default
R1 sum Response 1 1.00 Default
R2 Sum Response 2 1.00 Default
R3 Sum Response 3 1.00 Default
GR+T1 Sum Gravit 1.00  User
Thermal 1 1.00
RESPONSE SRSS Response 1 1.00 User
Response 2 1.00
Response 3 1.00
TOTAL Abs sum GR+T1 1.00  User
RESPONSE 1.00
CODE COMPLIANCE
MA-COBA.OUT  6-26-96 11:11a Page 8 of 24
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS

Number of load cases analysed : 3
Load case 1 - R1

Yes

Missing mass
ZPA No

Combination method : SRSS

X+ Spectrum : SC1
Multiplier : 1.00
sct
Freq(Hz) Grav( ) Freq(Hz) Grav( ) Freq(Hz) Grav( )
0.100 0.01 0.160 03 0.250 .06
0.400 0.10 0.600 0.16 1.100 0.28
1.640 0.42 8.000 0.42 12.000 0.34
20.000 0.26 33.000 0.20 100.000 0.20

AutoPIPE+4.60 RESULYT PAGE 4

MA-COSA  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 5

Load case 2 - R2

Missing mass : Yes
ZPA : No

Combination method : SRSS

Y- Spectrum : SC1
Multiplier : 1.00
sc1
Freq(Hz) Grav( ) Freq(Hz) Grav( ) Freq(Hz) Grav( )
0.100 0.01 0.160 .0 0.250 06
0.400 0.10 0.600 0.16 1.100 0.28
1.640 0.42 8.000 0.42 12.000 0.34
20.000 .26 33.000 0.20 100.000 20

INisav LAt

MA-COSA.OUT 6-26-96 11:11a
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JUMPER ASSEMBLY C-06A-9-A

Load case 3 - R3

Missing mass : Yes
ZPA : No

Combination method : SRSS
Z- Spectrum : SC1

Multiplier : 1,00
sc1
Freq(Hz) Grav( ) Freq(Hz) Grav( )
0.100 0.01 0.160 03
0.400 0.10 .600 0.16
1.640 0.42 8.000 0.42
20,000 0.26 33.000 0.20

1CF KAISER HANFORD CO
AUutoPIPE+4.60 RESULT PAGE

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A
06/26/96 PIPE STRESS ANALYSIS

DISPLACEMENTS
Point Load TRANSLATIONS (in )
name combination X Y z

**% Segment A begin ***

A00 GR 0.000 0.000 0.000
Tt 0.000 0.000 0.000
GR+T1 0.000 0.000 0.000
RESPONSE 0.000 0.000 0.000
TOTAL 0.000 0.000 0.000
A01 GR 0.000 0.000 0.000
11 0.003 .002
GR+T1 0,003 .002
RESPONSE 0.000 0.000 0.000
TOTAL 0.003  0.000 0.002
A02 GR 0.000 - 0.000 0.000
T 0.003  0.000 -0.002
GR+T1 0.003 -0.001 -0.002
RESPONSE 0.000  0.000 0.000
TOTAL 0.004 0.001 0.002
AO3 N GR 0.000 0.000 0.000
T1 0.003  0.000 -0.002
GR+T1 0.003 -0.001 -0.002
RESPONSE 0.006 0.000 0.000
TOTAL 0.004 0.001 0.002
AO3 M GR -0.002 -0.003 -0.002
T1
GR+T1
RESPONSE
TOTAL
AO3 F GR
T1
GR+T1
RESPONSE .0
TOTAL 0.032
AO4 N GR -0.027 -0.004 -0.031
T1 -0.016 -0.019 -0.015
GR+T1 -0.036 -0.022 -0.046
RESPONSE 0.022 0.005 0.037
TOTAL 0.058 0.028 0.083

MA-COSA.QUT  6-26-96 11:11a

Page 10 of 24
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MA-CO5A  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO MA-CO6A  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 8 06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 9
DISPLACEMENTS DISPLACEMENTS
Point Load TRANSLATIONS (in ) ROTATIONS (deg ) Point Load TRANSLATIONS (in )
name combination X Y X Y name combination X Y z
AG4L M GR 0.159 -0.014 -0.142 A06 F GR -0.046 -0.207 -0.029
T 0.045 -0.008 -0.063 Tt 0.048 -0.046 0.046
GR+T1 0.204 -0.023 -0.20% GR+T1 0.002 -0.253 0.016
RESPONSE 0.166 .097  0.097 RESPONSE 0.053 0.126 0.132
TOTAL 0.370 0.119 0.302 TOTAL 0.055 0.380 0.149
A4 F GR 0.161 -0.014 -0.147 A07 GR -0.046 -0.187 -0.024 0.
T .041 -0.014 -0.037 11 0.066 -0.036 0.049 0
GR+T1 0.202 -0.029 -0.184 GR+T1 0.019 -0.224 0.025 0.
RESPONSE 0.165 0.101  0.091 RESPONSE 0.053 0.114 0.118 0
TOTAL 0.367 0.130 0.275 TOTAL 0.072 0.338 0.143 0.
AGS N GR 0.175 -0.013 -0.093 AD8 GR -0.046 -0.166 -0.018 [
T 0.025 -0.041 0.004 T 0.080 -0.028 0.049 0
GR+T1 .200 -0.054 -0.089 GR+T1 0.034 -0.194 0.031 0
RESPONSE 0.158 0.083 0.060 RESPONSE 0.053  0.101 0.104 0
TOTAL 0.358 0.137 0.150 TOTAL 0.08 0.295 0.135 0
AOS M GR 0.165 -0.011 -0.052 A09 GR . -0.046 -0.140 -0.013 0.109 -0.030 0.147
T 0.020 -0.058 0.015 11 0.0% -0.019 0.047 0.007 0.013 047
GR+T1 0.185 -0.069 -0.036 GR+T1 0.048 -0.158 0.035 0.116 -0.017 0.194
RESPONSE 0.153  0.069 0.038 RESPONSE 0.053  0.086 0.088 0.115  0.095 0.088
TOTAL 0.338 0.138 0.075 TOTAL 0.101  0.244 0.122 0.231 0.112 0.282
AO5 F GR 0.155 -0.010 -0.033 Al0 GR -0.046 -0.044 0,005 0.097 -0.034 0.186
T 0.013 -0.070 .021 T 0.135 0.007 0.034 0.008 .033 0,042
GR+T1 . 0.169 -0.080 -0.012 GR+T1 0.089 -0.038 0.039 0.105 -0.001 0.228
RESPONSE 0.147 0.067 0.030 RESPONSE 0.053 0.030 0.033 0.103 0.115  0.108
TOTAL 0.316 0.147 .043 TOTAL 0.142  0.068 0.072 0.208 0.116 0.335
AD6 N GR 0.154 -0.011 -0.001 A1 N GR -0.046 -0.017 0.010 0.094 -0.035 0.186
T 0.012 -0.068 0.027 T1 0.146  0.013  0.029 0.008 0.037 0.039
GR+T1 0.166 -0.079 0.027 GR+T1 0.100 -0.004 .039 0.102 .002  0.225
RESPONSE 0.145 0.065 0.021 RESPONSE 0.053 0.015 0.022 0.101  0.116 0.107
TOTAL 0.311  0.144  0.048 TOTAL 0.153  0.019 0.061 0.202 0.118 0.332
AO6 M GR 0.137 -0.016 0.820 AT M GR -0.042 -0.008 0.010 0.091 -0.038 0.176
Tt 0.009 -0.047 0.032 T1 0.150 0.013  0.026 0.011 0.046 0,029
GR+T1 0.146 -0.063  0.052 GR+T1 0.108 0.005 0.037 0.102 0.007 0.205
RESPONSE 0.135 0.057 0.024 RESPONSE 0.052 0.010 0.019 0.098 0.117 0.102
TOTAL 0.281 0.120 0.077 TOTAL 0.159 0.015 0.056 0.200 0.124 0.307

INTSEY 57

WA-COGA.0UT 6-26-96 11:11a

Page 11 of 24



LT-g 98eq

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 10

DISPLACEMENTS

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE 11

06/26/96 PIPE STRESS ANALYSIS

Point Load TRANSLATIONS (in ) ROTATIONS (deg ) Load TRANSLATIONS (in ) ROTATIONS (deg )
name combination X Y z Y combination Y Z X Y 4
A1 F GR -0.034 -0.004 0.007 0.085 -0.040 0.160 GR -0.001  0.000 0.000 0.000 -0,08 0.008
.153  0.010  0.025 0.013 0,049 .023 71 0.042  0.000 0.004 -0.001  0.407 0.040
GR+T1 0.119  0.005 0.032 0.098 0.008 0.183 GR+T1 0.041  0.000 0.004 -0.001  0.323  0.049
RESPONSE 0.050 0.008 .016 0.093  0.118 0.094 RESPONSE 0.625 0.001 0.013 0.011  0.129 0.029
TOTAL 0.169 0.014 0,048 0.191  0.126 0.277 TOTAL 0.065 0.00%t 0.017 0.012 0.452 0.078
A12 GR -0.032 -0.004 0.006 0.085 -0.040 0.160 **% Segment A end k¥
Tt 0.153  0.009 0.025 0.013  0.049 0.023
GR+T1 0.121  0.004 0.030 0.098 0.008 0.182 **% Segment B begin k¥
RESPONSE 0.049 0.008 0.015 0.092  0.118 0.094
TOTAL 0.171  0.013  0.046 0.190 0.126 0.276 B02 GR 0.000 0.000 0.000 -0.001  0.000 0.000
T1 0.033  0.000 .004 0.003 0.029 0.028
A3 GR ~0.031 -0.004 0.005 0.046 -0.096 0.058 GR+T1 0.033 * 0.000 0.004 0.002 0.029 0.028
T1 0.153  0.009 .025 0.009 0.418 0.016 RESPONSE 0.0t6 0.001 0.013 0.003 0.048 0.016
GR+T1 0.122  0.004 0.030 0.054 0.323 0.074 TOTAL 0.049  0.001 0.017 0.0605  0.077 0.044
RESPONSE 0.049 0.008 0.015 .053  0.134  0.043
TOTAL 0.172  0.013  0.045 0.107 0.457 0.117 803 N GR 0.000 0.000 0.000 -0.00t  0.000 0.000
T 0.026 0,002 -0.011 0.011 .040 0,003
Afé N GR -0.030 -0.004 0.004 0.045 -0.096 0.057 GR+T1 0.026 0.002 -0.011 0.010  0.040 0.003
Ti 0.153  0.007 0.024 0.008 0.419 0.016 RESPONSE 0.005 0,001 0.013 0.001 0.058 0.012
GR+T1 0.126  0.003 0.028 0.054 0,323 .073 TOTAL 0.031  0.003 0.024 0.012  0.098 0.015
RESPONSE 0.049  0.008 0.014 .053  0.135  0.043
TOTAL 0.173 L0111 0.043 0.106 0.458 0.116 BO3 M GR 0.000 0.000 0.000 -0.001  0.000 -0.001
T1 0.022  0.003 -0.014 2015 0.054 -0.007
A4 M GR ~0.023 -0.003 0.001 0.037 -0.092 0.041 GR+T1 0.022 .002 -0.014 0.015  0.054 -0.008
T 0.142 .002  0.022 0.007 0.420 0.020 RESPONSE 0.002 0.001 0.012 0.004 .053  0.009
GR+T1 0.119 -0.001 0.023 0.044 .329  0.061 TOTAL 0.026 0.003 0.026 0.018  0.107 0.017
RESPONSE 0.046  0.007 0.013 .064  0.134  0.036
TOTAL 0.164 0.008 0.036 0.087 0.462 0.097 BO3 F  GR 0.000 0.000 0.000 -0.001  0.000 -0.001
T 0.016 0.004 -0.012 0.017  0.066 -0.024
A4 F GR -0.015 -0.001 0.000 0.018 -0.087 0.033 GR+T1 0.017  0.006 -0.012 0.017  0.065 -0.025
71 0.111  0.000 0.016 0.003 0.419 0.024 RESPONSE 0.001 0.001 0.010 0.007  0.049 0.004
GR+T1 0.096 -0.001 0.016 0.022 0.332 .057 TOTAL 0.018 0.004 0.021 0.024 0.115 0.029
RESPONSE 0.038 0.004 0.013 0.030 .132 .0
TOTAL 0.134  0.005 0.029 0.052 0.464 0.091 BO4 N GR 0.000 0.000 0.000 -0.001 0.000 -0.00%
T1 0.007 0.007 -0.004 0.015  0.067 -0.026
A48 GR -0.013 0.000 0.000 0.013 -0.086 0.028 GR+T1 0.007 0.007 -0.004 0.015  0.067 -0.027
T .097  0.000 90.013 0.003 418 .027 RESPONSE 0.001  0.000 0.004 0.008 0.049 0.003
GR+T1 0.085 0.000 0.013 0.016 0.331 0.055 TOTAL 0.008 0.008 0.007 0.023  0.116 0.030
RESPONSE 0.034 0.003 0.013 0.027 0.132 0.032
TOTAL 0.119  0.003 0.027 0.043 0.463 0.087 BO4 M GR 0.000 0.000 0.000 ~0.001  0.000 -0.002
T 0.003  0.007 -0.001 0.014  0.068 -0.026
GR+T1 0.003 0.007 -0.001 0.013  0.068 -0.027
RESPONSE 0.001 0,000 .001 0.010 0.049 0.008
TOTAL 6.004 0.007 0.002 0.023  0.117 0.035
%g
N
-
=2
N
g
5
(=

INTEIY U5t

MA-COBA.QUT  6-26-96 11:11a

Page 12 of 24




87-g 98eq
0 A% ‘vLyT-INH

** Segment D begin ¥*

MA-CO6A JUMPER ASSEMBLY C-06A-9-A

06/26/96 PIPE STRESS ANALYSIS

Point TRANSLATIONS (in

hame X

BO4 F  GR
GR+T1
RESPONSE 0.000 0.000
TOTAL 0.001  0.004

BOS GR 0.000  0.000
T1 0.000 9.003
GR+T1 0.003
RESPONSE 0.000 0.000
TOTAL 0.000 0.003

BO6 GR 0.000  0.000
T 0.000  0.003
GR+T1 0.000 0.003
RESPONSE 0.000  0.000
TOTAL 0.000  0.003

BO7 GR 0.000  0.000
T 0.000  0.000
GR+T1 0.00¢  0.000
RESPONSE 0.000  06.000
TOTAL 0.000  0.000

**% Segment B end ¥k

*hh Segment C  begin ***

5 GR 0.000  0.000
T1 0.000 0.000
GR+T1 0.000  0.000
RESPONSE 0.000 0.000
TOTAL 0.000 0.000

co1 GR 0.000  0.000
T1 0.000  0.000
GR+T1 0.000  0.000
RESPONSE 0.000 0.000
TOTAL 0.000 0.000

**% Segment C end  *r*

DISPLACEMENTS
)

0.003

0.000
0.000
0.000
0.000
0.000

ICF KAISER HANFORD CO
AULOPIPE+4.60 RESULT PAGE 12

ROTATIONS (deg )
Y z

===
ph-ferdargud

P e =4

SO0 RN3I338 N
E=2=1

0
0
0
0
0
0l
0
0
0
0;
ju
ju
0l

00

MA-CO6A
06/26/96 PIPE STRESS ANALYSIS

Point
name

Do1

JUMPER ASSEMBLY C-06A-9-A

Load
combination

GR+T1
RESPONSE
TOTAL

GR
T
GR+T1

RESPONSE
TOTAL

*%% Segment D end

A1S

B02

GR

T1

GR+T1
RESPONSE
TOTAL

GR

T

GR+T1
RESPONSE
TOTAL

GR

T1

GR+T1
RESPONSE
TOTAL

GR

71

GR+T1
RESPONSE
TOTAL

GR

Tt

GR+T1
RESPONSE
TOTAL

ODISPLACEMENTS

TRANSLATIONS (in )
X Y Z

0.000  0.000
0.000 -0.003
0.000 -0.003
0.00 0.000
0.000  0.003
0.000  0.000
0.000  0.000
0.000  0.000
0.000  0.000
0.0600  0.000
0.000 0.000
0.000  0.00:
0.000  0.004
0.001 0.013

0 0.004
0.000  0.004
0.000 0.013
0.000 0.017
0.000  0.000
0.000  0.004
0.000  0.004
0.001  0.013
0.001  0.017
0.000  0.000
0.000  0.003
0.000 0.003
0.000  0.000
0.000 0.003
0.000  0.000
0.000  0.000
0.000 0.000

ICF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE

ROTATIONS (deg )
X Y z

0.000

0.000
0.000
0.000
0.000
0.000

0.005

0.000
0.000
0.000
0.000
0.000

0.000
0.000

0,009
0.000

0.000
0.000

MA-CO6A.0UT  6-26-96 11:11a
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 14

DISPLACEMENTS

Point TRANSLATIONS (in ) ROTATIONS (deg )

name X X Y

3
RESPONSE 0.000 ©0.000 0.000 0.000 0,000 0.000
TOTAL 0.000 0.000 0.003 0.000 ©0.000 0.000

6 GR 0,000 0.000 0.000 0.000° -0.001  0.000
T1 .033  0.000 .003 -0.003  0.013  0.029
GR+T1 0.033  0.000 0,003 -0.003  0.012 0.029
RESPONSE 0.021 0.001 0.012 0.009 0.012 0.017
TOTAL 0.054 0.001 0.015 0.012  0.024 0.046

2 GR -0.001 0.000 0.000 -0.001 -0.005 0.008
T1 L0446  0.000 .004 -0.0 .039  0.040
GR+T1 0.044 0.000 0.004 -0.001 0.034 0.049
RESPONSE 0.026 0.001 0.013 0.005 0.016 0.029
TOTAL 0.070  0.001 0.077 0.007 0.051 0.077

7 GR 06.000 0.000 0,000 0.000 -0.001 0.000
T1 0.009 0.000 0.001 -0.003 0.010 0.029
GR+T1 0.009 0.000 0.001 -0.003 0.009 0.029
RESPONSE 0.006 0.001 0.003 0.010 .009 .018
TOTAL 0.014  0.001 0.004 0.013  0.019 0.047

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 15

SUPPORT FORCES
Point/ Connect/ Load LOCAL GLOBAL
m T Combination Dirn Force Deform pDirn  Force Deform
*kk  End of system , no supports encountered. *¥*

MA-COSA.OUT  6-26-96 11:11a

Page 14 of 24
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS AMALYSIS AUtoPIPE+4.60 RESULT PAGE 16

RESTRAINT REACTIONS

Point Load FORCES (tb ) MOMENTS (ft-Llb )
name combination X Y 4 Result Y
AOQ Anchor
GR 57 -358 9 362 -28 -39 -186 193
T1 =290 37 -32 2% -1 41 -80 91
GR+T1 =233 -321 -23 397 -39 2 ~266 269
RESPONSE 295 128 132 347 79 196 129 248
TOTAL 528 449 155 710 118 198 395 458
BO7 Anchor
GR 5 -167 2 167 -1 -4 4
T1 8 -197 -103 222 1 21 -48 52
GR+T1 13 -363  -102 378 1 21 -52 56
RESPONSE 326 86 169 377 56 15 90 107
TOTAL 339 450 270 625 56 35 142 156
5 Anchor
GR ] 0 0 0 50 4 2 50
Ti 0 0 0 0 -4 ~72 284 293
GR+T1 0 0 0 0 46 -69 286 298
RESPONSE 0 [ 0 0 9% 60 123 166
TOTAL 0 0 0 0 140 129 409 451
co1 Anchor
GR 22 -231 -6 232 29 3 0 29
T -279 -14 -24319 24321 2 -35 [ 35
GR+T1 =257 =245 -24325 24328 31 -32 0 44
RESPONSE 281 1062 314 1142 133 35 0 137
TOTAL 538 1307 24639 24680 163 67 0 177
3 Anchor
GR 0 0 0 0 -80 13 -134 156
71 0 0 0 0 -41 -167 748 767
GR+T1 0 0 0 0 -121 -155 614 645
RESPONSE 0 0 0 0 200 240 397 506
TOTAL 0 0 [} 0 321 395 1011 1132
D01 Anchor
GR -84 154 d 175 19 10 0 22
Tt 561 262 24455 24463 33 -70 0 w7
GR+T1 477 416 24450 24458 52 -60 0 79
RESPONSE 560 1180 316 1344 148 70 0 163
TOTAL 1037 1596 24766 24839 200 130 0 238

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A
06/26/96 PIPE STRESS ANALYSI

ICF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE 17

RESTRAINT

REACTIONS

Point Load FORCES (b ) MOMENTS (ft-lb )

name combination X Y z Result Y z Result

5 Anchor
GR 0 0 0 0 50 4 2 50
T 0 0 0 0 -4 -72 284 293
GR+T1 0 0 0 0 46 -69 286 298
RESPONSE 0 4 [ 0 9% 60 123 166
TOTAL 0 "] [\ 0 140 129 409 451

IRTUaY 31
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MA-CO6A JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO MA-CO6A  JUMPER ASSEMBLY C-06A-9-A
06/26/96 PIPE STRESS ANALYSIS AutoPPE+4,60 RESULT PAGE 18 06726796 PIPE STRESS ANALYS[S
GLOBAL FORCES & MOMENTS GLOBAL FORCES & MOMENTS
Load FORCES (lb ) MOMENTS (ft-lb ) Point Load FORCES (lb ) MOMENTS (ft-lb )
inati Y z Result Y z Result name combination X Y 4 Result X Y Z Result
AOL M GR =57 181 -9 190 -60 17 84 105
¥**k Segment A begin #** T 290 -37 32 294 65 63 -283 297
GR+T1 233 145 23 275 5 80 -199 215
AOO GR -57 358 -9 362 28 39 186 193 RESPONSE 284 107 111 323 129 118 298 346
T1 290 -37 32 294 1" -41 80 91 TOTAL 517 252 135 591 135 197 498 552
GR+T1 233 321 23 397 39 -2 266 269
RESPONSE 295 128 131 347 79 196 129 248 AO4 F GR -57 174 -9 184 -61 14 30 69
TOTAL 528 448 155 710 118 198 395 458 T 290 -37 32 294 70 74 -313 329
GR+T1 233 138 23 272 9 88 -283 297
AOY GR -57 209 -9 217 -1 31 108 113 RESPONSE 276 104 100 312 144 101 314 360
T 290 -37 32 294 15 -2 88 89 TOTAL 509 262 123 577 153 189 598 645
GR+T1 233 172 23 291 4 29 196 198
RESPONSE 290 115 121 335 75 161 118 213 AOS N GR -57 96 -9 112 -61 -27 ~573 577
TOTAL 523 288 145 614 80 190 314 376 T1 290 -37 32 294 70 219 -148 273
. GR+T1 233 59 23 242 9 192 -721 746
A02 GR -57 209 -9 217 -16 29 97 103 RESPONSE 268 83 3 290 144 417 354 565
T1 290 -37 32 294 16 5 90 91 TOTAL 502 141 96 530 153 609 1075 1245
GR+T1 233 172 23 21 it 34 186 190 .
RESPONSE 287 109 17 329 75 155 117 208 AC5 M GR - -57 89 -9 106 -48 -22 -605 608
TOTAL 520 281 140 608 76 190 303 366 T1 290 -37 32 294 64 188 -135 240
GR+T1 233 52 23 240 17 166 -741 759
AO3 N GR -57 209 -9 217 -17 29 97 102 RESPONSE 267 80 68 287 135 417 37 574
T1 290 -37 32 294 16 5 90 N TOTAL 500 132 92 526 152 583 1112 1265
GR+T1 233 172 23 291 -1 35 186 189
RESPONSE 287 109 117 329 75 155 17 208 A0S F GR -57 82 -9 100 -17 -3 -618 618
TOTAL 520 281 140 608 7% 190 303 365 11 290 -37 32 294 51 90 -130 166
GR+T1 233 45 23 239 34 87 -748 754
AO3 M GR -57 205 -9 212 -39 21 58 74 RESPONSE 264 7 61 282 117 377 378 S47
T1 290 -37 32 294 23 43 69 84 TOTAL 498 122 84 519 151 464 1126 1227
O\ GR+T1 233 168 23 288 -17 64 128 144
\> RESPDNSE 287 108 117 328 68 133 96 177 AO6 N GR -57 64 -9 86 56 54 ~618 623
OTAL 520 276 140 605 85 197 223 309 T1 290 -37 32 294 14 -200 -130 239
GR+T1 233 27 23 236 70 ~146 -748 765
AO3 F  GR -57 200 -9 208 -50 18 54 76 RESPONSE 260 70 54 274 98 354 378 527
il 290 -37 32 294 32 58 & 67 TOTAL 493 98 78 508 168 500 1126 1244
GR+T1 233 163 23 286 -18 76 58 98
RESPONSE 287 108 116 327 62 128 76 161 AG6 M GR -57 S7 -9 81 77 72 -627 636
TOTAL 520 271 139 602 80 204 134 257 T 290 -37 32 294 1 ~297 -124 322
GR+T1 233 20 23 235 78 -225 -751 788
AO4 N GR -57 188 -9 197 -56 18 91 109 RESPONSE 257 66 51 270 104 392 383 558
T 290 -37 32 294 53 58 -186 202 TOTAL 490 86 74 503 182 617 1134 1304
GR+T1 233 151 23 279 -3 76 ~95 122
RESPONSE 285 108 114 325 95 128 213 266
TOTAL 518 259 137 595 99 204 308 383
%g
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER RANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 20

GLOBAL FORCES & MOMENTS
Point Load FORCES (tb )) MOMENTS (ft-lb )
name combination X Y k4 Result Y z Result
AO6 F GR =57 50 -9 76 85 77 -646 656
290 -37 32 294 -4 -328 -1 347
GR+T1 233 13 23 235 81 -251 -757 802
RESPONSE 250 58 45 261 107 414 393 581
TOTAL 484 7 68 494 188 665 1150 1342
A7 - GR -57 30 -9 65 85 67 -691 700
T1 290 -37 32 29 -4 ~292 =70 300
GR+T1 233 -7 23 235 81 -225 -761 798
RESPONSE 250 58 45 261 107 419 420 603
TOTAL 484 65 68 493 188 644 1181 1358
A07 + GR -57 7 -9 58 85 67 ~691 700
T 290 -37 32 29 -4 -292 -70 300
GR+T1 233 -30 23 236 81 «225 -761 798
RESPONSE 232 42 38 239 107 419 420 603
TOTAL 465 7 61 475 188 644 1181 1358
AO8 - GR -57 -9 -9 58 85 59 -691 698
T1 290 -37 32 294 -4 -262 -36 264
GR+T1 233 -46 23 239 81 -203 -726 758
- RESPONSE 232 42 38 239 107 407 420 595
TOTAL 465 88 61 477 188 610 1146 1312
AO8 + GR =57 -114 4 128 85 59 -691 698
T 290 -37 32 294 -4 ~262 =36 264
GR+T1 233 -151 23 279 81 -203 -726 758
RESPONSE 179 83 76 212 107 407 420 595
TOTAL 412 234 100 484 188 610 1146 1312
A9 - GR -57 =130 -9 142 85 50 =578 587
T1 290 -37 32 294 -4 -232 -2 232
GR+T1 233 -167 23 288 81 -182 -580 613
RESPONSE 179 83 76 212 107 339 347 497
TOTAL 412 250 100 492 188 520 927 1080
A09 + GR -57 147 %) 158 85 S0 -578 587
T 290 -37 32 294 -4 -232 -2 232
GR+T1 233 -184 23 298 81 -182 -580 613
RESPONSE 158 109 97 216 107 339 347 497
TOTAL 392 294 120 504 188 520 927 1080

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AUtOPIPE+4.60 RESULT PAGE 21

GLOBAL FORCES &

FORCES (tb )
Y Z Result

MOMENTS

Point
name

MOMENTS (ft-(b )
Y z

GR+T1 233 -231 23 329 81 -120 -28 147

RESPONSE 158 109 97 216 107 92 88 166

TOTAL 392 340 120 533 188 211 116 306

A0 + GR =57 -291 =9 297 85 26 ~124 153

T 290 ~37 32 294 -4 -146 96 175

GR+T1 233 -328 23 403 81 -120 -28 147

RESPONSE 108 136 124 213 107 92 88 166

TOTAL 342 466 147 595 188 21 116 306

AT N GR -57  -304 -9 309 85 20 86 122

T1 290 -37 32 294 -4 -123 123 174

GR+T1 233 -341 23 413 81 -103 208 ‘246

RESPONSE 105 137 125 214 107 30 78 136

TOTAL 339 478 148 604 188 133 287 368

ATT M GR. -57  -308 -9 314 84 8 163 185

T 290 =37 32 294 -1 -115 103 155

<, GR+T1 233 -345 23 417 83 -98 266 296

<€Cﬁ RESPONSE 104 138 126 213 101 42 99 148

-~ TOTAL 337 483 149 607 185 140 365 432
(% 7o

A1 F GR 57 -313 \- 318 82 207 223

Tt 290 =37 32 294 7 -112 38 119

GR+T1 233 -350 23 421 89 -96 245 278

RESPONSE 103 138 126 213 93 51 115 156

ToTAL 336 488 149 6N 181 147 360 429

Al2 GR -57  -458 -9 462 82 17 211 227

T 290 -37 32 294 9 -112 19 114

GR+T1 233 -495 23 548 90 -96 230 265

RESPONSE 63 154 148 223 92 51 17 157

TOTAL 296 649 172 733 182 147 347 418

A13 GR -57 458 -9 462 81 17 213 229

T 290 =37 32 294 10 -112 7 113

GR+T1 233 -495 23 548 7 -96 220 257

RESPONSE 92 176 178 267 51 119 159

TOTAL - 325 671 201 772 183 147 339 412

INT83Y LT

MA-CO6A.0UT 6-26-96 11:11a

Page 17 of 24



ICF KAISER HANFORD CO

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A
06/26/96 PIPE STRESS ANALYSIS

AutoPIPE+4.60 RESULT PAGE 22

MA-CO6A
06/26/96 PIPI

JUMPER ASSEMBLY C-06A-9-A

E STRESS ANALYSIS

1CF KAISER HANFORD C

0
AutoPIPE+4.60 RESULT PAGE 23

GLOBAL FORCES & MOMENTS GLOBAL FORCES & MOMENTS
Point Load FORCES (lb MOMENTS (ft-lb ) Point Load FORCES (b ) MOMENTS (ft-lb )
name  combination Y Result name  combination X Y z Result Y z Result
A4 N G?
GR+T1 93 -96 197 238 GR+T1 13 -192  -102 217 43 -102 196 225
RESPONSE 95 S1 124 164 RESPONSE 319 59 155 360 39 154 44 165
TOTAL 189 147 321 400 TOTAL 332 251 257 489 83 256 241 361
A6 M GR 145 9 239 279 BO3 F GR 5 2 2 -2 1 5 6
T1 30 -70 -124 146 !l 8 -197 -103 222 66 -75 139 172
GR+T1 175 -61 115 218 GR+T1 13 -195  -102 220 65 -73 145 175
RESPONSE 143 40 144 207 RESPONSE 319 59 156 360 45 142 59 161
TOTAL 318 101 258 422 TOTAL 332 254 257 491 109 216 204 316
Al F GR 310 -12 247 397 BO4 N GR 5 -9 2 0 -2 0 3 4
T 48 33 -167 176 T 8 -197  -103 222 66 -14 23 7
GR+T1 358 21 80 367 GR+T1 13 -206 -102 230 65 -13 26 71
RESPONSE 204 23 154 256 RESPONSE 319 59 156 360 45 52 93 115
TOTAL 562 44 234 610 TOTAL 333 264 258 497 109 65 119 174
A14A GR =57 549 -9 552 386 -21 247 459 BO4 M CR . 5 -13 2 14 -1 0 0 1
T 290 -2 32 292 54 79 -167 192 T 8 -197 -103 222 56 11 -24 62
GR+T1 233 546 23 594 440 58 80 451 GR+T1 13 -210  -102 234 55 1 -24 61
RESPONSE 98 178 182 273 226 29 154 275 @ RESPONSE 319 59 156 360 29 19 76 83
TOTAL 331 725 205 823 666 87 234 Il TOTAL 333 259 25(8\ 500 84 30 100 134
Loty o
A1S GR =57 541 -9 544 37 -57 247 256 BO4 F GR { H -18 - 2 19 =4 0 -2 3
T 290 -2 32 292 55 265 =167 317 T 8 -197 -103 222 32 21 -45 59
GR+T1 233 539 23 588 93 208 80 241 GR+T1 13 -215  -102 238 31 21 -48 60
RESPONSE 98 178 182 273 326 83 154 370 RESPONSE 319 59 156 360 8 - 15 7 18
TOTAL 331 n7 205 816 419 291 234 561 TOTAL 333 274 258 502 39 35 55 76
*** Segment A end ¥ 805 GR 5 -163 2 163 -1 0 -3 3
T1 8 -197 -103 222 25 21 -46 56
**% Segment B begin *%* GR+T1 13 -360 -102 374 24 21 -49 58
RESPONSE 321 160 365 18 15 16 28
BO2 GR 5 19 2 20 13 -5 4 15 TOTAL 334 427 262 602 42 35 65 85
T 8 -~197 -103 222 -189 -124 213 n
GR+T1 13 -178  -102 205 -176 -129 217 308 B06 GR 5 -163 2 163 = 0 -3 3
RESPONSE 319 59 154 359 45 259 39 266 T 8 -197 -103 222 21 21 -46 S5
TOTAL 332 237 255 481 221 388 256 515 GR+T1 13 -360 -102 374 20 21 -49 57
RESPONSE 326 86 168 377 25 15 29 40
BO3 N GR 5 8 2 10 1 0 4 4 TOTAL 339 446 270 622 44 35 78 96
T1 8 -197 -103 222 7 -117 213 243
GR+T1 13 -188 -102 214 -7 -117 217 246
RESPONSE 319 59 154 359 28 113 39 122
TOTAL 332 247 256 487 35 229 256 345
£2
[
@ 1
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MA-CO6A

06/26/96 PIPE STRESS ANALYSIS

ek

Segment D end

JUMPER ASSEMBLY C-06A-9-A

GLOBAL FORCES
Point Load FORCES (lb
name combination X Y z
BO7 GR 5 ~167 2
T1 8 -197 -103
GR+T1 13 -363  -102
RESPONSE 326 86 168
TOTAL 39 449 270
*kk Segment B end k¥
**% Segment C begin ***
5 GR 22 -229 -6
T -279 =14 -24319
GR+T1 -257 =243 -24325
RESPONSE 281 1062 314
) TOTAL 538 1304 24639
co1 GR 22 -231 -6
T1 -279 =14 -24319
GR+T1 ~257 =245 -24325
RESPONSE 281 1062 314
TOTAL 538 1307 24639
**% Segment C end  *¥%
*%% Segment D begin ***
3 GR -84 156 -5
T1 561 262 24455
GR+TT 477 418 24450
RESPONSE 560 1180 316
TOTAL 1037 1598 24766
001 GR -84 154 -5
T 561 262 24455
GR+T1 477 416 24450
RESPONSE 560 1180 316
TOTAL 1037 1596 24766

& MOMENTS

Result

MOMENTS (ft-lb )
Y z

cocooo coooo

cococoo oooco

ICF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE 24

Result

JCF KAISER HANFORD CO

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A

06/26/96 PIPE STRESS ANALYSIS AutoP1PE+4.60 RESULT

ASME 831.3c (1992) CODE COMPLIANCE

(Moments in ft-lb ) (Stress in psi

Point Load In-PL. Qut-PL, Torsion S.1.f Eq. Load Code
name combination Moment Moment Moment In Qut no. type Stress

*%¥ Segment A begin ¥**

A0 Max P (3a) HooP 4844
GR + Max P 179 39 1.00 1.00 (18) susT 2947
Cold to Tt 76 41 26 1.00 1.00 (17) DISP 338
SRSS 141 196 1.00 1.00 (18> occ 1162
A0t Max P (3a) Koop 4844
GR + Max P 92 31 1.00 1.00 (18) SUST 2531
Cold to T1 85 2 26 1.00 1.00 (17) DISP 334
SRSS 130 161 1.00 1.00 ¢18) occ 992
A2 Max P (3a) HOOP 4844
GR + Max P 79 29 1.00 1.00 (18) susT 2472
Cold to T1 87 S 26 1.00 1.00 (17) DISP 340
SRSS 128 155 1.00 1.00 (18) ocC 967
AD3 N- Max P (3a) HOOP 4844
GR + Max P 79 29 1.00 1.00 (18) sust 2470
Cold to T1 87 5 26 1.00 1.00 (17) DISP 340
SRSS 128 155 1.00 1.00 ¢18) occ 966
AO3 N+ Max P (3a) HooP 4844
GR + Max P 79 29 2.56 2.13 (18) susT 3080
Cold to T1 87 5 26 2.56 2.13 (17) DISP 839
SRSS 128 155 2.56 2.13 (18) occ 2235
AO3 M Max P (3a) HoOP 4844
GR + Max P 35 28 2.56 2.13 (18) sust 2580
Cold to T1 72 23 38 2.56 2.13 (17) DIsP 725
SRSS 108 99 2.56 2.13 (18) occ 1674
AO3 F- Max P - (3a) Hoop 4844
GR + Max P 26 69 2.56 2.13 (18) sust 2842
Cold to T1 18 27 58 2.56 2.13 (17) DIsSp 349
SRSS 79 57 2.56 2.13 (18) occ 1136
AO3 F+ Max P (3a) Hoop 4844
GR + Max P 50 54 1.00 1.00 (18) SUST 2420
Cold to T1 32 4 58 1.00 1.00 (17) DISP
SRSS 62 76 1.00 1.00 ¢18) ocC 469

PAGE 25

)
Code
Allow.
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 26 06/26/96 PIP RE: ALYSIS AUtoPIPE+4.60 RESULT PAGE 27
ASME B31.3c (1992) CODE COMPLIANCE ASME B31.3c (1992) CODE COMPLIANCE
(Moments in ft-lb ) (Stress in psi ) (Moments in ft-lb ) (Stress in psi )
Point Load In-Pl. Out-Pl. Tarsion S.I.F Eq. Load Code Code Point Load In-Pl. Out-Pl. Torsion S.I.F Eq. Load Code Code
name combination Moment Moment Moment In Out no. type Stress Allow. name  combination Moment Moment Moment In Out no. type Stress Allow.
AQ4 N- Max P (3a) HOOP 4844 16700 AO5 F+ Max P (3a) HooP 4844 16700
GR + Max P 56 9N 1.00 1.00 (18) susT 2580 16700 ‘GR + Max P 17 3 1.00 1.00 (18) susT 2151 16700
Cold to T1 53 186 58 1.00 1.00 (17) DISP 755 25050 Cold to T1 51 90 130 1.00 1.00 (17) DISP 620 25050
SRSS 96 213 1.00 1.00 (18) ocC 1121 22211 SRSS 117 377 1.00 1.00 (18) occ 1895 22211
AO4 N+ Max P (3a) HOOP 4844 16700 AO6 N- Max P (3a) KooP 4844 16700
GR + Max P 71 56 -1.95 1.63 (18) susT 3027 16700 GR + Max P 56 54 1.00 1.00 (18) susT 2436 16700
Cold to T4 186 53 58 1.95 1.63 (17) DISP 1413 25050 Cold to T1 14 200 130 1.00 1.00 (17) DISP 891 25050
SRSS 213 96 1.95 1.63 (18) ocC 2132 22211 SRSS 98 354 1.00 1.00 (18) occ 1763 2221t
AO4 M Max P (3a) HoOP 4844 16700 A0S N+ Max P {3a) HOOP 4844 16700
GR + Max P 84 30 1.95 1.63 (18) susT 2890 16700 GR + Max P 54 56 1.95 1.63 (18) sust 2729 16700
Cold to T1 283 90 1.1.95 1.63 (17) DISP 2137 25050 Cold to 11 200 14 130 1.95 1.63 (17) DISP 1537 25050
SRSS 298 93 1.95 1.63 (18) ocC 2889 22211 SRSS 354 98 1.95 1.63 (18) ocC 3405 22211
AO4 F- Max P (3a) HOOP 4844 16700 AO6 M Max P (3a) HOOP 4844 16700
GR + Max P 30 14 1.95 1.63 (18) susT 2364 16700 GR + Max P 72 498 1.95 1.63 (18) susT 6011 16700
Cold to T1 313 74 70 1.95 1.63 (17) DISP 2339 25050 Cold to T1 297 89 87 1.95 1.63 (17) DISP 2258 25050
SRSS 314 101 1.95 1.63 (18) ocC 3050 22211 SRSS- 392 300 1.95 1.63 (18) oCC 4355 22211
AO4 F+ Max P (3a) HoOP 4844 16700 A06 F- Max P . (3a) HooP 4844 16700
GR + Max P 30 14 1.00 1.00 (18) SuST 2223 16700 GR + Max P 77 646 1.95 1.63 (18) susT 7161 16700
Cold to T1 313 74 70 1.00 1.00 (17) DISP 1228 25050 Cold to T1 328 111 4 1.95 1.63 (17) DISP 2488 25050
SRSS 314 101 1.00 1.00 (18) occ 1585 22211 SRSS 414 393 1. . (18) occ 4946 22211
A0S N- Max P {3a) HoopP 4844 16700 AQ6 F+ Max P 0 (3a) HoOP 4844 16700
GR + Max P 573 27 1.00 1.00 (18) susT 4818 16700 GR + Max P 646 77 1.00 1.00 (18) susT 5187 16700
Cold to T1 148 219 70 1.00 1.00 (17) DISP 1020 25050 Cold to 71 1 328 4 1.00 1.00 (17) DISP 1295 25050
SRSS 354 417 1.00 1.00 (18) occ 2624 22211 SRSS 393 414 1.00 1.00 (18) occ 2740 22211
AOS N+ Max P (3a) HooP 4844 16700 A07 Max P {3a) HoOP 4844 16700
GR + Max P 27 573 1.95 1.63 (18) sust 6546 16700 GR + Max P 691 67 1.00 1.00 (18) SUST 5400 16700
Cold to T1 219 148 70 1.95 1.63 (17) DIsP 1850 25050 Cold to T1 70 292 4 1.00 1.00 (17) DISP 1120 25050
SRSS 417 354 1.95 1.63 (18) ocC 4783 22211 SRSS 420 419 1.00 1.00 (18) occ 2850 22211
AO5 M Max P (3a) HoOP 4844 16700 A08 Max P (3a) HoOOP 4844 16700
GR + Max P 22 395 1.95 1.63 (18) susT 5153 16700 GR + Max P 691 59 1.00 1.00 (18) susT 5393 16700
Cold to T1 188 141 50 1.95 1.63 (17) DIsP 1626 25050 Cold to 71 36 262 4 1,00 1.00 (17) DISP 987 25050
SRSS 417 254 1.95 1.63 (18) ocC 4381 22211 SRSS 420 407 1.00 1.00 (18) ocC 2807 22211
A05 F- Max P (3a) HooP 4844 16700 A09 Max P (3a) HOOP 4844 16700
GR + Max P 3 17 1.95 1.63 (18) susT 2205 16700 GR + Max P 578 50 1.00 1.00 (18) SUST 4852 . 16700
Cold to T1 90 51 130 1.95 1.63 (17) DISP 873 25050 Cotd to T1 2 232 4 1.00 1.00 (17) DISP 867 25050
SRSS 377 nz 1.95 1.63 (18) occ 3650 22211 SRSS 347 339 1.00 1.00 ¢18) occ 2327 22211
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© MA-CO6A

JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 28

ASME 831.3¢ (1992) CODE COMPLIANCE
)

(Moments in ft-lb (Stress in psi )
Point Load In-Pl, Out-Pl. Torsion S.I.F Egq. Load Code Code
name combination Moment Moment Moment Im Out no. type Stress Allow.
A10 Max P (3a) Hoop 4844 16700
GR + Max P 124 26 1.00 1.00 (18) suUST 2676 16700
Cold to T1 96 146 4 1.00 1.00 (17) DISP 654 25050
SRSS 88 92 1.00 1.00 (18) ocec 609 22211
A11 N- Max P (3a) HooP 4844 16700
GR + Max P 86 20 1.00 1.00 (18) susT 2488 16700
Cold to T1 123 123 4 1.00 1.00 (17) pIsP 649 25050
SRSS 78 30 1.00 1.00 (18) occ 403 22211
A11 N+ Max P (3a) Hoop 4844 16700
GR + Max P 86 20 2.56 2.13 (18) susT 3138 16700
Cold to T1 123 123 4 2.56 2,13 (17) DISP 1527 25050
SRSS 78 30 2.56 2.13 (18) ocC 1010 22211
A1T M Max P {3a) HOOP 4844 16700
GR + Max P 163 72 2.56 2.13 (18) susT 4203 16700
Cold to T1 103 82 81 2.56 2.13 (17) pIsp 1220 25050
SRSS 99 69 2.56 2.13 (18) occ 1402 22211
A1 F- Max P (3a) Hoop 4844 16700
GR + Max P 207 82 2.56 2.13 (18) SusT 4762 16700
Cold to T1 38 7 112 2.56 2.13 (17) p1SP 558 25050
SRSS 115 93 2.56 2,13 (18) ocC 1699 22211
A1 F+ Max P (3a) HOOP 4844 16700
GR + Max P 82 207 1.00 1.00 (18) susT 3134 16700
Cold to T1 7 38 112 1.00 1.00 (17) DISP 444 25050
SRSS 93 115 1.00 1.00 (18) occ 708 22211
A12 Max P (3a) Roop 4844 16700
GR + Max P 82 21 1.00 1.00 (18) susT 3150 16700
Cold to T1 9 19 112 1.00 1.00 (17) OISP 426 25050
SRSS 92 "7 1.00 1.00 (18> occ 714 22211
A13 Max P (3a) HOOP 4844 16700
GR + Max P 81 213 1.00 1.00 (18) SusT 3160 16700
Cold to T1 10 7 112 1.00 1.00 (17) DISP 422 25050
SRSS 92 119 1.00 1.00 ¢18) occ 721 22211
Al4 N- Max P (3a) HooP 4844 16700
GR + Max P 80 219 1.00 1.00 (18) susT 3184 16700
Cold to T1 13 22 112 1.00 1.00 (17) DISP 430 25050
SRSS 95 124 1.00 1.00 (18) occ 748 22211

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoP1PE+4,60 RESULT PAGE 29

ASME B31.3c (1992)

CODE COMPLIANCE
(Moments in ft-lb )

(Stress in psi )

Point In-Pl, Out-Pl. Torsion S.I.F Eq. Load Code Code
name ent Moment In Out no. type Stress Allow.
Al4 N+ ¢3a) Hoop 4844 16700
GR + Max P 80 219 1.95 1.63 €18) susT 3932 16700
Cold to T1 13 22 112 1.95 1.63 (17) DIsP 450 25050
SRSS 95 124 1.95 1.63 ¢18) - ocC 1316 22211
A4 M Max P (3a) Hoop 4844 16700
GR + Max P 145 163 1.95 1 €18) sust 3927 16700
Cold to T1 30 38 137 1.95 1.63 ¢17) DISP 604 25050
SRSS 143 93 1.95 1.63 (18) ocC 1521 22211
Al4 F- Max P (3a) HooP 4844 16700
GR + Max P 310 12 1.95 1.63 (18) susT 4972 16700
Cold to T1 48 33 167 1.95 1.63 (17) DIsp 740 25050
SRSS 204 23 1.95 1.63 (18) occ 1919 22211
Al4 F+ Max P (3a) HOOP 4279 16700
GR + Max P 310 12 1.00 1.00 (18) sust 4661 16700
Cold to T1 48 33 167 1.00 1.00 ¢17) DISP 1228 25050
SRSS, 204 23 1.00 1.00 (18) ocC 1876 22211
AT4A Max P (3a) Koop 4279 16700
GR + Max P 386 21 1.00 1.00 (18) susT 5358 16700
Cold to T1 54 79 167 1.00 1.00 (17) DISP 1337 25050
SRSS 226 29 1.00 1.00 (18) occ 2087 22211
A15 Max P (3a) HooP 4279 16700
GR + Max P 37 57 1.00 1.00 (18) susT 2444 16700
Cold to T1 55 265 167 1.00 1.00 (17) DISP 2210 25050
SRSS 326 83 1.00 1.00 (18) ocC 3078 22211
*hk Segment A end  *x¥
*k% Segment B begin ***
802 Max P (3a) HOOP 4279 16700
GR + Max P 13 5 1.00 1.00 (18) SusT 1952 16700
Cold to T1 189 124 213 1.00 1.00 (17) DISP 2166 25050
SRSS 45 259 1.00 1.00 ¢18) ocC 2407 22211
BO3 N- Max P (3a) HOOP 4279 16700
GR + Max P 1 0 1.00 1.00 (18) susT 1828 16700
Cold to T1 7 17 213 1.00 1.00 (17) DISP 1692 25050
SRSS 28 113 1.00 1.00 (18) occ 1063 22211

BT 5|
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PAGE 30

)
Code
Allow.

06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT
ASME B31,3c (1992) CODE COMPLIANCE
(Moments in ft-ib ) (Stress in psi
Point Load In-Pl, Out-PL. Torsion S.I.f €g. Load Code
name  combination Moment Moment Moment In Out no. type Stress
803 N+ Max P (3a) HOOP 4279
GR + Max P 0 1 1.78 1.48 (18) susT 1831
Cold to T1 17 7 213 1.78 1.48 (17) DISP 2071
SRSS 113 28 1.78 1.48 (18) ocC 1871
BO3 M Max P (3a) Hoop 4279
GR + Max P 1 4 1.78 1.48 (18) susT 1881
Cold to T1 103 104 167 1.78 1.48 (17) DISP 2031
SRSS 154 51 1.78 1.48 (18) occ 259
BO3 F- Max P " (3a) HooP 4279
GR + Max P 5 1.78 1.48 (18) susT 1899
Cold to T1 75 139 66 1.78 1.48 (17) DISP 1770
SRSS - 142 59 1.78 1.48 (18) ocC 2450
B03 F+ Max P (3a) HOOP 4844
GR + Max P 5 1 1.00 1.00 (18) susT 2092
Cold to T1 139 75 66 1.00 1.00 (17) DISP 640
SRSS 59 142 1.00 1.00 (18) occ 740
804 N- Max P (3a) HooP 4844
GR + Max P 3 0 1.00 1.00 (18) SUST 2081
Cold to T1 23 14 66 1.00 1.00 (17) DISP 267
SRSS 93 52 1.00 1.00 ¢18) occ 511
BO4 N+ Max P (3a) HooP 4844
GR + Max P 3 0 2.56 2.13 (18) susT 2106
Cold to T1 23 14 66 2.56 2.13 (17) DISP 349
SRSS 93 52 2.56 2.13 (18) ocC 1259
804 M Max P (3a) HoOP 4844
GR + Max P 0 1 2.56 (18) sust 2077
Cold to T1 24 32 47 2.56 2.13 (17) DISP 387
SRSS 76 31 2.56 2.13 (18) occ 980
BO4 F- Max P (3a) HoOP 4844
GR + Max P 2 1 2.56 2.13 (18) susT 2098
Cold to T1 45 32 21 2.56 2.13 (17) DIsp 507
SRSS 7 8 2.56 2.13 (18) occ 123
BO4 F+ Max P (3a) HoopP 4844
GR + Max P 1 2 1.00 1.00 (18) SUST 2079
Cold to 11 32 45 21 1.00 1.00 (17) DISP 221
SRSS 8 7 1.00 1.00 (18) ocC 53

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AutoPIPE+4.60 RESULT PAGE 31

ASME 831.3c (1992) CODE COMPLIANCE
)

(Moments in ft-lb (Stress in psi )
Point Load In-Pl. Out-PL. Torsion S.I.f Eq. Load Code Code
name combination Moment Moment Mo 1 no. type Stress Allow.
BOS Max P (3a) Hoor 4844 16700
GR + Max P 1 3 1.00 1.00 (18) susT 2080 16700
Cold to T1 25 46 21 1.00 1.00 (17) DIsP 210 25050
SRSS 18 16 .00 1.00 (18) occ 17 22211
806 Max P (3a) HooP 4844 16700
GR + Max P 1 3 1.00 1.00 (18) SusT 2081 16700
Cold to T1 21 46 21 1.00 1.00 (17) DIspP 204 25050
SRSS 25 29 1.0 00 (18) occ 181 22211
BO7  Max P _ (3a) Hoop 4844 16700
GR + Max P 1 4 1.00.1.00 (18) SUST 2085 16700
Cold to T1 1 48 21 1.00 1.00 (17) DISP 194 25050
SRSS 56 90 1.00 1.00 (18) occ 508 22211
*k* Segment B end  HE
%% Segment C begin ¥**
5 Max P (3a) HOOP 6905 16700
GR + Max P 29 3 1.00 1.00 (18) SUST 3140 16700
Cold to T1 2 35 0 1.00 1.00 (17) DISP 175 25050
SRSS 133 35 1.00 1.00 (18) ocC 895 22211
co1 Max P (3a) HooP 6905 16700
GR + Max P 29 3 1.00 1.00 (18) SuST 3140 16700
Cold to 71 2 35 0 1.00 1,00 (17) DISP 175 25050
SRSS 133 35 1.00 1.06 (18) occ 895 22211
**% Segment C end
**% Segment D begin *%¥
3 Max P (3a) HooP 6905 16700
GR + Max P 19 10 1.00 1.00 (18) sSusT 3096 16700
Cold to T1 33 70 0 1.00 1.00 ¢17) DISP 388 25050
SRSS 148 70 1.00 1.00 ¢18) occ 1065 22211
00t Max P (3a) Hoop 6905 16700
GR + Max P 19 10 1.00 1.00 (18) SUST 3095 16700
Cold to T1 33 70 0 1.00 1.00 (17) DISP 388 25050
SRSS 148 70 1.00 1.00 (18) occ 1065 22211
Wk Segment D ond W

MA-CO6A.OUT  6-26-96 11:11a
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MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AUutoPIPE+4.60 RESULT PAGE 32

Maximum X : 0.173 Point : Load Comb.: TOTAL
Maximum Y : 0.380 Point Load Comb.: TOTAL
Maximum Z : 0.158 Point Load Comb.: TOTAL
Max. total: 0.411 Point : Load Comb.: TOTAL
Maximum rotations (deg)
Maximum X : 0.373 Point : Load Comb.: TOTAL
Maximum Y : 0.464 Point Load Coml TOTAL
Maximum Z : 0.335 point Load Comb.: TOTAL
Max. total: 0.506 Point Load Comb.: TOTAL
Maximum restraint forces(lb)
Maximum X : Point : D01 Load 3 TOTAL
Maximum Y : Point : DO1 Load TOYAL
Maximum Z < Point : D01 Load TOTAL
Max. total: Point : DO1 Load TOTAL

Maximum X : 321 Point : 3 Load Comb.: TOTAL
Maximum Y : 395 Point : 3 Load Comb.: TOTAL
Maximum Z 1011 Point : 3 Load Comb.: TOTAL
Max. total: 1132 Point : 3 Load Comb.: TOTAL

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO
06/26/96 PIPE STRESS ANALYSIS AUtoPIPE+4,60 RESULT PAGE 33

Maximum X : 1037 Point : 3 Load Comb.: TOTAL
Maximum Y : 1598 Point : 3 Load Comb.: TOTAL
Maximum 2 24766 Point : 3 Load Comb.: TOTAL
Max. total: 24839 Point : 3 Load Comb.: TOTAL
Maximum pipe moments (ft-lb)

Point : Al4A Load Comb.: TOTAL

Point : AO6 F Load Comb.: TOTAL
Maximum Z : Point : AQ7 Load Comb.: TOTAL
Max. total: 1358 Point : AO7 Load Comb.: TOTAL

HA-COGA.OUT  6-26-96 11:11a
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MA-CO6A
06/26/96 PIPE STRESS ANALYSIS

JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO

AUtoPIPE+4.60 RESULT PAGE 34

SYSTEM SUMMARY

Maximum sustained stress

Point AQ6 F

Stress pst 7161

Allowable psi 16700

Ratio .43

Load combination : GR + Max P
Maximum displacement stress

Point t AO6 F

Stress psi : 2488

Allowable psi 25050

Ratio : 0.10

Load combination : Cotd to T1

Maximum occasional stress

Point

Stress psi
Allowable psi g
Ratio 1 0.22

2
Load combination : SRSS
Maximum hoop stress
Point : 5
Stress psi 1 6905
Allowable psi 1 16700
Ratio 3 0.41
Load combination : Max P
Maximum sustained stress ratio
Point : A0S F
Stress psi T 7161
Allowable psi + 16700
Ratio 3 0.43
Load combination :

Maximum displacement stress ratio

Point : ADS F
Stress psi 1 2488
Allowable psi : 25050
Ratio . : 0.10
Load combination : Cold to T1

MA-CO6A  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD €O
AUtoPIPE+4,60 RESULT PAGE 35

06/26/96 PIPE STRESS ANALYSIS

SYSTEM SUMMARY
Maximum occasional stress ratio
Point t A6 F
Stress psi 4946
Allowable psi 1 22211
Ratio : 0,22
Load combination : SRSS
Maximum hoop stress ratio
Point : 5
Stress psi : 6905
Allowable psi : 16700
Ratio : 0.4t
Load combination : Max P

* % * The system satisfies ASME B31.3 code requirements * * *
* * % for the selected options * ok ox

MA-CO6A.QUT  6-26-96 11:11a
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS

POINT DATA LISTING

¥¥k SEGMENT A

AO0  Run 0 0 0 4PIPE

AD1  Flex 0.22 0 -0.11 Wt= 144 b , Ar= 3.2 sq.in
Axial= 23300000 Tors= = 304.0
Y-Shear= RIGID Bend=  2080.0
Z-Shear= RIGID Bend=  2080.0

A02  Run 0.04 0 -0.02

AO3  Bend 0.30 0 -0.15 Short Elbow, Radius = 4.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 2.56, Out = 2.13
Flex = 7.908

AD4  Bend 0 -1.49 0 tong Elbow, Radius = 6.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.95, out = 1.63
Flex = 5.272

A0S Bend 5.46 0 0 Long Elbow, Radius = 6.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.95, Out = 1.63
Flex = 5.272

A06  Bend 0 1] 2.00 Long Elbow, Radius = 6.00 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.95, Out = 1,63
Flex = 5,272

AO7  Run 1.63 0 0

AO8  Run 0.92 0 0

A09  Run 0.92 0 0

A0 Run 2.66 0 0

A11 Bend 1.04 0 0 Short Elbow, Radius = 4.00 inch
8end angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 2.56, Out = 2.13
Flex = 7.908

A2 Flex 0 -0.40 0 Wt= 144 b , Ar= 3.2 sq.in
Axial= 23300000 Tors= = 304.0
Y-Shear= RIGID Bend=  2080.0
Z-Shear= RIGID Bend=  2080.0

A13  Run 0 -0.04 0

Alé  Bend 0 -0.60 0

Long Elbow, Radius = 6.00 inch

AUtoPIPE+4.60 MODEL PAGE 3

MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 MODEL

POINT DATA LISTING

POINT -OFFSETS (ft )-----

NAME TYPE X Y Z PIPE ID DESCRIPTION
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1,95, out = 1.63
Flex = 5.272

A4 F Far 3PIPE

Al4A  Run 0 -0.66

A15  Run 0 0 -0.64

**k SEGMENT B

B02  Run 13.19  -2.84 -1.78 3PIPE

BO3  Bend 0 0 -1.30 Long Elbow, Radius = 4.50 inch
Bend angle change = 90.00 deg
Mid point at 50.00 percent
SIF - In 1.78, Out = 1.48
Flex = 4,577

803 F Far 4PIPE

BO4 Bend - -1.30 0 o short Elbow, Radius = 4.00 inch
Bend angle change = 90,00 deg
Mid point_at 50.00 percent
SIF - In 2.56, out = 2.13
Flex = 7.908

BO5  Flex 0 -0.40 0 Wt= 144 b Ar= 3.2 sq.in
Axial= 23300000 Tors= = 304.0
Y-Shear= RIGID Bend=  2080.0
Z-Shear= RIGID Bend=  2080.0

806  Run 0 -0.04 9}

BO7  Run 0 -0.19 ¢

**% SEGMENT C

5 Run 13.19 3.50 -1.78 3.5PIPE

€01 Run 0 0 -0.25

*%% SEGMENT D

Run 13.19  3.50 0.42 3.5P1PE
B01T  Run 0 0 0.25

Total weight of empty pipes : 254 Lb

TSI AT

MA-COBAS.OUT 6-28-96 11:05s
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A

06/28/96 HYDRO-TEST ANALYSIS

COMPONENT DATA LI

ICF KAISER HANFORD CO

AutoP1PE+4.60 MODEL PAGE

STING

MA-CO6AS JUMPER ASSEMBLY C-06A-9-A

ICF KAISER HANFORD CO
06/28/96 KYDRO-TEST ANALYSIS AUtOPIPE+L &

POINT ---COORDINATE(ft )--- DATA
NAME X Y 2 TYPE DESCRIPTION
o 0.00 0.00 ANCHOR Rigid
Thermal movements : None
AG1 0.22 0.00
AQ2 0.26 0.00
A03 N .26 0.00
A03 0.56 0.00 -0.28 Tl
AO3 M 0.47  -0.10
AO3 F 0.56 -0.33
AQ4 N 0.56 -0.99
A4 0.56 -1.49 -0.28 TI
AQ4 M 0.71  -1.34 8
AO4 F 1.06° -1.49
AO5 N 5.52  -1.49
A0S 6.02  -1.49 8 T1
AOS M 5.87 -1.49
ADS F ° 6.02 -1.49
A0S N 6.02  -1.49
AO6 6.02  -1.49 11
AQ6 M 6,17 -1.49
A0S F 6.52  -1.49
A07 7.65  -1.49 WEIGHT 23 b No offsets
A08 8.57 -1.49 WEIGHT 35 b No cffsets
FLANGE Neld neck SIF = 1.00
Rating = 400, Ve1ght 35 b
FLANGE Weld neck = 1.00
Rating = 400, Helght 35 lb
A09 9.49  -1.49 1.72 WEIGHT 17 b , Mo offsets
A0 12,15 -1.49 1.72 WEIGHT 27 (b No offsets
FLANGE Weld neck = 1.00
Rating = 400, ue1ght = 35 b
FLANGE Weld neck SIF = 1.00
Rating = 400, Weight = 35 tb
AN 12.86  -1.49 1.72
A1 13,19 -1.49 1.72 71
AMT M 13.09  -1.59 1.72
AM1F  13.19 -1.82 1.72
A2 13.19  -1.89 1.72
A13 13.19  -1.93 1.72
Al4 N 13.19  -2.03 1.72
A4 13.19  -2.53 1.72 71
A4 M 13.19 -2.38 1.57
A4 F 13.19  -2.53 1.22
Al4A 13.19  -2.53 1.06 Y-STOP ID : A14A 1, Connected to Ground
Gap Below = 0, 00, Above = 1.00 inch
Friction = 0.00
Gaps set Weightless
Al15 13.19  -2.53 0.42

COMPONENTY DATA LISTYING
POINT ---COORDINATE(ft )--- DATA
NAME X Y z TYPE DESCRIPTION
*xk SEGMENT B
B02 13.1 -2.84 -1.78
BO3 N 13.19 -2.84 -2.70
BO3 13.19  -2.84 -3.08 TI
BO3 M 13.08 -2.84 -2.97
BO3 F 12.81 -2.84 -3.08
BO4 N 12.22 -2.84 -3.08
BO4 11.89  -2.84 -3.08 T1
BO4 M 11.99 -2.94 -3.08
BO4 F  11.89 -3.17 -3.08
805 11.89  -3.26 -3.08
806 11.89 -3.28 -3.08
807 11.89  -3.47 -3.08 ANCHOR Rigid

*xk SEGMENT C

~1.78 ANCKOR Translational stiffness lb/in
X= F

Thermal movements : None

REE
Rotat1onal st\ffness ft- lb/
X— RIGID RIGID 2= RIGlD
hermal movements : None

Thermal movements : None

0.42 ANCHOR Translatlonal stiffness lb/in
X=

Y= FREE - Z= FREE

Rotatlonal stiffness ft-lb/deg

X RIGID Y= RIGID Z= Rl 10
ermal movements : None

S 13.19 3.50

co1 13.19 3.50 -2.03 ANCHOR ng]d
¥rk SEGMENT D

3 13.19 3.50

001 13.19 3.50

Number of points in the system : 51

0.67 ANCHOR ngld

Thermal movements : None

MA-COGAS.OUT  6-28-96 11:05a
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MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 MODEL PAGE 7
PIPE DATA LISTING
Pipe ID/ Nom/ 0.D. ~---- Thickness(inch)----- Spec  Weight(lb/ft )
Material Sch inch W.Th. Corr Mill Insu Ling Grav Pipe Other Total
4PIPE 4 4.500 0.237 0.06 0.03 0 0 1.20 11.04 0 17.66
AU STD
3.5PIPE 3.500 4.000 0.226 0.06 0.03 0 0 0 9.32 0 9.32
AU STD
3PIPE 3.000 3.500 0.216 0.06 0.03 0 0 1.20 7.75 0 11.60
AU sTD
o
i3
iz
[\
-
33
ol
g
o

Name

ICF KAISER HANFORD CO
AutoPIPE+4.60 MODEL PAGE 8

MATERIAL DATA LISTING

Pipe 1D

Density Pois. Temper. Modulus Expans.

Lb/cu.ft Ratio deg F E6 psi  in/100ft

3.5P1PE

501.0 0.30 40.0
70.0

501.0 0.30  40.0
70,0

501.0 0.30 40.0

0.3088

0.3088

16700.0
16700.0

16700.0
16700.0

16700.0
16700.0

INEIS 51

MA-COGAS.OUT  6-28-96 11:05a
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AUtoPIPE+4.60 MODEL PAGE ¢

ICF KAISER HANFORD CO
AutoPIPE+4.60 MODEL PAGE 10

FRAME POINT DATA LISTING BEAM DATA LISTING
POINT ---COORDINATE(ft })--- DATA 8EAM POINT  LENGTH  SECTION ID/ BETA RIGID RELEASE
NAME . 2 TYPE DESCRIPTION 0 NAME (ft )  MATERIAL 1D ANGLE END(ft) Ax Y-Y 2-Z
A15 . a 0.42 M2 From 2 1.10  WaX13 0.00 0.00 N N N
1 13.19° -2.84 -0.68 Y-STOP 1D : 1 1, Connected to Ground To 1 A36 0.00 N N N
Gap-Below = 0.00, Above = 1.00 inch
Friction = 0.00 M9 From 2 0.31  W4x13 0.00 0.00 N N N
Gaps set Weightless To Al5 A36 0.00 N N N
B02 13.19  -2.84 -1.78
5 13.19 3.50  -1.78 ANCHOR Translatlonal stlffness lb/in M1 From 1 1.10  Wéx13 0.00 0.00 N N N
X= FRE Z= FRE To 802 A36 0.00 N N N
Rotat\onal st\ffness ft-lb/deg
X= R Y= RIGID Z= RIGID Mé From 5 6.34  W4X13 0.00 0.00 N K N
Thermal movements : None To B02 A36 . 0.00 N N N
4 13.19 3.5
3 13.19 3.50 M3 From A15 6,03 WeX13 0.00 0.00 N NN
6 13.19  -2.0: 1000 b , No offsets To 3 A36 0.00 N N N
2 13.19  -2.84 .42
7 13,19 2.08  -0.68 WEIGHT 2250 Lb , Offsets in ft M4 from 3 1.10  W4x13 0.00 0.00 N N N
= 0.00, DY = 0.00, DZ = 0.03 To 4 A36 0.00 N N N
M5 From -4 1.10  Wex13 0.00 0.00 N N N
To 5 A36 0.00 N N N
M7 From 1 0.80 Xxs12 0.00 0.00 N N N
To 6 A36 0.00 N N N
M8 From 6 4,12 xs12 0.00 0.00 N NN
To 7 A36 0.00 N N N
Mi0  From 4 1.42  Xs12 0.00 0.00 NN N
To 7 A36 0.00 N NN

IRTES AT
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CQ
06/28/96 HYDRO-TEST ANALYSIS AUtoPIPE+4.60 MODEL PAGE 11

CROSS SECTION LISTING

Sp-d 98ed

MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutOPlPE+4 60 MODEL PAGE 12

BEAM MATERIAL LISTING

INT83Y LT

Section ID Area(sq.in ) Inertia (in**4 ) Elastic Yield Ultimate
Axial  Y-Shear Z-Shear Torsion Y-Y Bend Z-Z Bend modulus  Poissons  Stress Density Expansion stress

©oEO00000AEEEEE  BOECEEO | KOSDEN0 | COBDOOD  COCODUDD  OSTSCSD  COTCODTD MATERIAL D €6 psi ratio p51 lb/cu.ft  E-6 /F psi
Wex13 3.83 1.16 1.86 0.2 3.9 - T B et DOt R S s A e
Xs12 19.20 9.60 9.60 724.0 362.0 362.0 A36 29.000 0.250 36000 490.00 50000 58000

%

P

2

E

g

=

=3

MA-COSAS.OUT  6-28-96 11:058 Page 6 of 19




MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 MODEL PAGE 13

PRESS. TEMPER EXPAN.  PRESS.
s i deg F in/100ft psi

CAS
POINT PRESS. TEMPER
NAME psi deg F

ASE
TEMPER EXPAN.

EXPAN.
/ deg F in/100ft

whk SEGMENT A

AQ0 490 70.00 0.309
A4 F 490 70.00 0.309
A15 490 70. 0.309
**% SEGMENT B

802 490 70.00 0.309
BO3 F 490 70.00 0.309
BO7 490 70.00 0.309
Wk SEGMENT C

5 490 70.00 0.309
co1 490 70.00 0.309
*#% SEGMENT D

3 490 70.00 0.309
D01 490 70.00 0.309

9t-g 98eq
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MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD €O
06/28/96 HYDRO-TEST ANALYSIS AUtoP1PE+4.60 RESULT PAGE 1

ANALYSIS SUMMARY
Current model revision number : 3
Static - Date and Time of analysis .....cvevenns Jun 28, 1996 11:05 AM
Model Revision Number ...
Number of load cases . o)
Load cases analyzed GR T1 P1
Gaps/Friction/Yielding conS|dered No
Hanger design run .............. No
Cut short included . No
Weight of contents lncluded Yes

Pressure stiffening case .......

[
Water elevation for buoyancy loads .... Not considered

MA-COSAS.OUT  6-28-96 11:05a
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A
06/28/96 HYDRO-TEST ANALYSIS

CODE COMPLIANCE COMBINAT

TONS

Method Load Factor Allowable
Sum Gravity 1.00 Automatic
Max Long 1.00
Cold to T1 Expansion Sum Thermal 1 1.00 Automatic
Max P Hoop Max Hoop 1.00 Automatic
OTHER USER COMBINATIONS
Combination Method Load Factor Remarks
GR Sum Gravity 1.00 Dpefault
T1 sum Thermal 1 1.00 Default
Pt Sum Press 1 1.00  Default
CODE COMPLIANCE
Y - Factor ..evieinieiniennnenas 0.40
Weld efficiency factor 1.00
Range reduction factor 1.00
Design Pressure Factor .. .. 1.00
Minimum stress ratio used in reports... 0.00
Include corrosion in stress cales. .... Y
Include torsion in code stress .... N
Include axial force in code stress - N
Longitudinal pressure calculation . PD/4t
Include rigorous pressure «..esiceeaoe. Y

Default

Default
Default

MA-CO6AS JUMPER ASSEMBLY C-06A-9-A
06/28/96 HYDRO-TEST ANALYSIS

1CF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE 3

ODISPLACEMENTS
Point TRANSLATIONS (in )
name X Y z

Load
combination

ROTATIONS (deg )
X Y z

**% Segment A begin *¥¥

A0O GR 0.000 6.000 0.000 0.000 0.000 0.000
1 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0,000 0.000 0.000 0.000 0.00
A01 GR 0.000 0.000 0.000 0.000 0.000 -0.002
T1 0.001  0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000
A02 GR 0.006 0.000 0.000 0.153 -0.015 -0.124
T1 0.001  0.000 0.000 0.012  0.000 -0.015
P1 0.000 0.000 0.000 0.001  0.000 -0.002
AO3 N GR 0.000 0.000 0.000 0.153 -0.015 -0.124
T1 0.001  0.000 0.000 .012  0.000 -0.015
P1 0.000 0.000 0.00 0.001  0.000 -0.002
AO3 M GR -0.002 -0.003 -0.002 0.151 -0.015 -0.128
T 0.001 -0.001 -0.001 0.011  0.000 -0.016
P1 0.000 0.000 0.000 0.001  0.000 -0.002
AO3 F GR -0.009 -0.004 -0.010 0.154 -0.014 -0.132
T 0.000 -0.002 -0.002 0.010 -0.001 -0.017
P1 0.000 0.00¢ 0.000 0.001 0.000 -0.002
AO4 N GR -0.027 -0.004 -0.031 0.156 -0.015 -0.134
T -0.002 -0.004 -0.003 0.010 -0.00% -0.017
P1 0.000 0.000 0.000 0.001  0.000 -0.002
AO4 M GR -0.037 -0.008 -0.042 0.159 -0.014 -0.142
T1 -0.003 -0.005 -0.004 0.009 -0.002 -0.013
P1 0.000 -0.001 0.000 0.001  0.000 -0.001
AO4 F GR -0.041 -0.019 -0.046 0.161 -0.014 -0.147
T -0.002 -0.006 -0.004 0.008 -0.003 -0.007
P1 0.000 -0.001 0.00 0.001  0.000 -0.001
A0S N GR -0.041 -0.139 -0.032 0.175 -0.013 -0.093
Tt 0.012 -0.009 0.001 0.005 -0.008 0.001
P 0.001 -0.00% 0.000 0.000 -0.001 000
A0S M GR -0.042 -0.150 -0.032 0.165 -0.011 -0.052
T 0.013 -0.009 0.002 0.004 -0.012  0.003
P1 0.001 -0.001 0.000 0.000 -0.001 0.000

MA-COSAS.0UT  6-28-96 11:05a

Page 8 of 19

P vr)



8y-g98ed
0 "a0Y ‘pLyT-ANH

MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 4 AUtoPIPE+4.60 RESULT PAGE 5
DISPLACEMENTS DISPLACEMENTS
Point Load TRANSLATIONS (in ) ROTATIONS (deg ) Load TRANSLATIONS (in ) ROTATIONS (deg )
name combination X Y Z X Y Z combination X Y z X Y 4
AO5 F GR -0.042 -0.163 -0.031 0.155 -0.010 -0.033 GR -0.031 -0.004 0.005 0.046 -0.096 0.058
T1 0.012 -0.009 0.004 0.003 -0.014 .004 T 0.031  0.002 0.005 0.002 0,084 0.003
P1 0.001 -0.001 90.000 0.000 -0.001 0.000 P1 0.003  0.000 0.000 0.000 0.009 0.000
RO6 N GR -0.045 -0.196 -0.03% 0.154" -0.011 -0.001 A14 N GR -0.030 -0.004 0.004 0.045 -0.096 0.057
T1 0.009 -0.010 0.007 0.002 -0.014 0.005 T 0.031 0,001 0.005 0.002 0,08 0.003
P1 0.001 -0.001 0.00t 0.000 -0.001 0.001 P1 0.003  0.000 0.000 0.000 0.009 0.000
AO6 M GR -0.046 -0.206 -0.031 0.137 -0.016 0.020 A4 M GR -0.023 -0.003 0.001 .037 -0.092 0.041
T1 0.009 -0.010 0.008 0.002 -0.009 0.006 T1 0.028 0.000 0.004 0.001  0.084 0.004
P1 0.001 -0.001 0.001 0.000 -0.001 0.001 P1 0.003  0.000 0.000 0.000 0.009 0.000
A0S F GR -0.046 -0.207 -0.029 0.122 -0.023 0.068 A4 F GR -0.015 -0.001  0.000 0.018 -0.087 0.033
T1 o o 0.001 -0.004 0.008 T1 0.022 0.000 0.003 0.0601  0.084  0.005
P1 0.000 0.000 0.001 Pt 0.002 0.000 0.000 0.000 0.009 0.000
A07 GR 0.117 -0.026 0.098 AR GR -0.013  0.000 0.000 0.013 -0.086 0.028
T 0.001 -0.001 0.009 T1 0.019  0.000 0.003 0.001 0.084 0.005
P1 0.000 ©0.000 0.001 Pl - 0.002 0.000 0.000 6.000 0.009 0.001
A08 GR 0.113 -0.028 0.124 A1S GR -0.001  0.000 0.000 0.000 -0.08 0.008
71 0.001  0.001 0.009 T1 0.008 0.000 0.001 0.000 0.081 0.008
P1 0.000 0.000 0.001 P1 0.001 0.000 0.000 0.000 0.008 0.001
A09 GR 0.109 -0.030 0.147 **% Segment A end  WEk*
T1 0.001  0.003 0.009
P1 0.000 0.000 0.001 *¥% Segment B begin *¥*
A10 GR 0.097 -0.034 .186 802 GR 0.000 .000  0.000 -0.001 0.000 0.000
71 0.002 0.007 0.008 T 0.007 0.000 0.001 0.001  0.006 0.006
P1 0.006  0.001  0.001 P1 0.001 "0.000 0.000 0.000 0.001 0.001
A1 N GR -0.046 -0.017 0.010 0.094 -0.035 0.186 B0O3 N GR 0.000 0.000 0.000 -0.001  0.000 0.000
T1 0.029  0.003 0.006 0.002  0.007 0.008 71 0.005 0.000 -0.002 0.002 0.008 0.001
P1 0.003  ©6.000 0.001 0.000 0.001 0.001 P1 0.0601 0.000 ©.000 0.000 0.00t 0.000
A1l M GR -0.042 -0.008 0.010 0.091 -0.038 0.176 BO3 M GR 0.00¢  0.000 0.000 -0.001  0.000 -0.001
T1 0.030 0.003 0.005 0.002 0.009 0.006 T 0.004  0.001 -0.003 0.003 0.011 -0.001
P1 0.003 0.000 ©.001 0.000 0.001 0.001 P1 0.000 0.000 0.000 0.000 0.001 0.000
A1 F  GR -0.034 -0.004 0.007 0.085 -0.040 0.160 BO3 F  GR 0.000 0.000 0.000 -0.001 0.00C -0.001
T 0.03t 0,002 0.005 0.003  ©0.010  0.005 T1 0.003  0.001 -0.002 0.003  0.013 -0.005
P1 0.003 0.000 0.000 0.000 0.001 0.00% P1 0.000 0.000 0.000 0.000 0.001 -0.00%
A2 GR -0.032 -0.004 0.006 0.085 -0.040 0.160 BO4 N GR 0.000 0.000 ©.000 -0.001 0.000 -0.001
T1 0.031 0.002 0.005 0.003  0.010 0.005 T 0.001  0.001 -0.00% -003  0.013 -0.005
P1 0.003 0.000 0.000 0.000 0.001 0.00% P1 0.000 0.00C 0.000 0.000 0.001 -0.00t

MA-COGAS.OUT  6-28-96 11:05a
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MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS

DISPLACEMENTS

AutoPIPE+4.60 RESULT PAGE 6

MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS

DISPLACEMENTS

AutoPIPE+4.60 RESULT PAGE 7

IRTSI¥ LT

Point Load TRANSLATIONS (in ) ROTATIONS (deg ) point Load TRANSLATIONS (in ) ROTATIONS (deg )
name combination Y Z X Y Z name combination X Y z X Y z
BO4 M GR 0.000 0,000 0.000 -0.001  0.000 -0.002 1 GR o 0.000
0,001  0.001 0.000 0.003 0.014 -0.005 T 0.008 0.001 0.000 0.003 0.006
P1 0.000 0.000 0.000 0.000 9.001 -0.001 P1 0.001  0.000 0.000 0.000  0.000  ©0.001
804 F  GR 0.000 0.000 0.000 0.000 0.000 -0.001 802 GR 0.000 0.000 0.000 -0.001 0.000 0.000
T 0.006 0.001 0,000 0.002 0.014 -0.005 T 0.007 0.000 0.001 .001 0,006 0.006
Pl 0.000 0.000 0.000 0.000 0.001 -0.001 P1 0.001  0.000  0.000 0.000 0.001 0.001
BOS GR 0.000 0.000 0.000 0.000 0.000 -0.001 5 GR 0.000 0.000 0.000 0.000 0.000 0.000
T1 0,000 0.001 0.000 0.002 0.014 -0.004 T 0.000 0.000 0.001% 0.000 0.000 0.000
P1 0.000 0.00¢ 0.000 0.000 ©.001 -0.001 P1 0.000 0.006 0.000 0.000 0.000 0.000
B80S GR 0.000 0.000 0.000 0.000 0.008 0.000 4 SR 0.000 0.000 0.000 0.000 -0.001 0.000
T1 0.006  0.001 0.000 0.000 0.000 0.000 Tt 0.000 0.000 0.000 0.000  0.002 .006
P1 0.000  0.000 0.000 0.000 0.000 0.000 Pl 0.000 0.000 0.000 0.000 0.000 0.00%
BO7 GR 0.000 0.000 0.000 0.000 0.000 0.000 3 GR 0.000 0.000 0.000 0.000 0.000 0.000
11 0.000 0.000 0.000 0.000 0.000 .000 T 0.000 0.000 -0.001 0.000 .000  0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000 P1 0.000 0.000 0.000 0.000 0.000 0.000
*** Segment B end  *w* . [3 GR 0.000 0.000 0.000 0.000 -0.001 0.000
T1 .007  0.000 0.001 -0.001  0.003  0.006
**% Segment C begin *** Pt 0.001  0.000 0.000 0.000 0.000 0.001
5 GR 0.000 0.000 0.000 0.000 0.006 0.000 2 GR -0.001  0.000 0.000 -0.001 -0.005 0.008
11 0.000 0.000 0.001 0.000 0.000 0.000 T 0.009  0.00! 0.001 0.000 -008  0.008
P1 0.000 0.000 0.000 0.000 0.000 0.000 4] 0.00t  0.000 0.000 0.000 0.001 0.001
co1 GR 0.000 0.000 0.000 0.000 0.000 0.000 7 GR 0.000 0.000 0.000 0.000 -0.001 0.000
T1 .000 0.0060 0.000. 0.000 0.000 0.000 Ti 0.002 0.000 0.000 -0.001  0.002 0.006
P1 0.000 0.000 0.000 0.000 0.000 0.000 P1 0.000 0.000 0.000 0.000 0.000 0.001
*h% Segment C end  *dk
**% Segment D begin *#*%
3 GR 0.000 0.000 ©.000 0.000 0.000 0.000
71 0.000 0.000 -0.001 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000
001 GR 0.000 0.000 0.000 0.0600 0.000 0.000
T 0.000 0.000 0.000 0.000 0.000 0.000
P1 0.000 0.000 0.000 0.000 0.000 0.000
*k¥ Segment D end  Fak
A5 GR -0.001  0.000 0.000 0.000 -0.084 0.008
T 0.008 0.000 ©.001 0.000 0.081 0.008
P 0.001  0.000 0.000 0.000 0.008 0.001
MA-COSAS.0UT  6-28-96 11:05a Page 10 of 19
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MA-COSAS  JUMPER ASSEMBLY C-06A-9-A
06/28/96  HYDRO! T ANALYS

KAISER HANFORD CO
P 4 .60 RESULT PAGE

o}

SUPPORT FORCES
LOCAL

Force Deform

Point/ Connect/  Load _
Supp. 1D Type Combination Dirn

GLOBAL
Force

Dirn

A14A GR
At4A 1 Y - Stop
stiff  :RIGID

T down 7 0.000

4} down 1 0.00C

1 GR
1 1 Y - Stop
Stiff :RIGID

down 3293 0.000

-3293

T down 11 0.000

P1 down 1 0.000

N3 N=X N<X N<X N=X N=<X
=
=)
P
=

MA-COSAS  JUMPER ASSEMBLY C-06A-9-A 1CF XAISER HANFORD CO
06 HY T ANALYSI AutoPTPE+4.60 RESULT PAGE

RESTRAINT REACTIONS

Point Load FORCES (ib ) MOMENTS (ft-lb )
name  combination Y 4 Result Y z Result
AOO Anchor
- GR 57 -358 9 362 -28 -39 ~186 193
T1 -58 7 -6 59 -2 8 -16 18
P1 -6 1 =4 6 0 1 -2 2
AT4A Y - Stop
GR 0 -1024 0 1024 0 0 0
T 0 =7 7 0 0 0 0
3] 0 -1 0 1 0 0 0
BO7 Anchor
GR 5 -167 2 167 -1 -4 4
T1 2 -39 -21 44 0 4 -10 10
Pi 0 -5 -2 0 0 ]
5 Anchor
GR 0 0 50 4 2 50
T 0 0 0 0 o4 -14 57 59
P1 0 0 0 0 0 l 6 6
co1 Anchor
GR 22 -231 -6 232 29 3 0 29
T -56 -3 -4864 4864 0 -7 0 7
P1 -5 2 =435 435 o o 0
3 Anchor
GR 0 0 -80 13 ~134 156
! 0 0 0 0 -8 <33 150 153
P1 0 0 0 0 -1 -3 15 16
001 Anchor
GR -84 154 3 175 19 10 0 22
T1 112 52 4891 4892 7 -14 0 15
p1 1" 5 437 438 1 =9 0 2
1 Y - Stop
GR . 0 -3293 0 3293 0 0
T1 . 0 -11 0 11 0 0 0 0
P1 0 =9 0 1 0 0 0 0
5 Anchor
GR 0 0 0 50 4 2 50
T1 0 0 0 0 -1 -14 57 59
P1 0 0 0 0 0 =4 3 6

W8y A1

MA-COGAS.0UT 6-28-96 11:058
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MA-CO6AS JUMPER ASSEMBLY C-06A-9-A 1CF KAISER HANFORD CO
06/28/96 HKYDRO-TEST ANALYSIS AutoPI1PE+4.60 RESULT PAGE 10

GLOBAL FORCES & MOMENTS
Point Load FORCES (lb ) MOMENTS (ft-lb )
name  combination X Y z Result Y z Result
**% Segment A begin w¥*
AO0 GR -57 358 -9 362 28 39 186 193
T1 58 o7 6 59 2 -8 16 18
P1 6 -1 1 6 0 =4 2 2
A1 GR -57 209 -9 217 -11 31 108 113
T1 58 -7 [3 59 3 0 18 18
P1 6 -1 1 [ 0 0 2 2
A02 GR -57 209 -9 217 -16 29 97 103
T 58 -7 [ 59 3 1 18 18
P1 6 9 1 6 0 0 2 2
AO3 N GR -57 209 -9 217 -17 29 97 102
T1 58 -7 6 59 3 1 18 18
P1 6 of 1 6 0 0 2 2
AO3 M GR -57 205 -9 212 -39 21 58 74
T1 58 -7 6 59 S 9 14 17
P1 6 -1 1 [3 0 1 1 2
AD3 F GR -57 200 -9 208 -50 18 54 76
T 58 -7 6 59 6 12 1 13
Pt [ -1 1 3 1 1 0 1
AO4 N GR -57 188 -9 197 -56 18 91 109
T1 58 -7 6 59 1" 12 -37 40
P1 6 -1 1 ) 1 1 -4 4
AOG M GR -57 181 -9 190 -60 17 84 105
T1 58 -7 6 59 13 13 -57 59
Pt 6 -1 1 [ 1 1 -6 6
A4 F GR -57 174 -9 184 -61 14 30 49
T 58 -7 6 59 14 15 -63 66
P1 6 = 1 6 1 2 -7 7
AO5 N GR -57 96 -9 112 -61 -27 -573 577
11 58 -7 6 59 14 44 -30 55
P1 6 -1 1 6 1 5 3 6
AO5 M GR -57 89 -9 106 -48 -22 -605 608
T1 58 -7 6 59 13 38 -27 48
P1 3 -1 1 6 1 4 -3 5

MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoP[PE+4.60 RESULT PAGE 11

GLOBAL FORCES & MOMENTS
Point Load FORCES (lb ) MOMENTS (ft-lb )
name  combination X Y z Result Y Z Result
A0S F GR -57 82 -9 100 -17 -3 -618 618
™ 58 -7 ] 59 10 18 -26 33
P1 6 -1 1 6 1 2 -3 3
AO6 N GR -57 64 -9 86 56 54 -618 623
18 58 =g 6 59 3 -40 -26 48
P1 6 -1 1 6 0 -4 -3 5
AO6 M GR -57 57 -9 81 77 72 ~627 636
71 58 -7 6 59 0 -59 -25 64
P1 6 -1 1 6 0 -6 -3 7
AO6 F GR -57 50 -9 76 85 77 ~646 656
T1 58 -7 6 59 -1 -66 -22 69
P1 6 -1 1 6 0 -7 -2 7
AO7 - GR -57 30 £ 65 85 67 -691 700
T 58 -7 6 59 -1 -58 -14 60
P1 - 6 of 1 6 0 -6 -1
AO7 + GR -57 7 -9 58 85 67 ~691 700
71 58 -7 [3 59 -1 -58 -14 60
Pt 6 -1 1 6 0 -6 -1 6
AO8 - GR ~57 -9 -9 58 85 59 -691 698
T 58 -7 [ 59 -1 -52 S 53
P1 6 -1 1 [ 0 -5 ~1
AO8 + GR =37 -114 -9 128 85 59 -691 698
11 58 -7 6 59 -1 -52 -7 S3
P1 6 -1 1 6 0 -5 -1 5
AD9 - GR -57  -130 -9 142 85 S0 -578 587
11 58 -7 6 59 -1 ~46 0 46
P1 6 -1 1 6 0 -5 0 5
AC9 + GR -57  -147 -9 158 85 50 -578 587
T1 58 -7 6 59 -1 -46 0 46
P1 6 -1 1 6 0 -5 o 5
A0 - GR -57  -194 -9 202 85 26 -124 153
™ 58 -7 [ 59 -1 -29 19 35
P1 6 -1 1 6 0 -3 2 4
A0+ GR <57 -291 -9 297 85 26 -124 153
T 58 7 6 59 =9 -29 19 35
P1 [ -1 1 6 0 -3 2 &

HA-COSAS.OUT  6-28-96 11:05a

Page 12 of 19

pezavy



7s-gadeg
0 'A% bLyT-INH

ICF KAISER HANFORD CO
AUtoPIPE+4.60 RESULT PAGE 12

MA-CO6AS  JUMPER ASSEMBL
06/28/96 HYDRO-TEST ANA

GLOBA

Y C-06A-9-A
LYSIS

L FORCES & MOMENTS

ICF KAISER HANFORD CO
AUtoPIPE+4,60 RESULT PAGE 13

GLOBAL FORCES & MOMENTS

FORCES (lb ) MOMENTS (ft-lb ) Point Load FORCES (lb ) MOMENTS (ft-ib )
Y z Result X Y 4 Result name combination X Y z Result X Y z Result
-9 309 85 20 86 122 B02 GR 5 19 2 20 13 =5 4 15
[ 59 -1 -25 25 35 iyl 2 -39 -21 44 -38 -25 43 62
1 6 0 g 3 4 P1 0 -5 -2 5 -5 -2 5 7
-9 314 84 18 163 185 BO3 N GR 5 8 10 1 4 4
6 59 [ -23 21 31 T 2 -39 -21 44 -1 -23 43 49
6 0 -2 2 3 P1 0 -5 -2 5 0 -2 5 6
-9 318 82 17 207 223 BO3 M GR 5 5 2 7 = 1 5 5
6 59 1 -22 8 24 T 2 -39 -21 44 9 -21 38 44
6 0 -2 1 2 P1 0 -5 -2 5 1 -2 5 5
-9 462 82 17 21 227 BO3 F  GR 5 5 -2 1 5 6
6 59 2 -22 4 23 T 2 -39 -21 44 13 -15 28 34
6 0 -2 0 2 Pl 0 ~5 -2 5 1 -1 3 4
-9 462 81 17 213 229 BO4 N GR 5 -9 2 10 -2 0 3 4
[ 59 2 -22 1 23 T 2 -39 -21 44 1 ~3 5 14
6 0 -2 0 2 P 0 -5 -2 5 1 0 0 2
-9 463 80 17 219 234 BO4 M GR 5 -13 2 14 1 0 0 1
6 59 3 -22 -4 23 71 2 -39 -21 44 1 2 5 12
6 -2 0 2 P1 0 -5 -2 5 1 0 “1 2
-9 470 145 9 239 279 B04 F GR 5 -18 2 19 S 0 -2 3
6 59 [3 -14 -25 29 T 2 -39 -21 44 6 4 -9 12
6 1 -1 -3 3 P1 0 -5 -2 5 1 0 -1 2
-9 477 310 -12 247 397 B80S GR 5 163 2 163 Sl 0 -3 3
6 59 10 7 -33 35 1 2 -39 -21 5 4 -9 1
6 1 1 -3 4 P 0 -5 -2 5 1 0 -1 2
AT4A - GR =57  -476 -9 479 386 -21 247 459 B06 GR 5 -163 2 163 =4 0 -3 3
T 58 -7 6 59 1" 16 -33 38 ™ 2 -39 -21 44 3 4 -9 1"
Pt 6 -1 6 1 2 -3 4 P1 0 -5 -2 5 1 0 -1 2
At4A + GR -57 549 -9 552 386 -21 247 459 BO7 GR 5 -167 2 167 -1 0 -4 4
T1 58 0 6 58 1 16 -33 38 T1 2 -39 -21 44 1] 4 -10 10
P1 6 0 1 é 1 2 -3 4 P1 0 -5 -2 5 0 o} -1 1
A15 GR -57 541 d 544 37 -57 247 256 *** Segment B end Wk
T1 58 0 (] 58 1 53 -33 63
P1 6 o} 1 [ 1 6 -3 7 *** Segment C begin ***
X Segment A end  Ww¥ 5 GR 22  -229 -6 230 -29 -3 0 29
T -56 -3 -4864 4864 0 7 0 7
**% Segment B begin *** P1 5] 2 -435 435 1] 1 0
MA-COGAS.OUT  6-28-96 11:05a Page 13 of 19
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MA-CI AS JUMPER ASSEMBLY C-06A-9-A
06/28/96 HYDRO-TEST ANALYSIS

S (ft-lb

-10
14

10
-14

ICF KAISER HANFORD CO
AUtoPIPE+4.60 RESULT PAGE 14

GLOBAL FORCES & MOMENTS
Point Load FORCES (lb ) MOMENT:
name combination X Y z Result Y
co1 GR 22 -3 9 232 29
71 -56 -3 -4864 4864 0
P1 -5 -435 435 0
*** Segment C end  *%¥
**% Segment D begin ***
3 GR -84 156 -5 177 -19
T1 112 52 4891 4892 -7
P1 " 5 437 438 9
D01 GR -84 154 -5 175 19
Tt 112 52 4891 4892 7
P1 " 5 437 438 1

**% Segment D end  **x

-1

coo ocoo

MA-COBAS  JUMPER ASSEMBLY C-06A-9-A

06/28/96 HYDRO~TEST ANALYSIS AutoPIPE+4

ASME B31.3c (1992) CODE COMPLIANCE
)

(Moments in ft-Lb (Stress in psi

Point Load In-PL. Out-Pl. Torsion S.I.F Eq. Load Code
name  combinati nt Moment In Out no. type Stress
**% Segment A begin ¥w¥
AOC Max P (3a) Hoop 7304
GR + Max P 181 38 1.00 1.00 (18) susT 4000
Cold to T1 15 8 5 1.00 1.00 (17) DISP 68
AO1 Max P (3a) Hoop 7304
GR + Max P 9% 31 1.00 1,00 (18) SUST 3586
Cold to T1 17 0 5 1.00 1.060 (17) pIsp 67
A02 Max P (3a) HooP 7304
GR + Max P 81 29 1.00 1.00 (18) SusT 3527
Cold to T1 17 1 5 1.00 1.00 (17) DISP 68
AO3 N- Max P (3a) Hoop 7304
GR + Max P 81 29 1.00 1.00 (18) sust 3525
Cold to T1 17 1 5 1.00 1.00 (17) DISP 68
A03 N+ Max P (3a) HOOP 7304
GR + Max P 81 29 2.56 2.13 (18) susT 4148
Cold to T1 17 1 5 2.56 2.13 (17) pisp 168
AO3 M Max P (3a) HooP 7304
GR + Max P 36 28 2.56 2.13 (18) SusT 3639
Cold to T1 14 5 8 2.56 2.13 (17) DISP 145
AO3 F- Max P (3a) HOOP 7304
GR + Max P 26 69 2.56 2.13 (18) SusT 3887
Cold to T1 4 5 12 2.56 2.13 (17) DISP 70
AO3 F+ Max P (3a) HoOP 7304
GR + Max P 50 54 1.00 1.00 (18) susT 3467
Cold to T1 6 1 12 1.00 1.00 ¢(17) DISP 50
AO4 N- Max P (3a) Hoop 7304
GR + Max p 55 87 1.00 1.00 (18) susT 3610
Cold to Tt 11 37 12 1.00 1.00 (17) bisp 151
AOG N+ Max P (32) HOOP 7304
GR + Max P 87 55 1.95 1.63 (18) susT 4039
Cold to T1 37 1" 12 1.95 1.63 (17) DIsp 283
AO4 M Max P (3a) HooP 7304
GR + Max P 78 28 1.95 1.63 (18) susT 3880
Cold to T1 57 18 0 1.95 1.63 (17) DISP 427

ICF KAISER HANFORD CO
60 LT PA(

INTea¥ L1
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A
06/28/96 HYDRO-TEST ANALYSIS

AutoPPE+4.60 RESULT

ASME B31.3c (1992) CODE COMPLIANCE

ICF KAISER HANFORD CO

PAGE

JUMPER ASSEMBLY C-06A-9-A
HYDRO-TEST ANALYSIS

MA-CO6AS
06/28/96

ICF KALSER HANFORD €O
AUtoPIPE+4

60 RESULT PAGE 17

ASME B31.3c (1992) CODE COMPLIANCE
)

(Moments in ft-lb (Stress in psi ) (Moments in ft-lb (Stress in psi )
Point Load In-Pl. Qut-PL. Torsion S.I.f L Code Code Load In-Pl. Out-Pl. Torsion S.I1.F Eq. Load Code Code
name combination Moment Moment Moment In Out Stress Allow, bination Moment Moment Moment In Out no. type Stress Allow.
AQ4 F- Max P 7304 16700 Max P (3a) HoOP 7306 16700
GR + Max P 23 15 1.95 1.63 3360 16700 GR + Max P 693 61 1.00 1.00 (18) sust 6450 16700
Cold to T1 63 15 14 1.95 1.63 468 25050 Cold to T1 14 58 11.00 1.00 (17) DIsSP 224 25050
AG4 F+ Max P 7304 16700 A08 Max P (3a) HooP 7304 16700
GR + Max P 23 15 1.00 1.00 3245 16700 GR + Max P 691 S3 1.00 1.00 (18) SUST 6440 16700
Cold to T1 63 15 14 1.00 1.00 246 25050 Cold to T1 7 52 11,00 1.00 (17) DIsSP 197 25050
A0S N- Max P 7304 16700 AQ9 Max P (3a) HoOP 7304 16700
GR + Max P 576 22 1.00 1.00 5878 16700 GR + Max P 578 46 1.00 1.00 (18) sSusT 5896 16700
Cold to T1 30 44 14 1.00 1.00 204 25050 Cold to T1 0 46 11.00 1.00 (17) DISP 173 25050
AO5 N+ Max P 7304 16700 A10 Max P (3a) Hoop 7306 16700
GR + Max P 22 576 1.95 1.63 7614 16700 GR + Max P 122 23 1.00 1.00 (18) SUST 3710 16700
Cold to T1 44 30 14 1,95 1.63 370 25050 Cold to T1 19 29 1.1.00 1.00 ¢17) DisP 131 25050
A0S M Max P ( 7304 16700 A11 N- Max P (3a) HooP 7304 16700
GR + Max P 18 397 1.95 1.63 6221 16700 GR + Max P 88 17 1.00 1.00 ¢18) SUSTY 3544 16700
Cold to T1 38 28 10 1.95 1.63 325 25050 Cold . to T1 25 25 1.1.00 1.00 (17) DISP 130 25050
AO5 F- Max P 7304 16700 A11 N+ Max P (3a) Hoop 7304 16700
GR + Max P 1 16 1.95 1.63 3242 16700 GR + Max P 88 17 2.56 2.13 (18) susT 4211 16700
Cold to 71 18 10 26 1.95 1.63 175 25050 Cold to T1 25 25 1.2.56 2.13 (17) pIsP 305 25050
A0S F+ Max P 7304 16700 A1 M Max P (3a) KooP 7304 16700
GR + Max P 16 1 1.00 1.00 3193 16700 GR + Max P 166 70 .56 2.13 (18) susT 5269 16700
Cold to T1 10 18 26 1.00 1.00 (17) DISP 124 25050 Cold to 71 21 16 16 2.56 2.13 (17) DISP 244 25050
AO6 N- Max P (3a) Hoop 7304 16700 Att F- Max P (3a) HoopP 7304 16700
GR + Max P 56 49 1.00 1.00 (18) SusT 3672 16700 GR + Max P 208 82 2.56 2.13 (18) susT 5801 16700
Cold to T1 3 40 26 1.00 1.00 (17) DISP 178 25050 Cold to 71 8 1 22 2.56 2.13 (17) DISP 112 25050
A06 N+ Max P (3a) HoOP 7304 16700 Al1 F+ Max P (3a) Hoop 7304 16700
GR + Max P 49 56 1.95 1.63 (18) sSusT 3750 16700 GR + Max P 82 208 1.00 1.00 (18) susT 4187 16700
Cold to T1 40 3 26 1.95 1.63 (17) DISP 307 25050 Cold to T1 1 8 22 1.00 1.00 (¢17) DisP 89 25050
AO6 M Max P (3a) Hoop 7304 16700 A2 Max P (3a) HoOP 7304 16700
GR + Max P 66 500 1.95 1.63 (18) sUsT 7063 16700 GR + Max P 82 211 1.00 1.00 (18) SUST 4201 16700
Cold to T1 59 18 17 1.95 1.63 (17) DISP 451 25050 Cold to T1 2 4 22 1.00 1.00 ¢17) BISP 85 25050
A0S F- Max P (3a) HoOP 7304 16700 A3 Max P (3a) HoOP 7304 16700
GR + Max P 70 648 1.95 1.63 (18) susT 8216 16700 GR + Max P 81 213 1.00 1.00 (18) SUST 4209 16700
Cotd to T1 66 22 11.95 1.63 (17) DISP 497 25050 Cold to T1 2 1 22 1.00 1.00 ¢17) DISP 84 25050
AO6 F+ Max P . (3a) Hoop 7304 16700 Al4 N- Max P (3a) HooP 7304 16700
GR + Max P 648 70 1.00 1.00 (18) susT 6241 16700 GR + Max P 80 218 1.00 1.00 (18) susT 4231 16700
Cold to 71 22 66 1.1.00 1,00 (17) DIsP 259 25050 Cold to T1 3 4 22 1.00 1.00 (17) DIsSP 86 25050
MA-COGAS.OUT  6-28-96 11:05a Page 15 of 19
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MA-COSAS  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 18

ASME B31.3c (1992) CODE COMPLIANCE
)]

(Moments in ft-lb (Stress in psi )
Point Load 1n-PL. Out-Pl. Torsion S.I.F Eg. Load Code Code
name combination Moment Moment Moment In Out no. type Stress Allow.
AT4 N+ Max P (3a) HOOP 7304 16700
GR + Max P 80 218 ©1.95 1.63 (18) SUST 4978 16700
Cold to T1 3 4 - 22 1.95 1.63 (17) DIsSP 90 25050
Al4 M Max P {3a) HOOP 7304 16700
GR + Max P 146 162 1.95 1.63 (18) susT 4975 16700
Cold to Tt 6 8 27 1.95 1.63 (17) DIsp 121 25050
A14 F- Max P (3a) HOOP 7304 16700
GR + Max P n 1 1.95 1.63 (18) SusT 6030 16700
Cold to T1 10 7 33 1.95 1.63 (17) DISP 148 25050
A14 F+ Max P (3a) HooP 6451 16700
GR + Max P 311 11 1.00 1.00 (18) susT 5595 16700
Cold to T1 10 7 33 1.00 1.00 (17) DISP 246 25050
AT4A  Max P (3a) Hoop 6451 16700
GR + Max P 387 19 1.00 1.00 (18) susT 6294 16700
Cold to 11 " 16 33 1.00 1.00 (17) DISP 267 25050
A15 Max P (3a) HooP 6451 16700
GR + Max P .38 51 1.00 1.00 (18) sust 3334 16700
Cold to T1 1 53 33 1.00 1.00 ¢17) oIsP 442 25050
*k% Segment A end  *¥*
**% Segment B begin ***
BO2 Max P (3a) HOOP 6451 16700
GR + Max P 8 7 1.00 1.00 (18) SUST 2844 16700
Cold to T1 38 25 43 1.00 1.00 (17) DISP 433 25050
BO3 H- Max P (3a) HoOP 6451 16700
GR + Max P 0 2 1.00 1.00 (18) SUST 2765 16700
Cold to T1 1 23 43 1.00 1,00 (17) bISP 338 25050
BO3 N+ Max P {3a) Hoop 6451 16700
GR + Max P 2 0 1.78 1.48 (18) sUST 2779 16700
Cold to T1 23 1 43 1.78 1.48 (17) DIsP 414 25050
BO3 M Max P (3a) Hoop 6451 16700
GR + Max P 1 7 1.78 1.48 (18) SusT 2839 16700
Cold to T1 21 21 33 1.78 1.48 (17) DIsP 406 25050
803 F- Max P (3a) Hoop 6451 16700
GR + Max P. 0 9 1.78 1.48 (18) susT 2866 16700
Cold to T1 15 28 13 1.78 1.48 (17) DISP 354 25050

MA-COBAS JUMPER ASSEMBLY C-06A-9-A 1CF XAISER RANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AUtoPIPE+4.60 RESULT PAGE 19

ASME B31.3c (1992) CODE COMPLIANCE

(Moments in ft-lb (Stress in psi )
Point Load In-Pl. Out-PL. Torsion S.1.F Eq. Load Code Code
name combination Moment Moment Moment In Out no. type Stress Allow.
BO3 F+ Max P (3a) HOOP 7304 16700
GR + Max P 9 0 1.00 1.00 (18) susT 3156 16700
Cold to T1 28 15 13 1.00 1.00 (17) DISP 128 25050
804 N- Max P (3a) HoopP 04 16700
GR + Max P 4 0 1.00 1.00 (18) susT 3132 16700
Cold to T1 5 3 13 1.00 1.00 (17) DIsP 53 25050
BO4 N+ Max P (3a) HOOP 7304 16700
GR + Max P 4 0 .56 2.13 (18) sUST 3159 16700
Cold te T1 S 3 13 2.56 2.13 (17) DIsP 70 25050
804 K Max P (3a) HOOP 7306 16700
GR + Max P 1 0 2.56 2.13 (18) SuUST 3122 16700
Cold to T1 5 6 9 2.56 2.13 (17) DIsP 77 25050
BO4 F- Max P (3a) HooP 7306 16700
GR + Max P 4 [ 2.56 2.13 (18) susT 3159 16700
Cold-to T1 9 6 4 2.56 2.13 (17) DIsP 101 25050
BO4 F+ Max P (3a) HoOP 7304 16700
GR + Max P 0 4 1.00 1.00 (18) susT 3131 - 16700
Cold to 11 6 9 4 1.00 1.00 (17) DISP 44 25050
805 Max P (3a) HOOP 7304 16700
GR + Max P [ 4 1.00 1.00 (18) SusT 3132 16700
Cold to T1 5 9 4 1.00 1.00 (17) DISP 42 25050
BO6 Max P (3a) HooP 7304 16700
GR + Max P 0 4 1.00 1.00 (18) susT 3133 16700
Cold to T1 4 9 4 1.00 1.00 (17) DISP 41 25050
BO? Max P (3a) HOOP 73046 16700
GR + Max P 0 S 1.00 1.00 (18) susT 3138 16700
Cold to T1 Y 10 4 1.00 1.00 ¢17) DISP 39 25050
**% Segment B end  haw
**% Segment C begin *¥*
5 Max P (3a) HoOP 6905 16700
GR + Max P 28 2 1.00 1.00 (18) susT 2920 16700
Cold to T1 0 7 0 1.00 1.00 (17) DISP 35 25050
co1 Max P (3a) HooP 6905 16700
GR + Max P 29 2 1.00 1.00 (18) susY 2921 16700
Cold to T1 0 7 0 1.00 1.00 (17) DISP 35 25050

**% Segment C end

IRTBGY LT
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MA-CO6AS  JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AutoPIPE+4.60 RESULT PAGE 20

ASME B31.3c (1992)

CODE COMPLIANCE
(Moments in ft-lb )

(Stress in psi )
Point Load In-Pl. Out-PL. Torsion S.I.F Eq. Load Code Code
name combination Moment Moment Moment In Out no. type Stress Allow.

*¥kk Segment D begin *¥*

3 Max P (3a) Hoop 6905 16700
GR + Max P 20 9 1.00 1.00 (18) susT 2876 16700
Cold to T1 7 14 0 1.00 1.00 (17) DISP 78 25050
001 Max P (3a) Koop 6905 16700
GR + Max P 20 9 1.00 1.00 (18) sust 2876 16700
Cold to 11 7 14 0 1.00 1.80 (17) DIsP 78 25050

®hk Segment D end | ¥ix

MA-CO6AS JUMPER ASSEMBLY C-06A-9-A ICF KAISER HANFORD CO
06/28/96 HYDRO-TEST ANALYSIS AUtoPIPE+4.60 RESULT PAGE 21

SYSTEM SUMMARY
o Point : A6 F Load Comb.: GR
Maximum Y : -0.207 Point : AD6 F Load Comb.: GR
Maximum Z : -0.046 Point : AQ4 F Load Comb.: GR
Max. total: 0.214 Point : A6 F Load Comb.: GR
Maximum rotations (deg)
Maximum X : 0.175 Point : AO5 N Load Comb.: GR
Maximum Y ~0.096 Point : Al4 N Load Comb.: GR
Maximum Z : 0.186 Point : A1 N Load Comb.: GR
Max. total: ¢.218 Point : AD4 F Load Comb.: GR
Maximum restraint forces((b)
Maximum X 112 Point : DO1 Load Comb.: T1
Maximum Y -3293 Point : Load Comb.: GR
Maximum 2 4891 Point : D01 Load Comb.: T1
Max. total: 4892 Point : DO1 Load Comb.: T1
Maximum X < -80 Point : 3 Load Comb.: GR
Maximum Y < -39 Point : AOQ Load Comb.: GR
Maximum 2 : -186 Point : AOO Load Comb.: GR
Max. total: 193 Point : AOO Load Comb.: GR

TTgar A1

MA-COBAS.OUT  6-28-96 11:05a
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ICF KAISER HANFORD CO
AutoPIPE+4.60 RESULT PAGE 22

MA-CO6AS JUMPER ASSEMBLY C-06A-9-A
06/28/96 HYDRO-TEST ANALYSIS

Maximum sustained stress

ICF KAISER HANFORD CO
AutoP1PE+4.60 RESULT PAGE

Maximum X : 112 Point : 3 Load
Maximum Y : 549 Point : A14A Load
Maximum 2 : 4891 Point : 3 Load
Max. total: 4892 Point : 3 Load
Maximum pipe moments (ft-ib)
Maximum X : 386 Point : Al4A Load
Maximum Y : 77 Point : AO6 F Load
Maximum Z : -691 Point : AQ7 Load
Max. total: 700 Point : AQ7 Load Comb,: GR

Point

Stress psi
Allowable psi
Ratio

Load combination

Maximum displacement stress

Point

Stress
Allowable p31
Ratio

Load combination

Maximum hoop stress

Point

Stress psi
Allowable psi
Ratio

Load combination

Maximum sustained stress ratio

Point

Stress ps|
Allowable psi
Ratio

Load combination

Maximum displacement stress ratio

Point

Stress psi
Allowable psi
Ratio

Load combination

Maximum hoop stress ratio

Point

Stress psi
Allowable psi
Ratio

Load combination

GR + Max P

A06 F
497
25050

0.02
Cold to T1

GR + Max P

A0S F
497
25050

.02
Cold to T1

MA-COG6AS.0UT  6-28-96 11:05a
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SLUICER ASSEMBLY
(H-2-818549)

SLUICE PIT 241-C-06C
(H-2-51194 & H-2-41344)

GRADE REF EL 645-0"

1 14" (RW) PIT SPRAY NOZZ

HNF-2474, Rev. 0
Page B-61

JUMPER ASSEMWBLY
(H-2-818515)
. i JER
BN DR
el . LA SN-201-M9 Wy BT Enoomzbs
SUPERNATE FROM FUNP PIT O6A
- 2" Euc-200-u6s
ENCASEMENT DRATN
SLUICER ASSEMBLY
i\n.waww_vl/
R I\ sunper_asseusy
4-2-818513)

EXST 4" RISER (R-4)

SH,

SECTION
1

EXST 12" RISER R-3)

et eatznaser

F
SLUICER ASSEMBLY-
1H-2-818549)
5
NEW COVER BLOCKS
(H-2-818450}
A KilhR
1
- ™ E
L SLUICE PIT 241-C-06C
Fo 4 (H-2-41194 & H-2-41344)
2
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3
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JUMPER ASSEMBLY
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1. FOR NOTES, SEE SHEET 1.
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foo oor SLUICE PIT 241-C-06C
e [ s 10 S |otn— w-320 TANK 241-C-106_SLUICIAG
s = o) Ty v
Cy T e H-2-818526 {0
s B81E5268 Jue e 28 IBMACD2I2 0NN [ 0N e WAE _on [ ERA310 [verr 2 o 2

3

2 PLOT SCALE: 1x12

_ KEHCAD 1 s, TARERS



HNF-2474, Rev. 0
Page B-62

PARTS/MATERIAL LIST
»omﬂo PART/OASH 3UUBER HOWENCLATURE/DESCRIPTION MATERIAL/RLFERENCE e
N -010 ASSEMBLY 1
36 5,8 +1/16" 2
=t
3
f 18 1/2" <.
NORTH G 4" SN-200-M 1 | H-2-32440-1 CONN, HORIZ 4" s
1 | H-2-32440-2 CONN, VERT, 4" 6
2 | H-2-3997-8 GASKET 4" TYPE 111 7
. 1 [ ne2-00161-3 LIFTING BAIL 8
B O & 9
] .cm 6 R4 R-3 10
1
1 PLATE 1/4" THK x 6" x 6" ASTM A 36 12
N 2 BAR 1/4" THK x 2 174" x 3" ASTM A 240 304L 13
B T 241-C-06C ®
S SLUICE PIT 1
3
1
% KEY PLAN ¢le
3 SCALE: NONE AR PIPE, 4" SCHED 40§ ASTH A 312 GR TP 304L 17
o 3 ELBOW, 90* LR 4" SCHED 405 BW | ASTW A 403 WP-S 304L 18
= 19
‘ 20
)
12 IRVd LTz P Y -
¢
A O w i
Ql/ 1)
3 e
1
(13) 2 REOD (®)
DETAIL A ¢
SCALE: 3"= 1'-0"
P —
4 m v
Q) ® 2
) ¢ EL (6411
t“ 17 E
l; A O NOTE:
9 172" 21/16" o 1. FABRICATION AND TESTING SHALL BE IN ACCORDANCE
WITH HANFORD SPECIFICATION HS-8S-0084 REV B.
2. HYDROSTATIC TEST AT 480 PSIG.
3. JUMPER WEIGHT 1S 325 LB APPROX.
4. USE (1) COAT OF AMERLOCK 400 IN PLACE OF B
AMERCOAT 187 PRIMER AND AMERCOAT 33. WHERE
REQUIREQ BY JUMPER FABRICATION SPECIFICATION.
ELEVATION i
ASSEMBLY
SCALE: 1" 10"
[*__CONSTRUCTION __
foeo Ba MEYER SrEX Jwnr omr for
ainel F R
= 5 c,mwb.wﬁwawuoﬁ.mﬁ oY A
E STE DR/AT TORW ICF_KAISER_HANFORD COMPANY
b SEE OR/AT FORM JUMPER ASSEMBLY
b 2oSEE_DR/AT_FORM mn_wcowmonum mvw.q
-2-8184. i taam
PR ORAWING ST v | T = poav = 3 W-320 TANK 247-C-106 SLUICING _
) o = & il L =
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e o e v = H-3-816576 i " BBIBSIEA _ Jos e 351BWACOZI2.0NN [woN o= ER4319 o 1w 1
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MA-J6A.OUT 9-11-95 12:57p Page 2 of 18

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AUtoPIPE+4.60 MODEL PAGE 3 09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 MODEL PAGE
POINT DATA LISTING COMPONENT DATA LISTING
POINT -=---- OFFSETS (ft )----- POINT ---COORDINATE(ft )--- DATA
NAME  TYPE X Y PIPE ID DESCRIPTION NAME Y Z TYPE DESCRIPTION
*%% SEGMENT A *Hk SEGMENT A
AOC  Run 0 0 0 4PIPE AOO 0.00 0.00 0.00 ANCHOR Rigid
A0l Flex -0.M1 0 0.15 Wt= 144 lb , Ar= 3.2 sq.in Thermal movements : None
Axial= 23300000 Tors= 304.0 A01 0.00 0.15
Y-Shear= RIGID Bend=  2080.0 A02 0.00 0.18
2-Shear= RIGID Bend=  2080.0 AQ3 0.00 0.23
A03 0.00 0.51 71
A0Z2  Run -0.02 0 0.03 A03 -0.10 0.43
A03 Bend -0.22 0 0.33 Short Elbow, Radius = 4.00 inch A03 -0.33 0.51
Bend angle change = 90.00 deg AQ4 -0.34 0.51
Mid point at 50.00 percent AQ4 -0.84 0.51 T1
SIF - In 2.56, Out = 2.13 AQ4 -0.69 0.66
. Flex = 7.908 AD4 -0.84 1.01
’ AQ5 -0.84 2.68
AQ4  Bend 0 -0.84 1) Long Elbow, Radius = 6.00 inch A0S -0.84 3.18 T1
Bend angle change = 90.00 deg A05 -0.84 3.04
Mid point at 50.00 percent AQS -0.84 3.18
SIF - In 1.95, out = 1.63 A0S -0.84 3.18 WEIGHT 8 b , No offsets
Flex = 5.272 A07 -0.84 3.18
) AQ7 -0.84 3.18 T1
A0S Bend 0 0 2.67 Long Elbow, Radius = 6.00 inch AO7 -0.84 3.33
Bend angle change = 90.00 deg AO7 -0.84 3.68
Mid point at 50.00 percent AO8 -0.84 5.52
SIF ~ In 1.95, Out = 1.63 AO8 -0.84 5.85 T1
Flex = 5.272 A08 -0.94 5.75
A08 -1.17 5.85
AG6  Run 0.67 0 0 AQ9 -1.264 5.85
A07  Bend 0.67 0 0 Long Elbow, Radius = 6.00 inch A10 -1.28 5.85
Bend anglte change = 90.00 deg Al -1.47 5.85 ANCHOR Rigid
Mid point at 50.00 percent Thermal movements : None
SIF - In 1.95, Out = 1.63
Flex = 5.272
Number of points in the system : 27
A08  Bend 0 0 2.67 Short Elbow, Radius = 4.00 inch
Bend angle chanhge = 90.00 deg
#id point at 50.00 percent
SIF - In 2.56, Out = 2.13
Flex = 7.908
A09  Flex 0 -0.40 0 Wt= 144 b , Ar= 3.2 sq.in
Axial= 23300000 Tors= 304.0
Y-Shear= RIGID Bend=  2080.0
Z-Shear= RIGID Bend=  208¢.0
A10  Run 0 -0.04 0
A1 Run 0 -0.19 0
EE Total weight of empty pipes : 104 lb
% J
T o
oY
3
g
=<
=3




1CF KAISER HANFORD COMPANY
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ICF KAISER HANFORD COMPANY
AutoPIPE+4.60 MODEL PAGE 6

MA-JGA W320- C- FARM JUMPER STRESS ANALYSIS
-A

MA-J6A W320- C-FARM JUMPER STRESS ANALYS]S
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 MODEL PAGE 5 09/11/95 JUMPER C-06C-6-
PIPE DATA LISTING MATERIAL DATA LISTING
Pipe ID/ Nom/ 0.D. ~----- Thickness(inch)----- Spec  Weight(lb/ft ) Material Density Pois. Temper. Modutus Expans. Allow.
Material Sch  inch W.Th. Corr Mill Insu Ling Grav Pipe Other Total Name Pipe ID lb/cu.ft Ratio deg F  Eb psi in/100ft  psi
4PIPE 4 4.500 0.237 0.06 0.03 0 0 1.12 11.04 0 17.22 AU 4PIPE 501.0 0.30 40.0 28.42 16700.0
AU TD 180.0 1.5442  16700.0
-g
3
+a
2
&
o
2
o .
MA-SOA.0UT 9-11-95 12:57p Page 3 of 18
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A

TEMPERATURE AND PRESSURE DATA

..... SE cemeee mesas s0o0000  ooooo SE coocos
POINT PRESS TEMPER EXPAN. PRESS TEMPER EXPAN.

PRESS. TEMPER EXPAN.

NAME psi deg F in/100ft psi deg £ in/100ft psi deg F in/100ft
*Hk SEGMENT

A0Q 325 180 1.544

A1 325 180 1.544

AutoPIPE+4.60 MODEL PAGE 7

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AUtoPIPE+4.60 RESULT PAGE 1

ANALYSIS SUMMARY
Current model revision number : 1
Static - Date and Time of analysis ............. Sep 11, 1995  12:54 PM
Model Revision Number . 1
Number of load cases . .2
Load cases analyzed < GR T1
Gaps/Friction/Yielding consi ere . No
Hanger design run .............. No
Cut short included ........ . No
Weight of contents included . Yes
Pressure stiffening case ........ .0
Water elevation for buoyancy loads .... Not considered
Modal - Date and Time of analysis ............. Sep 11, 1995  12:54 PM
Model Revision Number . 1
Number of modes .. .1
Cutoff frequency ( . 33.0
Weight of contents 1nclu e . Yes
Pressure stiffening case ........ .0
. Water elevation for buoyancy loads .... Not considered
Response - Date and Time of analysis ............. Sep 11, 1995 12:55 PM
Model Revision Number ... -1
Number of load cases .. o3
Load cases analyzed .......... . R1R
Date and time of modal analysis . o Sep 11 1995 12:54 PM
Number of modes .. 0000
Cutoff frequency ( o 33 0
Model revision of modal % .1
Weight of contents included .. . Yes
Pressure stiffening case .... 0

water elevation for buoyancy loads ... Not considered

MA-JOA.OUT 9-11-95 12:57p
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS 1CF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60

CODE COMPLIANCE COMBINATIONS

Combination Category Method Load Factor Allowable Remarks
GR + Max P Sustain Sum Gravity 1.00 Automatic Default
. Max Long 1.00
Cold to T1 Expansion Sum Thermal 1 1.00 Automatic Default
Sus. + R1  Occasion Abs sum Response 1 1.00 Automatic Default
Max Sus 1.00
Sus. + R2 Occasion Abs sum Response 2 1.00 Automatic Default
Max Sus 1.00
Sus. + R3  Occasion Abs sum Response 3 1.00 Automatic Default
‘Max Sus 1.00
Max P Hoop Max Hoop 1.00 Automatic Default
OTHER USER COMBINATIONS
Combination Method Load Factor Remarks
GR Sum Gravity 1.00 Default
Tt sum Thermalt 1 1.00 Default
R1 Sum Response 1 1.00 Default
R2 Sum Response 2 1.00 Default
R3 sum Response 3 1.00 Default
GR+T1 Sum Gravity 1.00 User
Thermal 1 1.00
SEIS Abs sum Response 1 1.00 User
Response 2 1.00
Response 3 1.00
TOTAL Abs sum GR+T1 1.00  User
SEIS 1.00
CODE. COMPLIANCE
Y -" Factor .. 0.40
Veld efficiency factor 1.00
Range reduction factor .......... cesess 1.00

RESULT PAGE 2

MA-J6A W320- C-FARM. JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A

Design Pressure Factor ............ e... 1,00
Minimum stress ratjo used in reports...

Include corrosion in stress cales.
Include torsion in code stress .
Include axial force in code stres:
Longitudinal pressure calculation
Include rigorous pressure ........

AutoPIPE+4.60 RESULT PAGE 3

MA-J6A.OUT 9-11-95 12:57p
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoP1PE+4.60 RESULT PAGE 4

Number of Load cases analysed : 3

MA- J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 5

Load case 2 - R2

Missing mass : No
ZPA : No

Combination method : SRSS

INTEaY LT

Load case 1 - R1
Missing mass : No Y- Spectrum : SC1
ZPA : No Multipltier : 1.00
Combination method : SRSS sc1
X- Spectrum : SC1 Freq(Hz) Grav( ) Freq(tiz) Grav( ) Freq(Hz) Grav( )
Muttiptier ¢+ 4,00 |l eeeeeeeeemmemoesaiin mmmseeos smeseo-oseoos mmmmssen mecsesesaesen
0.100 0.01 0.160 .03 0.250 .06
sc1 0.400 0.10 0.600 0.16 1.100 0.28
1.640 0.42 8.000 0.42 12.000 0.34
Freq(Hz) Grav( )  Fregq(Hz) Grav( ) Freq(Hz) Grav( ) 20.000 0.26 33.000 .20 100.000 20
0.100 .01 0.160 0.03 0.250 0.06
0.400 0.10 0.600 0.16 1.100 0.28
1.640 0.42 8.000 0.42 12.000 0.34
20.000 0.26 33.000 0.20 100.000 .20
:
N
+
2
&
g
<
o Page 6 of 18
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WA-J6A  W320- C-FARM JUMPER STRESS ANALYSIS  ICF KAISER HANFORD COMPANY MA-J6A  W320- C-FARM JUMPER STRESS ANALYSIS  ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A Al RE: 09/11/95 6C-6-A AutoPIPE+4.60 RESULT PAGE 7
. FREQUENCIES
Load case 3 - R3
Mode Frequency Frequency Period Participation factors
Missing mass : No Number  (Rads/sec) (Hertz) (Sec) X Y z
ZPA ¢NoO |  sessss eescsecccsos mo--oooooo Soomsn Sooeoese seesesss ossooeoee
Combination method : SRSS 1 207.2037 32.9775  0.030 0.497 -0.054 0.000
Z- Spectrum : SC1
Multiplier : 1.00
sc1
Freq(Hz) Grav( )  Freq(Hz) Grav( ) Freq(fz) Grav( )
0.100 0.01 0.160 0.03 0,250 0.06
0.400 0.10 0.600 0.16 1.100 0.28 -
1.640 0.42 8.000 0.42 12.000 0.34
20.000 0.26 33.000 0.20 100.000 0.20
O
+
2
&
(’;DU
=<
o
MA-JOA.QUT 9-11-95 12:57p Page 7 of 18
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY

09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 8
MODE SHAPES
Point TRANSLATIONS ROTATIONS (deg ]
name Mode Frequency X Y X Y z
*kk Segment A begin *¥¥
A0O 1 32.9775 0.000 0.000 0.000 0.000 0.000 0.000
A01 1 32.9775 0.001 -0.001 0.001 0.030 0.040 0.030
A02 1 32.9775 0.009 -0.011 0.005 0.601 2.387 3.813
AO3 N 1 32.9775 0.036 -0.046 0.023 0.610 2.399 3.823
AO3 M 1 32.9775 0.224 -0.186 0.076 0.882 2.703 4.130
AO3 F 1 32.9775 0.482 -0.250 0.059 1.009 2.796 4.305
AD4 N 1 32.9775 0.488 -0.250 0.057 1.009 2.797 4.305
AQ4 M 1 32.9775 0.895 -0.281 -0.019 0.955 2.835 4.238
AG4 F 1 32.9775 1.234  -0.344  -0.047 0.711 2.763 4.118
A0S N 1 32.9775 2.147  -0.555 -0.049 0.503 2.289 3.703
A0S M 1 32.9775 2.280  -0.475 -0.098 0.416 1.164 3.597
A0S F 1 32.9775 2.303 -0.233 -0.135 0.451  -0.177 3.259
A0S 1 32.9775 2.303  -0.117 -0.127 0.433  -0.303 3.220
AO7 N 1 32.9775 2.302 -0.003 -0.115 0.415  -0.437 3.178
AO7 M 1 32.9775 2.253 0.202 -0.023 0.489  -2.227 2.738
AO7 F 1 32.9775 2.015 0.245 0.065 0.533  -4.064 2.539
AO8 N 1 32.9775 0.227 0.044 0,063 0.550 -4.927 1.838
AO8 M 1 32.9775 0.013 0.014 0.050 0.668 -5.135 1.651
AO8 F 1 32.9775 -0.022 0.000 0.014 0.689 -5.226 1.328
A09 1 32.9775 -0.004 0.000 0.004 0.686 -5.220 1.319
A10 1 32.9775 0.001 0.000 0.001 0.018 -0.016 0.011
A 1 32.9775 0.000 0.000 0.000 0.000 0.000 0.000

*%% Segment A end  ¥%¥

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A

DISPLACEMENTS

Point
name

Load
combination

TRANSLATIONS (in ) ROTATIONS (deg )
X Y Z X Y Z

AOO GR 0.000 0.000 0.000 0.000 0.000 0.000
T1 0.000 0.000 0.000 0.000 0.000 0.000
R1 0.000 0.000 0.000 .0l .000 .000
R2 0.000 0.000 0.000 0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000 0.000 0.000
GR+T1 0.000  0.000 0.000 0.000 0.000 0.000
SEIS 0.000  0.000 .000 0.000 .000  0.000
TOTAL 0.000 0.000 0.000 0.000 0.000 0.000
A01 GR 0.000 0.000 0.000 0.000 0.000 0.000
T1 -0.002  0.000 0.002 0.001 -0.003 0.000
R1 0.000 0.000 0.000 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000 0.000 0.000
GR+T1 -0.002  0.000 0.002 0.001 -0.003 0.000
SEIS 0.000 0.000 0.000 0.000 0.000 0.000
TOTAL 0.002 0.000 0.002 0.001  0.003 .000
A02 GR 0.000 0.000 0.000 0.011 0.001 0.004
T -0.002  0.000 0.002 0.209 -0.128 -0.211
R1 0.000 0.000 0.000 0.001 .002  0.003
R2 0.000 0.000 0.000 .000  0.000 .000
R3 0.000  0.000 0.000 0.000 0.000 0.000
GR+T1 -0.002 0.000 0.002 0.220 -0.127 -0.206
SEIS 0.000 -0.000 0.000 0.001 0.002 0.004
TOTAL 0.002 0.000 0.002 .221 .129 .210
AG3 N GR 0.000 0.000 0.000 0.011  0.001 0.004
T -0.004 -0.001 0.002 0.210 -0.129 -0.211
R1 0.000 0.000 0.000 0.001 0.002 0.003
R2 0.000 0.000 0.000 0.000 0.000 0.000
R3 0.000 000 .000 0.000 0.000 .000
GR+T1 -0.004 -0.001  0.002 0.220 -0.127 -0.206
SEIS 0.000 0.000 0.000 0.001 0.002 0.004
TOTAL 0.004 0.001 0.002 0.221  0.130 0.210
AO3 M GR 0.000 -0.001 0.000 0.01t 0.001 0.005
T -0.016 -0.006 -0.004 0.220 -0.126 -0.202
R1 0.000 0.000 0.000 0.001 0.002 0.004
R2 0.000 -0.000 0.000 0.000 0.000 0.000
R3 0.000 .000 0.000 0.000 0.000 .000
GR+T1 -0.016 -0.006 -0.004 0.231 -0.125 -0.198
SEIS 0.000 0.000 0.000 0.001  0.003 0.004
TOTAL 0.016 .007  0.004 .232  0.128 .202

AutoPIPE+4.60 RESULT PAGE 9
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ANALYSIS

DISPLACEMENTS

Point Load TRANSLATIONS (in )

name combination X Y 2

AO3 F  GR 0.000 -0.001 -0.001 0.011

-0.029 -0.011 -0.015 0.205

R1 0.000  0.000 0.000 0.001
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 -0.028 -0.012 -0.015 0.216
SEIS 0.000 0.000 0.000 0.001
TOTAL 0.029 0.012 0.015 0.217 .

AO4 N GR 0.000 -0.001 -0.001 0.011
I8 -0.029 -0.011 -0.015 0.205
R1 0.000 0.000 .000 0.001
R2 0.000 0.000 0.000 0.000
R3 0.000 0,000 ©0.000 0.000
GR+T1 -0.028 -0.012 -0.016 0.216
SEIS 0.000 0.00 0.000 .00t
TOTAL 0.029 0.012 0.016 0.217

AO4 M GR 0.001 -0.001 -0.002 0.012
Tt -0.045 -0.022 -0.026 0.141
R1 0.001 0.000 .000 .001
R2 0.000 0.000 .000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 -0.044 -0,023 -0.028 0.152
SEIS 0.001 0.000 0.000 0.001
TOTAL 0.045 0.023 0.028 0.15

AO4 F GR 0.001 -0.002 -0.002 0.012
Tt -0.055 -0.030 -0.024 0.041
R1 0.001  0.000 0.000 0.001
R2 0.000  0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 -0.054 -0.033 -0.026 0.053
SEIS 0.001  0.000 0.000 0.001
TOTAL 0.055 0.033 0.026 0.053

AO5 N GR 0.001 -0.006 -0.002 0.009
T1 -0.063 -0.033 .001 -0.017
R1 0.002 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 -0.062 -0.039 -0.001 -0.009
SEIS 0.002 .001  0.000 0.000
TOTAL 0.064 0.039 0.001 0.00%

ICF KAISER HgNFORD COMPANY
1P

RESULT PAGE

10

MA-J6A
09/11/95

W320- C-FARM JUMPER
JUMPER C-06C-6-A

STRESS ANALYSIS ICF KAISER HANFORD COMPANY
AutoPIPE+4.60 RESULY PAGE 11

Point
name

AO5 F

ACS

AO7 N

AO7 M

Load
combination

DISPLACEMENTS

TRANSLATIONS (in ) ROTATIONS (deg )

X Y 2 X Y

0.001 -0.006 -0.002 0.003 -0.003 0.003
~0.055 -0.032 0.004 -0.05 0.125 -0.066
0.002 .000  0.000 0.000 0.001  0.003
0.000  0.000 0.000 0.000 0.000 .000
0.000 0.000 0.000 0.000 0.000 0.000
-0.055 -0.039  0.002 -0.054 0.122 -0.063
0.002  0.000 0.000 0.000 0.001 0.004
0.057 0.039 0.002 .054 0,124 0.067
0.000 -0.006 - -0.002 0.001 -0.004 0.004
-0.045- -0.034 -0.007 -0.075  0.199 -0.036
0.002 .000  0.000 0.000 0.000 0.003
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 .000  0.000
-0.044 -0.040 -0.009 -0.074  0.196 -0.032
0.002 0.000 0.000 0.000 0.000 0.003
0.047 0.040 0.009 0.074 0.196 .035
0.000 -0.006 -0.001 0.000 -0.004 0.004
-0.042 -0.035 -0.015 -0.077 0.202 -0.035
0.002  0.000 0.000 0.000 0.000 0.003
0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.006 0.000 0.000 .000  0.000
-0.042 -0.041 -0.016 -0.077  0.198 -0.030
0.002  0.000 0.000 0.000 0.000 0.003
0.044  0.041 .016 0.077 0.198 0.034
0.000 -0.006 -0.001 0.000 -0.004 0.004
-0.040 -0.036 -0.022 -0.080 0.202 -0.034
0.002  0.000 0.000 .000 0.000 0.003
0.000 0.000 0.000 0.000 0.000 0.000
0.000  0.000 .000 0.000 0.000 0.000
-0.039 -0.042 -0.023 -0.080 0.198 -0.029
0.002  0.000 0.000 0.000  0.000 0.003
0.041  0.042 0.023 0.081 0.198 .033
0.000 -0.005 -0.001 -0.003 -0.003 0,006

-0.089  0.158 -0.026

5 0.000 0.002 0.002

o 0.000 .000 .000

° o 0.000 0.000 0.000

° o -0.092 L1564 -0.020
0.002 0.000 0.000 0.000 0.002 0.003
0.030 0.041 0.035 0.092  0.157 0.023

MA-J6A.OUT 9-11-95 12:57p
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ICF KAISER HANFORD COMPANY
AUtoPIPE+4.60 RESULT PAGE

MA-J6A

09/11/95 JUMPER C-06C-6-A

Point
name

AO8 N

AO8 M

AO8 F

AO9 .

W320- C-FARM JUMPER STRESS ANALYSIS

DISPLACEMENTS

Load TRANSLATIONS (in )
combination X Y z
GR 0.000 -0.005 -0.001 -0.008
-0,018 -0.029 -0.033 -0.099
R1 0,002 0.000 0.000 .000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 -0.018 -0.034 -0.034 -0.107
SEIS 0.002 0.000 0.000 0.000
TOTAL 0.020 0.034 0.034 0.107
GR 0.000 -0.001 -0.001 -0.011
0.002 0.007 -0.005 -0.076
R1 .000 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 0.001 0.006 -0.006 -0.087
SEIS 0.000 0.000 0.000 0.000
TOTAL 0.002 0.006 0.006 0.088
GR 0.000 0.000 -0.001 -0.012
0.002 0.008 0.000 -0.019
R1 0.000 0.000 0.000 0.001
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 .000 0.000
GR+T1 0.002 0.007 -0.001 -0,031
SEIS 0.000 0.000 0.000 0.001
TOTAL .002 0.007 0.001 0.031
GR 0.000 0.000 ©0.000 -0.010
0.001 0.004 90.001 0.014
R1 0,000 0.000 0.000 0.001
R2 0.000 .000 0.000 0.000
R3 0.000 0.000 0.000 0.000
GR+T1 0.001 0.004 0.000 0.003
SEIS .000 0.000 0.000 0.001
TOTAL 0.001 0.004 .000 0.004
GR 0.000 0.000 0.000 -0.010
T1 0.000 0.003 0.000 0.014
R1 0.000 0.000 0.000 0.001
R2 0.000 0.000 .000 0.000
R3 0.000 ©0.000 0.000 0.000
GR+T1 0.000 0.003 0.000 0.004
SEIS 0.000  0.000 .000 0.001
TOTAL 0.000 0.003 0.000 0.004

ICF KAISER HANFORD COMPANY
AutoPIPE+4.60 RESULT PAGE

MA-J6A

AN

W320- C-FARM JUMPER STRESS ANALYSIS
09/11/95 JUMPER C-06C-6-A

Load
combination

*%% Segment A end

DISPLACEMENTS
TRANSLATIONS (in )
X Y z

0.000 0.000 0.000
0.000 0.0 0.000
0.000  0.000 0.000
.000  0.000 0.000
0.000 .000 .000
0.000 0.003 0.000
0.000 0.000 0.000
0.000 0.003 0.00
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 . 00!
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000  0.000 .00

IRTa% LAT

HA-JOA.OUT 9-11-95 12:57p

Page 10 of 18



7L-998eg
0 A% ‘bLYC-ANH

MA-J6A W320- C~-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 14

SUPPORT FORCES

Point/ Connect/ Load LOCAL GLOBAL
Supp. 1D Type Combination Dirn Force Deform Dirn  Force Deform

**% End of system , no supports encountered., ***

MA-J6A
09/11/95 JUMPER C-06C-6-A

Point
hame

W320- C-FARM JUMPER STRESS ANALYSIS

Load

combination

RESTRAINT

FORCES (lb )
Y z

R E

Result

ICF KAISER HANFORD COMPANY
AutoPIPE+4.60 RESULT PAGE

15

Result

Al

29
-2062

-2034
8
2042

-29
2062

0
2034
8
2042

2175
14
2186

ACTIONS
MOMENTS (ft-lb )
Y 4
35 7 38
76 -588 -60
4 5 3
[ 1 0
0 0 0
131 ~581 -22
4 6 4
135 586 26
-27 0 12
458 8 -175
3 1 0
0 0 0
0 0 0
431 7 -163
3 2 0
434 9 164

67
596

596
8
602

MA-JOA.QUT 9-11-95 12:57p
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 17

09/11/95 JUMPER C-06C-6-A AUtOPIPE+4.60 RESULT PAGE 16
GLOBAL FORCES & MOMENTS
Point Load FORCES (lb MOMENTS (ft-lb )
combination X Y z Result Y Z Result

€L-9 o8ed
0 °"A%Y “‘bLYT-INH

name

**% Segment A begin **¥

AO0 GR -6 222 -29 224 ~55 -7 ~38 67
T 447 -427 2062 2153 . =76 588 60 596
R1 9 1 7 12 4 5 3 7
R2 1 0 1 1 0 1 0 1
R3 0 0 0 0 0 o} 0 0
GR+T1 441 -205 2034 2091 ~131 581 22 596
SEIS 10 1 8 13 4 6 4 8
TOTAL 451 206 2062 2101 135 586 26 602
A0t GR -6 75 -29 80 -21 -3 -13 25
71 447 -427 2062 2153 =141 287 12 320
R 9 1 7 12 4 & 3 7
R2 1 0 1 1 0 0 0 1
R3 0 0 0 0 0 0 0 0
GR+T1 441 -352 2034 2110 =162 284 -1 327
SEIS 10 1 8 i3 4 5 4 7
TOTAL 451 353 2042 2120 166 289 5 333
A02 GR -6 75 -29 80 -17 -2 -10 20
T 447 -427 2062 2153 =154 232 4 279
R 9 1 7 12 4 4 3 6
R2 1 0 1 1 0 0 0 1
R3 0 0 0 0 0 0 0 0
GR+T1 441 -352 2034 2110 =171 230 -7 286
SEIS 10 1 8 13 4 5 4 7
TOTAL 451 353 2042 2120 175 235 10 293
AO3 N GR -6 3 -29 79 -13 -1 -8 15
71 447  -427 2062 2153 -176 136 -1 223
R1 9 1 7 12 4 4 3 6
R2 1 0 1 1 0 0 0 1
R3 0 Y 0 0 0 0 0 0
GR+T1 441 -353 2034 2111 -189 135 -19 233
SEIS 10 1 8 13 4 5 4 7
TOTAL 451 354 2042 2121 193 140 23 239
AO3 M GR -6 69 -29 75 o) 4 2 5
T1 447 -427 2062 2153 -59 -221 =111 254
R1 9 1 7 12 3 3 2 5
R2 1 0 1 1 0 0 0 1
R3 0 0 0 0 0 0 0 0
GR+T1 441 -358 2034 2111 -60 -217 -109 250
SEIS 10 1 8 13 3 4 3 5
TOTAL 451 359 2042 2121 63 221 m 255

GLOBAL FORCES & MOMENTS
Point Load FORCES (lb ) MOMENTS (ft-lb )
name  combination Y Z Result Y r4 Result
AO3 F GR -6 64 ~29 71 -3 6 7 10
71 447 -427 2062 2153 393 -369 -239 590
R1 9 1 7 12 1 3 0 3
R2 1 0 1 1 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 441 -362 2034 2112 390 -363 -232 581
SEIS 10 1 8 13 1 3 0 3
TOTAL 451 363 2042 2122 39 366 232 584
AO4 N GR -6 64 -29 71 -3 6 7 10
11 447 -427 2062 2153 407 -369 -242 600
R1 9 0 7 12 1 3 0 3
R2 1 0 1 1 0 0 0 0
R3 0 0 0 o 0 0 0 0
GR+T1 441 -362 2034 2112 403 -363 -235 591
SEIS 10 1 8 13 1 3 0 3
TOTAL 451 363 2042 2122 404 366 235 594
AD4 M GR -6 58 -29 65 -5 7 9 12
T 447 427 2062 2153 1073 ~434 -400 1225
R1 8 0 7 " 2 2 3 4
R2 1 0 1 1 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 441 -369 2034 2113 1068 -428 -391 1215
SEIS 9 0 12 2 2 3 4
TOTAL 450 370 2042 2123 1071 429 394 1219
AO4 F GR -6 51 -29 59 10 9 10 17
Tt 447 -427 2062 2153 1224 ~592 -466 1438
R1 3 0 7 9 3 1 4 5
R2 1 0 1 1 0 0 0 1
R3 0 0 0 0 0 0 0 0
GR+T1 441 -376 2034 2114 1234 -583 -455 1439
SEIS 7 0 8 11 3 1 5
TOTAL 448 376 2042 2124 1238 585 460 1444
AOS N GR -6 22 -29 37 71 19 10 74
T 467 -427 2062 2153 512 -1339 -466 1507
R1 2 1 7 8 3 1 4 12
R2 0 0 1 1 0 1 0 1
R3 0 0 0 ) 0 0 0 0
GR+T1 441 -405 2034 2120 583  -1320 -455 1513
SEIS 2 1 8 9 3 13 5 14
TOTAL 443 406 2042 2128 585 1332 460 1526

WA-J6A.0UT 9-11-95 12:57p
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 18 09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 19
GLOBAL FORCES & MOMENTS GLOBAL FORCES & MOMENTS

Point Load FORCES (lb ) MOMENTS (ft-lb ) Point Load FORCES (lb MOMENTS (ft-1b )

name combination X Y Z Result Y z Result name combination Y b3 Result Y z Result

AO5 M GR -6 15 - 33 78 17 8 80 AO7 M GR -6 -12 -29 32 78 -12 6 79
T 447  -427 2062 2153 361 -1195 -403 1312 T 447 -427 2062 2153 236 834 44 867
R1 1 2 7 7 2 13 4 14 R1 6 2 7 9 2 20 6 21
R2 0 0 1 1 0 1 0 2 R2 1 0 1 1 o 2 1 2
R3 0 0 0 0 0 0 0 R3 0 0 0 0 o] 0 0 0
GR+T1 441 -412 2034 2124 438 -1178 -396 1318 GR+T1 461 -439 2034 2127 314 822 50 881
SEIS 1 2 8 8 2 15 5 16 SEIS é 2 8 10 2 22 7 23
TOTAL 442 413 2041 2129 441 1193 400 1333 TOTAL 447 441 2041 2136 316 844 57 903

AO5 F GR -6 8 -29 31 80 8 4 80 AO7 F GR -6 -19 -29 35 73 -14 8 74
T 447 -427 2062 2153 298 -531 -252 659 11 447 -427 2062 2153 85 978 106 987
R1 0 2 7 7 2 16 5 17 R1 9 1 7 12 1 19 7 20
R2 0 [} 1 1 0 2 1 2 R2 1 0 1 1 1] 2 1 2
R3 0 ) 0 o 0 0 0 0 R3 0 0 0 o o] 0 0 0
GR+T1 441 -418 2034 2122 378 -524 -249 692 GR+T1 441 -446 2034 2128 157 964 114 983
SEIS 0 2 8 8 2 18 6 19 SEIS 10 1 8 13 1 21 7 22
TOTAL 441 420 2041 2130 380 541 254 708 TOTAL 451 447 2041 2138 158 985 122 1005

A06 - GR -6 6 -29 30 80 3 2 80 AOB N GR -6 -51 -29 58 9 -2 8 12
71 447 -427 2062 2153 298 -181 -180 392 11 447 -427 2062 2153 -699 157 106 724
R1 0 2 7 7 2 17 5 18 R1 10 1 7 12 1 2 7 7
R2 0 0 1 1 o3 2 1 2 R2 1 0 1 1 [} 0 1 1
R3 0 0 0 0 0 0 0 0 R3 0 0 0 0 [ 0 0 0
GR+T1 441 -421 2034 2123 378 -178 -177 454 GR+T1 441 -477 2034 2135 -690 154 114 716
SEIS 0 2 8 8 2 19 6 20 SEIS 11 1 8 14 2 2 7 8
TOTAL 441 423 2061 2131 380 197 183 465 TOTAL 452 479 2041 2145 692 156 122 719

AD6 + GR -6 =2 -29 30 80 3 2 80 AO8 M GR -6 -55 -29 62 -6 -1 9 1
T 447  -427 2062 2153 298 -181 -180 392 11 447 -427 2062 2153 -598 51 63 604
R1 3 2 7 8 2 17 5 18 R1 10 1 7 12 1 0 6 6
R2 0 0 1 1 0 2 1 2 R2 1 0 1 1 o] 0 1 1
R3 0 0 0 0 0 0 0 0 R3 0 0 0 0 o] 0 0 0
GR+T1 441 -429 2034 2125 378 -178 =177 454 GR+T1 441 -4B2 2034 2136 -605 50 71 611
SEIS 3 2 8 9 2 19 6 20 SEIS 11 1 8 14 1 1 6 6
TOTAL 444 431 2041 2133 380 197 183 465 TOTAL 452 483 2041 2146 606 51 77 613

AO7 N GR -6 -5 -29 30 80 -2 3 80 AO8 F  GR -6 -60 -29 66 -19 0 10 21
T1 447 -427 2062 2153 298 170 -107 360 T1 447 -427 2062 2153 =154 8 -43 160
R1 4 2 7 8 2 18 ] 19 R1 10 1 7 12 1 1 3 4
R2 0 0 1 1 0 2 1 2 R2 1 0 1 1 0 0 0 0
R3 0 0 0 0 0 0 0 0 R3 4] 0 0 0 0 0 0 1)
GR+T1 441 -432 2034 2125 378 168 -104 426 GR+T1 461 -486 2034 2137 -173 7 -33 176
SEIS 4 2 8 9 2 20 6 21 SEIS 11 1 14 1 2 4 4
TOTAL 445 434 2041 2134 380 188 110 438 TOTAL 452 488 2041 2147 173 9 36 177

MA-J6A.0UT 9-11-95 12:57p
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4,.60 RESULT PAGE 20
GLOBAL FORCES & MOMENTS

Point Load FORCES (lb ) MOMENTS (ft-lb

name combination X Y b4 Result Y Result

A9 GR = -205 ° 207 -21 0 11 23
T1 447 -427 2062 2153 -16 8 -73 75
R1 10 1 7 12 1 1 3 3
R2 1 0 1 1 0 0 1] 0
R3 4] 0 0 0 0 0 0 "]
GR+T1 441 -631 2034 2174 -37 7 -62 73
SEIS 11 1 8 14 1 2 3 4
TOTAL 452 633 2042 2185 38 9 65 76

A10 GR -6 -205 -29 207 -22 0 1 24
T1 447 -427 2062 2153 66 8 -91 112
R1 10 1 12 1 1 2 3
R2 1 0 1 1 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 441 -631 2034 2174 44 7 -80 91
SEIS 11 1 8 14 2 2 2
TOTAL 452 633 2042 2185 46 9 82 95

AN GR -6 -208 -29 210 -27 0 12 30
T1 447 -427 2062 2153 458 8 -175 491
R1 10 1 7 12 3 1 0 3
R2 1 0 1 1 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 441 -635 2034 2175 431 7 -163 461
SEIS 11 1 8 14 3 2 0 3
TOTAL 452 636 2042 2186 434 9 164 464

**% Segment A end

MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 21

ASME B31.3c (1992) CODE COMPLIANCE
i )

(Moments in ft-lb (Stress in psi

Point Load In-Pl. Out-Pl. Torsion S.I.F Eq. Load Code
name combination Moment Moment Moment In Out no. type Stress
*%* Segment A begin ***
A0O Max P (3a) Koop 4844 16700
GR + Max P 67 7 1.00 1.00 (18) sust 2388 16700
Cold to T1 25 588 94 1.00 1.00 (17) DISp 2225 25050
Sus. + R1 72 12 1.00 1.00 (18) occ 2622 22211
Sus. + R2 67 8 1.00 1.00 ¢18) occ 2391 22211
Sus., + R3 67 7 1.00 1.00 (18) occ 2388 22211
A01 Max P . (3a) Hoor 4844 16700
GR + Max P 25 3 1.00 1.00 (18) SUST 2187 16700
Cold to T1 106 287 94 1.00 1.00 (17) DIsSP 1195 25050
Sus. + R1 30 8 .00 1.00 (18) ocC 2218 22211
Sus. + R2’ 25 4 1.00 1.00 (18) ocC 2190 22211
Sus. + R3 25 3 1.00 1.00 (18) occ 2187 22211
A02 Max P (3a) HooP 4844 16700
GR + .Max P 20 2 1.00 1.00 (18) sSusT 2161 16700
Cold to T1 126 232 88 1.00 1.00 (17) DISP 1040 25050
Sus. + R1 25 7 1.00 1.00 (18) ocC 2192 22211
Sus. + R2 20 3 1.00 1.00 (18) occ 2165 22211
Sus. + R3 20 2 1.00 1.00 (18) ocC 2161 22211
A03 N- Max P (3a) HoopP 4844 16700
o GR + Max P 15 1 1.00 1.00 (18) SUST 2138 16700
Cold to T1 153 136 88 1.00 1.00 (17) DISP 833 25050
Sus. + R1 20 5 1.00 1.00 (18) ocC 2168 22211
Sus. + R2 16 2 1.00 1.00 (18) occ 2141 22211
Sus. + R3 15 1 1.00 1.00 (18) occ 2138 22211
AO3 N+ Max P (3a) HOOP 4844 16700
GR + Max P 15 1 2.56 2.13 (18) suUST 2251 16700
Cold to T1 153 136 88 2.56 2.13 (17) DISP 1850 25050
Sus. + R1 20 5 2.56 2.13 (18) ocC 2323 22211
Sus. + R2 16 2 2.56 2.13 (18) ocC 2259 22211
Sus. + R3 15 1 2.56 2.13 ¢18) occ 2251 22211
AO3 M Max P (3a) HOOP 4844 16700
GR + Max P 0 5 2.56 2.13 (18) susT 2113 16700
Cold to T1 110 198 114 2.56 2.13 (17) DIsp 1945 25050
Sus. + RY 4 7 2.56 2.13 (18) ocC 2163 22211
Sus. + R2 1 5 2.56 2.13 (18) occ 2119 22211
Sus. + R3 0 5 2.56 2.13 (18) occ 2113 22211

TG LT
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[ MA- J6A W320- C-FARM JUMPER STRESS ANALYSIS lCF KATSER HANFORD COMPANY MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AUtoPIPE+4.60 RESULT PAGE 22 09/11/95 JUMPER C-06C-6-A AUtoPIPE+4.60 RESULT PAGE 23
ASME B31.3c (1992) CODE COMPLIANCE ASME 831.3c (1992) CODE COMPLIANCE
(Moments in ft-lb (Stress in p51 ) (Moments in ft-lb ) (Stress in psi )
Point Load In-Pl. Out-PL. Torsion S.I.F Eq. Load Code Code Point Load In-PL. Out-PL. Torsion S.I.F £q. Load Code Code
name combination Moment Moment Moment In Out no. type Stress Allow. name combination Moment Moment Moment In Out no. type Stress Allow.
AO3 F- Max P (3a) Koop 4844 16700 AO5 N- Max P (3a) HoOP 4844 16700
GR + Max P 1 8 5 13 (18) susT 2146 16700 GR + Max P I 19 1.00 1.00 (18) susT 2418 16700
Cold to T1 194 417 369 2.56 2.13 (17) plsp 4043 25050 Cold to T1 512 1339 466 1.00 1.00 (17) DISP 5626 25050
Sus. + R1 2 8 2.56 2.13 (18) ocC 2157 22211 Sus. + R1 73 30 1.00 1.00 (18) ocC 2474 22211
Sus. + R2 2 8 2.56 2.13 (18) oCC 2148 22211 Sus. + R2 7 20 1.00 1.00 (18) occC 2424 22211
Sus. + R3 1 8 56 2.13 (18) occ 2146 22211 Sus. + R3 71 19 1.00 1.00 (18) ocC 2618 22211
A03 F+ Max P (3a) HoOP 4844 16700 A0S N+ Max P (3a) HOOP 4844 16700
GR + Max P 3 7 1.00 1.00 (18) SUST 2103 16700 GR + Max P 19 71 1.95 1.63 (18) susT 2648 16700
Cold to T1 393 239 369 1.00 1.00 (17) DISP 2201 25050 Cold to T1 1339 512 466 1.95 1.63 (17) DISP 10387 25050
Sus. + R1 4 7 .00 1.00 (18) ocC 2107 22211 Sus. + R1 30 73 1.95 1.63 (18) ocCC 2756 22211
Sus. + R2 3 7 1.00 1.00 (18) occ 2104 22211 Sus. + R2 20 7 1.95 1.63 (18) ocC 2659 22211
Sus. + R3 3 7 1.00 1.00 (18) occ 2103 22211 Sus. + R3 19 Kl 1.95 1.63 (18) occ 2648 22211
AO4 N- Max P (3a) HooP 4844 16700 A0S M Max P (3a) HOOP 4844 16700
GR + Max P 3 7 00 1.00 (18) susT 2104 16700 GR + Max P 17 49 1.95 1.63 (18) susT 2483 16700
Cold to T1 407 242 369 1.00 1.00 (17) DIsp 2240 25050 Cold to T1 1195 540 30 1.95 1.63 (17) DISP 9307 25050
Sus. + R1 4 7 1.00 1.00 (18) ocC 2108 22211 Sus. + R1 30 51 1.95 1.63 (18) o0OCC 2607 22211
Sus. + R2 3 7 1.00 1.00 (18) ocC 2104 22211 Sus. + R2 18 50 1.95 1.63 (18) o0OCC 2497 22211
Sus. + R3 3 7 00 1.00 (18) occ 2104 22211 Sus. + R3 17 49 1.95 1.63 (18) ocC 2483 22211
AQ4 N+ Max P (3a) HoOP 4844 16700 AQ5 F- Max P (3a) HoOP 4844 16700
GR + Max P 3 7 1.95 1.63 (18) susT 2130 16700 GR + Max P 8 4 1.95 1.63 (18) susT 2142 16700
Cold to T1 407 242 369 1.95 1.63 (17) DIsP 3583 25050 Cold to T1 531 252 298 1.95 1.63 (17) DISP 4310 25050
Sus. + R1 4 7 1.95 1.63 (18) ocC 2138 22211 Sus. + Ri 23 9 1.95 1.63 (18) ocC 2296 22211
Sus. + R2 3 7 1.95 1.63 (18) oCcC 2131 22211 Sus. + R2 9 4 1.95 1.63 (18) occ 2159 22211
Sus. + R3 3 7 1.95 3 (18) ocC 2130 22211  Sus. + R3 8 & 1.95 1.63 (18) occ 2142 22211
AO4 M Max P {3a) Hoop 4844 16700 AQ5 F+ Max P (3a) HoOP 4844 16700
GR + Max P 5 11 1.95 1.63 (18) susT 2165 16700 GR + Max P 4 8 1.00 1.00 (18) susT 2106 16700
Cold to T1 1073 590 26 1.95 1,63 (17) DISP 8604 25050 Cold to T1 252 531 298 1.00 1.00 (17) DISP 2462 25050
Sus. + R1 7 12 1.95 1.63 (18) ocC 2184 22211 Sus. + RY 9 23 1.00 1.00 (18) occ 2186 22211
Sus. + R2 5 12 1.95 1.63 (18) ocC 2167 22211 Sus. + R2 4 9 1.00 1.00 (18) ocC 2115 22211
Sus. + R3 5 11 1.95 1.63 (18) occ 2165 22211 Sus. + R3 4 8 00 1.00 (18) occ 2106 22211
AO4 F- Max P (3a) Hoor 4844 16700 A0S Max P (3a) HOOP 4844 16700
GR + Max P 10 9 1.95 1. (18) sust 2183 16700 GR + Max P 2 1.00 1.00 (18) susT 2083 16700
Cold to T1 1224 592 466 1.95 1.63 (17) DIsp 9777 25050 Cold to T1 180 181 298 1.00 1.00 (17) plIsp 1464 25050
Sus. + R1 13 10 1.95 1.63 (18) ocC 2214 22211 Sus. + R1 8 20 1.00 1.00 (18) ocC 2169 22211
Sus. + R2 10 9 1.95 1.63 (18) 0CC 2187 22211 Sus. + R2 3 5 1.00 1.00 (18) occ 2092 22211
Sus. + R3 10 9 1.95 1.63 (18) ocC 2183 22211 Sus. + R3 2 3 1.00 .00 (18) ocC 2083 22211
AO4 F+ Max P (3a) HOOP 4844 16700 AQ7 N- Max P (3a) HOOP 4844 16700
GR + Max P 10 9 1.00 1.00 (18) SUST 2130 16700 GR + Max P 3 2 1.00 1.00 (18) SusT 2084 16700
Cold to T1 1224 592 466 1.00 1.00 (17) DISP 5367 25050 Cold to T1 107 170 298 1.00 1.00 (17) Disp 1343 25050
Sus. + R1 13 10 1.00 1.00 (18) ocC 2146 22211 Sus. + Rt 9 20 1.00 1.00 (18) occ 2175 22211
Sus. + R2 10 9 1.00 1.00 (18) ocC 2132 22211 Sus. + R2 4 4 1.00 1.00 ¢18) ocC 2094 22211
gg Sus. + R3 10 9 1.00 1.00 (18) ocC 2130 22211 Sus. + R3 3 2 1.00 1.00 (18) occ 2084 22211
| 7
B
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 24

ASME B31.3c (1992) CODE COMPLIANCE
)

(Moments in ft-lb (Stress in psi )
Point Load In-PL. Out-Pl. Torsion S.I.F Eq. Load Code Code
name combination Moment Moment Moment In Out no. type Stress Allow.
AO7 N+ Max P (3a) Hoop 4844 16700
GR + Max P 2 3 1.95 1.63 (18) sUST 2097 16700
Cold to T1 170 107 298 1.95 1.63 (17) DIsSp 1789 25050
Sus. + R1 20 9 1.95 1.63 (18) ocC 2274 22211
Sus. + R2 4 4 1.95 1.63 (18) oCC 2116 22211
Sus. + R3 2 3 1.95 1.63 (18) ocCC 2097 22211
AO7 M Max P (3a) Hopp 4844 16700
GR + Max P 12 51 1.95 1.63 (18) sUST 2478 16700
Cold to T1 834 136 198 1.95 1.63 (17) DIsp 6176 25050
Sus. + R1 32 54 1.95 1.63 (18) ocC 2668 22211
Sus. + R2 14 51 1.95 1.63 (18) ocC 2498 22211
Sus. + R3 12 51 1.95 1.63 (18) ocC 2478 22211
AO7 F- Max P (3a) HoOP 4844 16700
GR + Max P 14 73 1.95 1.63 (18) susT 2646 16700
Cold to T1 978 85 106 1.95 1.63 (17) DISP 7155 25050
Sus. + R1 33 73 1.95 1.63 (18) ocC 2825 22211
Sus. + R2 16 1] 1.95 1.63 (18) ocC 2666 22211
Sus. + R3 14 73 1.95 1.63 (18) ocC 2646 22211
AO7 F+ Max P (3a) HOOP 4844 16700
GR + Max P 3 14 1.00 1.00 (18) SUST 2420 16700
Cold to T1 85 978 106 1.00 1.00 (17) pISp 3685 25050
Sus. + R1 73 33 1.00 1.00 (18) ocC 2512 22211
Sus. + R2 3 16 1.00 1.00 (18) oCC 2430 22211
Sus. + R3 3 14 1.00 1.00 (18) ocC 2420 22211
AO8 N- Max P (3a) HooP 4846 16700
GR + Max P 9 2 1.00 1.00 (18) SUST 2109 16700
Cold to T1 699 157 106 1.00 1.00 (17) DISP 2703 25050
Sus. + R1 10 4 1.00 1.00 (18) oCcC 2121 22211
Sus. + R2 9 3 1.00 1.00 (18) OCC 2111 22211
Sus. + R3 9 2 1.00 1.00 (18) oOcC 2109 22211
AO8 N+ Max P (3a) HOOP 4844 16700
GR + Max P 9 2 2.56 2.13 (18) sust 2176 16700
Cold to T1 699 157 106 2.56 2.13 (17) DISP 6803 25050
Sus. + R1 10 4 2.56 2.13 (18) ocC 2202 22211
Sus. + R2 9 3 2.56 2.13 (18) oCC 2179 22211
Sus. + R3 9 2 2.56 2.13 (18) occ 2176 22211
AO8 M Max P (3a) Hoop 4844 16700
GR + Max P 6 5 2.56 2.13 (18) sUST 2162 16700
Cold to T1 598 80 8 2.56 2.13 (17) pIsp 5749 25050
Sus. + R1 7 9 2.56 2.13 (18) oCcC 2201 22211
Sus. + R2 7 6 2.56 2.13 (18) oCcC 2167 22211
Sus. + R3 6 5 .56 2.13 (18) occ 2162 22211

A- W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4,60 RESULT PAGE 25

ASME 831.3c (1992)
b

CODE COMPLIANCE
(Moments in ft-lb )

(Stress in psi

Point Load In-Pl. Out-Pl. Torsion S.I.F Eq. Load Code
name combination Moment Moment Moment In Out no. type
AO8 F- Max P (3a) HooP
GR + Max P 19 10 2 2.13 (18) susT
Cold to T1 154 43 8 2.56 2.13 (17) DIsp
Sus. + Ri 19 13 2.56 2.13 (18) occ
Sus. + R2 19 11 2.56 2.13 (18) ocC
Sus. + R3 19 10 2.56 2.13 (18) ocC
A08 F+ Max P (3a) Hoop
GR + Max P 19 10 1.00 1.00 (18) sust
Cold to T1 154 43 8 1.00 1.00 (17) pIsp
Sus. + R1 19 13 1.00 1.00 (18) occ
Sus. + R2 19 1 1.00 1.00 (18) ocC
Sus. + R3 19 10 1.00 1.00 (18> occ
A09 Max P (3a) HOOP
GR + Max P 21 11 1.00 1.00 (18) SUST
Cotd to 71 16 3 8 1.00 1.00 (17) DISP
Sus. + R1 22 13 1.00 1.00 (18) ocCC
Sus. + R2 21 11 1.00 1.00 (18) ocC
Sus. + R3 21 1 1.00 1.00 (18> occ
A10 Max P (3a) HoopP
GR + Max P 22 11 1.00 1.00 (18) susT
Cold to T1 66 91 8 1.00 1.00 (17) pISP
Sus. + R1 23 13 .00 1.00 (18) ocC
Sus. + R2 22 1 1.00 1.00 (18) occ
Sus. + R3 22 11 1.00 1.00 ¢18) ocC
A1 Max P (3a) HoOP
GR + Max P 27 12 1.00 1.00 (18) susT
Cold to T1 458 175 8 1.00 1.00 (17) DISP
Sus. + R1 30 12 1.00 1.00 (18) ocC
Sus. + R2 28 12 1.00 1.00 (18) ocC
Sus. + R3 27 12 1.00 1.00 (18) occ

**% Segment A end

MA-J6A.OUT 9-11-95 12:57p
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MA-J6A W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY A= JOA W320- C-FARM JUMPER STRESS ANALYSIS ICF KAISER HANFORD COMPANY
09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 26 09/11/95 JUMPER C-06C-6-A AutoPIPE+4.60 RESULT PAGE 27

SYSTEM SUMMARY SYSTEM SUMMARY

Maximum displacel

Maximum X : 0.064 Point : A0S N Load Comb.: TOTAL Maximum X ¢ 452 Point : AO8 M Load Comb.: TOTAL
Maximum Y : 0.042 Point : AO7 N Load Comb.: TOTAL Maximum Y : 636 Point : Al1 Load Comb.: TOTAL
Maximum Z : 0.035 Point : AO7 M Load Comb.: TOTAL Maximum Z : 2062 Point : AQO Load Comb.: T1
Max. total: 0.075 Point : AOS N Load Comb.: TOTAL Max. total: 2186 Point : A1 Load Comb.: TOTAL
Maximum rotations (deg) Maximum pipe moments (ft-lb)
Maximum X : 0.232 Point : AO3 M Load Comb.: TOTAL Maximum X : 1238 Point : Load Comb.: TOTAL
Maximum Y : 0.202 Point : AO7 N Load Comb.: T1 Maximum Y : -1339 Point Load Comb.: T1
Maximum Z : -0.211 Point : AO3 N Load Comb.: T1 Maximum Z : -466 Point Load Comb.: T1

Max. total: 0.333 Point : AO3 M Load Comb.: TOTAL Max. total: 1526 Point : Load Comb.: TOTAL

Maximum restraint forces(lb)

Maximum X 2 452 Point : A1 Load Comb.: TOTAL
Maximum Y 2 636 Point : Al1 Load Comb.: TOTAL
Maximum Z 2 -2062 Point : AGQ Load Comb.: T1
Max. total: 2186 Point : AT1 Load Comb.: TOTAL
Maximum restraint moments(ft-lb)
Maximum X : 458 Point : A11 Load Comb.: T1
Maximum Y 3 -588 Point : AQO Load Comb.: T1
Maximum Z 2 -175 Point : A11 Load Comb.: T1
Max. total: 602 Point : AOO Load Comb.: TOTAL

IRTGa¥ L%
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Maximum occasional stress ratio

Maximum sustained stress

Point : AO7 F
Point : AOS N Stress psi : 2825
Stress psi- s 2648 Allowable psi s 22211
Altowable psi : 16700 Ratio : 0.13
Ratio : 0,16 Load combination : Sus. + R1
Load combination : GR + Max P
Maximum hoop stress ratio
Maximum displacement stress
Point : AOO

Point s A0S N Stress psi s 4844
Stress psi : 10387 Altowable psi : 16700
Allowable psi : 25050 Ratio : 0.29
Ratio 1 0.4 Load combination : Max P
Load combination : Cold to T1

Maximum occasional stress

. * * * The system satisfies ASME B31.3 code requlrements & * &

Point : AO7 F * % * for the selected options
Stress psi 1 2825
Allowable psi : 22211
Ratio 1 0.13
Load combination : Sus. + R1

Maximum hoop stress
Point AOC

Stress psi
Allowable psi
Ratio

Load combination

<o
19
P=;
p=t

Maximum sustained stress ratio

Point 3 AOS N
Stress psi : 2648
Allowable psi : 16700
Ratio : 0.16

Load combination : GR + Max P

Maximum displacement stress ratio

Ratio
Load combination

“point : AOS N
Stress psi s 10387
Allowable psi : 25050

0.41
Cold to T1

]
o
[
@
w
Y
©
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Series 1400

New Fuvmp 1N Svmp )

P

In-Line Bearing Frame True Line Pumps

a Partial emissions
hydraulics for optimum
efficiency

— Heads to 700 FT (213m) at
3550 RPM with a single stage
® 700 Ib. casing
= Back Pullout feature
= Mag Drive option
= High speed designs
available

* Variable speed options
available

Q%

ries 1400 2° x 2° - 13" Vertical In-Line Pump

Figure 1

Optimized Low Flow, High Head Performance

True Line pumps from Lawrence
Pumps Inc. are designed to deliver
long term mechanical and hydraulic

eliability for your low flow, high
head applications.

Designed to API-610 Standards
Mechanical seal life is extended
because the robust shaft design.
combined with low radial loads
minimizes shaft deflection

Alignment berween the pump
and motor is guaranteed by a
precision machined fit

Liberal internal clearances and
reduced radial thrust virtually
eliminate the potential for any
internal mezal to metal contact

Extreme temperature designs
availuble (-50°F/-45°C to
700°F/370°C)

+ Back Pudlout feature allows ease of
maintenance without disturbing
the mozor or connecting piping

» Seal chamber design accommo-

le. Double and Tandem

2l seals

» Compleze seal flush piping

ting box bushing, and

ek of the im
0.035", Ul

2 design will withstaad
psets, or loss
“seul lubricasion s

HNF-2474, Rev. 0
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Improved Process Pump

Performance. Reduced
Total Cost of Gwnership.
High efficiency at low flows
Stable operations a: 2ll design
points

Minimum shaft deflection at
off-design flows

Reliable pecformance throug
process upsats

Low maintenance from hi
seal reliabil .
True In-Line with sucdonand -
discharge flanges on same plane
Low NPSH characeristics

LAWRENCE
PUMPS IMNC.

Cor a()/
o




" NEMA FRAMES 182HP - 449HP — (See drawings below.) - Dimensions in mcheslmlllmeters

2 CAST IRCN TERMINAL 80X A8 [ SHAST AXD XEY
eawet P 1 T 1 Aa] A8 fAC TAF 1 A2 {axiz {83 ] 20 | BE | BF [ST0 LGiSi| Avtay [ S50 Jumisr] ¥ ] Uth) JE013) [EAma0] LGTRISG.KEY|
< Jsavp | 950y tad i 75) 775 631 194] 9.12) 8.250] .18 10.00| 62| .44 |17.55 19.56[ 27501 9.33|10.12[ 2.75 1.1250] 87%] 1.16 | 1.28] .20
2411365 19 197} 130493 [ 232| 21048 25411591 11 436 43£153.350 238) 257] 63.3128.575{22.22] 29.5 132.5{ 6.35
- jusael 9o raeq T3l 7751 631] 1.94f 9.12] 8.250] 19 fa0.00 | 62| .44 [18.55 20.06(2.750( 9.88110.62) 2.75 [1.1250] .875] 1.46 | 1.28] .250
4113651 13[ 1974 15014931 232] 210]48 41159 1 | 47 scoleaesi ast) 270 €3.8128.578122.22) 29.5 [32.5] 6.35
-2334P 110,50 | 1,44 1100 9751 72.754 2.50f 9.12] 8.2%0 .13 1000 | 62| .4¢ l3.50 222512750 ) 9.75|10.62] 2.75 |1.1250] .875] 1.38 | .28 .2%0 | t75] 1%
A 25713685 | 2540 228 15706351 232] 230 |48 25311551 1 $A01£9.851 2431 270 | €3.3128.575{22.22] 35.0 |32.51 6.35 3] %
~215HP110.50] 1.4 11651 975 ) 7.75 | 2.50] 9.12] s.25¢] 3¢ {roce} B2 .e4 |21 00 21,831 2,760 110.50110.94 | .75 11.3250] .87s] 1,28 [1.28] 280 | 200) 25
2671365 12541 243 157185351 2321 25048 25411591 111 €33 seoleaas) 257) 273f £3.3123.575)22.220 35.0 | 325} 6.35 | 9] W7
25aHp | 13.83) 225 112501019 f 822 | 2.5¢) s.92f 8.2%0] .19 oo ! s2( aatanse — farsafica] — fa7s {azec) .875) 1.75 | 1.28] 250 | 215 —
352)57.2 {3180 259) 20906351 232] 0|48 25411591 1.1 S — |693s) 275] — | s9slvasislaaze] 4t [a2s) 635 s —
2sanp | 13.283) 225 [ 125) 1009 p 822 | 2.50] su2 s.2% 1 facoo) 62 adf2089 — [2755|11.E3] ~ | 275 1.1250) &75] 1.75 | 1.28] .250 a5 —
35218672 1318) 259] 2095351 2320 2042 284 )159 ) 10 f 67 — [€385| 297 — | £3.8[23.575[22.22] 44.4 [325] 6.35 | 1] —
une [ 15504 2.25 1.5 (12.00] 9.55 1 3¢o| s.02] 8.250) .28 | 1050 7001225 — {27sf1a200] 875) 175 {123} 250 | 20| —
394 57.2 31 5| 2437521 232] 210 ) €4 24 §3.25] 31| — | 63.8f23.575022.22) 444 1325} 635 | 2] —
ossp 15530225 |15 112000 656 ) 3.00] g.02] 8250 .25 [ 1c.e0] 65| .44 ]2r38 — [2.7%0013.00] — | 2.75]1.1250] 875] 1.75 | 1.28] .250 | 32 had :
384 57.2 381 _3cs] 2930762 232] 210 |64 1175 ) 1) €55 — 169851 33e) — | s3.8lessisizaza| aad |32.5] 6354 14 —
saprti15.501 2.25 1 1.5 | 12.001 955 | 300f1475113.500] .25 [ 16.50| 881 632588 — 14.500[12.25] ~— | 4.50]1.6250|1.250] 1.75 | .28 .375 | 300 —
Je4157.2 ) 38) 305 243f762| 3750 33084 | 432)222 I7.5 E57_ — 1M4) ] - 114] 413 8l 4] 77 95{136) —
2864, 15.50 0 2.25 [ 1.5 11200 | 9.56 | 3.60[ 14 75[u3.500 ] .25 IS,EC 881 6312738 — [456]dcl — | 4.501.6250)1.25f 1.75 | 1.28] 375 { 3%0] —
522 3] 305] 431762 375 M3 {64 222 | V751 £35 - 14 30l — 134] 4131 313 48 77| 9.5 19} —
324np | 17.757 225 |2 1369 0.9 | 3.63f 1475113500 25 xe sa 88 69129.06 — |450013.50] — | «50|1.625001.250) 2.12 |2.03] 375 | 480| ~—
4511572 150.8) 373 2781921} 375) 3+a {64 ) 419f222) 175 ) 733 — | 114] 3431 — | Tiafarzrsianzsl s3s | 770 952 218] —
3P | 17.75] 225 |2 14.63 10,94 | 3.83[14.75113.500) .25 {15.50( 88| 691308 — [4.500]1a25] — [4.50[1.625001.2%} 2.12 [ 3.0 .375 | S30] —
4511572 12081 73] 278|929 ) 3rs| 343184 419122211281 776 — N4l 32| — 114[41.275131.75} 53.8 | 77.0] 9.52 {240} —-
sanp | 2050 [2.25 13 | 17.94 [33.75 | 233 3s 75]13.5000 25 f o650 | 88| .69 (3333 — [<s00[18.38] ~ | 4.50 [1.6250{1.250] 2.25 [3.00| .375 | 660 ~— =
521 57.2 761 456 3491 105) 3rs{ 343 |63 4191222 175 | &7 — N4} 390] —~ 114]41.275131.75| §7.2 [77.0] 9.52 | 299 —
365HP { 20501 2.25 |3 17.94 1375 | 4131147511250 ) 25 {16.50 ] .88 69[33.38 — [4.500]1538] — | a.50]1.6250}1.250| 2.25 | 3.03] .375 | 710] —
521 157.2 76 4% | 349 05| 7S] M3 [6.4 41812221175 | 87 — W IN — 114141.275[31.78] 57.2 [ 77.0] 9.52 § 322 ~—~
204HP (2262|250 {3 19.19 11500 1 433 1s 753500 25 1 16.50] 94 6913549 — [asce[isa2f — [aselssaso)r.20] 2.25 [2.03] 375 | 90} ~
5751635 78] «87 | 3814 105) 375] 343 (6.4 419{23.81 175} 893 — 4] 28| - 114}41,275131.75] §7.2 {77.00 9.52 | 431} —
dosHp 12262125 |3 19.19 115.00{ 413/ 147513.500 | .25 | v6.50] o4 | .69 f35.19 — f3.se0]ist2| — [aser.ees0{r.250f 2.25 |2.03] .375 [1o75f —
5751635 7S] 4871 33111051 375{ M3 f64 4191233 175) 893 - RACH I $14141.275{31.75) 57.2 {77.0] 9.52 | 488 —
aune (2550125 {3 2243 137,37 1 6.00]14.25113.500 | .25 | 16.50 | 1.06 | .63 [4088 — |4.500]18.00] — {4.50[2.125 |v.750f 2.25 [ 2.03| .500 [1405] —
8431635 76 S62 | a1 152| 3750 343164 419)27.0 | 17.5} 1038 — 4] 457] — 134150.975044.45] 57,2 177.0} 12.70 | 637§ —
asur 12550 2.50 3 2213 112.37 | 6.00114.75113.500 | .25 | 16.50 [ 1.06 | .69 {40.88 — {4.500[18.00] — 4502125 |1.750] 2.28 {3.09] .500 [1555] —
131639 | 78] 5624 4a1]152{ 375) 343 [64 | 419{27.0 (1751 1038 — e 57| — 114153.975144.45] 57.2 | 77.0[ 12.70 1 705 —
aTHp | 25,251 250 | (9) {23.37 (13,321 7.00f14.75113.500 | .25 ] 16.50 | 1.06 | .69 {49.38 — las0af22.25] — [4.50 {2125 {1.750] 2.25 [3.03] .500 {2900] —
611838 34 460] 178 | 375) 343 (5.4 419)27.0 | 17.5 {1254 = 4] 565] — 114[53.975[44.451 57.2 | 77.0} 12.70 {13147 —
4a9HP | 25.2502,50 | (5) [23.37 l18.12 | 7.0001475113.500 F .25 1 16.80 | 1.06 | .69 {49.38 — l4soalezas| — [a4.s0f2.125 1i.7s0) 2.25 [3.03] 50 200 —
$411835 SH | 60} 178] 3I1S] M3 [6.4 43191270 | 17.5 { 1254 - 4] 85| — 114183.975]44.45] 57.2 }77.0] 12.70 } 1374] —
)"0 Varies {-—-v:!o 2.125 +.0000, - .0005 53.975 +.000, -.013 {3)"EU" Varies +.000, ~.0C5 : +.00. -.13
ot —2.125and larger +.000, —.001 53, 915ana laiger +.00, ~.03 (4)“AH" Varies » 030, — €30 +76. =76
AK® : —180 HP,—250HP, +.0C3, ~.000 +.08,—.00 CAA" ;4% (1 201 amps, 5° (127 mm) @ 338 amps, &°
@aK" varis | ZROHES-25010, 2 ¢ 1005, =000 -3 =00 bt 3 s Jultl02d amps: 47 (120 mm) & P50 ! ?
© Facerunouland —~182HP —445HP, 004 Max. .10 > Maximum permissibla shatt runout when measured at and of shatt extension is 002 inches
zcentricity —447HP —449HP, .007 Max. 18 (051 mm) Max. T.LR.{.003 inches, 076 mm on 447HP — 44IHP).

. it mounting clearance Is required, consult factory.

NORMAL THRUST, TEFC Above NEMA 350 — 400 HP

5013? Frazgle, 4‘0500 Volts 58’10P2:rar:1:, 2320 .4?530‘\0/00115 : x 5010P Frames
| Fatms | 3% | 358 o Fa e | v | s | ssro (389 ’ | 460, 2300, 4000 Volts
| spwd | 1773 | 1773 s | o0 | sies | Trag | vk | v m 3-Phase, 60 H_z
;?::. ssg;g; 53:2; 50107 | 50107 | 5010° | 50107 |5010P = 1.0S.F., CQMIHUOUS Duty
Usseown | 720 | 720 D || 9 | B0 || B || EFE T m 40°C. Ambient
Brat | 70 1 1% Tow | S0 [ 120 | 120 | 720 | 122 m Class B insulation
Q|| W) ® Ball Bearing

m Solid Shaft

i .
: 7.00 -
] ;751 T
AH f B
U376t~ —r F ‘ se| BG
76 . n
wes i I & =

u-—l—l«}\

lm—BO——-KEY .
ABOVE NEMA 5010P — Dimensions in inches/millimeters
APM XEY [
(MAX) | U \i A6 Ad A ax(1) B8 80 BE G w 3F sa. LGTH. {LBS/KS)

3800 | 2373 E.75 82.5 8.75 14.75 1 13.50 .25 20.00 175 12,94 | 444 687 | 625 | 400 | 620
3600 | 0.1 171 1537 171 374 33 6.4 508 48 456 13 18 15,83 162 260

SO10P | 1800 | 3375 | 6.75 | 625 | 615 | 1475 | 13.600 | .25 | 20.00 | V.05 { 1754 { &34 | €a7 | 875 | 50 | 620 .
Mo | tsco {8573 | a7y baser | oare § ogrd | m3 |64 | ose8 145 | e | 13 18 | 2z | o | 230

{1} This Cimension Varies » .605-.000 «~ 13 - &; Conduit Box can be rotated 360° in 90° steps. MAXIMUM FULL M(lX?'
(2 This Varies 000, - 001, -3 M mounting ctearanca details are reuired, consult factory. LOAD AMPERES PIPETA

{3) Customer to ¢rilt hele in Concuit Eox. Maximum cermissidle shalt runout when measured at end 201 g

{4 Face Aunout anc Eccentricity 007 (18 mm) max. T.LA. of st shatt extension is .003(.C8 mm) T.1A. 335 L]

{5} ¥4 NPT for scace heater leacs, 600 [

HNF-2474, Rev. 0 “On 50107 frame, customer to el hate in ]
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CT25011 1

EE]HE]LEJDIHHH

CONNECTIONS:

1/4-18 NPT ~ ALTERSATE LUSRICANT INCET TO
UST BEARING (PLUGGED]

1/4-18 NPT ~ OIL DUTLET FROM BEARING HOUSING

1/2-14 NPT~ INLET 70 SEAL THEU AT PLAN 11
FROI Pn'w D1SCHARGE

1/2-300 LB. R.F. 5.W. FLANGE — CASING VENT

1/2-14 NPT - SEAL VENT

1/2-14 NFT - SEAL DRAIN

174=18 NPT - DIL MIST INLET TO BEARING HOUSING

MOTOR COMNECTION FCR POWER LEADS

3/4-300 LB, R.F, S.W. FLANZE - CASING D’RAIN
{COVERED ¥]JTH BLIND FLANGE)

BOD LB
CR QA Zco mL.B‘

@ ucr
TOTAL 3350 K83 LBS. APPROXIMATE
DCHV‘-'R DATA:
© 252 H RPM, T.E.F, C.s YERTICAL ELECTRIC
uo.cr-z. R:Ll/w:e FRAME NG, "226TC
NOZZLE LOADS: Fy
SUCTION & DISCHARGE
P Fx 200 LES.  wx 340 FT-ES, My
g RIS i ~
e‘? z - - 3 =] . Fx Y Mx
T i NOTES‘
w0 i i 2 ASSEMBLY. SEE DRAWING NO. c4solo.
Y ¢ 2 FoR PARTS LIST SEE LIST OF COMFONENTS™.
0 SLGTS 3 AL FUANGE CONEOTIONS T0 cotrg o A
' ] N ORILIFYING - FACE FINISH GF . 125 RWS.
bl ] { i
xS ~E : i
© i i
8 Pel B
o q :
g B ] :
2] | H
8 E‘\\ ;
I .
O :
v ™~ i
i
g .
I \ L DISCHARGE
! 2.06-300
4_. ! { R,F. FLANGE
»28 I H
% - ¢ !
o i
1 A { H
P17 ] =
CSUCTION —~ - 1e,44®2:88,_ 1, %008
!
CATION aons
LAWRENCE
PUMPS INC. TRUE"'L INE SERIES
PP _STZE derst et b0 | USTOMER s PAEe ASSEMVELY
SERJES: 1400 i { PURCHASE OROER NO.3 PU)P PARTS LEST. -
MXOEL : jasa PP SERIAL NO. 2
& J PAM TOILS BECREASED D50 | : 2P
1 IMO3S” [RAM HGTCR wAS 325 1o r;w;s_m TR e PUMP ELEVATION
ERENIES o DESSRIPTION SERTIFIED BY:
2. REVISIONS PATE: Q1 NV B8 DATE: s 0. O 4501 1

HNF-2474, Rev. 0
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RED VALVE €0 INC L1E mN ?L334kL2 0001276 752

Fresstire oensors Frox- 22

Red Valve's complete line of Pressure Sensors
isolate and protect instrumentation from the
> Full 360° pressure reading process line, providing accurate, repeatable
instrument measurement.

P~ Proiects and isolates instrumentztion

P Self cleaning, fiexing action
Reliable, accurate instrument readings are often
) difficult or even impossible to obtain on
»Excellent pump protection pipelines carrying slurries, solids, or chemical

" process slurries.

. With Series 40 and 42 Pressure Sensors, line
pressure is sensed 360° through the Sexible
rubber sleeve. The captive fluid is displaced
through the pressure sensor body to the
instrument’s bourdon tube. Instruments are
isolated and protected from the process assuring
positive and accurate readings..

The thru-bolted Series 40 can be
mounted in any flow direction,
submerged in a tank, or mounted with a
blind flange as a dead end to monitor
tank Jevels.

p i The threaded end model Series 42 is
S available in sizes 1/2"-2",

P Won't clog like traditional dizphragm seals

> Accuracy, +2% of instzlled insirument

Materials of Construction Two Pressure Sensors with a

P Carbon Steel, Stainless Steel, or PYC body differeptial pressure swiich can be
: used 10 monitor pressure drop 2cross a

» Sleeves availzblc in Pure Gum Rubber, filter or pump. They can also be used
Neoprene, Hypalon, Chlorobutyl, to send a signal to shut a pump or
open a by-pass valve.

Polyurethane, Buna-N, Viton and EPDM
» ANSI Class 150, 300, 600"

Series 40

VALVESIZE LENGTH BODY 0. WORKING PRESSURE VALVE WEIGHT

D FtoF A {psf) (bs)

1" 1-3/8° Y3 e o200 s T [
1-1/27 1.7/8" 5* . 200 . R
2% 197 “6 L0 L.
2-3/27 1.3/5° PP T - 200 i B 1
3" 1778 FAY 200 18
4 2-1/8" 9” 200 27
5 2147 10" 200 32
6" 2-1/4 1" 200 37
8" 21727 FERY-Y . 20 ; 58
10° 23447 16" .o 209 AT I - 79,
o 3" 197 1 T 200 : : 128
15" 3" 21" . 200 . 157
6™ 3" 23-12° 200 190
18" 3 25° 200 250
T : 2" 3" 27127 200 185
N4 24" 3° 32" 200 220

Ry
HNF-2474, Rev. 0
RED UALVE €O INC Page B-83




8.3 PUREX and Hanford Nozzle

SD-RE-DGS-002
Rev. 3

Page 66 of 122

CRITICAL DIMENSION
POINT
Wa
Y \,1 [\\ R
Q . : N ‘ A d A
N N i
A N . A N
L : i l
N B J\ { N
N N ’3 \ \
= s k N2z ) Y=< N ! N
N AY *V l
3 4/__5_. N | N
! Y s
: J
HANFORD NOZZLE PUREX NOZZLE
Size Type A B V\(/l;lsg?t Drawing No. \
2" Hanford | 3-5/8 5 H-2-32705-9 ' 3/
3" Hanford | 3-5/8 3.5 H-2-32705-8 g,
4Way | Hanford | 3-5/8 6 H-2-32705-* rTe
1 Purex_ | 1-7/8 15| H2-901842 3 cp/i 5
2" Purex 2-1/4 | 3-29/32 | 28 H-2-90185-2 B
3-Way | Purex 2-9/32 5 H-2-324471 PRGN
3" Purex 3 J 4-13/16 1 65 H-2-90186-2 NS
% | Purex 3-3/8 | 55/32 11+ | H-2.50187-2 JEneS
*See Drawing for Dash Number. - 'L/
HNF-2474, Rev. 0
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Page 67 of 122

SD-RE-DGS-002

Rev. 3
8.4 .Kick-Off Plate
¢ B¢ ———v
1/2" R TYR
’\ N
B CN re 0N :
: 2 N .
X\ /J

L B 1
TYPE SHAPE} SIZE WT»+ A B THK. C.S. P.N. SST. P.N,
PUREX sa. 1 4 1-25/32] 6-1/4 | 3/8 H-2~30600-2 H-2-30600-1
PUREX sa. 2 3.5 |2-2132] e-1/4 | 3/8 H-2-30600~4 H-2-30600-3
PUREX sa. 3 12 3-25/32] 11 3/8 H-2-~30600-6 H-2-30600-5
PUREX sQ. 4’1 1654 {4-27/32] 13 3/8 H-2-30600-8 H-2-30600-7
PUREX RD. 1 3 1-25/32 [ 38 H-2-3194-1 TYPE II H-2-3194-1 TYPE |
PUNEX RO. 2 2.5 |2~21/22] 6-1/4 | av8 H-2-3194-2 TYPE It H-2-3184~2 TYPE |
PUREX RO. 3 9 3-25/22]| 11 3/8 H-2-3184-3 TYPE 1l H-2-3194-3 TYPE |
PUREX RD. 4 125 |e-27/32| 13 3/8 H-2-3184~4 TYPE If H-2-3194-4 TYPE |
HANFORD sQ. 2 12.5 [2-7/18 11 3/8 | H-2-74755-11 H-2-74755-1
HANFORD sO. 3 12 3-5/16 11 3/8 | H-2-74755-12 H-2-74755-2
HANFORD sQ. | 4-vay | 13 7 11 3/8 H-2-74755-7 H-2-74755-7
HANFORD RD. 2 9.5 |2-7/16 11 3/8 H-2-74755~16 H-2-74755-6
HANFORD RO. 3 9 3~9/16 11 2/8 H-2-74755~17 H-2-74755-7
HANFORD RO, | 4-war | 10 ? 1 a8 H-2~74755-7 H=2-74755-7

HNF-2474, Rev. 0
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b KAISER ENGINEERS Calc. No.
MHANFORD Revision o)

DESIGN ANALYSIS Page No. | of _1
Client )4y, WO/Job No. 1} =32 [
Subject \nPER CRITICALS, EAR Date p.20.95 By ©, Pk,
W-72-S1RE D Checked [}

Location <, UCE  PIT Zq..\_y{ OLE Revised

[ i |t | b4

818545 5 (zw\aio .]n } i

K& ~|,._»= - -18l8494-sm'(2ax%&w m-\... I

N Ra ‘2lghg48a! su\(zea\ew 8 L
L z.-a':ﬁ‘?")‘} snzl(zsmsw 3‘) =

el

\ 1 T
i A |
- ! i R o L S B ~ - '_ ’.Y‘S/._ ‘—“t’__. SOV U AU S ] -
i I l o - R J Y N HNF-2474,Rev. 0 13+ s 575+
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% X KAISER ENGINEERS
HANFORD
Y JUMPER CALCULATION
Jomp NO.EKA}_.%".Q DWG, NO. }95_03 CATE b _ 13 . 7 bN PA%[L/4A
e o Ay H-Z-§ ﬂfé’?‘?
~72.0 Y e
WEIGH X = X AXIS Y - Y AXIS
PART DESCRIPTION ‘ Las. MOh:;d.ARM /Mo»:::; MO)TN.ARM :«NciuLzsN:
- B 28 con  (86.98Y 2,187 2z || 19.62 | 17065514,
el e | 2 fwer 2,03 | «¢ G4y | 1227 | 2672
c .
D
E
F
G 4297 127798 64285
H < 3/1_/ 4 4zt | 2734033 | 4 &t+os6,82 D
J . -
K Exs vz - %04 31,6 25633 12:87 | 176,99
L
M
N
P
Q
R
S
T
u 4,1%0 .
v 43 128238 5373
|sw- 437572 | zux = j2995.32] | sy -b2906.4%
. IMx y 29.27" _ smy Ao
=Sy = R ol y=3Sw = 14370
29,239 9 277 19 %"
coErr.or.| At AX AY AZ
€xp. / OF °F Ez:::::{"“ EXPANSION Ez:;:::«c EXPANSION EXLPEANNGD_;:G EXPANSION
JUMPER
VESSEL
DUNNAGE
TOLERANCE / /// ///’
AX= AY= Az=

HNF-2474, Rev. 0 =5 KEH.63 (3.82)
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5o X KAISER ENGINEERS
. 50 4_& HANFORD
%\k \{ JUMPER CALCULATION
\\,0} am.f'a%’?.; 1H-2-51§503 = 7 95 I/[f’
NN 241-AY | BAM |5, veac
(\/% a4 Pal
* CEIET X = X _AXIS Y - ¥ AXis
PARY s - e < i oty
0T = A | Y pseer Cown | 128 ) /) 7 i
A g e | Wt ARE o0 |20 | 3808 | 4590.0 58,87 | 70644
MY BAC |z Mae o (2,5 3 7] i€.37 45.92
B 21 Kt (Qomd) | 2,5 ﬁ @ _18.%7 H5,92-
< Mle | wore (%) 1287 | UR. b2 | 625.74 || 58.87 |75 b
y > -F W' PiPE 2-1%v | 28.2. | 5537 /561043 | 4319 |12/7,9¢6
| © Wy 2720 3 55,37 |l || Z25: 8 75
oo 3> N |21 Pea
por gt Y | 2" Fey GD) | 6537 | ] || 19,69 |646.39
EnEz >l Jx | Pees o0 N\ | 36 995 709
[ > PRES Ghee )
S M |2 ppe 3t | L9 54,25 | 479,37 | 1437 | 13,07
L | e oY | 2,/ 52,31 | 102,45 12127 | 27,03
P 2 Feg g7 d8) | w5 A 12,87 | 23hite
v T e T2 _rq a2 23 | = 725 296
Y| R 2X 4" ROCK =) 12,19 36,57 12.87 | 38.6|
Vi s Y PE ol | 9,29 5,12, | 4715 12.€7 |1/853
OLT | g ree ' 5,39 2 Vi 12,97 6937
e O v (W peg £l G40 T F & 12,67 | 643,577
Dl _v_| bres 1 27 2z Z__ | 237 347,49
AW\O&;’/E;M 435,68 Sux= 946969 | |suy= 1/308.0
;:orf’w’ A o974 _ sy Y60l
wo T2 =3V = y=5y =
COEFF., OF, Al AX A Y A Z
exe /0oF | or  [[FXPANONC | xeansion [|FREANOING | oy sion [[FXTANONG [ ion
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SERIES 3560
REMOTE ELECTRONICS

]

—— 1 RIVI
COILD E PNEUMATIC

PURGE

ELECTRODE =

SIGNAL SIGNAL

out

(1,000 #. Max,

Cable Lgth.} 115V ac

Waler-Mag
ELECTROMAGNETIC
FLOWMETER

Figure 4 Typical Installation — Series 3560 Remote
Electronics With Wafer-Mag Magnetic Fiowmeter

. 3. Foraccurate operation, it is mandatory that the flow-
meter be installed so that the flow tube will be com- -

pletely full of process liquid under all operating condi-
tions. When the meter is only partially filled, even
though the electrodes are covered, an inaccurate
measurement will result. Refer to Figure 5.

It is desirable that the meter be installed in a vertical
pipe run with flow upward, refer to Figure 6. In slurry
applications, the vertical position insures a more even
distribution of solids under all flow conditions and
minimizes the chances of suspended solids adhering
1o the flow tube.

OPTIONAL
(NORMALLY CLOSED)
Flow BY.PASS VALVE

e e P
3y TR
) OnY
&%___.L__ ___;:LL-?PE‘
~={ OPTIONAL OPTIONAL 4,

ISOLATING \f“j,‘

=1 V:yL’E VALVE
rfwsr:') (FULL OPEN)
FLOWHEAD
l ! 2 PIPE
5 PIPE

DIAMETERS
e STRAIGHT RUN
(UPSTREAM)  (DOWNSTREAM)

Figure 5 Horizontal Installation Piping {Meter shown In
Optional Line Drop)

4.

The position of the flow tube in relationto other devices
in the system is also important in assuring system
accuracy. Any upsitream tee, elbows, valves, efc.,
should be placed at least five pipe diameters from the—
flowhead to minimize any obstructions or flow distur- *
bances.

Liquid Flow Characteristics

The characteristics of the liquid to be metered, the liquid
flow parameters and the environment of the meter are
determining factors in the accuracy of a particular meter,

1.

Conductivity - efectrical conductivity is simply a way of
expressing the ability of a liquid to conduct electricity.
Just as copper wire is a better conductor that steel
wire, some liquids are betler conductors than others.
Of even greater importance, however, is the fact that
some liquids have little or no conductivity.

The conductivity of a metered liquid must be at least 3
micromhos/cm for use with the flowmeter. The con-
ductivity of the liquid can change throughout the pro-
cess operation as long as it is homogenous and
remains above the 3 micromhos/cm threshold.

. Acids/Caustics - the chemical composition of the

product to be measured must be compatible with the
meter liner and electrodes to assure maximum ser-
vice life from the meter.

Refer to a publication such as the Corrosion Survey,
National Association of Corrosion Engineers, etc., to
determine the compatibility of the liner with the pro-
cess liquid. Many process slurries or liquids are des-
ignated by a generic name but may contain other

FLow
a
~ \\
1 TTTTN
Lol opmonaL 1 !
'4' | ISOLATING 1
o ‘O vaLve 1
FULL
2 PIPE DIAMETERS ¢ 1
STRAIGHT RUN OREM) ! ] -
(DOWNSTREAM) |
()
£
= )
§ PIPE DIAMETERS p !
STRAIGHT RUN |
(UPSTREAM) : I
Lo OPTIONAL
8 L =£ BY-PASS
. ANy VALVE
~>f"v"~__f (NORMALLY
T | cLoseo)
= |
OPTIONAL h 22NN
ACCESS FLANGE ! 44
FORCLEANING | ] OPTIONAL
'—‘:"—'Lj ISOLATING
s=—= VALVE
(FULL FLOW
OPEN)

Figure 6 Vertical Installation
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ORDERING INFORMATION Purchase Specification
The magnetic flowmeter shall be of the wafer body

. & M.elersze ial construction utilizing the pulsed direct current field coy
2. Liner Materia excitation to eliminate manual zero verification.
3. Electrode Material ] . -
1. Pressure and Temperature Requnremems The flowmeter transmitter shall produce an output signal *

(Ambient and Process) of 0-10 kHz proportional to {low rate and provide a
factored and/or scaled pulse output. Factoring, toconvert

m
o
(1]
-
=
o
4
o
[+
3
[
=
(2]
iy
o
g
E
®
-
hud
=
1

5. Flow Rate {Normal, Maximum, Minimum) 3 " ) d .

. X to engineering unit output (gpm, liters per minute, m¥/
6. Electrical Requirements hr. etc.), is accomplished by dividing the pulse output
7. Output(s) Required frequency by 1.000 to 15.000 using direct reading detent
8. Liquid to be metered (name, conductivity) “switches (1.000 to F.000). Scaling is accomplished by
9. Meter Orientation (horizontal or vertical). setting a field selectable DIP switch for divide by 1, 10,
10. Accessories Required 100, 1,000 or 10,000.

¢ See Wafer Mag Model Code Table 6.

Table 5 Dimensions (Meter Sizes 0.15” through 8") with Remote Electronics

Meter Size Flange Size A B [o] D
inch mm Inch mm Inch mm Inch mm Inch mm Inch mm
0.15 4
0.30 8 1/2 15 4-15/16 125 6-3/8 162 3-9/16 90 2-3/16 56
1/2 15 ’
1 25 1 25 9 132 6-15/16 176 4-1/2 114 2-3/16 56
1-1/2 40 1-1/2 40 9 133 -6-7/8 175 3-1/4 83 2-3/4 70
2 50 2 50 9-5/16 141 7-1/2 191 3-7/8 98 3-1/4 83
3 76 3 76 9-15/16 157 8-3/4 222 5-1/8 130 4-11/16 118
4 102 4 102 10-5/8 175 10-1/8 257 6-1/2 165 5-7/8 148
6 152 6 152 11-11/18 202 12-1/4 311 8-9/16 218 6-7/8 175
( 8 203 8 203 12-3/4 229 14-3/8 365 10-11/16 272 8-7/8 225

SOIUOX}0|T 1§ SI918Y

312"

4 -

a57-17 11/2"- 8"

Figure 8 Dimensions (Meter Sizes 0.15" through 8"} with Remote Electronics
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Table 6 Wafer-Mag Electronics — Outputs, Performance Options m
Electronics Model , 8 :
Remole 3570 3
. Integral 3560 CRE Integral/Remote 3580 -+ 3
Outputs, Performance Options Series Series Ml (MagLite) SMART K ‘g
Accuracy: +0.5% Ratle Yes Yes Optional Yes ) g
21% Rale 0.5% Optional N/A N/A Yes N/A E3
Output Range: 1-10 m/Sec, Yes Yes Yes ]
(For above stated 1-10 f/Sec. B Yes Yes N/A N/A [}
accuracy) 1-30 fUSec. N/A N/A N/A Yes ]
Efectrical Oulputs: 4-20 mA Analog Yes Yes Yes Yes %
0-20 mA Analog Yes Yes Yes N/A I3
0-10 kHz Unfactored Nole (3} Note (3} Yes N/A 7]
0-10 kHz Scaled Yes Yes N/A N/A
0-1 kHz Scaled Note (2) Note (2) N/A Yes
Repeatability: 0.25% Rate Yes Yes Yes 0.2%
Power Consumption: less than 15 Wafls Yes Yes Yes
. less than 20 Watts Yes
input Vollage: 10-30 Vde Yes Yes Yes N/A
{Note 1) 115 Vac 50-60 Hz Yes Yes Yes- Yes
220 Vac 50-80 Hz Yes Yes i Yes N/A
Communications: Hart Protocol N/A N/A - N/A Yes
Bi-Directional Flow Option: N/A Yes N/A Standard
Integral Mounting: . Yes No N/A Note 4
Remote Mouniing: No Yes - N/A Yes
Universal: inlegral/Remote No No Yes No
Class 1, Division 2, NEMA 4X (FM Approved) Yes Yes Yes Yes
Features: Most Most Best Value All Flowheads
Flexible Flexible All Digital Keypad
Integral Remole Flowheads Micro Processor
NOTES:

(1) Series Il Integral and 3560/3570 have jumper-selected power inputs 10-30 Vdc 115 Vac and 230 Vac.
(2) Can use divide-by 10 scaler function to reduce 10 kHz to 1,000 Hz.

* {3} 0-10- kHz untactored output when factor option board is removed (two-board module).
(4) Integral mounting with adaptor

SOIUONDIYT B SISIa

The Series lll Integral Electronics The newest membet of the The Mods! 3560 Complete Re- The Model 3570, possibly Brooks'

fepresents the most versatile unit Brocks group is the Model 3580 mote Electronics *CRE’ elimi- best value in electronic instru-

in !h_e Brooks family of Mag elec- *Smant* Electronics. This micro- nates the need for supplyingline mentation, is used on all iowheads

tonics, Multitude of user-select- processor-based magnelic flow voltage at the flowmeter ele- 0.15° - 8" and exclusively on the

able output signals, transmitter offers keypad entry ments and allows forconvenient, MagLite. Mounting may be integral
and display of selectable infor- accessible location, It can be or remote.

mation, aids in flow-tube and
transmitier testing and provides
diagnostic helps in operationand
maintenance of the system and
communications.

mounted up 1o 1,000 feet from
the flowmeter and offers many
selectable features. (Models
3561, 3562, 3563 and 3564.)

’mes

Figure 9 Wafer-Mag Electronics

HNF-2474, Rey, o
Page B-95




'RED VALVE

Pressure Sensors
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'SERIES 40

RED VALVE PRESSURE SENSORS provide a full
360° circumferential reading of line fluids, while isolating
them from the gauge. The flexible rubber sleeve pro-
vides accurate pressure readings of slurries and other
hard to gauge corrosive fluids. Plugging or chemical
attack of the gauge is eliminated.

A full circumnferential reading eliminates pressure read-
ing changes from trapped air or sediment deposits in the
line. Readings taken at one point with a pipe tap are
prone to bridge or clog from sediment.

Accuracy is dependent on the gauge. Red Valve's stand-
ard gauge has an accuracy of 2%. Gauges with greater
accuracy are also available.

Pressure sensors can be mounted in any flow dirsction.
Flow pressure is transferred from the flexible rubber
sleeve to the gauge through a captive fluid. The sensor
cannot clog because there are no line obstructions
inducing buildup. Build up is fully eliminated by the flex-
ing action of the sleeve which can break off adhering
substances.

Series 40 FLANGED SENSORS conform to
ANSI #125 flange drilling specifications. Class #300,
#600, #900, #1200 flanges are also available. The small
liquid chamber eliminates inaccurate readings due o
thermal expansion of the fluid. Large chamber volumes
are available on request.

The Series 40 is bolted directly in the line during installa-
tion and removal, eliminating costly welding associated
with diaphragm seals.

The Series 40 can be mounted in any flow direction orit
can be mounted with a blind flange as a dead end. End
flange mounting can monitor tank levels.

FEATURES The Standard Red Valve Series “40" Sen-
sor is manufactured with a very small chamber for the
sensing liquid (less than % of cubic inch). The volume of
liquid in the Sensor Body is kept at a minimum because
the pressure reading of the Sensor is effected by the
thermal expansion or contraction of the sensing liquid. if
a larger volume is required for bellows type instrumenta-
tion, it can be furnished on request.

in many applications the process is brought from atmos-
pheric to over 100 degrees. A large volume of sensing
liquid would expand and cause an increase of pressure
because of the thermal expansion of the sensing liquid.

Red Valve Series “40” Sensors have less than ¥ of a
cubic inch of liquid.

Epoxy Seal

Instrumentation
GAUGE, TRANSMITTER, PRESSURE SWITCH

Fluid Chamber

360° Sensing Sleeve

Solid Center Flange

Thru Flange Bolting

HNF-2474, Rev. 0
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EXCEPTIONS: WHEN USING INSTRUMENTATION
THAT REQUIRES A LARGE VOLUME OF SENSING
LIQUID AS NEEDED BY CERTAIN MAKES OF PRES-
SURE SWITCHES, DIFFERENTIAL PRESSURE
METERS, ETC., USER SHOULD SPECIFIY THIS ON
HIS PURCHASE ORDER. (We will then furnish a Sensor
with a larger volume.)

EPOXY SEAL-FILL CONNECTION Red Vaive Pres-
sure Sensors are now being lurnished with the Cap Fill
Connection covered with an epoxy plastic seal. Preci-
sion workmanship and caution is exercised in filling the
Pressure Sensors at the factory. All air pockets are
removed with a vacuum pump after which the fill connec-
tion is sealed with a fill plug. The epoxy plastic over the
hole makes the fill plug tamper-proof. The epoxy plastic
can be chipped out very easily with a nail setting tool or
drilled out if necessary in the future.

SOLID CONSTRUCTION Pressure Sensors are now
being furnished with double the "“holding screws™ to hold
the unit firmly together. This prevents overcompressing
in installation which could change the pressure reading.

Full flange to the 0.D. of the pipe guarantees
that the Series 40 Sensor is centered when
installed and makes installation easier, partic-
ularly for large diameter sensors.

THE CENTER FLANGE IS FURNISHED SOLID AT THE
CIRCUMFERENCE TO PREVENT COMPRESSION.

Filling Instructions Red valve Pressure
Sensors should be refilled with a vacuum pump after the
instrument is assembled to assure that all air is removed
from the cavily of the sensor and instruments. lf the
sensor can not be removed from the line or a portable
vacuum is not available, the aiternate method is to
gravity fill the sensor.

Following are simple instructions:

Gravity fill the sensor and lightly tap it to eliminale air
bubbles. The gauge can also be gravity filled or filled
separately under vacuum in the instrument shop.

After the gauge is filled, a piece of Saran Wrap should be
placed over the threads of the pressure gauge to keep
the liquid in the gauge from spilling when the gauge is in-
verted to thread into the sensor. The Saran Wrap should
be left on when inverting the sensor because the Saran
Wrap breaks very easily when the gauge is threaded into
the sensor. This will prevent fill liquid from dripping out.

Grauvity fill is not as good as vacuum fill but if care is exer-
cised, it can work.




: Diaphragm - Pressure
Seals Sensors

Clogged and _ Accurate
Inoperable Measurement

Red Valve Pressure Sensors will not clog?

Assuring accurate measurement and dependable systems control.

Red Valve
Company, Inc.

P.O.Box 548 600 N. Bell Ave.
CARNEGIE, PA 45406

(412) 279-0044  Telex 86-6138
FAX (412) 279-7878

GPS-501 3/85
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SPECIFICATIONS

SIZFS Se~ries.40 Pressure Sensors are SIZE LENGTH o.D. STEEL
available in sizes 17 to 48" Pressure “p FTOF* wpr (LBS).
Sensors have an inside diameter equal

. 1 ” 17/8” 41/211 6
to Schedule 40 Pipe. 1147 T & o
PRESSURES Standard operating pres- 27 174" 6" 12
sures are equivalent to the pressure v 214" 174" 7 16
rating of the flange. Standard Series 40 37 174" 7" 18
Sensors are manufactured to A.N.S.1. 4" 2" 9 27
Class 125/150 pound flange and bolling L. 5 21 10" 32
dimensions. 6" 21, 117 37
Sensors can be supplied with Class 300, 8" 215" 1314" 58
600, 900 and 1200 pound flanges with 10" 23" 16* 79
comparable pressure ratings of 740, <a 127 3" 19” 125
1480, 2220, and 2960 PSI. Higher pres- 14” 3 21" 157
sure ratings up to 20,000 PSI with raised 16" 37 231," 150
faces or ring-grooves are also available. 18” 37 o5 250
MATERIALS Standard body and end ig,, g g;_’VZ ;gg
flanges are Carbon Steel. Optional
Materials include Stainless Steel, P.V.C. N 307 3" 38%," 295
and Teflon. 36:: 4" 46" 380
ACCURACY The accuracy is equal 1o :g,, 2,, gg‘/ " é;’g
.he gauge insialled on the sensor. A F—F toF — 2

+2% of the gauge reading is common

with offthe-shelf gauges. Higher accu-

racy and sensitivity is obtainable with more precise
instrumentation.

GAUGES All standard ranges are available. A 0-100 psi
gauge is furnished as standard unless otherwise speci-
fied. 0-60 psi and 0-200 psi gauges are also furnished at
no extra charge. ’

LIQUIDS Standard sensing liquid is a 50% mixture of
ethylene glycol (anti-freeze) and water. Special fluids can
be supplied on request.

Mineral Oil 220°F Vegetable Oil 230°F
Distilled 200°F Silicone Oil 450°F
(FDA Approved)

ELASTOMERS The standard Sensing Sleeve material
is Buna-N. Other materials available include Pure Gum
Rubber, Neoprene, Butyl, Hypalon, EPT, Food Grade
Rubber and TEFLON. Other elastomers are available on
request.
SPECIFICATIONS FOR FLANGED PRESSURE
SENSORS This specification covers; Pressure Sensors
=nd Gauge Isolator devices designed for isolating pipe-
:¢ flow media from a gauge or instrument. The Sensor
shall be flanged and bolted directly into ANSI flanged
pipelines. Face-to-face shall be no greater than a wafer
style of a butterfly valve. The flanges shall have thru boit

*F to F of Teflon* Sensorsis different.

holes to enable positive alignment in the pipeline. Inside
diameter of the sensor shall be the same as the mating
pipe with a full thru uninterrupted flow. There shall be no
dead ends or crevices and {low passage shall make the
sensor self-cleaning.

The Pressure Sensing Ring shall measure pressure for
360° around the full inside circumference of the pipeline.
The sensing ring shall also be clamped into the body for
the full radial width of the sensor. Pressure shall be trans-
mittéd to the gauge by a locked in and sealed fluid such
as ethylene glycol or silicone oil. The Sensor shall have
an auxiliary tapped and plugged port to allow filling con-
nection of other equipment.

Red Valve Pressure Sensors are also available with
capillary tubing for remote locations of instrumentation.
Capillary tubing is available in various materials and
sizes per your specifications. Red Valve can also fill and
mount your instrumentation on our Pressure Sensors.

All Sensors shall be as the Series 40, as manufac-
tured by the Red Valve Co., of Carnegie, PA, 600 N.
Bell Ave. -

© Teflon is Du Pont trademark for TFE flourocarbon resine
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- SD-RE-DGS-002 Page 64 of 122

. Rev. 3
8.0 DESIGN DATA
8.1 PUREX Connector
CONN. BLOCK D"'I o
\ —F
é — e r——-¢.— INLET E-B—C: l
_L_ ¢ Upper CONN.

: ¢
Lo
_/_E E= -0 = LOWER CONN.
KICK PLATE |
C F\ilTlCAL DIMENSION CRITICAL DIMENSION
POINT R POINT
PROCESS CONNECTOR ELECTRICAL CONNECTOR
Connector Block Dimensions {inches) Horizontal Yertical
a Weight| Drawing |Weight| Drawing
o W A 8 ¢ ° & P | bsa No. {ibs.) No.
1 ix1 1-7/8 | 123/ [ 318/%212-1/2 (2172 15.5_ | H-2-32410-1]15.5 H-2-32410-2
1 Blank 1-7/8 | +23/22 | 3-19/3212-1/2 [2-3/2 . 16 H-2-32410-3116.5 H-2-32410-4
P g~ cHS
2 x2 -1/4 -7/36 3 4-11/16 | 3-3/8 | 3-5/8 | 1-1/8 23 H-2.32420-1 128 H-2-22420-2
2 2 x 1% Oip tube | 2-1/4 | 2.7/16-7 4-11/16 | 3-3/8 | 3-5/8 23 H-2-22420.5
Way 31/2. 2:8/72 ] 2-43/32 } 4-11/16 { 3-3/8 | 3-5/8 | 1-1/8 -31.5 {H-2-32427.1 13 H-2-22427.2
Recirculstion C Nns H-2-32427.7
Thermoweil 2-1/4 | 2.7/8 5-1/8 3-3/8 ° H-2-90154
Blank 2-1/4 2-7/8 u!4-19/7613-3/8 (35/8 (1-1/8 R H-2-22420-3{ 34.5 H-2-32420-4
M Sedy
3 3x3 3. 3-8A3%163/16 1 5 5-8/16 | 1-7/16 76 H-2-32430-1{77 H-2-32430-2
3 x 2 Dip Tube 3 3-5773 16-8/6 15 5-8/16 8) H-2-32430-5
2x3 ° -9/1 6-9/1 5 $-8/16 | 1-7/16 76 H-2-32433-3177 H- 4304
2 x 2 Dip Tube -8/ -3/1 5-8/16 <] H-2-32430-6
Way 3 1/2 +9/1 -9/1 5-8/16 87.5 H.2-32437-1
Thermoweil 3-8/13 | 6-8/16 58/18 M H-2-90156
Blank . 3 3-8/13 16-8/16 5-8/18 { 1-7/16 87.5 | H-2-22430.7183 H.2-32£33-83
4 4 x4 ¢ 3-3/8 | 4-5/22 17-17/22163/8 | 6-1/2 | +-11/36 | 120 | H.2.32440.1 ] 122¢ H-2-224£0-2
4 4 x 3 Dip Tubse 3-3/8 | 4-5/32 {7-17/32{ 6-3/8 | 61/ 126 H.2.32440-3
4 3 x 3 Dip Tube 3-3/8 | 4-5/32 177/ | 6-3/8 | 6-1/, 131 H-2-32440-4
4 2 x 3 Dip Tube 3-3/8.1 &5/ {7-17/3 1 6-3/8 1 6-1/. 135 H-2-32440-5
4 Blank 33/8 | 45/ |7-17/22[6-3/8 | 6-1/2 | 1-11/6] 150 H-2-32440-6 | 153 H-2-22440-7
Elec. Upper 1-11/16 56 H-2-32400-2 1 7-Point
Eept. Conn, Lowst 518/ 2 H-2-32401-2 1 7-Poim
Wall Conn. Lower 5-27/% H-2-32408-1 | 7-Point

*Establish Weight from Drawing

! HNF-2474, Rev. 0
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Author: Dianna L Stone at ~KEH10 |
Date: 06/25/96 03:18 PM

Priority: Normal |
TO: Mohammed M Ahmed at "WHC4

Subject: Datum

Message Contents

Hi Mo,

The top side of the plate to which the seismic restraint is welded is
located 6*' - 0 9/32" above the centerline of the Pump Discharge
(shown as Detail 2, Lifting Frame Sub-Assy, on Dwg H-2-818508, sht 2).

Hope that works for you.
Dianna

HNF-2474, Rev. 0
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SFS No.

DESIGN VERIFICATION SCREENING CRITERIA

Project/Document No. w227 / W320- 27-0/&

Whén the design or design change affects hardware, formal design verification must be performed if one or mors
of the following questions must be answered affirmatively (YES).

YES NO

v 1. Does the design or design change involved meet the established criteria to be
considered Safety Class 17

]/ 2. Does this design or design change cause or permit changes to Safety Class 1
instrument or alarm setpoints outside of previously approved
operational limits?

/ 3. Does this design or design change significantly affact the nuclear or
environmental safety consequences of a malfunction or failure of the
structure, system, or component?

/ 4. Does this design or design change involve or change design that has
previously undergone formal design verification?

/Mﬁ//) Asfm% g/s//?/

Ass:gned’ LeEE/Engmeer

%OM a?ﬂ @M 4/ ?5

Resp})nsible Discipline Manager Date
Original Design Package Distribution: Design Change Distribution:
Project Manager Attach to Engineering Change Notice

Design Verification Officer

Engineering Document Control

KEH-1981.00 (09/32}
HNF-2474, Rev. 0
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ICF Kaiser Hanford Calc. No. W320-27-17

Compan Revision 0
pany DESIGN ANALYSIS PageNo. 1  of 2
Client WHC WO/Job No. ER4319/W320
Subject Distributor Stress Analysis Date 7-19-94 By Rodney Campbell
Checked ¢-24.44 By ! Qo st~
Location: 241-AY-02 Revised By
OBJECTIVE:

The objective of this calculation is to verify that the design of the distributor meets ASME B31.3 code stress requirements.

CRITERIA:
1. Functional Design Criteria WHC-SD-W320-FDC-001, Rev. 2.
2. ASME B31.3-1983, Chemical Plant and Petroleum Refinery Piping, With Addenda.

GIVEN DATA:

1. Specific Gravity of fluid: 1.25
2. Ambient temperature: 40°F.
3. Maximum temperature: 180°F.

ASSUMPTIONS:

1. The same volume of material flows throughs the four nozzles at the same velocity, causing static equilibrium.
2. There is no damping from the fluid in the tank, on the distributor during an earthquake.

METHODS:

1. Autopipe+ Version 4.50

2. Hand calculations

REFERENCES:
1. Drawing H-2-818537, Rev. 0.
2. ASME B31.3-1983, Chemical Plant and Petroleum Refinery Piping, With Addenda.

CALCULATION:

1. Calculate the Stress Intensification Factors of the tee required for the analysis. (Ref. 2, Appendix D, Unreinforced Fabricated
Tee)

T :=.337-in  Average wall thickness of pipe being welded to.
r,:=225in  Radius of pipe being welded to.

B o
Ep2)
h = 0.15
. 0.9 -
o=~ Out of plane Stress Intensification Factor.
13
i, =319
. 3, 1 —
i ai ig+ Vi In plane Stress Intensification Factor.
ij=2.64

According to the AutoPipe calculation (Appendix A), the piping meets ASME B31.3-1993. The piping system is built
from 4", schedule 80 pipe and 2", schedule 80 nozzles. HNF-2474. Rey. 0

Page C-4




ICF Kaiser Hanford

Calc. No. W320-27-17

Compan Revision 0
pany DESIGN ANALYSIS PageNo. 2  of 2
Client WHC WO/Job No. ER4319/W320
Subject Distributor Stress Analysis Date 7-19-94 By Rodney Campbeli
Checked 8-24.94 By §__ hroad-

Location: 241-AY Revised By
CONCLUSIONS:
The distributor as designed meets ASME B31.3.

HINF-2474, Rev. 0
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APPENDIX A

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COMPANY

08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 MODEL PAGE

2

POINT DATA LISTING

POINT T OFFSETS (ft )--—- '
NAME TYPE X Y z PIPE ID DESCRIPTION
*%% SEGMENT A )
AO0  Run 0 0 0 4SCHED80
A0l  Run 0 -2.54 0
AD2  Tee 0 -35.15. 0
AO3  Run 0 -0.42 0
*%%* SEGMENT B
A02  Tee 0 -37.69 0 2SCHED80
B0l  Run 0.50 . 0 0
*%% SEGMENT C
A02  Tee 0 -37.69 0 2SCHED8O
C01  Run -0.50 0 0
**% SEGMENT D
AD2  Tee 0 -37.69 0 2SCHED80
D01  Run 0 0 0.50
* SEGMENT E
R02  Tee 0 -37.69 0 2SCHED80
EO1  Run 0 0 -0.50
Total weight of empty pipes : 595 1b

HNF-2474, Rev. 0
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K/3202717 AY FARM DISTRIBUTOR ANALYSIS
108/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 MODEL PAGE

COMPONENT

POINT ---COORDINATE(ft )---

DATA

TYPE DESCRIPTION

DATA

LISTING

ANCHOR Rigid
Thermal movements :

TEE

TEE

TEE

TEE

TEE

NAME X Y i

%% SEGMENT A

A00 0.00 0.00  0.00

201 0.00 -2.54  0.00

A02 0.00 -37.69  0.00

A03 0.00 -38.10  0.00

k% SEGMENT B -

102 0.00 -37.69  0.00

1301 0.50 -37.69  0.00

%% SEGMENT C

A02 0.00 -37.69  0.00

01 -0.50 -37.69  0.00
% SEGMENT D

02 0.00 -37.69  0.00

D01 0.00 -37.69  0.50

% SEGMENT E

202 0.00 -37.69  0.00
E01 0.00 -37.69 -0.50

Number of points in the system : 12

Other
SIF - In

Other
SIF - In

Other
SIF - In

Other
SIF - In

Other
SIF - In

2.60,

2.60,

2.60,

2.60,

2.60,

Out

Out

Out

Out

Out

None

=3.14

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COM;ANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 MODEL PAGE

PIPE DATA LISTING

Pipe 1D/ Nom/ 0.D., ----- Thickness(inch)----- Spec
Material Sch inch W.Th. Corr Mill Insu Ling Grav
4SCHED80 4 4,500 0.337 0.06 0.04 0 0 1.25

\312-TP304L  80S

2 SCHED80 2.000 2.375 0.218 0.06 0.03 0 0 1.25
A312-TP304L 80S

Weight(1b/ft )
Pipe Other Total

15.33

5.14

0 21.56

0 6.74

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 MODEL PAGE 5

MATERIAL DATA LISTING

Material Density Pois. Temper. Modulus Expans. Allow.
Name Pipe ID 1b/cu.ft Ratio deg F E6 psi in/100ft psi
_l_\gi;—TPSML 4SCHED80 501.0 0.30 40.0 28.42 16700.0

180.0 1.5442 16700.0
A312-TP304L 2SCHED80 501.0 0.30 40.0 28.42 16700.0
180.0 1.5442 16700.0

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 MODEL PAGE 6

TEMPERATURE AND PRESSURE DATA
CASE

CAS
POINT PRESS. TEMPER EXPAN.  PRESS. TEMPER EXPAN.  PRESS. TEMPER EXPAN.
NAME psi deg F in/100ft psi deg F in/100ft psj deg Fin/100ft

*%% SEGMENT A

A00 320 180  1.544
03 320 180  1.544
sxx SEGMENT B
02 320 180  1.544
B01 320 180  1.544
%% SEGMENT C )
£02 320 180  1.544
col 320 180  1.544
#x% SEGMENT D
A02 320 180  1.544
DO1 320 180  1.544
sk SEGMENT E

2 520 180  1.544
vl 320 180  1.544

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 1

ANALYSIS SUMMARY

Current model revision number : 32

Static - Date and Time of analysis
Model Revision Number
Number of load cases
Load cases analyzed
Gaps/Friction/Yielding considered
Hanger design run
Cut short included
Weight of contents included
Pressure stiffening case
Water elevation for buoyancy loads ....

Modal - Date and Time of analysis
Model Revision Number
Number of modes
Cutoff frequency (Hz)
Weight of contents included
Pressure stiffening case
Water elevation for buoyancy loads ....

Response - Date and Time of analysis
Model Revision Number ....
Number of load cases
Load cases analyzed
Date and time of modal analysis
Number of modes
- Cutoff frequency (Hz)
Model revision of modal analysis
Weight of contents included
Pressure stiffening case
Water elevation for buoyancy loads ....

Aug 11, 1994 7:03 AM
32

3
GR T1 P1
No

Not considered

Aug 11, 1994 7:03 AM
32

2

33.0

Yes

0

Not considered

Aug 11, 1994 7:04 AM
32

3

R1 R2 R3

Aug 11, 1994 7:03 AM
2

33.0

32

Yes

0

Not considered

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY

CODE COMPLIANCE COMBINATIONS

Combination Category Method Load Factor Allowable Remarks
GR + Max P Sustain Sum Gravity 1.00 Automatic Default
Max Long 1.00
Cold to T1 Expansion Sum Thermal 1  1.00 Automatic Default
Sus. + Rl Occasion Abs sum Response 1 1.00 Automatic Default
Max Sus 1.00 ’
Sus. + R2 Occasion Abs sum Response 2 1.00 Automatic Default
Max Sus 1.00
Sus. + R3 Occa;ion Abs sum Response 3 1.00 Automatic Default
Max Sus 1.00
Max P Hoop Max Hoop 1.00 Automatic Default
RTOTAL Occasion  SRSS Rasponse 1 1.00 Automatic User
Response 2 1.00
Response 3 1.00
OTHER USER COMBINATIONS
Combination Method Load Factor Remarks
GR Sum Gravity 1.00 Default
T1 Sum Thermal 1 1.00 Default
P1 Sum Press 1 1.00 Default
R1 Sum Response 1 1.00 Default
R2 Sum Response 2 1.00 Default
R3 Sum Response 3 1.00 Default
GR+T1 Sum Gravity 1.00 User
Thermal 1 1.00
RT Abs sum Response 1 1.00 User
Response 2 1.00
Response 3 1.00
GR+T1+RT Abs sum GR+T1 1.00 User
RT 1.00

AutoPIPE+4.50 RESULT PAGE 2

ENF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 3

CODE COMPLIANCE

Y -~ Factor «..oviiiiiiiiii i 0.40
Weld efficiency factor ................ 1.00
Range reduction factor ................ 1.00
Design Pressure Factor ................ 1.00
Minimum stress ratio used in reports... 0.00
Include corrosion in stress cales. .... Y
Include torsion in code stress ........ N
Include axial force in code stress .... N
Longitudinal pressure calculation ..... PD/4t

Include rigorous pressure ............. N

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 4

RESPONSE SPECTRUM LOAD CASES :

Number of Toad cases analysed : 3
Load case 1 - RI

Missing mass : No
ZPA : No

Combination method : SRSS
X- Spectrum : SC2&3

Multiplier : 1.00
$C243 '

Freq(Hz) Grav( ) Freq(Hz) Grav( )}  Freg(Hz) Grav( )
0.100 0.01 0.160 0.02 0.250 0.04
0.400 0.06 0.600 0.09 1.100 0.17
1.64¢ 0.25 8.000 0.25 12.000 0.20

20.000 0.16 33.000 0.12 100.000 0.12

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COMPANY

08/11/94 4320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 5

Load case 2 - R2
Missing mass : No
ZPA No
Combination method : SRSS
Y- Spectrum : SC2&3
Multiplier 1.00
SC283

Freq(Hz) Grav( )} Freq(Hz) Grav( ) Freg(Hz) Grav( )
0.100 0.01 0.160 0.02 0.250 0.04
0.400 0.06 0.600 0.09 1.100 0.17
1.640 0.25 8.000 0.25 12.000 0.20
20.000 0.16 33.000 0.12 100.000 0.12

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COMPANY

08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 6

Load case 3 - R3

Missing mass : No

ZPA : No

Combination method : SRSS

Z- Spectrum : SC2&3

Multiplier 1.00

SC283 )

Freq(Hz) Grav( ) Freq(Hz) Grav( ) Freq(Hz) Grav(
0.100 0.01 0.160 0.02 0.250 0.04
0.400 0.06 0.600 0.09 1.100 0.17
1.640 0.25 8.000 0.25 12.000 0.20

20.000 0.16 33.00 6.12 100.000 0.12

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY

Point
name

Load

combination

TRANSLATIONS (in

DISPLACEMENTS

)

**% Segment A begin ***

A00

Aol

AC2

AO3

*** Segment A end

GR+T1
RT
GR+T1+RT

R3

GR+T1

RT
GR+T1+RT

GR

Tl

P1

R1

R2

R3

GR+T1

RT
GR+T1+RT

GR
T1

GR+T1+RT

Fk%k

* Segment B begin ***

0.000
0.000
0.000
0.000
0.
0
0
0
0

000

.000
.000
.000
.000

.000
.000
.000
.022
.000
.000
.000
.022
.022

0
0
0
0
0
0
0
0
0
0.000
0.000
0.000
3.286
0.
0
0
3
3
0
0
0
3
0
0
0
3
3

000

.000
.000
.286
.286

.000
.000
.000
.341
.000
.000
.000
.341
.341

COOOCOOOCOO COOOCOOCOCOO

1
D

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.039
.000
.000
.000
.000
.039
LLGU

.039

.002
-0.
.005
.000
.000
.000
.584
.000
.584

582

.002
.588
.005
.000
.000
.000
.590
.000
.590

COOOCOOoOOCOOC

WwWwowooooo COOODODODOOOO

WWOoOWoOoOOoOoOoO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.230
.022
.000

~Ann

.62z
.022

.000
.000
.000
.000
.000
.286
.000
.286
.286

.000
.000
.000
.000
.000
.341
.000
.341
.341

AutoPIPE+4.50 RESULT PAGE

coocOoOOCOOO

COOCOOCODOOO COO0OCOOCOOO COOCOOOOO O,

.000

.000
.000
.000
.000
.000
.000
.000

.000
.0G6
.000
.000
.000
.081
.000
.081
.081

.000
.000
.000
.000
.000
.624
.000
.624
.624

.000
.000
.000
.000
.000
.624
.000
.624
.624

COOCOOCOOOOoOQ

OO QOoOOoOCOO

COO0OO0OOoOOCOoOC O COO0OO0COOCOOO

.000

.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.C00
.000
.000
.000
.000

.G00
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

ROTATIONS (deg )
X Y z

COOOOCOOOC

ODOOOCOOOOO [=Re RN oNaRolo NN

OCOOOOOOCOOO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.081
.000
.000
.000
.081
.081

.000
.000
.000
.624
.000
.000
.000
.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624

HINF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE

DISPLACEMENTS

Point Load TRANSLATIONS (in )

name combination X z

A02 GR 0.000 -0.002 0.000 0.000
T1 0.000 -0.582 0.000 0.000
Pl 0.000 -0.005 0.000 0.000
R1 3.286 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 0.000 -0.584 0.000 0.000
RT 3.286 0.000 3.286 0.624
GR+T1+4RT 3.286 0.584 3.286 0.624

BO1 GR 0.000 -0.002 0.000 0.000
Tl 0.008 -0.582 0.000 0.000
Pl 0.000 -0.005 0.000 0.000
R1 3.286 0.065 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 0.008 -0.584 0.000 0.000
RT 3.286 0.065 3.286 0.624
GR+T1+RT 3.294 0.649 3.286 0.624

=** Segment B end  ***

**% Segment C begin *** -

A02 GR 0.000 -0.002 0.000 0.000
T1 0.000 -0.582 0.000 0.000
P1 0.000 -0.005 0.000 0.000
R1 3.286 0.000 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 0.000 -0.584 0.000 0.000
RT 3.286 0.000 3.286 0.624
GR+T14RT 3.286 0.584 3.286 0.624

col GR 0.000 -0.002 0.000 0.000
T1 -0.008 -0.582 0.000 0.000
P1 0.000 -0.005 0.000 0.000
R1 3.286 0.065 0.000 0.000
R2 0.000 0.000 0.000 0.000
R3 0.000 0.000 3.286 0.624
GR+T1 -0.008 -0.584 0.000 0.000
RT 3.286 0.065 3.286 0.624
GR+T1+RT 3.294 0.649 3.286 0.624

“* Segment C end  ***

*** Segment D begin ***

COOCODO0OOOOO0O OO OOOO

COOOOCOOCOCO COOOOOOOoOO

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

OCOOOOCOOOO COOCOOOCOOO

OO OCOCOOQOOO OO OCOOOOOOC

ROTATIONS (deg )
X Y 7

.624

.000
.000
.000
.624
.000
.000
.000
.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY

AutoPIPE+4.50 RESULT PAGE

TRANSLATIONS (in
X

Point Load

name combination

AO2 GR 0.000
T1 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000
GR+T1 0.000
RT 3.286
GR+T1+RT 3.286

DO1 GR 0.000
Tl 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000 .
GR+T1 0.000
RT 3.286
GR+T1+RT 3.286

**% Segment D end  ***

*** Segment E begin ***

_AO2 GR 0.000
T1 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000
GR+T1 0.000
RT 3.286
GR+TI+RT 3.286

EO1 GR 0.000
T1 0.000
P1 0.000
R1 3.286
R2 0.000
R3 0.000
GR+T1 0.000
RT 3.286
GR+T1+RT 3.286

“* Segment E end

dekk

-0.

0.
-0.
0.
0.

-0.
-0.
-0.

.649

.002
.582
.005
.000
.000
.000
.584
.000
.584

.002
.582
.005
.000
.000
.065
.584
.065
.649

DISPLACEMENTS

WWOoOWoOoOOoCoOo WWOWOOOOO

WWOWOOOOO

WWOWOOoODOOoOO

.294

.000
.000
.000
.000
.000
.286
.000
.286
.286

.000
.008
.000
.000
.000
.286
.008
.286
.294

COOOOOODOOO OO O0OOQOOO

OCOOOCOOOOOC COO0OOOOOCOOO

.624
.624

.000
.000
.000
.000
.000
.624
.000
.624
.624

.000
.000
.000
.000
.000
.624
.000
.624
.624

OCOCOO0OQOOOO OCOO0OO0OO0OOCOO

COOOOOOOO0O

OCOOO0OOOOOOO

ROTATIONS (deg
X

.000
.000
.000
.000
.000
.000
.000
.000
.000

.000
.000
.000
.000
.000
.000
.000
.000
.000

)
z

QOO OOOOCO COQOOOOOCO

OCOO0OOCOOCOOO COQOOOOOO

.000
.000
.000
.624
.000
.000
.000
.624
.624

.000
.000
.000
.624
.000
.000
.000
.624
.624

9
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 10

SUPPORT FORCES

Point/ Connect/ Load LOCAL GLOBAL
Supp. ID Type Combination Dirn Force Deform Dirn  Force Deform

*%*% fnd of system , no supports encountered. ¥*%*

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 11
RESTRAINT REACTIONS

Point Load FORCES (1b ) MOMENTS (ft-1b )

name combination X Y YA Result X Y VA Result

A0O Anchor
GR 0 -835 0 835 0 0 0 0
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 29 0 0 29 0 0 1097 1097
R2 0 0 0 0 0 0 0 0
R3 0 0 29 29 1097 0 0 1097
GR+T1 0 -835 0 835 0 0 0 0
RT 29 0 29 41 1097 0 1097 1552
GR+T1+RT 29 835 29 836 1097 0 1097 1552

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY

AutoPIPE+4.50 RESULT PAGE 12

Point
name

GLOBAL

Load

combination

A00

A0l

AQ2

AO2

GR+T1
RT
GR+T1+RT

~N N PO n N ™~
WOWOOOWOOO

WWOWOOoOOoOWOoOOoOOo WWOUOoOOoOOoWOOO

[aS N

OCOOOOCOOOCO

FORCES
FORCES (1b
Y

&

ResuTt

MENTS

X

no

o
MNMOoORNOOCOoCOOMN

~No

WOWOoOOOOOWw

NN

no
COWODOoODODOO WOOWOoOoOOoOOoOO

~N N
[tei¥e]

NN n>
CDOO0OOOOOOCO DOUWOWCOoOOOO O

836
780

29

29
780

781

WOoOWOoOOoOOoOCOoOOoOW

OCOoOO0OOO

1097

o

1097
1097

OCOOoCOO

1023

1023
1023

COO0OOOCOOOCC OO0 OCOoOoCoCO

QOO0 COOOO OCOO0OOCOOOOO CQOO0OO0COCOoCOOO

ODOOOCOOODO

MOMENTS (ft-1b )
Y

7

OO OCOOO

COOOOODDODOOO

Result

109

O~NO OO

1097
0

1552
1552

1023
1023

1447
1447

COO0OOCOOOCOO (oo NoNofololol Nl
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 13

GLOBAL FORCES & MOMENTS

Point Load FORCES (1b ) ' MOMENTS (ft-1b )

name  combination X Y z Result X Y z Result

AO3 GR o] 0 0 0 0 0 0 0
T1 0 0 0 0 0 0 0 0
Pl 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0. 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

*¥*% Segment A end  ***

**%* Segment B begin ***

A02 GR 0 3 0 3 0 0 1 1
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 [4} 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 3 0 3 0 0 1 1
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 3] 0 3 0 0 1 1

BO1 GR 0 0 0 0 0 0 0 0
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

*%* Segment B end  ***

*** Segment C begin ***

A02 GR 0 3 0 3 0 0 -1 1
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 3 0 3 0 0 -1 1
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 3 0 3 0 0 1 1

HNF-2474, Rev. 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ‘ ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 14

GLOBAL FORCES & MOMENTS

Point Load FORCES (1b ) MOMENTS (ft-1b )

name combination X Y z Result X Y YA Result

col GR 0 0 0 0 0 0 0 0
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 Y 0 0 0 0 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

*%% Segment C end  ***
*%% Segment D begin ***

AO2 GR

HOHOOOOOK
—HOHFOOOO O

GR+T14RT

Dol GR
T1

COCCOQOOOO COO0OO0OOO0OOO0O
COOOODOOOO WOWOOOOOW
COCOOOOOOO COOCOOOCOOCo
COOCOOCOQOO OOCOOCOOOO0O0O

COOCOOOOOO
COOCOOOOoCO

GR+T1+RT

COOOCOOOCOCO WOWOODOOOW

***% Segment D end  ***

***% Segment E begin ***

g
COO0OOOOCOOO
WOoOWoOoOoOooOw
COQOOOOOOO
wWowooooow
HO—ROOOoOOO—
OOO0OOCOOCOOO
COOOOOOCOO
HOFOOOOO

GR+T1+RT
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43202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 15

GLOBAL FORCES & MOMENTS

Point Load FORCES (1b ) MOMENTS (ft-1b )

name combination X Y YA Result X Y YA Result

EO1 GR 0 0 0 0 0 0 0 0
T1 0 0 0 0 0 0 0 0
P1 0 0 0 0 0 0 0 0
R1 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0
GR+T1 0 0 0 0 0 0 0 0
RT 0 0 0 0 0 0 0 0
GR+T1+RT 0 0 0 0 0 0 0 0

**% Segment E end  F**
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY
08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 16

GENERAL PIPE STRESS REPORT
(Stress in psi )
Point Load Hoop  Longitudinal Tors. Principal Max Oct
name combination Stress Max Min Shear Max Min Shear Loc Shear

*** Segment A begin ***

A00 SIFI= 1.00 SIFO= 1.00
0

GR 227 227 0 227 0 114 NA 227
T1 0 0 0 0 0 0 0 NA 0
Pl 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 3601 -3601 0 3601 -3601 1801 MT 3601
R2 0 0 0 0 0 0 0 NA 0
R3 0 3601 -3601 0 3601 -3601 1801 MT 3601
GR+T1 0 227 227 0 227 0 114 NA 227
RT 0 5093 -5093 0 5093 -5093 2547 MT 5093
GR+TI+RT 0 4866 -5320 0 4866 -5320 2660 MC 5320
A0l SIFI= 1.00 SIFO= 1.00
GR 0 212 212 0 212 0 106 NA 212
Tl 0 0 0 0 0 0 0 MT 0
P1 2936 1001 1001 0 2936 1001 1468 NA 2585
Rl 0 3357 -3357 0 3357 -3357 1678 MT 3357
Rz 0 0 0 0 0 0 0 NA 0
R3 0 3357 -3357 0 3357 -3357 1678 MT 3357
GR+T1 0 212 212 0 212 0 106 NA 212
RT 0 4748 -4748 0 4748 -4748 2374 MT 4748
GR+TI4RT 0 4535 -4960 0 4535 -4960 2480 MC 4960
A02 -~ SIFI= 2.60 SIFO= 3.14
GR 0 6 6 0 6 0 3 NA 6
Tl 0 0 0 0 0 0 0 MT 0
P1 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 1 -1 0 1 -1 1 MT 1
R2 0 0 0 0 0 0 0 NA 0
R3 0 1 =4 0 1 -1 1 M 1
GR+T1 0 6 6 0 6 0 3 NA 6
RT 0 2 -2 0 2 -2 1 MT 2
GR+TI4RT 0 -4 -8 0 0 -8 4 MC 8
A02 + SIFI= 2.60 SIFO= 3.14
GR 0 2 2 0 2 0 1 NA 2
T1 0 0 0 0 0 0 0 MC 0
P1 2936 1001 1001 0 2936 1001 1468 NA 2585
R1 0 1 -1 0 1 -1 I M 1
R2 0 0 0 0 0 0 0 NA 0
R3 0 1 -1 0 1 -1 1 MT 1
GR+T1 0 2 2 0 2 0 1 NA 2
RT 0 2 -2 0 2 -2 1 MT 2
GR+TI1+RT 0 -1 -4 0 0 -4 2 MC 4

HNF-2474, Rev. 0
Page C-27




W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 17

PIPE

Max

STRESS

Min

(Stress in psi
Longitudinal Tors.

Shear

Max

Oct

Shear Loc Shear

GENERAL
Point Load Hoop
name combination Stress
A03 SIFI= 1.00 SIFO=
GR 0
T1 0
P1 2936

R1
R2 0
R3 0
GR+T1 0
RT 0
GR+T1+RT 0

**% Segment A end  *¥%*

**% Segment B begin ***

0

A02 SIFI= 2.60 SIFO= 3.14

6R 0

GR+T14RT
BO1 SIFI= 1.00 SIFO=
0

0
Pl 2773
0
0
R3 0
0
RT 0
GR+T1+RT 0

**% Segment B end  ***

*** Segment C begin ***

ODOOO0OOOWO O

-46
859
-4

-6
-4

COOOOOWOO

COOOOODOOO

COCOO0OOOCOOQOO

1386

REPORT
)
Principal
Max Min
0 0
0 0
2936 1001
0 0
0 0
0 0
0 0
0 0
0 0
46 -46
0 0
2773 859
0 0
0 0
4 -4
46 -46
4 -4
46 -46
0 0
0 0
2773 859
0 0
0 0
0 0
0 0
0 0
0 0

COoOO0OOOC

OCOoOO0OOOOo
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

ICF KAISER HANFORD COMPANY

Point
name

€01

A02

Do1

08/11/94 U320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 18
GENERAL PIPE STRESS REPORT
(Stress in psi )

Load Hoop  Longitudinal Tors. Principal Max Oct
combination Stress  Max Min Shear Max Min Shear Loc Shear
SIFI= 2.60 SIFO= 3.14
GR 0 46 -46 0 46 -46 23 MT 46
Tl 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 . 0 0 0 0 0 0 MC 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 4 -4 0 4 -4 2 MT 4
GR+T1 0 46 -46 0 46 -46 23 MT 46
RT 0 4 -4 0 4 -4 2 MC 4
GR+T1+RT 0 46 -46 0 46 -46 23 MC 46
SIFI= 1.00 SIFO= 1.00
GR 0 0 0 0 0 0 0 MT 0
Tl 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2772 850 1386 NA 2459
R1 0 0 0 0 0 ] 0 NA 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 NA 0
GR+T1 0 0 0 0 0 0 0 MT 0
RT 0 0 n 0 0 0 0 NA 0
GR+T1+RT 0 0 U 0 0 0 0 MC 0

**% Segment C end  ***
**% Segment D begin ***

SIFI= 2.60 SIFO= 3.14

GR 0 46 -46 0 46 -46 23 MT 46
T1 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 4 -4 0 4 -4 2 MT 4
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 MC 0
GR+T1 0 46 -46 0 46 -46 23 MT 46
RT 0 4 -4 0 4 -4 2 MC 4
GR+T1+4RT 0 46 -46 0 46 -46 23 MC 46
SIFi= 1.00 SIFO= 1.00

GR 0 0 0 0 0 0 MT 0
Tl 0 0 0 0 0 0 0 MT 0
P1 2773 859 859 0 2773 859 1386 NA 2459
R1 0 0 0 0 0 0 0 NA 0
R2 0 0 0 0 0 0 0 NA 0
R3 0 0 0 0 0 0 0 NA 0
GR+T1 0 0 0 0 0 0 0 MT 0
RT 0 0 0 0 0 0 0 NA 0
GR+T1+RT 0 0 0 0 0 0 0 MC 0

*** Sagment D end

Fedede
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W3202717 AY FARM DISTRIBUTOR ANALYSIS
08/11/94 4320 TANK 241-C-106 SLUICING ER4319

ICF KATISER HANFORD COMPANY

GENERAL PIPE STR
(Stress
Point Load Hoop  Longitudinal Tors.
name combination Stress Max Min ‘Shear
**% Segment E begin #***
A02 SIFI= 2.60 SIFO= 3.14
GR 0 48 -46 0
T1 0 0 0 0
Pl 2773 859 859 0
R1 0 4 -4 0
R2 0 0 0 0
R3 0 0 0 0
GR+T1 0 46 -46 0
RT 0 4 -4 0
GR+T14RT 0 46 -46 0
EO1 SIFI=1.00 SIFO= 1.00
GR 0 0 0 0
T1 0 0 0 0
P1 2773 859 859 0
R1 0 0 0 0
R2 0 0 0 4}
R3 0 0 0 0
GR+T1 0 0 0 0
RT 0 0 0 0
GR+TI14RT 0 0 0 0

**%* Segment £ end  ***

AutoPIPE+4.50 RESULT PAGE 19

ESS REPORT
in psi )
Principal Max Oct
Max Min Shear Loc Shear
46 -46 23 MT 46
0 0 0 MT 0
2773 859 1386 NA 2459
4 -4 2 MT 4
0 0 0 NA 0
0 0 0 MC 0
46 -46 23 MT 46
4 -4 2 MC 4
46 -46 23 MC 46
0 0 0 MT 0
0 0 0 MT 0
2773 859 1386 NA 2459
0 0 0 NA 0
0 0 0 NA 0
0 0 0 NA 0
0 0 0 MT 0
¢ 0 0 NA 0
0 0 0 MC 0
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W3202717 AY FARM DISTRIBUTOR ANALYSIS

08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 20

ASME B31.3c (1992)

CODE COMPLIANCE

(Moments in ft-1b (Stress in psi )

Point Load In-P1. Out-P1. Torsion S.I.F Eq. Load Code Code

name combination Moment Moment Moment In Out no. type Stress Allow.
**% Segment A begin ***

AOO Max P (3a) HOOP 2936 16700

GR + Max P 0 0 1.00 1.00 (18) SUST 1300 16700

Cold to T1 0 0 0 1.00 1.00 (17) DISP 0 25050

Sus. + Rl 0 1097 1.00 1.00 (18) oCC 4901 22211

Sus. + R2 0. 0 1.00 1.00 (18) oOCC 1300 22211

Sus. + R3 1097 0 1.00 1.00 (18) ocCC 4901 22211

RTOTAL 1097 1097 1.00 1.00 (18) o0OcCC 5093 22211

AO1 Max P (3a) HOOP 2936 16700

GR + Max P 0 0 1.00 1.00 (18) SUST 1300 16700

Cold to T1 0 0 01.00 1.00 (17) DISP 0 25050

Sus. + Rl 0 1023 1.00 1.00 (18) OcCC 4657 22211

Sus. + R2 0 0 1.00 1.00 (18) oOCC 1300 22211

Sus. + R3 1023 0 1.00 1.00 (18) OCC 4657 22211

RTOTAL 1023 1023 1.00 1.00 (18) oOcC 4748 22211

2 - Max P {3a) HOOP 2936 16700

GR + Max P 0 0 2.60 3.14 (18) SUST 1300 16700

Cold to Tl 0 0 0 2.60°3.14 (17) DISP 0 25050

Sus. + Rl 0 0 2.60 3.14 (18) oOCC 1301 22211

Sus. + R2 0 0 2.60 3.14 (18) 0CC 1300 22211

Sus. + R3 0 0 2.60 3.14 (18) ocCC 1301 22211

RTOTAL 0 0 2.60 3.14 (18) oOCC 2 22211

A02 + Max P (3a) HOOP 2936 16700

GR + Max P 0 0 2.60 3.14 (18) SUST 1300 16700

Cold to T1 0 0 0 2.60 3.14 (17) DISP 0 25050

Sus. + Rl 0 0 2.60 3.14 (18) ocCcC 1301 22211

Sus. + R2 0 0 2.60 3.14 (18) o0CC 1300 22211

Sus. + R3 0 0 2.60 3.14 (18) oOCC 1301 22211

RTOTAL 0 0 2.60 3.14 (18) OCC 2 22211

A03 Max P (3a) HOOP 2936 16700

GR + Max P 0 0 1.00 1.00 (18) SUST 1300 16700

Cold to 71 0 0 0 1.00 1.00 (17) DISP 0 25050

Sus. + Rl 0 0 1.00 1.00 (18) oOcCC 1300 22211

Sus. + R2 0 ] 1.00 1.00 (18) 0OCC 1300 22211

Sus. + R3 0 0 1.00 1.00 (18) OCC 1300 22211

RTOTAL 0 0 1.00 1.00 (18) oOCC 0 22211

**% Segment A end  ***

<% Segment B begin ***
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W3202717 AY FARM DISTRIBUTOR ANALYSIS ICF KAISER HANFORD COMPANY

08/11/94 W320 TANK 241-C-106 SLUICING ER4319 AutoPIPE+4.50 RESULT PAGE 21

ASME B31.3c (1992) CODE COMPLIANCE

(Moments in ft-1b ) (Stress in psi
Point Load In-P1. Out-P1. Torsion S.I.F Eq. Load Code
name combination Moment Moment Moment In Out no. type Stress
A02 Max P (3a) HOOP 2773
GR + Max P 1 0 2.60 3.14 (18) SUST 1227
Cold to T1 0 0 0 2.60 3.14 (17) DISP 0
Sus. + Rl 1 0 2.60 3.14 (18) o0cCC 1227
Sus. + R2 1 0 2.60 3.14 (18) o0cCC 1227
Sus. + R3 1 0 2.60 3.14 (18) 0CC 1229
RTOTAL 0 0 2.60 3.14 (18) oOCC 2
BO1 Max P (3a) HOOP 2773
GR + Max P - 0 0 1.00 1.00 (18) SUST 1203
Cold to T1 0 0 0 1.00 1.00 {17) DISP 0
Sus. + Rl 0 0 1.00 1.00 (18) oCC 1203
Sus. + R2 0 0 1.00 1.00 (18) ocC 1203
Sus. + R3 0 0 1.00 1.00 (18) oCC 1203
RTOTAL 0 0 1.00 1.00 (18) ocC 0
*%% Segment B end  F**
%% Segment C begin ***
A02 Max P (3a) HOOP 2773
GR + Max P 1 0 2.60 3.14 (18) SUST 1248
Cold to T1 0 0 0 2.60 3.14 (17) DISP 0
Sus. + R1 1 0 2.60 3.14 (18) ocC 1249
Sus. + R2 1 0 2.60 3.14 (18) o0cC 1248
Sus. + R3 1 0 2.60 3.14 (18) o0OcCC 1252
RTOTAL 0 0 2.60 3.14 (18) ocC 4
”C01 Max P (3a) HOOP 2773
GR + Max P 0 0 1.00 1.00 (18) SUST 1203
Cold to Ti 0 0 0 1.00 1.00 (17) DISP 0
Sus. + Rl 0 0 1.00 1.00 (18) oCC 1203
Sus. + R2 0 0 1.00 1.00 (18) oCC 1203
Sus. + R3 0 0 1.00 1.00 (18) oCC 1203
RTOTAL 0 0 1.00 1.00 (18) ocCC 0
*x% Segment C end  ***
**% Segment D begin ***
A02 Max P (3a) HOOP 2773
GR + Max P 0 1 2.60 3.14 (18) SUST 1255
Cold to T1 0 0 0 2.60 3.14 (17) DIsP 0
Sus. + R1 0 1 2.60 3.14 (18) oOCC 1258
Sus. + R2 0 1 2.60 3.14 (18) oOCC 1255
Sus. + R3 0 1 2.60 3.14 (18) oOCC 1255
RTOTAL 0 0 2.60 3.14 (18) OCC 3

16700
16700
25050
22211
22211
22211
22211

16700
16700
25050
22211
22211
22211
22211

16700
16700
25050
22211
22211
22211
22211
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08/11/94 W320 TANK 241-C-106 SLUICING ER4319

ICF KAISER HANFORD COMPANY
AutoPIPE+4.50 RESULT PAGE 22

ASME B31.3c (1992) CODE COMPLIANCE

(Moments in ft-1b
Point Load In-P1. Qut-P1. Torsion
name combination Moment Moment Moment

Dol Max P
GR + Max P 0 0
Cold to Tl 0 0 0
Sus. + Rl 0 0
Sus. + R2 0 0
Sus. + R3 0 0
RTOTAL 0 0
**% Segment D end  ***
**% Segment E begin ***
A02 Max P
GR + Max P 0 1
Cold to T1 0 0 0
Sus. + Rl 0 1
Sus. + R2 0 1
Sus. + R3 0 1
RTOTAL 0 0
EO1 Max P
GR + Max P 0 0
Cold to T1 0 0 0
Sus. + Rl 0 0
Sus. + R2 0 0
Sus. + R3 0 0
RTOTAL 0 0

**% Segment E end  ***

(Stress in psi

. Load
. type

NN PN NN

e

S.1.F

In Out
00 1.00
00 1.00
00 1.00
00 1.00
00 1.00
00 1.00
60 3.14
60 3.14
60 3.14
60 3.14
60 3.14
60 3.14
00 1.00
00 1.00
00 1.00
00 1.00
00 1.00
00 1.00

HOOP
SUST
DISP
0cC
occ
0cc
occ

HOOP
SUST
DISP
0cC
0cC
occ
occ

Code
Stress

2773
1258

1261
1258
1258

2773
1203

1203
1203
1203

16700
16700
25050
22211
22211
22211
22211

16700
16700
25050
22211
22211
22211
22211
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SYSTEM SUMMARY

Maximum displacements (in)

Maximum X : 3.341 ~ Point : AO3

Maximum Y : 0.649 Point : BO1

Maximum Z : 3.341« Point : AO3

Max. total: 4.761 Point : AO3
Maximum rotations (deg)

Maximum X -: 0.624 Point : DO1

Maximum Z : 0.624 Point : BOl

Max. total: 0.883 Point : DO1
Maximum restraint forces(ib)

Maximum X : 29 Point : AOO

Maximum Y : -835 Point : ACC

Maximum Z : 29 Point : AOO

Max. total: 836 Point : AOO
Maximum restraint moments(ft-1b)

Maximum X : 1097 Point : AOO

Maximum Z : 1097 Point : AOO

Max. total: 1552 Point : AOO

Load
Load
Load
Load

Load
Load
Load

Load
Load
Load
Load

Load
Load
Load

Comb. :
Comb. :
Comb. :
Comb.:

Comb. :
Comb. :
Comb. :

Comb. :
Comb. :
Comb. :
Comb. :

Comb. :
Comb.:
Comb. :

R1
GR+T1+RT
R3
GR+T1+RT

GR+T1+RT
GR+T14RT
GR+T1+RT

GR+T1+RT

R3
RT

HNF-2474, Rev. 0
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SYSTEM SUMMARY

Maximum pipe forces (1b)

Maximum X : 29 Point : A0O Load

Maximum Y : 835 Point : AOO Load

Maximum Z : 29 Point : AOO Load

Max. total: 836 Point : AOO Load
Maximum pipe moments (ft-1b)

Maximum X - 1097 Point : AQO Load

Maximum Y : 0 Point : A02 Load

Maximum Z : 1097 Point : AOO Load

Max. total: 1552 Point : AQ0 Load

Comb. :
Comb. :
Comb. :
Comb. :

Comb. :
Comb. :
Comb. :
Comb. :

R1
GR
R3
GR+TI1+RT
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08/11/94 W320 TANK 241-C-106 SLUICING ER4319
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SYSTEM SU

MMARY

Maximum sustained stress

Point
Stress psi
Allowable psi
Ratio

Maximum displacement stress

Point

° Stress psi
Allowable psi
Ratio

Load combination :

Maximum occasional stress

Point )
Stress psi
Allowable psi
Ratio

Maximum hoop stress

Point
Stress psi
Allowable psi
Ratio

Load combination :

Maximum sustained stress ratio

Point
Stress psi
Allowable psi
Ratio

Load combination :

Maximum displacement stress ratio

Point
Stress psi
Allowable psi
Ratio

Load combination :

¢ AOO

: 1300
. 16700
: 0.08
Load combination :

GR + Max P

¢ A02

: 0

: 25050
: 0.00

Cold to T1

: A0

: 5093
1 22211
: 0.23
Load combination :

RTOTAL

: AOO

: 2936
¢ 16700
. 0.18

Max P

: AOO

¢ 1300
1 16700
: 0.08

GR + Max P

. A02
0

: 25050
: 0.00

Cold to Tl

HNF-2474, Rev. 0
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SYSTEM SUMMARY

Maximum occasional stress ratio

Point : A0O

Stress psi : 5093
Allowable psi 1 22211
Ratio : 0.23

Load combination : RTOTAL

Maximum hoop stress ratio

Point : AOO

Stress psi : 2936
Allowable psi : 16700
Ratio : 0.18

Load combination : Max P

* % * The system satisfies ASME B31.3 code requirements * * *
* % % for the selected options B DG

HNF-2474, Rev. 0
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ICF KAISER Calc. No. W-320-27-019
. Revision No: 0
HANFORD COMPANY . PageNo. / of 77
DESIGN ANALYSIS

client WESTINGHOUSE BANFORD COMPANY WO/Job No.  ER4319 Filename __WIN-01.mcd
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95 By DL ==

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked G / ?/f/ 5 By M. Costen /MLC.
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

OBJECTIVES:

The objective of this calculation is to provide a detailed design for a winch, to raise and lower submersible
pumps inside tanks 241-C-106 and 241-AY-102. The pumps will transfer the contents of Tank 241-C-106 to Tank

241-AY-102, and provide supernate to the sluicing process.

DESIGN CRITERIA:

1. Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria
(WSC document No. WHC-SD-W320-FDC-001, Rev. 0).

2.SDC 4.1, Rev. 11, Design Loads For Facilities.

3. DOE-RL-92-36, Hanford Site Hoisting and Rigging Manual , Section 9.2.3.2, January 15, 1993

4. Project 93L-EWW-320, Tank 241-C-106, Letter of Instruction, Addendum 14

DESIGN INPUTS:

Desian Methodology :

Seismic analysis was performed according to SDC 4.1, Rev. 11, Design Loads For Facilities.

(Ref. 2)

Standard engineering methods were used to determine Shear, Tensile, Bearing and Bending stresses.

Weld analysis uses Blodgetts's method for analysis of a weld as a line

(Ref. 9)

Moment Distribution Method for Indeterminent Beams is used to determine reaction forces on Axtz 12. (Ref. 13)

Shaft design methods include torsion analysis for shafts of varying diameters,
and minimum shaft diameter equation.

(Ref. 14)
(Ref. 8)

Bearing loads were determined using Equivalent Load equations provided in bearing vendor catalogs. (Ref. 26 & 27)

Stress on Reel Hub is determined by standard beam analysis and correction for a curved beam.

Gear Strength is determined using the AGMA Strength Formula and Lewis Beam Strength Formula.

Data:

Safety factor will be 3to 1, (SFy = 3), against Yield Strength ,
or5to 1, (SF = 5) against Ultimate Strength.

Assumptions:

1. Pit and winch are both rigid structures and are rigidly connected.

(Ref. 8)
(Ref. 12)

Ref. 3

2. Hose/Pipe connection at plate is assumed as a hinged joint and that the pipe will be allowed to deflect

with movement of the pump and assemblies.
3. Pump and motor weight = 3000 Ibs.

HNF-2474, Rev. 0
Page D-3
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Revision No.: 0
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DESIGN ANALYSIS
Client ~ WESTINGHOUSE HANFORD COMPANY WO/Job No.  ER4319 Filename ~WIN-02.mcd
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95 By D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked ¢ I5fis By ML.R. CUSTER £7/¢.
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

References :

1.  Project W320, Tank 241-C-106 Slucing, Functional Design Criteria
(WSC document No. WHC-SD-W320-FDC-001, Rev. 2 ).

2. SDC 4.1, Rev. 12, Design Loads For Facilities.
3.  NUREG-0800, U.S. Nuclear Regulatory Commission Standard Review Plan, Section 3.7.2, Rev.2 (8/89)
4. DOE-RL-92-35, Hanford Site Hoisting and Rigging Manual , Section 9.2.3.2, January 15, 1993
5. ANSIB16.9
6. ANSIB16S
7. Steel Construction Manual, Ninth edition.
8.  Machinery's Handbook, 24th edition
9.  Design of Welded Structures, Homer Blodgett.
10.  Formulas for Sicss and Strain, R.J. Roark and W.C. Young, Edition 5
11.  Machine Design, Shigley & Miscke, Edition 5, 1989
12.  Machine Desicn, Shioley & Miscke, Edition 1
13.  Structural Analysis, Jack. C McCormac, 4th Edition, 1984
14.  Mechanics and Materials, 1.J. Levinson, 2nd Edition.
15.  Crane Technical Paper No. 410, Flow of Fluids Through Pipes, Fittings and Valves, 25th Printing
16.  Joseph T. Ryerson, Inc., Stock List and Data Book, 1994
17.  T-M Swivel Joint Catalog.
18. Gates Hose Catalog, N0.39496-000, Dated 3/30/92
19.  Catalog sheets by Fax from American Hose & Fitting Co., 7/6/95
20. Boston Gear Catalog, 1995.
21.  Associated Spring Catalog
22. Mc White Wire Rope Catalog, 4th Edition, 1991
23. Lawrence Pump information sheets, dated June 6, 1995.
24.  Reliance Motor information sheets, dated June 6, 1995.
25. Crucible Materials Corporation, ARMCO Product Data Bulletin No. S-45
26. Timkin Bearing Selection Handbook for Tapered Roller Bearings, Revised 1986
27. Torrington Bearing Catalog Form # 100-889-50M, 1st Edition, Second Printing
28.  Journal Entry, June 6, 1995. Teleconference with Torrington Bearing Co.
29. Mathcad , Version 4.0, by MathSoft, Inc.
30. Excel , Version 4.0, by Microsoft.
31.  Autocad, Release 12 , Autodesk, inc, 1993, Inc.
32. Calculation #W320-27-016 Stress Analysis for W-320 C-Farm Jumpers
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Revision No.: 0 _
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Filename WIN-01.mcd

By Q. 0. 577

Bylr. . CosTel L7740
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CALCULATIONS:

Page:

5-8 Seismic Evaluation

9-20 Analysis of Pump and Sheave Assembly Components

21 -25 Analysis of Retrieval Cable Assembly
26 - 40 Axle 12 - Component Design

41 -46 Design of Reel Hub
47 -50 Gear Analysis

51-54 Axle 11 - Component Design

55-60 Axle 15 - Component Design

61-62 Analysis of Winch Housing Stresses
63 -67 Upper Driveshaft Analysis

68 -70 Guide Idler Component Analysis
71-75 Plate Stress and Bolt Analysis
76 -78 Analysis of Lifting Brackets

CONCLUSIONS:

The results of this analysis indicate that the components of of the Winch Assembly meet, exceed or
fall within acceptable limits of the Safety Factor requirements set forth in DOE-RL-92-36,
Hanford Site Hoisting and Rigging Manual , Section 9.2,.3.2, January 15, 1993.

HNF-2474, Rev. 0

Page D-6



ICF KAISER
HANFORD COMPANY

DESIGN ANALYSIS
Ciient ~WESTINGHOUSE HANFORD COMPANY WO/Job No.  ER4319
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked g / s

Locaton C TANK FARM - HANFORD

200 EAST AREA Revised

Cale. No.  'W-320-27-019
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Seismic Analysis of Winch and Pump Assembly to Safety Class 1 Criteria

The winch / pump assembly is classified as Safety Class 3 per the Functional Design Criteria for the project.
Based on the SDC 4.1, Rev. 11, the design for the winch / pump assembly is required to be analyzed to

Safety Class 1 criteria, due to the potential structural failure and impact of the winch/ pump assembly on the
Safety Class 1 structure (the tank structure). Safety Class 1 design requires a dynamic analysis to be performed
using the response spectra per SDC 4.1, Rev.11 (Figure 3) as the seismic input for the design. Conservatively,
an equivalent static load method is used in the evaluation since the winch may be represented by a single model
configuration. A factor of 1.5 is applied to the peak acceleration of the appropriate response spectrum

per SDC 4.1, Rev.11.

The upper, winch structure is rigidly attached to the top of the base slab of the pump pitin both horizontal
directions. The pump pit is considered a rigid structure, therefore, the ground acceleration is used as the
seismic input.

The lower winch structure consists of a cable and sheave assembly suspending the process pump and
includes the associated hose and connections. The configuration of the lower structure, therefore can be
represented as a single mass suspended by a flexible cable, subjected to seismic loading.

The primary concern for the tank structure is the potential impact of the pump with the tank wall. The maximum
displacement of the pump will be evaluated based on the seismic input and a comparison made as to the
proximity of the pump relative to the tank wall.

The remaining concern is the structural adequacy of the winch plate, which supports the winch/ pump assembly,
spanning the penetration opening in the tank. The magnitude of the vertical, seismic response required to be used
is defined in SDC 4.1, Rev. 11, as 2/3 of the peak, horizontal response.

Seismic Components: (Assume 2 % damping, conservative) (Ref. 4, Section 3.7.2, 11-1.b)

g = 38644-i2 Acceleration of gravity (Ref. 2, Table 7)
see
LF:=15 Load Factor
ag = 0.2-g Peak Horizontal Free-field (Ref. 4, Section 3.7.2, - 1.biii)
Ground Acceleration (Ref. 2, Fig.3)
A =274 Acceleration Amplifcation (Ref. 2, Table 7, 2 % Damping)
at 2% damping .
in _ . P
2 naxh = agALS 2 maxh = 317621 Q = 0.822.g Horizontal seismic component
2 _ in
& maxv |3/ ® maxh 2 maxy = 211.747 s = 0.548-g Vertical seismic component (Ref.2,B.3.3 )
sec

HNF-2474, Rev. 0
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Potential Impact of the Pump with the Tank Wall

The primary concern to be addressed in this evaluation is the potential interaction of the pump with the tank wall, due to
pendulum action of the pump/ cable system.

Determine the maximum, horizontal displacement of the pump relative to the tank wall:

(Maximum "L" USED, conservative)

L:=26-ft L=312«in
1 g .-k
f=(—1 12 £=0.177-time Natural Frequency
2.1 L
T:= % T =5.646-sec Natural Period
d:=13in Displacement Ref. 2, Fig.3
D= 163 Spectrum Ampiification Factor at 2% damping Ref. 2, Table 7
dgpcs1=Dd  dgpeg =2119+in Based on engineering judgement, displacement of 21"
is considered to be negligible.
Hose / Pipe Assembly
SG=12 Specific Gravity of Process Fluid Ref. 1
o~ Ibf Density of water at
Pw'= 62'“'? Minimum Operating Temperature (Rt 96} (PG
- _ Ibf Density of Process Fluid at
pi= 5GPy PETER D Minimum Operating Temperature
Wi 7_5%;_f Weight per foot of hose. Ref. F, Pg. 69
L jose = (9.8 +10.8)-ft Combined length of hoses
Ry =2in Inner Radius of hose. Ref. 18, Pg. 69
Whose = W rL hose W pose = 154.5 +1bf Weight of 4" hose. Ref. 33.2, Sh.2
V= #R L pose vy =17988 Volume of hose.
Hose sontents = VY h'P Hose ontents = 134.633 +1bf Weight of Process Fluid fluid in

combined length of hose.

HNF-2474, Rev. 0
Page D-8
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Coupling := 4-(27-1bf)

Swivel i= 36-1bf + 2-(72-1bf)

joint *
pipe ],
2

- W pipe
pipe ~ g

pipe oG = pipe oG =57+in

+ Pipe contents
Mass

Mass =165.2691b

pipe

Wy ose * Hose + Coupling + Swivel

contents

joint

Mass y ¢ = 2

Mass g =576.668-1b

F pipeH = Mass pine maxh F pipeH = 135.961 -Ibf

F hoseH = M8S$ o562 maxh F yosety =474.403 :1bf

Fy = (Mass pipg + 2:Mass poge): (8 *  max)

it (F PiPEH)' (Pip ® CG) o (F hoseH)' (pipe L)

Fy =2.043-10° -Ibf

M=6.183-10" -Ibfin
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Hose / Pipe Assembly _ (continued....)
Ibf . .
WP = 10_79-F Weight per foot of pipe. Ref. 15
pipey = 114-in Pipe Length
wpipe = Wp-pipe L Wpipe =102.505 -1bf - Weight of 93.8" of 4" pipe.
Rp =2.013:in Inner Radius of pipe.
L - a3 .
Vp = an pipey, Vp 0.84-f Volume of pipe.
Pipe contents = V pP Pipe . ntents = 62-898 +1bf Weight of Process Fiuid fluid in pipe.

Est. Weight of 4 Hose Couplings

Weight of 1, 3" and 2, 4" swivel joints

Center of Gravity of Pipe

Mass of the Pipe

Mass of the Hose

Horizontal Seismic Force due to Pipe

Horizontal Seismic Force due to Hose Assembly

Vertical Seismic Force
due to Pipe/Hose Assembly

Moment due to Pipe/Hose Assembly

HNF-2474, Rev. 0
Page D-9
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Stress at Pipe Connection to Winch Plate

Shear Stress due to Horizontal Seismic Force

A =3.1740n"

S, = 30000-ltif
y .2
n

4 Ibf

S a1 = (040)-S ¢ Sap=12:10" —

m

. F pipeH * F hoseH 3

S, .=
act A act

=192.301 ot
22
i

ali

SF = SF =62.402

3 act

Tensile Stress due to Vertical Seismic Force

. 4 If
T =135:10° =

m

T g1 = (0:45):S ¢

Fy

Tact:”A'_

T et =643.619psi

T
Al 0975

act

Area of Shear plane (Metal Area of pipe)

Yield strength of Schedule 408,
ASTM A-312 Gr Tp 304 Pipe

Allowable Shear Stress Ref.7, Part 5, Chap. D.3.1

Caloulated stress on pipe.
Safety factor > 3

OK

Allowable Stress in Tension Ref. 11, Page 12

Calculated Tensile Stress on Pipe resulting
from Bending Moment at Plate

Safety factor > 3 OK

See Assumptions, #2

HNF-2474, Rev. 0
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WEIGHT of PUMP ASSEMBLY (Supported by the Sheave Assembly)
(Most conservative configuraiton considered as the pump in the fully elevated position.) Ref. 33.4
Weight of Pump Ref. 33.6, Sh. 1&2
} ) Weight of pump.
w pump 3000-1bf Ref. 23
Weight of Hose and Contents
Weight of Hose and Contents Ref. 332
W pose = 81-1bf . Weight of 10.8' of 4" hose.
W contents = 70-584-Ibf Weight of Process Fluid fluid in 8 feet of hose.
Weight of pipe fittings (on pump discharge).
W= 2:(27-1bf) Weight of Hose Couplings Ref. 33.0, Sh. 1, ltem 1 Ref. 19
Flange3 := 13-1bf 3", 300 Io, slip on fiange Ref. 33.4, Sh. 1, ltem 27 Ref. 6
E gg = 4.58 Ibf 3" elbow (90) Ref. 33.4, Sh. 1, item 24 Ref. 5
8J 5 := 37-Ibf 3" swivel joint Ref. 33.4, Sh. 1, item 11 Ref. 17, Pg. 11
83 4= 1.5:(72:1b) 1-1/2 4" swivel joints Ref. 33.4, Sh. 1, item 12 Ref. 17, Pg. 11
Reducer == 3.5-1bf 3 x 4 Standard Reducer Ref. 33.4, Sh. 1, ltem 26 Ref. 5
Pipe 5 = 7.58-%~f Attached 3 inch pipe Ref. 33.4, Sh. 1, ltem 30 Ref. 15, Pg. B-16
Pipe 4 = 10.79-%f Attached 4 inch pipe Ref. 33.4, Sh. 1, ltem 29 Ref. 15, Pg. B-17
L pipe = 2.25-in Length of aftached pipes (typ)
RE 34 = L pipe (Pipe 3 + Pipe 4) + Reducer RE 3,4 =6.944 -Jbf
Wf] = Flange3 + E g9+ 8J 3 + 8T 4 + RE 344 Wtj =169.524-1bf Combined Weight of fittings and joints

Total Weight of Pump Assembly :

Wp=W + Wiose T W

3
contents * Wtj +We Wp=3375:10" -Ibf Pump Assembly

pump

Wpp = 12Wp Wpa =4.05~103 -1bf Impact Loading Considered’
Ref. 7, Pg. 5-29, Section A4.2

HNF-2474, Rev. 0
Page D-11
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CHECK of PUMP / WINCH SUPPORT SYSTEM COMPONENTS

3/4" Diam. Pump Support BOLTS

Ref. 33.4, Pg. 1, ltem 33

(Assume A307 structural bolts, worst case.)

ny =8 Number of bolts used
b
A= 0.442-in” Cross sectional area of bolt
R 10000-l;f Allowable shear strength of bolts Ref. 7, Pg 4-5, Table I-D
in
(“{ pa~ W pump)
n
S act = — B S pet =296.982 LB Calculated shear stress
A 2 73
bit in
F v
SF = —— SF =33.672 Safety factor > 5 OK
S act 5 X

Pump Support Brackets welded to the 3"x3" square tube plates.

wt=[<l —0;281>-in} w=0.595mn

th = (%)-in th=0.375in

ARy=4wth ARy, =0.892-in"

= 25000-1%

m

Sy

4
Sap (045)5y Sy =1125:10" -

W
PA 3
SaCt:—ATb S poy =4.538+10° -
s
SF=—2 SF =5.509
S act

Ref. 33.6, Sh. 2, Detail A. ;

lea— 2,50~

Width of Shear plane. — .72

Figure 1 [
Plate thickness ‘ 3.00

v ™
- / 1.00
Area of brackets loaded by the bolt.
.81 THRU

Yield strength of ASTM A240 Type 304L

Allowable Stress Ref.7, Pg5, Chap.D.3.1

Calculated stress on brackets.

Safety factor > 3 OK

HNF-2474, Rev. 0
Page D-12
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Sizing of Bolts connecting Pump to Sheave Assembly Brackets

Shear stress

D:= (081 - i)-in
16

- n-D2 _ .2
Ay -T Aa—0.439-m
W
PA 3
Fbolt:: (——**4*—) Fb01‘=1.013'10 -1bf
Fpolt 3 Ibf
S got = - S aot =2:307-10" -—
a m
Ibf
Sy = 100000-—
in
4 1bf
S =022y S =22:10" =
m
S
SF g m SF g =9.535
S
act

Bolt Diameter

Cross Sectional Area

N

Ref. 336, Pg2

Force of Pump Assembly;eulh_y ach'shear plane.

Calculated Shear Stress per Bolt.

Yield strength for ASTM A 193, Class 2, BST

Allowable Shear Stress

Safety factor >3  OK

HNF-2474, Rev. 0
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Welds connecting pump support brackets to the 3" x 3" plate. Ref. 33.6, Sh. 2, Detail A.

_ Wpa Weld Tensile Load

x= 4 ("x" direction on subroutine skefch, below)
{250 . M b
am = | " 0.72 |-in Moment arm (Moment about Z )

(distance from weld centetline to load application point)

WELD PROPERTIES:

b= 0.375in Weld Outline Dimension - short side Ref. 8, Pg. 7.4 6 &7
Y- d:=25in Weld Outline Dimension - long side
s b
> Cy:= = Cy =0.188-in Location of center of gravity with respect to y axis.
Eaa b i S d .. . T .
2 Cz:= % Cz=125"in Location of center of gravity with respect to z axis.
4
X
v Aw = 2:(b + d) Aw =5.75+n Weld length (1 Bracket)
2
Swy = bd+ % Swy =0.984 -in? Section modulus about y axis
&
Swz = bd+— Swz =3.021 +in® Section modulus about z axis
(b+ d)3-
Jw = =% Fw =3.961 +in Polar Moment of Inertia
JOINT LOADS:
Tensile  Fx=1013-10° -Ibf Fy = 0-Iof Fz = 0-Ibf
Moment  Mx = 0-in-1bf My = O-in Ibf Mz = (FsM yrm)
WELD STRESS:
P« My Mo\? [Fy MxCy\? [Fz MxCZ\| 1bf
TN e A U s ) B 2 fw =353.74 -~
Aw  Swy Swz, Aw Jw Aw Jw
EILLET WELD S1ZE REQUIRED:
S = 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
W= z 7?;; 5 w =0.032+in Minimum Allowable Fillet Weld Required by Design
W Code <—3—m) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of 3/8". Section J.2.2, Table J2.4
Woact = Gm) Weld size specified in design drawings. Ref. 33.6, Pg. 2
Woact - “ o)
SF g = —— SF g, =7.895 Safety factor based ona 1/4" weld >3 OK
w

HNF-2474, Rev. 0
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Weld on the two 3" x 3" x 3/8" plates aftached to the 3" square tubes.

W "
PA Weld Tensile Load
zE = (In "x* direction on subroutine sketch, below) RefESERN S 2 Hitenili
_{2.50 . Momentarm (Moment about Z imposed by eccentric bracket loading.
arm = |—— - 072]in
Ref. 9,Pg.7.4 6 &7
WELD_PROPERTIES: b:=3:in Weld Outline Dimension - short side
Y- d:=3-in Weld Outline Dimension - long side
b
’—b_ Cy = 5 Cy=15+n Location of center of gravity with respect to y axis.
z— ‘-z d . ) - .
Cz:= 5 Cz=15-in Location of center of gravity with respect to z axis.
3\'/ Y .
Aw:=2-(b+d) Aw=12-in  Weld length (1 Tube)
2
Swy = b-d + T Swy =12 -in? Section modulus about y axis
&
Swz = bd + T Swz=12+in® Section modulus about z axis
3 IuD3/8
Jw = @ Jw=36-i° Polar Moment of Inertia
JOINT LOADS: ' /| iawe 2
Tensle  Fx=2.025-10° -Iof Fy = 0-Ibf Fz = 0-1bf y«@
Moment  Mx = 0-in-1bf My := 0-in-Jbf Mz := (Fx»M arm) *
WELD STRESS:
Fx My Mz\® [Fy MxCy\® [Fz  MxCz\? - Tof
o L A +<—y+ . ) +<—+ ) fw =258.196.-—
Aw  Swy Swz Aw Jw Aw Jw in
FILLET WELD SIZE REQUIRED:
B IeiDgs! Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
fw .
W 70T s wW=00234in pinimum Allowable Fillet Weld Required by Design
W Code ® <i»in> Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
i3 for material thickness of 3/8". Section J.2.2, Table J2.4
W oact = (1_56 in> Weld size specified in design drawings. Ref. 33.6, Pg. 2
Wact "
SF g = SF gy =13.52 Safety factor based on a 5/16" weld >3  OK
w

HNF-2474, Rev. 0
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WEIGHT of SHEAVE ASSEMBLY (Supported by Axles)

' Ibf
steel = 4908
ft

w

Weight of 2 Sheaves

v (0.25-in)-

(Ref.7, Page 6-8)

Volume

sheavs = 4

4 4

W sheavs ™ (V sheavs W steel) W sheavs =64:498 1bf Weight

ﬁ‘(‘)-Z-in)z B 7r‘<1-508-in)2H N 2_[(2&:1)_[1!-(7.245&11)2 . n»(l.SOS-in)z}

(Ref. 33.6, Item 3)

Weight of 2 Square Tubing Support Arms

1bf . .
W jube = 8.81-—5 Weight of 3x3x1/4 Square Carbon Steel Tubing : (Ref. 16)
L tube = 2:(17.875-in) Totai Length of 2 Support Arms (Ref. 33.6, item 2)
Waube = L tube ™ tube W iube =26.246 -1bf Weight
bt R . X
W psf 1= 15.32~l—2 Weight of 3/8 in. Hot Rolled Carbon Steel plate per square foot: (et 63
ft
Weight of 4 Support Brackets
. LICEINe I _ 2
A plate = 4-1(25)(3)-1- =z -in A plate =23.939+in" Area of 4 Brackets (Ref. 33.6, ltem A)

W brackets =  plate’™ psf W brackets =2-547 -Ibf Weight
Weight of 2, 3x 3 x 3/8 End Plates
A= 2-(33007) A =184n2  Area of 2 Plates
plate plate w
W ends = A plate™ ps Wongs =1915+bf  Weight

Sheave housing walls

(Ref. 33.6, ltem 2)

(Ref. 33.6, Detail 2

2
A plate = 27} (21)-(11)) - (22) - 2,[% <1~:°5> H.mz A plage =446.884-in”  Area of Wall Plate

W housing = A plate ™ pst W housing =47:544-Iof  Weight

HNF-2474, Rev. 0
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Sheave housing cross brace (Ref. 33.6, ltem 2)

A plate = 2 (((8625)-(1D) = (33) - (454.5))in’ A o =13125+in”  Area of Cross Brace Plate

plate
W prace = A plate’ ™ psf W prace = 13.964 -1bf Weight
Sheave housing Stabilizer Braces (Ref. 33H.6, ltem 2)
A plate = 4-(( 1.5)~(7))<in2 A plate =42 in? Area of Bracket Plates
w braces = A plate™ psf W praces =4-468 1bf Weight

Sheave Assembly Support Bracket

A plate = Hg (1«52> * (3'3)] = ; (1-52) ]‘in2 A plate = 10767 -in”  Area of Bracket Plates
(Ref. 33.6, ltem 2)
W sab = A plate'w pst W o = 1.146 -1bf Weight

Retrieval Cable Bracket (Ref. 33H.6, ltem 6)

=(125%) Tl g i 3
V op = 1 2:(047)- T+(1.25<3)] = Z»(o,75 V| +0251.5:3) + 2:2:3-0.54) bin
Vp =13.022 \in Metal Volume of Bracket
W40 = OA284-'1—b3f Weight of ASTM A-240 Tp 304 SST
n
Wb =VpWago  Wp =3.698:1bf ° Weight
Retrieval Cable
W rope = 24'3‘7(15%% Weight per 100 ft of 3/8", 7 x 19 in Strand Core Wire Rope Ref. 33.4, item 20
Lrope = (638.33 - 608)-ft mee =30.33-ft Total Length of Wire Rope
W]rope =w mpe~mee Wrope =7.37-1of Weight of %5 ft of Wire Rope Ref. 22

Sheave Assembly Base Plate

Ref. 33.6, ltem 2
A plate = (Q05)(35))in A e =7175+i°  Area of Plate (B em 2)

Wpsf = 20.42-%f Weight of 1/2 in. Hot Rolied Carbon Steel plate per square foot: (Ref. 16)
ft
Wpase = A plate’W psf W pbase = 10175 -1bf Weight

HINF-2474, Rev. 0
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Weight of Axles

Ibf
; =601 —
W NGO ( ft )

L e = 2:(5.0-in)

axle

Total Length of 2 Axles

W ade = L axte™W NGO W axle = 5008 -1bf Weight

Weight per ft of 1-1/2 Inch Diameter Nitronic 60 Round Stock

Total Weight of Sheave Assémblz

WSA = W sheavs * W tube * W brackets * W ends * W housing * W brace -

*Woracest Wsabt Wep + W * Whase t W

rope axle

HNF-2474, Rev. 0
Page D-18
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Weld Strength of the welds attaching the 3"square tube to the Sheave Assembly Baseplate.

_ WpA+ W iube * Wbrackets * W ends Weight of Sheave Assembly components
- 2 below baseplate.

Fx:

2.50 .
My = <T = 0.72>-m

WELD PROPERTIES:

Ref. 33.6, Sh. 2.

Moment arm (Moment about Z imposed by eccentric bracket loading.

b:=3:in Weld Outline Dimension - short side Ref. 9, Pg.7.4 6 &7
Y, d:=3-in Weld Outline Dimension - long side
b b .
Cy= 2 Cy=13+n | scation of center of gravity with respect to y axis.
r e Cz:= d Cz=15-i
Y 2°3 Z=L3tn ) ocation of center of gravity with respect to z axis.
X Y -~ P
Sl dz) AW=1240 el fength (1 Tube)
-~ b 1h.2
Byeabds g Swy =124 g ction moduilus about y axis
2
Swz = b-d+d— Swz =12 -in”
' 3 Section modulus about z axis
3
_(b+d) .3
Y7 3 Yo7 et Polar Moment of Inertia
JOINT LOADS:
Tensile Fx =2.04'103 <Ibf Fy := 0-1bf Fz = 0-1bf
Moment  Mx := 0-in-Ibf My := 0-in-Ibf Mz = (FsM o)
WELD STRESS:

0.5

fw =260.153 &f
in

" 2 Wehts
fw::[(Fk +&+ MZ> +<E+Mi—c—y) +<~F—Z+

Mx-Cz\?
Aw  Swy Swz, Aw  Jw Aw

Jw

FILLET WELD SIZE REQUIRED:

B [E0R Allowable Weld Stress per AWS & AISC
o fw

W= 0.707-S w =0.023 *in Minimum Allowable Fillet Weld Required by Design
W Code © (im> Minimum Size Fillet Weld Required by Code

16 for material thickness of 1/2".

Y Code . n

SF po = ——— SF £y =8.051  Safety factor based ona 3/16" weld >3

4

Ref. 9, Pg. 7.4-8

Ref. 7, Part 5,
Section J.2.2, Table J2.4

OK

HNF-2474, Rev. 0
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Stress on sheave axles

Ref. 33.6, Pg2, ltem 44

Shear stress

SEE . 25 —=] r——:,.so——]
D= 1.5in Axle Diameter (5p) B B

50

1
D2 '
A= a A, =1767 -in? Cross Sectional Area H—# 1.500
v
Shear Plane 4 Tyﬁ ?
Figure 3
Wea-W + W
SA xl PA
Fode = % F axle =529.2121bf Force of sheave assembly felt by each shear plane.
Faxe B Iof .
S aets = A S actg =299.473 — Calculated Shear Stress at each shear plane.
a m
Sy= 44400-1i2f Yield Strength of ASTM A-276, ARMCO Nitronic 60 Stainless Steel Ref. 25, Table 36
in’ (1.5" not listed. Stress used is conservative for 1")
. _ 4 lbf lowable S
S alg = 0.4-8 y S ang =1.776-10 = Allowable Shear Stress Ref. 11, Sec.1.8
in
S als
g SF ¢ =59.304 Safety factor >3  OK
S aots

Bending stress

D,,=0.18in Thrust Washer Thickness
(Moment arm on axle between sheave and housing.)
M:=F

D Moment applied to axle

Ref. 33H.6,Pg.2, ltem 5

axle’™ m
1.5, . . . .
yi= 5 in Distance from centroidal axis to outside fiber.
4
= Bl Axle Moment of Inertia
64
My Ibf . .
S aetB = S aotB =287.494 = Calculated Maximum Bending Stress per axle. Ref. 8, Pg. 177
L i (Table of Simple Stresses)
. _ 4 Ibf di
Sap=075Sy  Sap =333:10" -— Allowable Bending Stress Ref. 7, Pg 5-48
o (F2-1)
SF o S alls
B~ =
S 2ofB SF g =115.828 Safety factor >3 OK

HNF-2474, Rev. 0
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Shear Stress of Sheave Housing at Axles

Calculation considers two plates in double shear at each axle.

Depth of Housing Plate section

D= 5in

Th = z-in Thickness of Sheave Housing Plate
8

A,=DTh4 A,=T75 i Area of metal supported by axles

Ref. 33H.6, Pg. 2, Item 2

Fsir= Wpa+Wiabe * W brackets * Wends * W housing * Wbrace * W braces * Wsab * Wb * Wpase

F gy =4.162: 103 +lof Force on sheave Housing

S, = 250004%‘

Y
in’

c 44 Iof
San= (O.45)-Sy S g =1.125-10 =

. Allowable Stress
n

F
S act = S S get =554.911 Lot Calculated Shear stress on Housing.
Ay i
S
spi- 2 SF =20.274 Safety factor >3 O_K
S act

HNF-2474, Rev. 0
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Strength of Weld between housing walls and 1/2" base plate.

Fx=Wpa + Winbe + Wprackets * Wends * W base

Fx =4,.091-103 -lbf  Weld Tensile Load (In "x" direction on subroutine sketch, below)

WELD PROPERTIES:

b:=3.5in  Weld Outline Dimension - short side Ref. 9,Pg.7.4 6 &7

d .=20.5-in  Weld Outline Dimension - long side

b
Y . =175 i
t & 2 Sy =k Location of center of gravity with respect to y axis.
b
i
Cz = % Cz =10.25in Location of center of gravity with respect to z axis.
z df—
: Aw = 2:d Aw =41+in Weld length
X Swy = bd Swy =71.75 -in? Section modulus about y axis
&
Swz = = Swz =140.083+in” Section modulus about z axis
2 2
d-\3- d ’
Jw = <3—b6+~) Jw=1561-10° ir’  Polar Moment of Inertia
JOINT LOADS:
Tensile  Fx=4.091-10" -Ibf Fy = O-Ibf Fz:= 0-Iof
Moment Mx = O-in-1bf My := 0-in-1bf Mz := 0-ineIbf
WELD STRESS:
2 2 2105
Fx My Mz Fy MxCy Fz MxCz
=l —— ——— i+ + [ N Ibf
Aw  Swy Swz, Aw  Jw Aw  Jw fw =99.781 o
FILLET WELD SIZE REQUIRED:
e DR Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
. fw
W 0.707-S w =0.009 *in Minimum Allowable Fillet Weld Required by Design
W Code = <%-in> Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,

for material thickness of 1/2". Section J.2.2, Table J2.4

W Code

SF g = SF g, =20.991  Safety factor based ona 3/16" weld >3  OK

HNF-2474, Rev.
Page D-22
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Check of Retrieval Cable and Brackets
Check of Retrieval Cable

Wpa = 3375:1bf Total Weight of Pump Assembly , impact loading not considered.

Wgp = 188578 1bf  Total Weight of Sheave Assembly ‘

Wpp + Wgp =3.564-10° -Ibf

S cable = 22800-Iof Breaking Strength of Type 304 Stainless Steel, 1/2", 6x 19 IWRC Cable

S
S .l S P Safety factor > 5 OK

(Wpa+Wga)

Cable Support Brackets welded to the Winch Plate Ref. 33.7, Sh. 2, Detail 3 15
Shear
0.75 ) 0.75 THRU
w={1.25-—|in w =0.875-in Width of Shear plane.
2 1.25
. a q 1.28
th:= (.4687)-in th =0.469 in Plate thickness
A= 2-(w-th) A =082+in> Area of bracket loaded by the clevis pin.
S y= 30000-%‘ Yield strength of ASTM A240 Type 304
in
- 4 Ibf
S = (045)8 S gy =13510 E Allowable Stress Ref.7, Part 5, Chap. D.3.1
w +W
S gt = (LSA) S et =4345-10° L Calculated stress on brackets.
A in’
Sanl ' :
SF = —— SF =3.107 Safety factor > 3 OK
5 act

HNF-2474, Rev. 0
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Cable Support Brackets (continued...)

Bearing Stress

d:=0.75in
A= <E-th>
2
Iof
Sy = 3000047

1n

S a1 (09)Sy

_VparWsa

A =0.552+in"

4 Ibf
S g1 =2.7410" ~—
mn

S, =6.45410° -

Ibf
act T2
in

‘SF =4.184

Hole Diameter
Bearing Surface Area.

Yield strength of ASTM A240 Type 304

Allowable Stress
Calculated stress on brackets.

Safety factor > 3 OK

HNF-2474, Rev. 0
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Weld connecting Support Bracket to the Winch Plate. Ref. 33.7, Sh. 2, Detail 3
WELD PROPERTIES:
b= 1.5in Weld Outline Dimension - short side Ref.9,Pg. 7.4 6 &7
Y d:=3in Weld Outline Dimension - long side
2 Cy = —: Cy =0.75+in Location of center of gravity with respect to y axis.
r— ‘=z d . . Lo .
Cz = 5 Cz=15"in Location of center of gravity with respect to z axis.
/
X
! Aw:=2:(b+ d) Aw=9-in Weld length (1 Bracket)
- 2
Swy = bd+ % Swy =35.25 ‘in® Section modulus about y axis
&
Swz = bd+— Swz =7.5in Section modulus about z axis
3
b+’ 3
Jw := =% Jw=15.187+in Potar Moment of Inertia
JOINT LOADS:
Tensile Fxi=Wpp + Wgpa Fy:= 0-1bf Fz = 0-1bf
Moment Mx := 01 1bf My := 0-in- Ibf Mz := O-invJof
WELD STRESS:
Fx M P [Fy  MxCy\? (Fz MxCz 2| Iuf
O S A Y b A it 4 S > fw =395.953 -—
Aw  Swy Swz \Aw Jw Aw Jw in
FILLET WELD SIZE REQUIRED:
S := 15800 psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
W= z ;:; 3 w =0.035+in Minimum Allowable Fillet Weid Required by Design
W Code © (idn) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of over 3/4". Section J.2.2, Table J2.4
W Code .
SF gy = SF g, =8.816 Safety factor based on a 5/16" weld >3  OK

HNF-2474, Rev. 0
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Weld connecting Eye Tabs to Sheave Housing.

WELD PROPERTIES:

Ref. 33.6, Sh. 2, Detail 3

T b:=3in Weld Outline Dimension - short side Ref. 9,Pg.7.4 6 &7
T‘Lﬂ d:=2in Weld Outline Dimension - long side '
Cy:= E Cy=151
Z /‘ a4 ¥ 2 y=iomn Location of center of gravity with respect to y axis.
x/ d . . I .
R Cz= 5 Cz=1:n Location of center of gravity with respect to z axis.
Aw:= 2.d Aw =4 in Weld length
Swy = b-d Swy =6 “in? Section modulus about y axis
2
Swz = — Swz =1.333 +in’ Section modulus about z axis
2 2
d-\3- d
Jw = y Jw =10.333 in° Polar Moment of Inertia
JOINT LOADS:
Wopat+W
Tensile  Fx:= O-Ibf Fy = H Fz = 0-1of
Moment Mx = 0-ine Ibf My = 0-in-1bf Mz := 01 1bf
WELD STRESS:
2 2 2105
Fx My Mz Fy Mx-Cy Fz MxCz
Eli—Fr—+— +t|—+—] +|—+ Iof
Aw  Swy Swz Aw  Jw Aw  Jw fiv =445.447 “n
FILLET WELD SIZE REQUIRED:
B IS0l Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
v .
W 0.707-S w =0.04+in Minimum Allowable Fillet Weld Required by Design
W Code = (im) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness of 3/8". Section J.2.2, Table J2.4
Woaet = (%m) Weld size specified in design drawings. Ref. H6, Pg. 2

SF gy, =6.269  Safety factor based on a 3/16" weld >3

HNF-2474, Rev. 0
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Shear on Eye Bolt Ref. 33.6, Pg2
= () D =0.703 i - *
D (A =0.smm Axle Diameter !
D2 1 I
Ay 7:1) A ,=0388 “in? Cross Sectional Area
f
Weat+Wpa 3
F axle = — F e =1782:107 -Iof  Force of sheave assembly felt by each shear plane.
F axte 3 Ibf
S pets = S acts =4.589:10 = Calculated Shear Stress per axle.
Ay o
i B8T
S g IOOOOO-% Yield Strength of ASTM 193, Class 2,
in’
S s = O.4-Sy Sals =4A104 1—0; Allowable Shear Stress Ref. 11, Sec.1.8
in
S alls
= SF ¢ =8.717 Safety factor >3  OK
S acts
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Weight of Reel Axle (12) Supported Components

Wpp 1= 4050-Ibf Weight of Pump Assembly (Impact Considered)
Wgp = 188.578 Ibf Weight of Sheave Assembly

(Ref. 33.5, Sh. 284)

Weight of Reel
Weight of 2 Flanges

W= 15.32-— Weight of 3/8 in. Hot Rolled Carbon Steel plate per square foot: (Ref. 16
psf & .
A plats = 2-[%[-(282 -3.25%) |in A pate =1215:10° “in  Area of 2 Flanges
L
w flanges = A plate™ pst Wﬂanges =129.253 +Ibf Flange Weight
W3 = 24.03-%‘ Weight per ft of 3 Inch Diameter 304L. Round Stock Ref.16
Ibf . q
W 1938 10‘02'? Weight per ft of 1-15/16 Inch Diameter 304L. Round Stock Ref. 16
L pp, = (3.75:in) Total Length of Hub
Wiwba = L pub (w Y r1.938> W paba =4.378+Ibf  Inner Hub Weight
Weight of Quter (Reel) Hub (Ref. 33.5, Sh. 6)
f. 7, Page 6-8
W oo = 49082 (Ref. 7, Page 6-8)
& 2,255
11.75) . s
T solid = (T>-m T solid =35.875in
2 : v
A solid = ®T solid T cutout = 3.62:1n 2
T 2 3
cutout q ) 22
A outout ™\ |+ 2[(15:80) T o] * [(1.52.25)n?] « [(§~5)-m ]
A =36.694 in”
cutout ’ m Approximation of Semicircular Cutout Area.
w = 2-in Hub Length
Vb = ) (Agolia - Acutout) Vb =143479in°  Metal Volume of Hub
WhubB (V tb W steel) W b =40.7521bf  Approximate weight HNF-2474, Rev. 0
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JOTAL Weight of Reel
Wreel = W flanges * W hubA * W hubB W reel = 174.383 -Ibf

Weight of Gear

W gearzs = 1051bf

Weight of Wire Rope

- bf . ) . .
W rope = 059-—1— Weight per ft of 1/4 x 1-1/2 in Flat Wire
L rope ¥ 75-ft Total Length of Wire Rope
mee =w mpeLrope Wrope =51.75-1bf Weight of 75 ft of Wire Rope

Weight of Reel/Spur Gear Shaft (Axle)

bt
W= 10680
f

Weight per ft of 2 Inch Diameter 4140 Round Stock

W 1938 = 10.02-% Weight per ft of 1-15/16 Inch Diameter 4140 Round Stock

bf
W95= 4.171—

= Weight per ft of 1-1/4 Inch Diameter 4140 Round Stock

W han = [ (10.55:00)w g g3g] - [(5.44inyw 2]+ {55y w g 95] W gpan =15.562-1bf

Weight of Pump, Sheave and Rope Assemblies on Reel Hub
Wb = Wpa+ W + Wiope
Weight of Loaded Reel on Axle (12)

WReel = WpA+ WA+ Wreel + Wigpe

Total Weight of Reel / Spur Gear Assembly on Bearings
WRA=WPA*Wga+Wireel * Woaards + Wrope * W shaft

Weight of 54 tooth 18 PD, 3 DP, 3" Spur Gear
obtained by telecon from Boston Gear,

W Reo] =4.465°

Ref. 20
8/15/95.

Rope Ref. 8, Pg. 332, Thl 7

Ref. 33.1

Ref. 16

Ref. 16

Ref. 16

Axle Weight

3
W pggp =4.29:107 -Iof

10° -Ibf

W =458510° -lbf

HNF-2474, Rev. ¢
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Shear on Reel Axle (12) Bearings

S.
s s, 3, s S, —
D2 = (1003228 b3 - (10602 Weight per foot of Shaft ! 2 g s
ft ft Wreel Wgear
. Ref. C, Page 1-108 \l,
D2 D3
I
| I i I
BI 2 B3 g B2
i g5 I 1025 {
s1:=3.8%in ~  Span1=Axle Length between Bearing 1 and Reel. Ref. 33.5, Pages 1 &5
5= 4.61-m Span 2 = Axle Length between Reel and Center Bearing (Bearing 3).

s = 3.435-in Span 3 = Axe Length between Bearing 3 and Diameter change.
s 4= 1.625in Span 4 = Axle Lc

h between Diameter Change and Gear 25.

s 5:= 5.1%in Span 5 = Axle Length between Gear25 and Bearing 2.
.t Ref. 8, Page 191
d g =1.9375-in I,:= —6:2— [, =06917 “in* Moment of Inertia for shaft diameter = 1.9375 in
wd 34 4
dg:=2in Ig:= % 15=0.7854+in Moment of Inertia for shaft diameter = 2 in
1y 3 3
Kp= —~<~ K1 =0061"in Stiffness Factor adjusted for simple supports.  Ref. 13, Page 530
(s 1+s 2) 4
I3 3 3
Koz or—— —) K, =0.057-in’ Stiffness Factor adjusted for simple supports.
S3+S4+S 4
3754755
DF gy := = = DF i1 =0.515 Distribution Factor Ref. 13, Page 528
1t '

< Distribution Factor
DF g, =0.485

HNF-2474, Rev. 0
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Loading on Axle from Bearings B1 to B3

W reel = 4465 1bf Ref. 13, Page 528

W reel (S 2)

Fep1= 77—~ F g1 =2.422- 103 -Ibf Concentrated vertical Load at B1
" (s1752)
reel

W (s ‘
1
F py = —ﬁeﬁ F .py =2.043-10° -Ibf  Concentrated vertical Load at B3
¢B3 sp+s 2) cB3

Bl B3

L —. D2(sy+s 2) .

° Fg= - F 4=3.553-1bf Distributed vertical Load from B1 to B3
Fpi=Fep1+Fq F gy =2425.159-1bf Combined vertical Loading at B1.
Fp3=Fp3+Fgq F g3 =2046.947 -1bf Combined vertical Loading at B3.

Fixed End Moments (Span B1 - B3) Ref. 13, Page 528
Pi= W Concentrated Load Ref. 33.5, Pages 1 &5
li=sj+s,y Total Spacing
w=D2 Distributed Load  (Conservatively assumed as spanning full length of beam.)

2
Psqs
FEM ) = # FEM g =5.109~103 «Ibfiin Left Fixed End Moment resulting from Concentrated Load
I .
2
Psi™sy 3 I .
FEM (g3 = — FEM g3 =4.311:10" -Ibfin Right Fixed End Moment resulting from Concentrated Load
1
w-12
Mg:= - M 4 =5.033 -Ibf-in Fixed End Moment resulting from Uniformly Distrbuted Load

FEM| =FEM g +Mg  FEM =5114.024 -Iofin

FEMp = FEM ;g3 + My FEM i =4316.09 -Ibf-in

HNF-2474, Rev. 0
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Loading on Axle from Bearings B3 to B2

Sy 54_1_55_‘
TT Wyear

¥

D3

W geqr = 105-1bf

B comy 2= W gear (5 5)
B3 (iyrsgrss)

B3 B2 W gear’ (S gve 4)
| 1 P e 0 N /A
ey T

i (]‘)2‘53)1—[]33‘(541*55)]

Fgq-= > F g =4.471-1bf

Fpy=Fem+Fg F g =56.305 Ibf

Fps=Fep3+Fq F 3 =57.637-Ibf

Ref. 13, Page 528

F ¢p3 =53.166-1bf Concentrated vertical Load felt at B3
F gy =51.834-1bf Concentrated vertical Load felt at B2

Distributed vertical Load from B1 and B2

Combined vertical Loading at B2.

Combined vertical Loading at B3.

Fixed End_Moments (Span B3 - B2)

P:= Wgear Concentrated Load

= (s 3+S4+s 5) _ Total Spacing

w = D3

'P-(s3 + 54)4(5 5)2
12

P~(s 3ts 4)2-(5 5)

12

FEM ¢p3 =

FEM g, =

2
w-l .
M= B M 4=7.799 Ibfin

FEMp = FEM g, +My  FEM g =140.603 -Ibfin

FEM| =FEM g3 +My  FEMy =144015-bfin

HNF-2474, Rev. 0
Page D-32

Ref. 13, Page 528

Distributed Load (Conservatively assumed as spanning full length of beam.)

FEM g3 =136.216 -Ibfin  Left Fixed End Moment resulting from Concentrated Load

FEM g, =132.804-Ibfin Right Fixed End Moment resulting from Concentrated Load

Moment resulting from Distrbuted Load
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REEL SHAFT FORCES AND MOMENTS
Determined by Moment Distribution Method for Beams

i 0.515 0.485]

Fixed End Moments | -56114.02 4316.09 -144.02 140.60
Reaction Due to Unbalanced Moment 5114.02 2557.01 -70.30 -140.60
Distributed Reactions 0.00 -3429.27 -3229.51 0.00
Sum 3443.83 -3443.83
Simple Support Reactions of:

Vertical Load, P/L + wL/2 (AISC) 2425.16 2046.95 57.64 56.31

Distributed Moments , M/L -405.16 405.16 335.98 -336.98
Sum 2020.00 2452.10 393.62 -279.68
Total Vertical Reactions at Supports 2020.00 Ib 2845.72 lbs -279.68 Ibs

HNF-2474, Rev. 0
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Reel Shaft Forces
Determined by Moment Distribution Method for Indeterminant Beams
BI = 2020.00-Ibf B3 = 2845.72:bf B2 = -279.68-Ibf
Bending Moments for Reel Axle (12}
D2 =10.032 %f D3 =10.69 %bf Weight per foot of Shaft
3
W i) =4465:10° of W g, =105-1bf .
5., 63 2 8 . 83
i
a=BI 2=202-10° Ibof W:lr:el W&\xbear
bi=a- (s))D2 b=2.017-10" -Ibf o7 ] D3
Y
bW ¢ =-2.448-10° -Ibf ér_] b &
di=o- (s,)D2 d=245210" +Ibf B
T el g
N N
¢:=d+B3 ¢ =393.614-Ibf LS
v i
fze-(s3)D2 £=390.742 1bf
g=f- (s 4)»D3 2 =389.295 1bf |
c
hs g W h =284.295 -Ibf I -
"
t=h- (s5)D3 i=279.6711bf i
M M,
j=iv+B2 j=0-Ibf W, s
L BICH %
Maximum Bending Moment on the Shaft
(a~b)~(sl) 4 . . )
M= b-(s 1) — M| =7.851-10" -Ibfin < Maximum Bending Moment
(d-¢)(sy
My= My + c-(52)+-——2(—) M, =-3.444:10° “bfin
(e-1f)(s3
Mj = My ﬁ(s3)+% M3 =2097:10° -btin
(f-g)r(sq
My=Msz+ g-(54)+% M4=~1.463-103 -Ibfin
_ (h-1)y(s5) I A
Ms=My+|ifss)+ — M 5 =0.554 -Ibfinssz 0-(Ibfin) HNF-2474, Rev. 0
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Equivalent Radial load - Radial Ball Bearings

Shaft End (B1 and B2) Bearings

Pillow Block, RSAQ (1-1/4" Shaft Diameter)
Bearing, GN104KRRB

C = 4500-Ibf

KThr=0

Ref. 27, Pg 174
Ref. 27, Pg 144

Published STATIC LOAD RATING (Maximum Permissible Radial Load)

Number of adjacently mounted bearings.

Maximum APPLIED RADIAL LOAD on Bearings

APPLIED THRUST LOAD on Bearing

Thrust Load Factor for Ball Bearings (from Table 2)

Formula for Single Row WIDE INNER RING BALL BEARINGS

Equivalent Radial Load on Bearing is the Larger result of the two following Formulas

P:=056R+Y Thr P=1131-10° Ibf

P:=R
25C,
P

SF :=

Fail

" act

P =2.02:10° -Ibf

SF =5.569

Relative Thrust Load Factor for Ball Bearings

Ref. 27, Pg. 174

Ref. 27, Pg. E-50, Table 1.1

Ref. 27, Pg. E-51,
Table 2

Ref. 27, Pg. E-50, Table 1.2

Given that actual bearing failure (ball fracture or disintegration)

would require 2 to 3 times the Static Load Rating, a factor of
2.5 times Co has been assumed to represent Ultimate Strength. Ref. 28

Safety »5 0K

HNF-2474, Rev. 0
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Center Bearings (B3}

Flanges, RCJO (1-15/16" Shaft Diameter)
Bearing, GN115KRRB

Ref. 27, Pg 186
Ref. 27, Pg 144

Ref. 27, Pg. 174

Ref. 27, Pg. E-50,
Table 1.1

C o 1= 8000-1bf Published STATIC LOAD RATING (Maximum Permissible Radial Load)
ig:=2 Number of adjacently mounted bearings.
kB3 Maximum APPLIED RADIAL LOAD on Bearings
Thr = 0Tbf APPLIED THRUST LOAD on Bearing

Thr . .
Koppr = = Ky =0 Relative Thrust Load Factor for Ball Bearings

1 B

Yq=0 Thrust Lo Fasiom f2- BeY Bearings (from Table 2)

Formula for Single Row WIDE INNER RING BALL BEARINGS

Equivalent Radial Load on Bearing is the Larger result of the two following F"crmutas

Pi=056R+ Y The P=1594-10" -Ibf

P =2.846:10" -Ibf

SF =14.056 Safety factor > 5 OK

HNF-2474, Rev. 0
Page D-36
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Radial Distance from Reel Axis to Outermost Coil of Wire Rope on Reel

HNF-2474, Rev. 0

Page D-37

Wrap Diameter Circumference Radius
d ®
Hub Diameter 11.75 36.91 5.875
Wrap 1 12.25 38.48 0.25
Wrap 2 12.75 40.06 0.25
Wrap 3 13.25 41.63 0.25
Wrap 4 13.75 43.20 0.25
- Wrap 5 14.25 44.77 0.25
Wrap 6 14.75 46.34 0.25
Wrap 7 15.25 47.91 0.25
Wrap 8 15.7% 49.48 0.25
Wrap 9 16.25 51.05 0.25
Wrap 10 16.75 52.62 0.26
Wrap 11 17.25 54.19 0.25
Wrap 12 17.75 55.76 0.25
Wrap 13 18.25 57.33 0.25
Wrap 14 18.75 58.90 0.25
Wrap 15 19.25 60.48 0.25
Wrap 16 19.75 62.05 0.25
Wrap 17 20.25 63.62 0.25
Wrap 18 20.75 65.19 0.25
Sum 933.05 10.375
Length of Wire Rope 933.05 inches
{Length of Wire Rope 77.75 feet).
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Axle 12 Center Bearing Stresses

B3 .= 2845.72-1bf Vertical loading at Center Bearings

M2 := 3444-1bf in Moment at Center Bearings

Bearing Stress on Wall at the Screws

Plate Thickness

Hole Diameter

A= (%dv.h> A =0.54+in Bearing Surface Area.
Iof .
S y = 36000~—2 Yield strength of ASTM A36
in’
~ - 4 Ibf
Sa= 098y 8y =32410 o2 Alowable Stress
act 2 ISP 1.318-103 Eb—f Calculated stress on 1/2" wall plate.
4A in”
Sal
SF := SF =24.591 Safety factor > 3 OK

HNF-2474, Rev. 0
Page D-38

Ref. 33.5
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Ref. 33.5, Sh. 3
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Check stress on 5/8 - 11 - UNC - 2B Hex Head Screws

Shear
ny =4 Number of Screws per Housing
np=1 Number of Bearings
n=ll Number of threads per inch
D:=—m

Major Diameter of Screw

09743} . “ P

.2
A 1=0.226"in
U n /o T

Tensile Stress Area of Screw

Ref. 33.5, Sh. 3

Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2

L ER100000 5 B8T Stainless Steel Fasteners
S o= 017F S = 1A7-104 “psi Allowable shear strength of screws Ref. 7, Pg. 4-5
B3 _ 8 g
act " Ry S act =3.148:107 -psi Calculated shear stress
<.
"t =54 Safety factor > 5 OK
S act
Tensile
ny =2 Number of Screws stressed by Moment Ref. 33.5, Sh. 3
d:=5.125in Center to center distance of housing bolts.  Ref. 27, Page 186
-
d .
y:= % Housing base edge to screw C;_distance to
| ot determine maximum prying stress.
oHA
M2 3 . . A
Popes—= F1=1344-10" -lbf Tension on Screws resulting from combined
ngy moment on housing
act = vAT T 4ot =2.973+107 -psi Calculated Tensile stress at each screw
T, = 033F, Allowable Yield Strength in Tension Ref. 7, Pg. 4-3

Tan
= 11.098 Safety factor > 5 OK

act

HNF-2474, Rev. 0
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Design of Reel Axle
W b = 4290-1bf
R := 10.375-in
T:= Wi R T =4451-10" -inIbof

M, = 7851-Ibfin

Weight on the Reel Hub

Outer radius of reel plus 18 layers of

1/4"x 1-1/2" flat wire rope wraped on the reel.

Applied Torsional Moment on winch axle

Maximum Bending Moment

Determination of Torsion on a Shaft of Varying Diameters

Ref. 14, Page 74.

I = (4.61 + 3.435)-in iL = 1.625-in Shaft Section Lengths
AB BC Lap  Lac
d ppg = 1.9375-in dpg=2in Shaft Diameters
Wreel Wyear
Gs = Gb Modulus of Rigidity \’I,
dag — d
TL 32 AB BC
9 = [—2 Twist Angle A B c
G n-d4 .
Eguation 1 Equation 2
a8 = ®BC Tap+Tpe = T=4451-10* ofin
Taglas 32 | _ /Teelec n
Gs "'dAB4 Gb “‘dBC4 Tag= T-Tpe
Taplag| _ (T Bclpe
4 4
dAB dpc
T Lpc) [dag’
F—A—B= X s (%) -— x=0.178
BC AB/ {dpe
Tag= Tpex
Tag = TaB
Tpe® = Tapplied~ TBC

(Tpex) *Tee = Tapplied

Tpo(x+1) = Topplied

Tom iz —
BCT x+ 1)

Ta=Tpcx

- Tpc=377910" Ibfin

T pp =6.722:10° “Ibfin

Torsion on Section B

Torsion on Section A

HNF-2474, Rev. 0
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Design of Reel Axle , (continued.....)

S y= 120000-% Yield Strength of ASTM A291-92, Class B Steel
. in’
Ib .
S aic = 0:30-8 ¥ S anic =3:6° 104 ~—§ Maximum Allowable Shearing Stress Ref. 8, Pg 270
in for Combined Torsion and Bending ((b), Below Table 2)
Py=0.758 ¢ P =2.7'104 Ezf Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270
in’ using Keyways
B=1 - B defines hollow shafts and is assumed Ref, 8, Pg 270
- as 1 for solid shafts. (Below Table 3)
(5= L8 Combined Shock and Fatigue factors for Ref. 8, Pg 270, Table 1
Kp=15 Steady, gradually applied, loading
1
1 3
2
Do B 2 (K My + (Ko Tpe)?| | Do=19554in  Minimum Required Ref. 8, Pg. 269,(32)
Py ] Shaft Diameter for Combined .

Bending and Torsional Loading

D gt = 1.9375in Design Shaft Diameter

D athD < Qﬁ

HNF-2474, Rev. 0
Page D-41

Acceptance Criteria for Minimum Shaft Diameter
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Key stress
Key, Reeland Spur Gear (typical) =1/2"x 1/2"x4.75".

Iof i
F}\y:: 100000 2F Yield Strength for
.2

n

SALy = 0STTFyy  SAy, =577-10° psi Allowable Shear Stress .
Reel " Spur Gear
A e = (0.50-in)-(3.75-in) A jyg = (0.50n)-(475-in)
A op = 1.875-in” Aoy =2.375+in
kyr kyg — <
d g = 1.9375-in dBC = 2-in
_daB _dpe
rp= —2— rg = —2_.
T T
AB 3 _"BC _ 4
F"'y‘":r_, F gy =6.939-10° -Ibf Flye ™ . F iy =3779-10" -
F Ibf Fiy,
S kyr = for S g =370110° = Sty s Syyg=159110° -
Akyr in’ Akyg
Sy o Py
rtg g g
kyr kyg
SF ,=15.591 >3 OK SF ¢ =3.627 >3 0K

HNF-2474, Rev. 0
Page D-42

Ibf

Ref. 33.5, Page 5

(ASTM A 276-94b, Type 304, Condiiton B)

Ref. 11, Page 370

Area of key cross section

Shaft Diameters

Shaft Radius

Force’on key

Stress on key

Safety factor
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Loading on Circular Hub

Eorces / Moments on Reel Hub

W Hub -= 4290-1bf Weight on Reel Hub

T = 44510-1bf in Torsional Moment

Tension = Wy~ Tension =4.29+10° -Ibf Tension on Rope

d:= 1.5:in Rope Diameter (Width of Flat Wire Rope) Ref. 33.1

D:= 11.7§-i_n Hub (Drum) Diameter Ref. 33.5, Page 6

P M P =486.809--M Radial Pressure - Ref. 8, Pg. 334

D-d in?

h = (2.255)in Hub Thickness (Radial)

D= (11.75in-h) D, =9.495-in Hub Mean Diameter

cire := D ) circ =29.829+in Hub Circumference at mean Diarneter

F_q:=Pd F _,4=730.213 l—b—f Distributed Force due to Radial Pressure  Ref. 33.5, Sh. 4
rad rad A

Forces and Moment on Reel Hub

Stresses on curved beam are calculated using the standard straight beam formula, S = M¢ /1, multiplied
by a Stress Correction Factor, K. This calculation considers the initial straight beam length to be the
distance between bolts, or 1/8 of the hub circumference.

cire
J1ZF=0= WHub*“Frad'(?)-RrRz

cire circ cirel {cire
+ =0= Royi— |- Wywl—-Fpmgl—F—
Dimcor () ] ol

cire cire\ feire
W A2+ B (_ 1=
Hub(16)+ rad\8>(l6>

3
Ry = R 5 =3.506-10" -1bf
: sire ’
8
cire 3
R ;:WHub,,Fmd.(?)_Rz R =3.506-10" -1bf

HNF-2474, Rev. 0
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Bending Moments for Hub as a Straight Beam

Wi
e ERENNSRENEY
bra-F g (%) b=2.14510° «Ibf
e b - Wy ¢=-2.145-10" “Ibf {l - . _Z
d=o-F g (%) ‘d=-3.506-10" -Ibf 2 8\ ’
e=d+R, ¢=0Ibf ’

Maximum Bending Moment for Hub as a Straight Beam

I
(a_b).'mﬁ\

Moeb (8, A sa68010° Dbfin
17178 2 I

Calculated Straight Beam Stress

b= 24in Hub "Length" (Axial) b —
h=2.255-in Hub Width (Radial) M
bh® T 7"
=22 1=1911-in* Moment of Inertia J
12

Parameters for determination of Stress Correction Factor, K

¥
i

=4.211

o |®

-

N

Interpolation of correction factor for inside fiber
A.-B:
1 1

Aj=4 a;=12 xi’=m-(ai—ci)
B;=4211 b;
CiEG CiEl.lz bi'=ai—xi bi=l'192

HNF-2474, Rev. 0
Page D-44

Ref 8, Page 242

Ref 8, Page 243

Ref 8, Page 242
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Calculated Curved Beam Stress

M e
S:= 1
I

S =3.108-10" -psi

3 g
S aet=byS S et =3.703-10" +psi

S v 120000-psi

S 1= 0458 San =54.10* “psi Allowable Tensile Stress

y

S
S all _4sa1 Safety Factor >3 OK

act

HNF-2474, Rev. 0
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Maximum Stress for inner fiber of a Curved Beam

Yield Stress for ASTM A-291-92, Class 6, (BHN = 321)

Ref. 11, Page 12
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Analysis of Reel Hub Connections
W b = 4290-1bf
P:= 486.809'&2f
in

fbf
Fiag= 730.21343

T = 44510-Ibf in

b= 2:in

h = (2.255)-in

D, =(1175in-h) D, =9495+n

circ =D circ =29.829-in

Concentrated Vertical Load on Reel Hub

Radial Pressure

Distributed Force due to Radial Pressure
Torsional Moment
Hub Length (Axial)
Hub Thickness (Radial)

Hub Mean Diameter

Hub Circumference

HNF-2474, Rev. 0
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Check stress on 1/2 - 13- UNC - 2A x 1-1/4 L Hex Head Screws

ny =8

974
A= 0A7854-HD = (0 4 3)

F  i=:125000-psi

S = 017 F
P-circ
W rad = ng
Wit Wgb
Set T AT
baT
2
= W rag'®
Mpaqg = 12
W kb
Mon = 3
~ Mpag + Mgon
[ h
5
W
act © 'K";
T, 33F
San Tan
T
act Tact

Ref. 33.4, Pg. 4, Item 63
Number of Screws

Number of threads per inch
Major Diameter of Screw

Ap=0.142 “in? Tensile Stress Area of Screw Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners
a0t
S a1 =2.125:10" «psi

Allowable shear strength of screws Ref. 7, Pg. 4-147

=181510° £
n

w Uniform Load resulting from Radial Pressure,

per screw.

rad

S act =6.977-103 psi Calculated Shear Stress Ref. 7, Pg. 4-147

M g =605.051-Ibfin  Moment due to racial loading. /"—wm’
1

U:% h=2225"

M (on =134.063 -1bfin  Moment due to concentrated loading.
rzzz]

e
W =655.533 -1bf Tensile Force on Screw i

> 2% b

S act =6.977-103 *psi Calculated Tensile stress

T =4.125-10" “psi Allowable Yield Strength in Tension

SF =11.975 Safety factor > 5 OK

HNF-2474, Rev. 0
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Weld Stresses Resulting from Radial and Vertical Loadin:

WELD PROPERTIES:

Ref. 9,Pg. 7.4 6 &7

Y
d:=11.75-in Weld Diameter
z q z a
{ Cy:= 5 Cy =35.875:in Location of center of gravity wrt b.
X ) d
Y Cz = 5 Cz =5.875-in Location of center of gravity wrt d.
- Aw = 7nd Aw =36.914in Weld length
2
7-d .2 .
Swy = = Swy =108.434 «in’ Section modulus
Swz := Swy Swz =108.434+in”  Section modulus
7 13
Jw i T“ Jw=1274-10" «in® Polar Moment of Inertia
JOINT L OADS:
F faglin
Tensile  Fx:= = Fy = W qprsin(61.1-deg) Fz = W ypyrcos(61.1-deg)
Moment  Mx = I My = Fz- 4 Mz := Fy- ®
. 2 2 2
WELD STRESS:
B My Mz\® (Fy MxCy\? [Fz MxCz\| Ibf
fw = R A I b Ak | T (L fw =266.512—
Aw  Swy Swz, Aw Jw Aw Fw

FILLET WELD SIZE REQUIRED:

m

S := 15800-psi Allowable Weld Stress per AWS & AISC Ref. 8, Pg. 7.4-8
_ fw
we= 0.707-S w =0.024 -in Minimum Allowable Fillet Weld Required by Design
Code (i-in) Minimum Size Fillet Weld Required by Code Ref. 7, Part 5,
16 for material thickness > 3/4". Section J.2, Table J2.4
w
SF gy - ——%  SFg, =13.098 Safetyfactor >3 OK
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Tooth Loading on _Gears Ref: 33.5, Sh. 1

Adle 15

[ el = 10.375in Maximum Radius of Coil on Reel

Ios:= 9-in Pitch Radius of Gear 25 Ref. 20, Page A 83

Ty4 = 2+in Pitch Radius of Gear 24 bRef. 20, Page A 83

Gear 25
1= 6in  Pitch Radius of Gear 26 (Worm Gear) Ref. 20, Page A 83
T worm = 2:00-in Pitch Radius of the WORM
Wppgp = 4290-1bf Weight on Reel Hub

Tip=WiHubTreel 112 =4.451-10* -Ibfin Torsional Moment on Axle 12 imposed by Winch Reel

T2

Firan = Ftran
r25

=4.945-10° -Ibf Force transmitted to Gear 24 by Gear 25

T115Firant24 Ty =9A891-103 +Ibf-in Torsional Moment on Axle 11 Gear 25

Tn

worm

r26

¥ F =1648-10° Ibf Axial force on Worm by Gear 25

worm

AGMA strength Formuia A
AGMA Strength Formula Ref. 12, Page 407

S y = 120000 Yield Strength for ASTM A-291-92, Class 6, BHN = 321
Interpolation of Ky

A;=250  a;=24 xi:=A'_C"(ai—ci)
B;=321 b, »ot
C;=450  o;:34 DgE=ag=Rg Y=L
Ky =b; K =2755 Life cycle Requirement
Temp := 220 Operating Temparature
Kp= 250 < Temperature Requirement
620
Kri=15 Reliability Requirement
s y'KL 5
= S§=2.01-10 Calculated Allowable Strength for Gear Teeth
KrKgr
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Lewis Beam Strength Formula (Barth Revision) for Tooth Loading on Spur Gears

Gear 25

- 54 tooth Spur Gear on Reel Axle (12)

Djys5:=18 in
F:=3 in
P:=3

Y =0.352
pm = 1.08

ft
V= 0262:D g5pm V =5.093 ~—
- min

¢ = 600

Woes E( ° VW w=701410" 1ot
P c+V

F 1 = Wibf
T
12 <103
o= — F ot =4.945:107 -1t
I25
F
SF = %L“ SF =14.183

act

Pitch Diameter
Face Width
Diametral Pitch
Tooth Form Factor
Reel Speed

Pitch Line Velocity

Material Constant for Metallic Gears

Maximum Safe (Allowable) Loading

Safety factor >3 OK

Lewis Beam Strength Formula (Barth Revision) for Tooth Loading on Spur Gears

Gear24 - 12 tooth Spur Gear on Axle (11)
Dyg=4 in Pitch Diameter
GR = 4 Gear Ratio
12
F:=4 in Face Width
P:=3 Diametral Pitch
Y = 0.210 Tooth Form Factor
V= 0.262:D 94 (GRrpm) V =5.093 £ Pitch Line Velocity
min
¢ = 600 Material Constant
W= ¥( °V> W=5579-10" Ibf Maximum Safe (Allowable) Loading
C +
F = WIbf
T 3 )
ke F ot =4.945-107 -Ibf Actual Loading on Gear 24
24 .
Fan
SF = SF =11.282 Safety factor >3 OK
F act

Ref. 20. Pg. 15

Ref. 20. Pg. 137

Ref. 20. Pg. 137

Ref. 20. Pg. 137

Ref. 20. Pg. 15

Ref. 20. Pg. 137
Ref. 20. Pg. 137

Ref. 20. Pg. 137
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Worm and Worm Gear Analysis Ref. 11
1:= 4.767-deg Lead Angle Ref. 20, Page A 83
f,0= 14.5-deg Pressure Angle Ref. 20, Page A 83
m := 0.06 Coefficient of friction Ref. 11, Fig. 13-42
W gy e 1 3 Transmitted Load onto the GEAR Ref. 11, Edition 1
Gt~ = o a i h 0
r26 W =LERE b Normal to the worm-tooth profile, Page 453
_ - neglecting friction.
W= Wy
W = Weeos fn)sin(l) W =132.631-1bf Tangential vcomponent of force onto the worm Ref. 11, Edition 5,
Page 565
= W-sin fn) Wy =412.744 -1bf Radial component of force onto the worm,

/= W-cos(fn>-cos(l) W, =1.5910° -Ibf

W gt = W (cos ‘\'l'n>-ca>(i) = m-siuu))

Normal to the worm-tooth profile,
W ot =1.582-10> -Ibf  friction considered.

W= Wy - mWsin(l) W, =1582:10° -bf Axial force on the WORM.

Wt = WitmWeos(l) W, =231.1971bf

Transmitted Load onto the GEAR

Axial component of force onto the worm.

Ref. 11, Edition 1,
Page 454

Tangential force acting on the WORM.

Ref. 11, Edition 5,
Page 565

w ga " -W ot Wga =~231.197 -1bf Axial force acting on the GEAR.
Wg: = Wy = W Wgr =412.744 -1of Radial force acting on the GEAR.
Wgt =W Wgt =—1.582~103 -Ibf Tangential force acting on the GEAR.

T = T worm W wi T =462.3%4 Ibfin

Required Torsional input to the WORM.

Ref. 11, Edition 1,
Page 454

* Due to the greater contact area and inherent strength of the worm teeth over the gear teeth,
a comparative analysis of the worm Gear will be considered as a conservative comparison for

the worm for this calculation.
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Gear 26 - 36 tooth Worm Gear on Gear Axle (11)

Lewis Beam Strength Formula (Barth Revision) for Teoth Loading on Spur Gears

Dyg:=12 in Pitch Diameter Ref. 20, Page A 83
Fi=2 in . Face Width Ref. 20, Page A 83
P:=3 Diametral Pitch Ref. 20, Page A 83
Y =0.223 Tooth Form Factor Ref. 20. Pg. 137
- ft
Vi=0.262D 56 (GRrpm) V =1528 -~ Pitch Line Velocity Ref. 20. Pg. 137
mn
¢ = 600 Material Constant
SFY [ ¢ 4 . .
W= S 5 W=2913-10" Ibf Maximum Safe (Allowable) Loading Ref, 20. Pg. 137
C+

F 4= Wbt

T =4.945-10° -
F ot = -4 Faot=4.945:107 -Dof ) Loading on Gear 26

26

Fay

SF := T SF =11.282 Safety factor >3 OK

act

HNF-2474, Rev. 0
Page D-52



ICF KAISER . Cale. No.  W-320-27-019

Revision No.: 0

HANFORD COMPANY PageNo. g~/ of 7¢
DESIGN ANALYSIS o
Client ~WESTINGHOUSE HANFORD COMPANY WO/Mob No.  ER4319 Filename WIN-15.mcd
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95 8y D.L.STONE .
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked 9/ §/95” 8y M.R. CUSTER A7/-C~
Locaton C TANK FARM .- HANFORD 200 EAST AREA Revised By

Shear on Gear Axle {71) Bearings

D2 = <6.01-1%f) D3 := (3.77-%> Weight per foot of Shaft Ref. 7, Page 1-108
51 :=3.815in LS1—T-—Sz 53—I—54
sq:=1.135in Wyear 26 Wyear24
s3 = 1.46in _.J__'#‘
54 .= 3.66in > X A
W gearzs £ 401E  Wogo e nibf  BY 4P e R

Gear Shaft Forces

1SF=0= BI1+B2-D2(495in) - D3-(.1240) - W gonrng - W gearze
)8 Mgy= 0= (B210.07in) -

Y
— <4.95~1n)
2

4,95-in>2
2

o

= (D3-(5.12in) (7.51in)) = W gearog (641i0) = (W goppq3.815:im)

+D3:(5.12:i0)-((7.5140) + W gorog (6:41:40) + W gopo6:(3.815-in)

B2:=

10.07-in B2 =23.66+1bf
Bl = D2:(4.95in) + D3-(5.12:0) + W gearg + W gearog - B2 O
Shear
266 2 184 25
a:= Bl a =31.427 -Ibf
Wyear 26 Wyear24
b=a-(s)D2 b=29.517Ibf - , J
D2 D3
c=b-W gear26 ¢ =-10.483 -1bf /i\
B2
d=c- (s,)D2 d=-11.052 -Ibf o
a
e=d- (s3)D3 =-11.51Ibf e i
fzo- Woeand £=-22.51 -Ibf v .
] ]
= f- o = . d
g=f (s 4) D3 g =-23.66 +1bf I ] ‘
hi=-(g+B2) 1=3534-10" Ibf 2w 0 " y |
1
2
L _—h‘\_,_\l"li
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Maximum Bending Moment on the Shaft

(a-b)s,
M, :=b-(s 1) +[T

Mo=My+ c-(sz>+ 5
May=My+ d><s3)+—2—~
M4'=M—3+ 5(54)*(—%:-2&4-)

<d'°>'(82)]

ot

M =116.251Ibfin <-mmememmmee Maximum Bending Moment

My =104.03 -Ibfin

M 5 =87.56-Ibfin

M 4 =3.068Iofin

'Equivalent Radial load - Radial Ball Bearings
Pillow Block, RSAO (1-3/16" Shaft Diameter) Ref. 27, Pg. 174

Bearing, GN103KRRB

Ref. 27, Pg. 144

C, = 3550-1bf Published STATIC LOAD RATING (Maximum Permissible Radial Load)
Ref. 27, Pg. 174
ig= Number of adjacently mounted bearings.
2l os
R:= Bl 2 Maximum APPLIED RADIAL LOAD on Bearings
231.197
Thr := 3119 -Ibf APPLIED THRUST LOAD on Bearing
Thr " .
KThr = 7 K p =0.033 Relative Thrust Load Factor for Ball Bearings Ref. 27, Pg. E-50,
igC, Table 1
Y =200 Thrust Load Factor for Ball Bearings (from Table 2) Ref. 27, Pg. E-51,
Table 2
For Single Row WIDE INNER RING BALL BEARINGS
Equivalent Radial Load on Bearing is the Larger result of the two following Formulas
P:=R P =31.427 -1bf Ref. 27, Pg. E-50
Table 1

P:=0.56:R+Y -Thr P =248.796-lbf

Fan
F

C
e ? =
P act

SF =14.269 Safety factor >3 OK

Due to low reactions at shaft ends, bearing stress on the wall at the Flange and boit prying stresses
have been considered negligible relative to material tensile strengths.
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Design of Gear Axle (11)

Tyy = 9891Dbfin  Tqp =9.891-10° -inlof

Applied Torsional Moment on Axle 11

My =M, M}, =116.251 -Ibf'in Maximum Bending Moment on Winch Axle
B Ibf Yield Strength for
B L= (ASTM A-291-92, Class 6, BHN = 321)
m
4 Ibf . .
S e = 0308 y S e =3:6°107 — Maximum Allowable Shearing Stress Ref. 8, Pg 270
in2 for Combined Torsion and Bending {(b), Below Table 2)
P:=075S 0 Py =2.7-104 E Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270
in2 using Keyways
B=1 B factor defines hollow shafts and is assumed Ref, 8, Pg 270
- as 1 for solid shafts. (Below Tabie 3)
Ky=10 Kpn=15 Combined Shock and Fatigue factors for Ref. 8, Pg 270,
1 Steady, gradually applied, loading Table 1
3
S1T 2 2 2 Ref. 8, Pg. 269,(3a)
D,.=B —t KuMp) + (KT ] _ . Required Shaft Diameter for Combined
¢ Py ( o ) ( ) 1D SRR Bending and Torsional Loading

D geri= 1.3134in Design Shaft Diameter

D ,t2D OK

act

HNF-2474, Rev. 0
Page D-55

Acceptance Criteria for Minimum Shaft Diameter



ICF KAISER

HANFORD COMPANY
DESIGN ANALYSIS

Client ~ WESTINGHOUSE HANFORD COMPANY

Cale. No.  W-320-27-019
Revision No.: 0
Page No. 47¢/ of /7

WIN-15.mcd

By -M.R. CUSTER A7/(.

WO/Job No.  ER4319 Filename
Subject WINCH ANALYSIS - SLURRY/SLUICE PUMP Date 9/8 /95 8y D.L.STONE
PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked Cf/g//r,s/
Location C TANK FARM - HANFORD 200 EAST AREA Revised By
Key stress

Key, Spurand Worm Gear (typical) = 3/8 " x 3/8"x 2.375".

Ay [2in)2375in AL =0891-in? Area of key cross section
k=3 k

Ref. 33.5, Sh. 5, ftem 11,

Sh.1,ltem 78
. Ibf Yield Strength for
oy TTB== (ASTM A 276-94b, Conditon B, Type 304)
m
- B 4 Ibf
S a1 = 0.577°F y S a1 =5.77-10 -—2 Allowable Shear Stress Ref. 11, Pg. 370
: in
Worm Gear (26) Spur Gear (24)
15 1.1875
Fy i —in £y ——in Shaft Radius
2 2
T 4 Th 4 .
I gy B = Fiow =1.319-107 -1bf Frs=— Fy s =1.666-10" +Ibf Force’on key
Tw Is
Fiaw Fi. .
Sy = S 1o = 148220 1 Sper—= sy =1g710 Stress on key
Ak ) Ak 0 2
mn m
_San San Safety factor
SF = SF = —
S kw Sks
SF 4 =3.897 >3 OK SF 4 =3.085 >3 OK
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Design of Worm Axle (15)

Wgt = 1582-1bf Transmitted Load onto the GEAR normal to the worm-tooth profile.
W = 17-1bf Weight of the worm
125 3.19 3. 1 125 937 4
W a = 1582:1bf Axial force on the worm. T mem ‘{
W oaxmax = Wwa + Wy Maximum Thrust loading on Bearing MT—M"I
Wt = 231197 1of Tangential force acting on the worm ‘T 444 444 g, 513
- . 288 { 1337
W g = 4127744 1bf Radial force acting on the worm. N Y

Load acting on bearings.

By inspection:
My, = 0.5W 0 (444-in) My, =916.292-Ibfin Maximum Bending Moment on the Shaft
Ry = 2:in Pitch Radius of the Worm

v Ry Wen Ty =462.3% bf in Applied Torsional Moment on the Axle

Determlne Minimum Diameter of Axle Required

s 120000- Iof Safe Static Stress for.40 C. Alloy (Heat Treated)
y*© 2 (ASTM A-291-92, Class 6, BHN = 321)
in’
S aq1c = 03-S ¥ S alc =346'104 A Maximum Allowable Shearing Stress Ref. 8, Pg 271
in2 for Combined Torsion and Bending ((b), Below Table 2)
P¢:=0758 ¢ Py =2.7~104 RIL Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 270
in2 using Keyways

B factor defines hollow shafts and is assumed  Ref, 8, Pg 270
as 1 for solid shafts. (Below Table 3)

.Kt =10 Kp=10 Combined Shock and Fatigue factors for
1 Ssteady, gradually applied, toading ReflGRgI270Rablcyl
3

2
D, =B 31 [(K Mb) (K t-Tw)z] ; D =0579+in  Required Shaft Diameter for Combined

Pt Bending and Torsional Loading Ref. 8, Pg. 269, (3a)
D 4ot = (1.50)-in Shaft Design Diameter at Worm Centerline
D,42D, OK Acceptance Criteria for Minimum Shaft Diameter
HNF-2474, Rev. 0
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Allowable Loads for Radial Tapered Roller Bearings

Bearing: Timken TDI, Cone: 17116D, Cup: 17244, Bore Diam. 1.1875",

Fos W F=231197-1bf
FL= Wy F o =412.744 1of
W
F,= % F , =799.5-Ibf APPLIED THRUST LOAD per Bearing

(Ref. 26, Pg 212)

F3815in\> [F 3815in  F,é4in |
Foa : —o - F 5 =431.704Ibf
7.63-in 763in  2-(7.63)in
K:=1.53 Relative Thrust Load Factor for Bearings
0.6F o
Fp= *¥a
K

3
P:=0.5F 5 +083KF, P=1446-10" -Ibf

(Ref. 26, Pg 49, 50)

Bearing Reactions (Typical)

N P
. i DooaLE /v?‘l»"
Equivalent Radial Load for Single Row

(Ref. 26, Pg 40)

RADIAL TAPERED ROLLER BEARINGS

P oy = 1.374-(18100-1bf) Maximum Permissible Radial Load at 175 rpm
Pall
SF = == SF =17.197 Safety factor > 3 0K
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Key stress

Key =3/8"x3/8"x2.00"

Ay = (%-in)-z.oo-in Ay =075’

Area of key cross section

Ref. 33.5, Sh. 5, item 15
and Sh. 1, ltem 78

Ref. 11, Pg. 370

Ibf
Fy = 100000-— Yield Strength for
inz (ASTM A 276-94b, Condiiton B, Type 304)
o~ _ 4 Iof
8= 0577 Fy B =P = Allowable Shear Stress
n
15,
Tw=m Shaft Radius
Fp e Y F ., =616.5251bf
b7 kw =250 Forceon key
Frw Iof
Sy : S oy =822.034-— Stress on key
mn
S alt
SF = SF  =70.192 >3 OK Safety factor
S kw
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Stress on the worm axle Support Bracket IR S, (9, 6 [ 2
8.00.
3 ) ) =28
W ya =1.582:107 -Ibf Axial force transmitted to shaft at the worm I i
W _ - N - AE_‘ .
F housing = %‘- Force divided by number of bearings. -E,:}_ e 1628
L 600 — ?
w = 1.6251n Width of Housing base.
. 00—y
t:= 1.00-in Height of Housing base. 25
b=6in Distance between bolt o }— R 2
= 6in istance between bolts
2125 i g i
| T 0] 100
Cy=2125in Distance from Mounting Block to l
Bearing Center Line (Moment Arm) — ] 063

3 e
Mp=WauaCp,  Mp=3362:10" ‘Ibfin

Check Stress on Bearing Housings

Torsion at Base

3
S got =4:249-10

S = 145000-psi

S 4= 0358,
SF=—Y  SF=11.944
act

Moment on the worm axle pillow blocks.

“pst

Torsion per section

NEm

Ref. 11, Pg 55

=9

Formula to approximate
torsional stress on a rectangular area.

Utimate stress for ASTM A291

G

Ref. P, Pg 423

Safety factor > 5 OK
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Shear and Bending at Housing Ring

cup = 2.46:in Bearing cup Outer Diameter
Hypy = 4.00-in Bearing Housing Ring Outer Diameter
Hpy - cup
= — th =0.77 *in Metal Thickness at thinnest section of the bracket
Ay = (weth)-2 Ay, =2.502 -in2 Cross sectional Area at thinnest section of the bracket
S y = 120000-% Yield stress for ASTM A291
T
; —4g10* L Allowable Shear S 2
S 0.4»Sy S 411 =4.8-10 -7 owable Shear Stress
mn
F .
S pog = JIE g =316.084- % Calculated Shear Stress
A .2
b n
2
Z = 3}% Section modulus of minimum Cross sectional area
Mg+ My 3
T et = — T et =6-312°107 -psi Tensile stress due to bending.
4
T o= 0458 T a1 =5:4°107 -psi
T S
A g sss Zall 59858 Safety factor > 3 oK
T act 5 act
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Revision No.: 0
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Check stress on 1/2- 13- UNC - 2A x 1-5/8 L Hex Head Screws

Shear
ny = 2
ng =2
n=13
D:=—in
A= 0,7854.HD - (0'9743)-in A =0.238'in2
n

F, = 125000-psi
- - 541 4 .
S = 0.17F 4 S 11 =2.125-10" +psi

) F housing

_ 3 .
S et = W S act =1.664:107 +psi
all
— =12.768 Safety factor > 3
act
Tensile
w=1.625"in
= w
y: 2
Mp+M
FT-=(—u Fp=2633:10° -Ibf
ngy
T ot = 1 3
st AT T ot =5.539:10° -psi
4 .
Top=033F, Ty =4.12510" -psi
Tan
& —7.447
act

Ref. 33.4, Pg. 1, ltem 32
Number of Screws per Housing

Number of Bearing Housings
Number of threads per inch

Major Diameter of Screw

Tensile Stress Area of Screw Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners
Allowable shear strength of screws Ref. 7, Pg. 4-5

Calculated shear stress Ref. 7, Pg. 4-147

OK

Width of Housing base.

Housing base edge to screw Cy_distance to
determine maximum prying stress.

Tension on Screws resulting from combined
moment on housing

Calculated Tensile stress at screw

Allowable Yield Strength in Tension Ref. 7, Pg. 4-3

Safety factor > 5 OK
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Check Stresses in_Gear Housing at Axle #15 Bearing Housings
W, = 1582-1bF Axial force on the WORM.

W= 231.197-1bf Tangential force acting on the WORM.

Axial Radial
W= 412.744-1bf Radial force .
Base , := 1.625-in Width of Bearing Housing Base Ref. 33.5, Sh.5, ltem 2
Base | := 8.00-in Length of Bearing Housing Base
th:= G + 0A63>-in Plate Thickness
M:= W ,+(3.00-in) M =4.746-103 «Ibf-in
Shear on Housing wall due to Radial Loading
A := Base th A =1836 -in2 Minimurn Cross Sectional Area of Plate
<Wr)
S act = % S aot = 112388 psi Calculated shear at plate resulting due to radial load on worm.
Sy = 36000-psi Yield Strength of A36 plate at at 250°F.
S, =048 Sy =1.44:10% -psi
all =V Ry all =™ P Allowable shear stress
Sall
SF = SF=128.128 Safety factor > 3 OK
act,
Stress in Housing Wall due to Torsional Moment resulting from axial force. Ref. 7, Pg. 4-147
Basey Block edge to C|_distance to
v 2 determine maximum prying stress.
Base [ Base
_ Dasey Base w5 Moment of Inertia of Housing base
’ 12
_My _ 03
ke 1 B = HSEPIET e Calculated compressive shear at plate due to moment.
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Stress in Housing Wall due to Bending Moment resulting from radial force.
JZF=0= w_-R{-R,
W, w
. . r .
DEIM=0= (Ry1262in)- |—|L62in- | —|7.62in
R 2 2
1
w r w I
=5 -1.62-in + = -7.62-in w v
Rp=—+= e R, =151.1-Ibf - -
OZ-1n l’ lr
Rj=W_-R R | =261.644 -1bf
13 We-Ry 1 n,‘,\ a Ia,
1627, £.00° 5.007
re _-i
a=R; a=261.644-Ibf
a
W, ) ]
b=a- - b =55272-1bf b d
W, ¢
eEho |l ¢ =-151.1Ibf
2 2
Ml "]
d=c+R, d=0Ibf M,
Maximum Bending Moment on the Wall
M 1= 1.62-in) M 1 =423.864 <1bf in
M, = M + (6-6.00-in) M, =755498 Ibfin  <eooroeee Maximum Bending Moment

M3 = M, + (¢:5.00in)

Mg =-1258-10" -Iofin A

B all = 0.6'Sy
_th
v 2

 t(10.01m)
) 12

Ban =2.16'104 psi Allowable stress due to Bending Ref. 7, Pg. 4-147

¥=0.565+in Cy of plate.
I=1204-in* Moment of Inertia of Plate cross section

B4y =354.645 -psi Calculated stress at plate due to bending

SF =12.686 Safety factor > § OK
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Design of Drive Assembly Shaft

T 1= 462.394-1bf in
My, = 0-in-1bf

Applied Torsional Moment on the Axle

Determine Minimum Diameter of Axle Required

Maximum Bending Moment on the Shaft

§ = 120000'@ Safe Static Stress for.40 C. Alloy (Heat Treated)
Yo .2 (ASTM A-291-92, Class 6, BHN = 321)
m
4 Ibf . q
S aqic =038 y S ¢ =3.6°10" - Maximum Allowable Shearing Stress Ref. 8, Pg 270
- in’ for Combined Torsion and Bending ((b), Below Table 2)
Py=0758 c Py =2.7~104 1‘35 Maximum Allowable Stress for Solid Shafts Ref. 8, Pg 271
in2 using Keyways
Bl B factor defines hollow shafts and is assumed  Ref, 8, Pg 270
- as 1 for solid shafts. (Below Table 3)
Ki=10 K., =10 Combined Shock and Fatigue factors for
t
m 1 Steady, gradually applied, loading (R 6 PO, et
P
- Ref. 8, Pg. 269,(3a)
5.1 2

Required Shaft Diameter for Combined

[B) o =UAK Bending and Torsional Loading
D 4ot = 0.75:in Shaft Shaft Design Diameter
D 2D OK Acceptance Criteria for Minimum Shaft Diameter
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Calculation of Force Required to Compress Nut Lock Springs

Weight of Upper Shaft Assembly
Iof

WisE 6.01<F Weight per ft of 1.5" A36 Rod Ref. 16
L gec5 = 1444-in Length of Upper Shaft Ref. 33.3, 8h. 3, ltem §
Wq=wysLlsees W =7.232:Ibf Weight of Upper Shaft
Weight of Drive Assembly
W= 2.67-£f Weight per ft of 1" A36 Rod Ref. 16
2 f
L sec6 = 80.13-in Length of Drive Assembly Shaft Ref. 33.3, Sh.3,ltem 7
Wo=woLl e W, =17.829-1bf Weight of Drive Assembly Shaft

Estimated weight of Socket

bt .
Wigs =4l W3im[(0783 + 0358y inw o5 W, =039t  Upper Diameter of Socket

Wy = 10.68-%f Wy = [(2.358<in)‘w 2] W4 =2.099-1bf Lower Diameter of Socket
Wsocket = W3+ Wy W gooket = 2495 -Ibf
Weight of Nut Lock Ref. 33.5, Sh.5, Item 19
1bf . R
W pl375 = 16.5-—2 Weight of 3/8" Stainless Steel Plate Ref. 16
ft
d = 4-in Nut Lock Diameter
c:= 3491~in2 - ' Hex Cutout
p-d2 Total Plate Area of Nut Lock
ANLF=T-¢
4
WL = W pl375A NL W =0.992 +Ibf
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Weight of Drive Guide Assembly

Ref. 33.5, Sh. 6, item 21

R sone = 3in Cone Large Radius
I eone = 1-5in Cone Small Radius
h gope = 7-5+in Cone Height
A= p (R Zan (R Cone A Ref. 8, Pg 64
cone = P ( cone ~ F cone) *Neone ( cone * ¥ conc) onetaicd et. o, Fg
A sope =169.008 -in
d eyl 4-in Support Cylinder Diameter
hcyl = 371-in Support Cylinder Height

A= Pdgyrhep

A SecKK = pr (42 = 22>-in2

ADG = A gone T A oyl * A SecKK

Ibf
¥ s6opt = 7
i

WG = ADGVY 569p!

A oyl = 46.621 ~in2 Support Cylinder Area
A gecrr =37.699 ~in2 Area of Section K-K
A pg =253.329 -in2 Total Area of Guide Assembly

Weight per square ft of ASTM 569 Plate ~ Ref.16

W =13.194 -Ibf Total Weight of Guide Assembly

Wpa=Wi+Wo+ Weokett WNL* WG

Wpa =41.742:1f  Total Weight of Drive Assembly
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Spring Force

Ref. 33.5, Pgs 1, ltem 36

Pgs 5, ltem 19

L= 2254 Length of 1/2 -13 UNC-2B x 2-1/4 L Hex Screws gs 5, ltem 19
thy,p = 0.5in Thickness of baseplate.
th ) = 0.375-in Thickness of nutlock.
SL req L -th bp~ th; SL req = 1.375+in Minimum Spring length required.

- Ibf _ .lbf Spring Rate, Cat# C0O600-081-2000S Ref. 21, Page 19
[k o= QU (”;) REALI Multiply Spring Rate by 0.833 for Stainless Steel

= %in y=0.375in Length of compression (Plate thickness)
ng=3 Number of Springs
Fe=ngky F =49.668-1bf> Wp, Force required to compress n Springs y inches Ref. 11, Page 9

Strength of Nutlock Bolts

AN

i :

IX #.4D6 THRU
1.86 HEX THRU

I €.375]

[Tl i

00 —j f

T:=05Ty, T=231.197-Ibfin  Estimated Torsional Moment applied at the drive shaft
due to the transfer of load from Shaft 15 to the drive assembly.
W= T_ W =154.1311bf Force at bolt ring
1.5-in

M= W-(1.375in) M =211.931-1bfin  Applied Moment on Bolts
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Check stress on 1/2- 13- UNC - 2B Fasteners
Shear

Ny =3

n:= 13

D:= l<in
2

2
; .97
AT:= 0.7854-HD— (09 43>-in

F = 125000- psi

cd
S = 017F S 1 =2.125:10% +psi
w .
T S poy =362.069 psi
s
Zall _ g 601
act

Tensile Stress due to bending moment

I 1=0.003-in*

My 3 .
T T pot =5:757:107 «psi
n b'I

Tap=033F,

T
7166

act

] Ap=0142-in?

Ref. 33.5, Pg. 5, item 14
Number of Fasteners Sharing Load

Number of threads per inch

Major Diameter of Fastener

Tensile Stress Area of Fastener Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

Allowable shear strength of Fasteners Ref. 7, Pg. 4-5
Calculated shear stress

Safety factor > 5 OK

Major diameter of bolt

Radius of Bolt

Moment of Inertia of bolt
Calculated Tensile stress at Fasteners
Allowable Yield Strength in Tension Ref. 7, Pg. 4-3

Safety factor > 5 OK
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By M.R. CUSTER 474k~
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Design of Guide Idler

W 2= 4250-1bf

Resolution of forces on idler axle due to loading from winch cable.

Tension on Wire Rope

Dimension obtained from Autocad.

FH empty W pcos(6l.1-deg) FH cmpty =2.073-10

FV emp

FH gy11 = W 1-c05(76.66-deg)

FV g1 = W -sin(76.66-deg)

My, = FH g 3880

empty’

Stress on sheave axles

My, =8.044-10° “Ibfin

3
FV gy =4.174-10° -1bf

Ref. 33.5, Pg 1, View A-A

Ref. 31

3 b

. cr.1n3
ty_: W sin(61.1-deg) Fvempty =3.756-10" -Ibf

FH g =989.828-1bf

Moment on Bracket

b 3,00 —=

Maximum load condition at empty reel

Maximum load condition at full reel

Ref. 33.5, Pg. 4, ltem 8

Shear stress i l . ‘
D:= 1.5in Axle Diameter [<_ C 11| .
-D2 2 ez i) T
Ay PT A, =1767-in Cross Sectional Area W
W 3
W oaxle = = W axie =2-145:107 -Ibf Force of sheave assembly felt by each shear plane.
w o
S pets = AaXle S acts = 1.214'1()3 1‘% Calculated Shear Stress per axle.
a in’
1bf ’
S ¥ 120000-— Yield Strength for ASTM 291
in2
: 4810 2L Al s Ref. 11, Sec.1.8
S aps = 048 y S ang =4.8-10 '—2 owable Shear Stress ef. 11, Sec.1.
in’
S alls
g SF g =39.545 Safety factor >3 OK
S acts
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Bending stress

D, = 0.18in Thrust Washer Thickness Ref. 33.5, Pg. 4, item 7
(Moment arm on axle between sheave and housing.) :
M:=W e D Moment applied to axle
15 |
y = ——Z—»in Distance from centroidal axis to inside fiber. |
|
4 |
I:= pD Axle Moment of Inertia
64 -
My 3 Ibf . :
BogpE == B et =1.165:10 —2 Calculated Maximum Bending Stress per axle. Ref.8B, Pg. 177
I in’ (Table of Simple Stresses)
B =0758, By =910t Allowable Bending St
al =%y all = 2 YEUES Ref. 7, Pg 5-48
m (F2-1)
S o Ban
B~ = 5
B oot SF g =77.235 . Safety factor >3 OK
Stress on Bracket 2% R 1.3

Ref. 33.5, Pg. 4, ltem 5

41,6504
THRU 2 Hott

Shear, Horizontal

Q.6315 T
w = 0.672-in Width of Shear plane. 2x 3.88
th:= (3>-in th =0.375+in Plate thickness 2,75 —e=]
3 3.5 —
A = 2-(wth) A =0.504 ~in2 Area of bracket loaded by the axle.
S y= 30000-£f Yield strength of ASTM A240 Type 304
inz
S 1= (0.45)-S S =1 35'104 Jof Allowable Stress Ref.7, Part 5, Chap. D.3.1
all‘(-)‘y all =1 = lowable Str ollp b p. D.3.
m
FH
S ot = (e_mpty) S gt =41 14'103 E Calculated stress on brackets.
A .2
i’
S
sF =22 SF =3282 Safety factor > 3 OK
act
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By
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Bearing
4= 1.054in Hole Diameter
i pd _ .2 q »
A=2 T-th A =1242-in Bearing Surface Area.
Ibf A
S v 30000-— Yield strength of ASTM A240 Type 304
in2
_ 4 Ibf
Sai= (098 Sy =27-10 2 Allowable Stress
- m
FV bf
act® % S aet =34362'103 1—2 Calculated stress on brackets.
mn
San .
F o= SF =8.032 Safety factor > 3 OK
act
HNF-2474, Rev. 0
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Weld Strength at Base / Wall Connection

WELD PROPERTIES: Ref. 9, Pg. 7.4 6 &7
b= 0.38in Weld Outline Dimension - short side
Cyf d:=35in Weld Outline Dimension - long side
K
| Cy = & Cy=0.19-1
d oz =3 Y=o, Location of center of gravity with respect to y axis.
| s
—_ d N . .
L » _[ Cz:= 5 Cz=175-in Location of center of gravity with respect to z axis.
Aw=bd  Aw=133+n®  Weldlength
b.d 4
Iy:= =T Iy =0.016 “in Moment of Inertia about y axis
b<c<13 4
Iz:= N Iz=1358in Moment of Inertia ahout z axis
JOINT LOADS:
FV FH
full
Tensile Fx=— Fy = __e_szty Fz = 0-bf
My,
Moment Mx := 0-in1bf My := 0-inv Ibf Mz := =
WELD STRESS:
0.5
2 2 2
Fx Fy Mz-Cz 3 .
S got = (A_w> + (A_w> + ( = ) 8 yct =5-472:107 +psi
FILLET WELD SIZE REQUIRED:
S g1 3= 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg. 7.4-8
Sal )
SF := S SF =2.887 Safety factor based on full pennetration weld == >3 OK
act
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Check stress on 3/4 - 10 - UNC - 2B Screws
Shear
n b =2

0.9743

n

A= 0.7854-HD - (
F = 125000- psi

I
Sall ‘= 0-17'Fu S, =2.125:107 -psi

FH empty 3

act npAT

s
el g ss6

act

Tensile

yi= 1.75-in

My, =8.044-10° -Ibfin

My, 3
Fopo— Fop=439710 Ibf
y

T o= i1 3

st " AT T yor =6.872:10° +psi
T 033F,
T

ol 6003

act

)-in” A =0334+in?

=t § pot =3.099-10° psi

Ref. 33.5, Pg. 3, Sec.C-C

Number of Screws per Bracket
Number of threads per inch

Major Diameter of Screw

Tensile Stress Area of Screw Ref. 7, Pg. 4-147

Ultimate Tensile Strength of A193 Class2
B8T Stainless Steel Fasteners

Allowable shear strength of screws Ref. 7, Pg. 4-5

Calculated shear stress Ref. 7, Pg. 4-147

Safety factor > 5 OK

Bracket base edge to screw C_ distance to

determine maximum prying stress. Ref. 33.5, Pg. 4, ltem 5

Moment on Bracket

Tension on Screws resulting from combined
moment on housing

Calculated Tensile stress at screw

Allowable Yield Strength in Tension Ref. 7, Pg. 4-3

Safety factor > 5 OK
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Forces and Moments on Winch Baéeglate

Weights of winch and winch housing components.

Ref. 33.5. Pg 3

T:=4290-bf  Weight of Pump and Sheave Assembly | =T SQST bt 986~
162 10 7 st
Axle {5 = 610-Ibf [arte s faten [Housing! [Ate 12
I .. :v
d - 130- 2073
Axle 37 = 130-1bf 1552

Axle y5 = 162:1bf

R
]

v

13756

i

27.875

i

i

]

t

i

!

i

I J
L —
|

I,

3

Housing := 457-1bf ’ 9.0
Jcter
Idler := 9-1bf —
er 0 o ,—> 2073
F onn = 1582-1bf 4290 i o 1

RH =2.073-1

g

L e

RH := T-cos(61.1-deg)

RV = T-sin(61.1-deg) RV =3.756-10° -Ibf

o e

+|EF=0= F,=F

y + T+ Axle 15 + Axle 1 + Axle 5 + Housing + Idler

worm

= - 3 .
Fy=7.24-10" -Ibf

32 M=0= M = (T + Idler)-(10. 375-in) + ((RH)-(27.375 - 3.88)- in) + (Housing-5.945-in) ..

“— 83 —>|10 9.375 —»«— 8375

+[(Axle 11-837-in) + [ (Axle 15 + F oy ) 16.04-m] ] - [[Axlelz*(RV)]l%m]

M, =1.166-10° “Ibfin

Analysis for Stress due to central couple on a simp! orted plate.

Roark - Table 24 Case 20

(Moment produced by eccentricity of winch is considered centrally located for this
portion of the analysis and will produce conservative results.)

a:=22.5in
b:=9.375:in Radial distance to winch baseplate edge
=0.417 Ratio for determination of proportionality constants.

-

Radius to plate edge‘ Lﬁﬂ_"
L.

HNF-2474, Rev. 0
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Analysis for Stress due to central couple { continued...)

b:=1.73 Proportionality constant

a:=0.167 Proportionality constant

M:=M Moment at winch baseplate centerline
= 1.5-in Plate thickness

E =29 106~psi Modlus of Elasticity of Stainless Steel

=20 5 =3.984:10° -psi
at
Analysis for Stress due to uniform loading over a small
eccentric circular area of radius, r,,, for a simply supported plate.
Roark - Table 24 Case 18

a=225+in Radius to plate edge T
. . G Q
n=03 Poisson's Ratio
p = 14in Distance ffrom plate center to center of eccentric circle
ry=3in Radius of eccentric circle

W= (453 + 635)-1bf Weight at eccentric circle

(Weight of hose assembly and Vertical Jumper Nozzle loading.

Stress Resulting from moment imposed by Winch

Ref. 10, Page 367

Ref. 32

C:=2pa Winch plate Circumference
q (1-n)r 2
W ) a-p) “Wle .
LU 4p >l &Pl " }_ 2 M =201.913 @ Maximum Moment at the load.
© 4(a-p) in
6 M,
SpF % s, =538.435psi Stress resulting from Bending moment imposed at nozzle
t
S vE 25000 (psi) Yield strength of ASTM A240 Type 304L
B, =068 ¥ B = 1A5-104 *psi Allowable stress due to Bending Ref. 7, Pg. 5-49
B
all
SHS (5 —o n) SHSC S Safetyfactor > 3 OK
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Check Tensile Stress on 3/4 - 10 - UNC - 2B_Fasteners
Ref. 33.4, Pg. 1, Item 33
ny =2 Number of Fasteners
ms= 10 Number of threads per inch
3,
D= e Major Diameter of Fasteners
0.9743\ . .2 .
Ap:=0.7854|D - -in A1 =0334-in Tensile Stress Area of Fasteners Ref. 7, Pg. 4-147
n

F, = 125000-psi

y:= 18.75-in
M
T:=( o) Fy=3.109-10° -Ibf
nyy
et “ 3 T o =9.295-10° -psi
= =4.12510% psi
Ta1=033Fy T, =4125-107 «psi
T
L SF =4.438
act

Ultimate Tensile Strength of A193 Class2
B8T Stainless Stee! Fasteners

Distance between fasteners
to determine maximum prying stress.

Ref. 33.5, Pg.3

Tension on each fastener resulting from
combined moment on housing.

Calculated Tensile stress at each fastener

Allowable Tensile Strength of threaded fastener
Ref. 7, Pg. 4-3

Safety factor == 5 OK
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Winchplate Lifting Brackets

Wty -= 4290-1bf
Winch = 1365-Ibf
Hose := 494-1bf
Winchplate := 700-1bf

Weight of Pump and Sheave Assembly
Weight of Winc.h Assembly

Weight of hose and pipe assembly at Nozzle
Weight of Winchplate

Shieldplate := 453-Ibt Weight of Shielding plate

3

W= W g, + Winch + Hose + Winchplate + Shieldplate W =7.302:10" -Ibf

Stress on Lifting Bracket Bars

Shear stress in Lifting Pins

Ref. 33.5.Pg3

Ref. 33.7, Pg. 2, Item 13

Ref. 11, Sec.1.8

D= 2-in Bar Diameter
D’ 2
Ay p—4— A, =3.142+in’ Cross Sectional Area
W shear = (%’) W chear = 1.826'103 +1bf Force of sheave assembly felt _by each shear plane.
- Y shear =581.075 +psi Calculated Shear St I
S acts = A S gotg =581.075 +psi alculate ear Stress per axle.
a
Ibf ]
S yE 100000-~— Yield Strength for ASTM 276
in2
S qlis = 045 S s =410 psi Allowable Shear Stress
S alis
SFg:= SF g =68.838 Safety factor >3 OK
S acts
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Bending stress in Lifting Pin

Ref. 33.7, Pg. 2, Item 2

Ref. 8, Pg. 177
(Table of Simple Stresses)

Ref. 7, Pg 5-48, (F2-1)

L:=3.0-in Span of Lifting Pin Bracket
WA L . " .

= G Maximum Moment potentially applied to axle

y:= Lin Distance from centroidal axis to inside fiber.
4
1= & . Axle Moment of Inertia
64
B et = g Bt =6A973~103 -lbf Calculated Maximum Bending Stress per axle.
I in2
4 Ibf .
By = 0758 y By =75-10 -—2 Allowable Bending Stress
in’

SF o Ban

B g SF g =10.756 Safety factor >3 OK
Stress on Bracket Ref. 1, Pg. 4, ltem 6
Shear

w:= 0.97-in Width of Shear plane.

th= (%)m th=0.5+in Plate thickness

A = 2-(w-th) A =097-in Area of bracket loaded by the axle.

< Ibf
S v 2;000._2 Yield strength of ASTM A240 Type 304L

m

Sy (045)S Sy =1125+10% -psi

Allowable Stress

S act = —Z—WK S act =3.764~103 Eg Calculated stress on brackets.
in
Sall
SF == —— SF =2.989 Safety factor == 3 OK
S act

HNF-2474, Rev. 0
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Weld Strenath at Lifting Bracket Base

WELD PROPERTIES:

Y | . b= 0.5-in Weld Outline Dimension - short side Ref. 9,Pg. 7.4 6 &7
b d = 8in Weld Outline Dimension - long side
7 7—"" -z
X/ vy
Aw:=2-2:(b+d) Aw =34+in Weld length (2 Plates)
JOINT LOADS:
. W .
Tensile Fx:= by Fy = 0-1bf Fz = 0-Ibf
Moment Mx = 0-ine 1bf My := 0-in-1bf Mz := 0-in-lbf
WELD STRESS:
/
fw = kF—‘> fw =107.382 -l_ﬂf
Aw, in
FILLET WELD SIZE REQUIRED:
S := 15800-psi Allowable Weld Stress per AWS & AISC Ref. 9, Pg.7.4-8
W 5 72‘; 5 w=0.01-in Minimum Allowable Fillet Weld Required by Design

3
W Code = (g'i“)

w = l-in
act = |y

W act
= SF g, =26.007

SF gy = ——
w

Ref. 7, Part 5, Section J.2.2,
Table J2.4

Minimum Size Fillet Weld Required by Code
for material thickness of 1/2".

Weld size specified in design drawings. Ref. 33.6, Pg. 2

Safety factor based ona 1/4" weld >3 OK
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Series 1400

CN}:W Fomp 1IN Somp ) ox

In-Line Bearing Frame True Line Pumps

3 Partial emissions
hydraulics for optimum
efficiency

— Heads to 700 FT (213m) ac.

3550 RPM with a single stage

= 700 Ib. casing
» Back Pullout feature

= Mag Drive option
= High speed designs
available -

= Variable speed options

available

ries 1400 2° x 2* - 13" Veniical In-Line Pump

Optimized Low Flow, High Head Performance

True Line pumps from Lawrence
Pumps Inc. are designed to deliver
long term mechanical and hydraulic
reliability foryour low flow, high
head applications.

s Designed to API-610 Standards
Mechanical seal life is extended
because the robust shaft design.
combined wich low radial loads
minimizes shaft deflection
Alignment berween the pump
and motor is guaranteed by a
precision machined fit

Liberal internal clearances and
reduced radial thrust virtually
eliminate the potential for any
internal metal to metal contact

Extreme temperature designs
available (-50°F/-45°C t0
700°F/370°C)

= Back Pullout feature allows ease of

mainzenance without disturbing
the moter or connecting piping
2al chamber design accommo-

2 :le. Double and Tandem
al seals

lete seal flush piping
ments available

close clearance wear
box bushing, and
clearances on both the

k of the impeller are

Tr -2 design will withstand
4 process upsess, or loss
Hubrication is

HNF-2474, Rev. 0
Page D-82

improved Process Pump

Performance. Reduced
Total Cost of Ownership.
High efficiency 2t low flows
Stable operations az all desxan
points

Minimuzs shaft deflection at
off-design flows :
Reliable perfo
process upsers

nce through

Low NPSH charzcraristics

&_@LAWRENCE

PUNMPS INC.
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NEMA FRAMES 182HP - 443HP — (

ee drawings below.} - Dimensions ininches/millimeters

. CAST 1A TEAMINAL 80X A6 B HAFT
FRAME [d T Ak A3 AC AF N[ Ao | e3 B0 L3 8F S0 LGiSH Axtd)] STD | LG(SY ¥ Uiy (EUd)
1s2np | 950| 1ae | 75t 7751 631 | toal a12] 8250 09 | 20.00| 62| .43 [17.56 19C6]2.750| 9.38]10.12| 2.75 |1.1250| .87S] 1.9 | 1.28
201365 ] 9] 197 vs0l493) 232 w0 fed| 2salissl | ds asalsd3s| 2as| 2s7f 69.alas.87|2.22) 2.5 | 325 638
usae] 9.50f 148 | 75t 2251 6.3t ] 194 912] s2sel 19 T 000 [ 62 .44 |18.55 20.06]2.750] 9.88|10.62] 2.75 [1.0250] 873] 1.16 | 1.28| 250
u1}368) 19} 1971 1601493 232} 210 {8 | osa|vs9| niy | an  scoleaasi ast| 2rof §3.al2ss7s|arz) 295 38| 6.35 b
- 213dp | 10501 1.44 | 1,001 $75 7 7.75( 2.50) 912 8250 13 J1000] 62 4a|19.50 2v.25[ 2750 975 10.62] 2.75 [1.1250] 875| 1.38 |1.28] 250 | 73] 1%0
Y 2671365 12541 248 17 18a5] 2327 210 |48 | 2541159 | 1.t 435 842|€9.85] 243] 270 | €3.8l23.57522.22) 356 |32.5] 635 &%
~5Hpl10.50 [ 143 | 1601 9751 7.75 | 2.50] 9.12} 8.2%0] 19 [ 10.c0] .62 .24 (2100 21,83} 2.750 |10.50] 10.64] 2.75 [1.3250] .875] 1.38 | 1.280 250 | 200] 215
267136512541 2091 15716351 252 2:00as| 250159 19.0 ] 533 sssiedas| “o57| #7a] éasles.s7sizoz| 350 (325] 635§ ol W
2542 11322f 225 12509019 | 8.22| 2.50f 592) 8250 19 [10.00] 62] 442258 — p2.750[10.81] — | 2.75 [1.1zscT 875) 0.75 | 1.28] 250 | 215] -~
32157213181 2091 20963t 232 200 (43| 24]159]| na 23 — [69Bst 27s] — | §asfeesisizaen) ax.k |325] 835 ‘e8| —
zsanp {1383} 225 | 1251 10,19 [ 822 2.50) §12] 8.2501 .19 | 30.00| 62| .43 {2569 — |27 111.63] — | 2.75 |1.1250f .875] 1.75 | 1.23] 2% |.245] —
3218721318 259} 2091635 2321 210 48| 254158 i1} 627 — |e3.85] 27l — | €s3izssrsarza) aia l325] 835 "] —
2P [1550] 2.25 | 1S lz.co 9551 3cof 2] 8asef 25| s0.00] €9 2rs0i12.25| — [2rsiiazso] er5] 125 |1.28] 250 | 2r0f —
w72 B 231752 23] a0 hea | 254[178 s3.as| 31} ~ | easlescrsaace) w4 1325] 635 ) 122) —
285HP | 15.501 2.25 | 15 lzcn 9561 300 812) 8.2s0] .25 | 10.00| 631 .4s[2738 — [2.750113007 — | 2.7511.1250| 875] 1.75 | 1.23] 250 | 320] —
Hy5721 38) acs] 293l76.2) 232) 210064 2541175\ 1iv 668 — 16585} 3%0f — | §al22.578)2005) ank | 2250 §35 | 135] —
284NPHI15,50 | 2.25 1 1.5 112.00 | 955 | 3.00)14.7513.500| 25 1 16.50 | 88| 692588 — |4.500012.25) — | 4,50 |1 525011250 +.75 | 1.28] .375 | 30| —
d4dsr2} 381 305t 243i7s2| 375] 33 [sa| ss2fe22) 75| esr — | Vel 3l — | i su3] avsf x| 77| a5 | 38| —
23sHeN| 1556 | 2.25 | 1.5 112.00 | 9.5 | 3.0e]14.75113.500 | 25 | 16.50| .88} 632738 —~ |4500[13.00] — | 4.50 |1.6250{1.250] .75 | v.28| 375 | 30| —
el e R A 762 375) 43|64 adziz22l 175 | 695 —~ | 14} S0l — | vral a3l el e | 7ri o5 | et
seanp 1775|225 b2 1463 11094 | 383 1a7saasco] 25 [ 1650 88| 692966 — |450013.5] — | 4.50]1.6250]1.250] 2.12 | 3.03] 375 | 480 —
4511572 1%0.3] 3731 27819211 375] M3 {64 | agf222l175| 753 — 4] 343] — 114141.275{31.75| 53.8 [77.0) 9.52 | 18] —
3osup (17751 2.25 {2 [ 14.69 [10.94 | 3.83[1a p3jago) 25 uaso] sl 63lanse — Jastolreast — Tasolvezsalizcol 212 [303] ars | 8] —
451}57.2 12081 a3} 27 lsavy 375t 33 fse | 4i9f2az2jivs| 776 — | el ae2) — | Twjaiors|atis] s38 |77.0] 952 280 —
3sane | 2050 | 2.25 17.94 sl an3frazshasoe| 25 {1650 ) 8af 6912038 — [4.500[15.38) — | 4.50 }1.6250|1.250] 2.25 [3.03 375 | 680] —
salsral 76| 456§ 349) ros| 375| s bes | ar9lezz|a7s|Ter — | yral eof — | vialaiars|siizs{ 7.2 [77.0] 9.52 | 2990 —
365K | 2050 f 2.28 .94 arsa13liazslissoof 25 {1650 s8] 693338 — [4.50[1538[ — | 4.5 |1.6250[1.250] 2.25 | 3.63| 378 | 710] —
s21457.21 76| 456 3«9) ros| 375) a3 [64 ] a19f222] 1731 &7 — | 4] 3s0f — | telarers|3is| 57.2 | 7ol .52 | 322 —
wanp 22621 2.50 19.19 115C6 | 413114 75[s3.5001) 25 [ 16.50 | 9s| 893508 — Ja5cc]15.02] — | 4.50 |1.6250]1.250] 2.25 | 3.63] 375 | 950
57516351 761 487 3834105 3751 3s3 64| 41912380175 603 — | ‘nia] 3ax| — | ialai278|31.75) 7.2 I 770 352 | am
osp [22.62] 2.50 19.19 11500 | 4 134147503500 .25 [ 1650 | 94| 69 {3519 — [aoo]ssa2f — | 4.50[1.6250].250] 2.25 [3.03] .315 [1o7s| —
575(63.5 1 761 487 darivos) 75| 3«3 P64 1 419423311751 893 — | 1] 3ss) — | viafarazs|niys) s7.2 | 7ol 952 | as3] —~
Aurp 2520120 13 (2213 1750 T e ool 14251138001 25 (1550 {105 69 (%088 — [4500118.601 — | 4.5 |2.125 [1.750] 2,25 | 3.03] 500 [1405]
s48l635 ¢ 75l se2| adrinse| 375| 343 |64f 41927001751 1038 — | 11a| 457} — | 1u|53.675|es.ns{ 57.2 |77.0] 5270 ] 837| -
znp 2550 2.50 2213 [17.37{ 6.00} 13.75113.500 | .25 {16.50 | 1.06 | 69 [40.88 — [4.500[18.00] — | 4.50 |2.125 {1.750] 2.25 | 3.03| 500 | 1585 ~
64816351 76) 62| 4414 152| 375| 43§64 { 419[27.017.5] 1038 — | ¥4y 457| — | 114fsysrs|anas] 6.2 | 770l 2704 705 —
umip [25.25) 2,50 | (5) { 23,37 [18.12] 7.0 ra75 3500 ] 25 [ 16,50 [ 1.06 | 69 {48.08 — [X500(22.25] — | 4.50 2,125 11.750] 2.25 |3.03] 500 | 2900 —
64118638 4| 4601 178 | 375] 3431641 419|270 | 1755254 — 4} 565 — 114)53.975[44.451 57.2 177.0] 1270 {1314} —
aghp [ 25.25] 250 | (5 [ 23,37 a1z | 7.00)ia75]a500] 26 [16.50 [ 1.06 | 69 [19.38 — [4500{22.25| — | 4.50 [2.125 |1.750] 2.25 |3.03] .50 {2900| =
6471535 594 ] 460] 178 ] 375) 3431640 419f2mofars e — | 12| ses| — | 114|sao7siaassi 57.2 12,70 {1314
13U"  Vades | = 4B 102125 +.0000, ~.0005 53.975 +.000. ~.013 (3)"EU” Varies +.000, -.005 +.00. -.13
m - 2.125 and larger +.000, —.001 - 53975 andlarger +.00. =03 (4)"AH" Vacios +.630, —.030 +.76, -.76
CAK® Varies | —180HP.——25CHP, + o3, - 000 X A" . 13mps, 5° (127 mm) @ 336 amps, 6°
(B "AK" Varies l_m“PH RSt {?52'*:: )\I:desmlhlulllcadamps.l (120 mm) @ 201 3mps. 5°( ) P
aca runout and ~182HP -“5HP £04 Max. T.LR. @ Maximurm permissidle shatt runout whea maasursd at end of shatt extension 13 062 inches
eatricity —44THP —449HP, 007 Max. T.LR. {051 mm) ﬁu T.LR. (ooaincnu,.o;smm a3 447HP — 449HP),

. 11 mounting ciearance Is tequired, consult factory.

TEFC Above-NEMA, 350 — 400 HP

NO

RMAL THRUST,

5013? Fra;le, ":20 Volits SSP‘!OP;rame, 2300 43000 Voits & 5010P Frames
20 | o0 | 30 ] &0
| Fime | 360 | 3%8 Fa ey [ 17a | asm1 | asm |3 w 480, 2300, 4000 Volts
- Soved 1773 1 Sua"ad €0 | 1189 Hﬁ‘i 1784 | 1734 @a 3-Phase, 60 Hz
! .
Fa 4o10P | s010P
S| sowp | sole 010P | 50107 | 50107 | 50107 | 30107 29 N 1'0-?S'F" Continuous Duty
BRI Framw | 0107 | Satcr | sai0e | sowce|saice l————7 n 40°C. Ambient ]
TEn: CREIRR 720 (720 Up o 720 | 120 | 120 | 120 — mClassB lqsulahon
AR m Ball Bearing
B Solid Shaft
L
# 700  ag
T 1 e
AH 1400 oy
3556 ad
../_/ rﬁ\ : sE] EBG .
u,37s—1-— AKX .
-e5 by Soso :
F—24. IR 7
622 AWy T an
u-l=N
{
be——B0—-KEY
a HNF-2474, Rev. 0
ABOVE NEMA 5010P — Dimensions in inches/millimeters Page D 83
age D-
e ¥Er Wi,
FRAME | (A | U@ | v a6 | oan | o oaan | e | oso | s | we | w | se [TSE TietA|mss/xa
T | 2375 | 605 | 645 | G675 | 185 1350 | 2 | 000 | 175 [ 156 | 44 | &7 | 25 | 400 | 60
3600 16033 | v J sy | v | ad | i | 64 | % 45 | 13 | ta | isgs | 1wz | 20
SOT0F | 1600 | 3978 | &5 | B2b | 675 | 1375 | 13560 | 25 | .00 | 175 | 048 | €a3 | BT | &5 | 58| 620 .
Jer 1800 85.73 17 1387 n 374 343 6.4 %8 43 455 13 18 2.0 127 2360
'{1) This Dimension Varies +.008-.000 - 13. - <0 Conduit Box can be rotated 360*in 90° steps. MAXIMUM FULL AW
(21 This Varies «.000, - 001, S50t It mounting ciearance details are required, consult factory. LOAD AMPERES PIPETAP
(3 Customer to ¢nll hote 1n Concuit Box. Maximum permissible ahalt runout wnen measured at end 1 g
{4} Face Runout and Eccentricity 007 (18 mmmax. T.LA. of st¢. shaft extension is 0C3 (.C8 mm) T.L.R. 335 5
(S F4 NPT for space heater leads, 66 [}

* On S010P trame, customer to Snll hote in

conguit Sox.
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i
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DISCHARGE

CONNECTIONS:

1/4-18 NPT - ALTERNATE LUSRICANT INLET TO
HRUST BEARING (PLU

1/4-18 NPT - OIL OUTLET FROM BEARING BOUSING

tr/2-14 NPT ~ INLET 70 SEAL THRYU AP1 PLAN 11
FROM_PUM® DISCHARSE

1/2-300 LB. R.F. 5.W. FLANGE =~ CASING VENT

1/2-14 NPT - SEAL VENT

1/2-14 NFT - SEAL DRAIN

1/4-18 N°T - DL MIST INLET TO BZARING HOUSING

MITOR CONNECTION FCR POWER LEADS

3/4-300 LB, R.F. S.W., FLANSE - CASING DRAIN
(COVERED WITH BLIND FLANSE

NEORAEOREE

8

WEJGHTS:

PL 800 LES.
@ MCTICR Q700 #52 LES.

i TOTAL D300 K883 LAS. APPROXIMATE
: DRIVER DATA: i
i ASD HP - 3800 REM, T.E.F.C., VERTICAL ELECTRIC
: UDTOR, RELIANCE FRAME NO. 3267C
.
g NOZZLE LOADS: Fy
i SUGTION 4 DISCHARGE
: Fx 200 LBS. Mx 340 FI-LBS. W
. Fy 130 LBS, My 250 £T-LBS. Fx
i Fz 169 LBS. Mz 170 FY-L8S! 4
U T Fz" Mz
i NOTES:
Ed { | FOR ASSEMSLY SEE DRAWING NO.C45010.
-2 P 2 FOR PARTS LIST SEE ~LIST OF COWPONENTS™,
o T ~— ¢ 51078 3.ALL FLANSE CONNECTIONS TO CONFORM 70 A
o 2 NG . FORILIFTING . FAGE FINISH GF . 125 RMS,
g 2yl | H
G\E (S ~a ! i
=) - +
8| | leof ELL
© i
o
-
S =N
® r agy
“ ~
. DISCHARGE -
R 2.00-300 L3
§ 5 - R.F. FLANGE
o
nd Q
Gi¢
1 fL /
/ i
"SUCTION —/ e 1e.24"285
2.00-300 L8
R.F. FLANGE 5 o 1 .
Ne ma Rg 1.00 DIA - & HOLES
viE ot ML /—-FOR 0.75 DIA FOJNDATION BOLTS
5 ] L - : :
O ol |
g ofom .
ST
1 it ‘,f o i

T JLAWRENCE
PUMPS INC

TRUE-L INE SERIES

PP SIZE b o med Bl

oS

PLRCHASE CROER NO. 3

PP ASSOAVERY:
| e PARTS LiST:

PP SERIAL NO. ¢

|22 ITRI Mg, PUMP ELEVATION
CE?TIP!Q BY:
Yo s 0.:C 4501 1
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LEGEND:

NOTES

! FCR LIST OF CONNECTIONS SEE ELEVATICN_CRAYING

2 FOR LIST OF PARTS SE2 ~PLMP PARTS LIST 2 G441 B RBA NS 37 24
3 BEARING INCH = 15

Lp¥seNce T TRUE-L INE SERIES

POE_S125 om0 aia 10| CUSTOER PUOE FLEVATION:
B SERIES: 1400 PURCHASE ORDER NO. @ PP PARTS LIST:
: MOOEY + V4-4A PUP SERTAL_NO.1 ]
oamy: 7 PAP 1TEM N3 CROSS-SECT IONAL
CX_BY: RAG 1172806 PUMP ASSEMBLY
APPV_BY: CERTIFIED. BY:
BATE: 21, NOV €8 DATE: CRARING. m.xc 4‘50 ' O

HNF-2474, Rev. 0
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féj FRAME HP TYPE PHHE;STEZ/ RPM VOLTS
TS 250 P 3/60 1785 480
AMB°C/ NEMA CODE’
AMES DUTY S.F ENCL.
INSUL. . ZS1GN LETTER
° FCX P10
273 CONT "40/F 1.18 B G l =
: TEST TEST STATOR RES.@25°C
E/s BOECR s.0. - DATE OHMS (BETWEEN LINES)
£533898 418143~31-GE - — 0124
P ERFORMANGE
Lese &7 ALGERES Bak POWER FACTOR |~ EFFICIENCY
NO LOAD o] 75.6 1800 3.92 (o}
4 £2.% 100 1788 61.6 84.8
2/4 125 150 1793 80.8 96.4
3/4 187 208 1788 86.9 86.6
474 250 273 1784 83.0 86.4
/4 312 | 341 4780 | 89.4 5.9

SPEED TORQUE -

~ RM % At v Tc{z}ff:'ﬂ AMPERES
LOCKED Rofoﬁ 0o 158 1160 1820
PULL uP 700 143 ' 1052 1660
BREAKDOWN : 1728 247 1816 1037’
FULL LOAD 1 1784 ‘ 100 7386 273

aMPERES SHOWN FOR 4AB0. YOLT conNECTiON. (F OTHER YOLTAGE CONNECTIONS ARE AVAILASLE, THE
AMPERES WILL VARY INVERSELY WITH THE RATED YOLTAGE

BEREARSY XE MOTOR-TYPICAL DATA-NEMA NOM. EFF. 96.2 PCT.
GUARANTEED MIN. EFF 85.8 PCT.

RELIAHCEF Sh A A-C MOTOR E0g854-A-A001
ELECTRICEO (v PERFORMANCE 06/05/84

CLEVELAND, OHIO 44117 U.5.AJCATE DATA (SSUE DATE
CTTR 279376
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RZL 8.0, apM 1785 5.F. 1,15 rotor 418143-31-GE
~ Jraane £ voLTs 460 NEMA DESIGN B TEST 8,0, —=—
~inve 250 aHp2 273 COCE LETTER G TEST CATE ==—
tvpg P : outy CONT guctosuaz TEFC STATCR REs.9 25+¢ 0124 !
PHASE/WERTZ 3/60 ’ amgecstnsut 40/F  ers 533588 OHMS (BET¥EEN LiNg3)
o8 A o] cxcBBo “'_XEMOTC;R-:TYPLJCAL'D oot e
Sl S hat Lo alinmantesn iy es
= = e =T

K= :
I
3 B
= oy
O <
Q Nl o1
LN LN
a8 =8
AR
P
Ry g 2o
o Mt
a1 e"
o =)
e <.
3 B
G | -
Sg &g
3 lati g
= T ) T
U 1:::4D0" 11 60 12¢
[T ISPEEDTIN [RPH( CUSHFT) L R B S
AMPERES SHOYN FOR___ 46U VOUT CONNECTION, IF GTHER VOLTAGE CONNECTIONS ARE AVAILABLE, THE
AMPERES WILL VAAY INVERSELY WITH THE RATED VOLTAGE. = HOTOR
L BY___D. MAY =
RELIANCE P v 1 — PéRFORMANCE E06854~A~A001
ELECTR’C U APP, 8Y._J.P. TSAO 08/05/84
CLEVELAND, OMIO 43117 U.S.A foaTe 01771781 CURVES I1S3UE DATE
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G~33-0O%

N

> Armeo Qpplicgat'ioﬁs
. N ITRION l c 60 | O:z;zea:::g galling
Stainless Stee

resistance at both ambient
and elevated temperatures
makes patented Armco
NITRONIC 80 Stainless Steel
a valuable material for valve
stems, seals ang trim;
fastening systems, incluging
nuts ang bolts; screening;
chain-drive systems; pins,

" bushings and roller bearings;
and pump components such
as wear rings and lobes.

@ Best galling
resistance of all
stainless steels.

® Corrosion
resistance better
than Type 304,

® Pitting resistance
better than
Type 318.

ot | :
M Product Data Bulletin No. S-45

CRUCIBLE MATERIALS CORP/CRUCIBLE SPECIALTY METALS DIV HNF-2474, Rev. 0
Paga TRK




'CRUCIBLE/SPECIALTY METALS

b3E - ESHD?S_? 0002856 479 M

—, Oxidation Resistance

NITRONIC 60 offers far superior oxidation resistance compared to AlS! Types 304 and
316, and about the same oxidation resistance as AlSi Type 309.

Table 28

Static Oxidation Resistance™

------ S = 6-33-05

Weight Loss, mg/cm?
Test Temperature, F (C) RA 333 Type 310 NITRONIC 60 Type 304
2100(1149) Before Descaling 3.1 4.6 165 1220
After Descaling 12.2 15.7 232 1284
22001204} Before Descaling 10.1 101 261 2260
After Descaling 16.7 206 354 2265

*240 hours attem

Table 29

perature, duplicate lesls

Cyclic Oxidation Resistance

Woeight Change. mg/in?, at number of cycles indicated

= 134 278 467 200 304 400
Cycle Alloy cycles cycles cycles cycles cycles  cycles

1600-1700 F{871-927C) RA 330 + 34 + 49 + 64 = —

25 minutes heat. Type 310 + 40 + 67 - 227 — — —

5 minutes ¢ool - Type 308 + 30 - 416 - 1004 — —_ -

duplicate tests NITRONIC60 |+ 15 - 682 - 167.6 - = -

Type 316 -4730 9708 -12870 — — —

Weight Loss, mg/cm?

1900 F{1038C}) Type 446 -— 1.47 1.72 197
5 30 minutes heat. Type 310 - — 2.70 16.95 1722
' 30 minutes cool Type 309 — —_ 2283 26 34 33:69
NITRONIC 60 = — 42 39 60 40 74.80
Type 316 = —_ 9304 13534 17827

Mechanical Properties

uTsS 0.2%YS  Elongation Reduction
ksl (MPa) ksi{MPa)} %In4XD. ofAres,%
103 (710) 60 (414) 64 74
101 (696) 56 (386) 62 73
101 (696) 60 (414) 80 76
113 (779) 65 (448) 55 67
106 (731) 56 (386) 57 67
120 (827) 81 (627) 51 68
140 (965) 112 (772) 35 65
181(1110) 132 (910) 26 62
195 (1344) 153 (1055) 20 57
217 (1496) 174 (1200) 15 53
240(1655) 195 (1344) 12 48
263(1813) 217 (1496) 10 40

HNF-2474, Rev. 0
Page D-89

Table 30

Typical Room Temperature Tenslie Properties*
Condition Size Hardness

o

Annealed —— 17(25.4 mm} & 95 HRB

Annegled 1-3/4" (444 mm) é | 100 HRB

Annealed 2-1/4*(57.2mm) ¢ | 100 HRB

Annealed 37 (76.2mm) & 97 HRB

Anngaled 4-1/8"(104.8 mm) ¢ 95 HRB

10% Cold Drawn 442" {11.2mm) é 24 HRC

20% Cold Drawn Start Size 31 HRC

30% Cold Drawn 34 HRC

40% Cold Drawn 37.5HRC

50% Cold Drawn 41 HRC

60% Cold Drawn 43 HRC

70% Coid Drawn 46 HRC

*Data based on cuplicate tests.

(1)CG bar

=)
22 0914 8-13

B —————————————————————————
ICRUCIBLE MATERIALS CORP/CRUCIBLE SPECIALTY METALS DIV




" CRUCIBLE/SPECIALTY METALS b3E M 2540757 00D0RAS8 241 W
6-33-05
Table 31
Typical Room Temperature Torsion and Shear Properties*
" Torslonal 0.2%Torsional YS  Modulusof  Double Shear
Hardness Modulus, G ksl (MPa) Rupture Strength ‘
Condition  Slze HRB ksl (MPa) ¥ ¢ ks! (MP3) ks| (MPa)
Annealed 1"d 95 8.83x10°  48.9(337) 50.7(350) 124(855) -
{25.4mm (61x10%
Annealed 318" 95 - - - - 86 {593)
(9.6 mm) .
*Data based on dugplicate tests
Table 32
Double Shear Strength*
(Cold Drawn — 0.442" [11.23 mun] start size)
% Cold Drawn Shear Strength, ksi (MPa}
10 89 (614)
20 98 (6761
30 . 106 (731}
o 40 113 1779
50 122 (841}
60 130 (896!
‘Triphcale lesls
Table 33
Fatigue Strength
(R.R. Moore Machine)
Fatigue Limit, |
Condition Size Hardness ks! (MPa) 10* Cycles
Annealed 17(25.4 mm) 6 95 HRB 37.5(258) O
Cold Worked 54.6% 0.70"(17.8 mm) ¢ 44 HRC 72.5(500)
Table 34
Room Temperzture Compression Strength
Condition Size | 0.2% Compressive YS, ksi (MPa)
Annealed 0.500" {12 7 mm) 67 6 (466)
Cold Drawn 39% 0.440"¢{11 2 mm} 1210 (834)
Table 35
Properties Acceptable for Material Specification
(Bar and Wire)
UTs 0.2%YS Etongation Reduction Hardness
Condition Size k&1 (MPa) ksl (MPa) % in 4XD of Area, % HRB
Anneated 1/2"¢ + under 105 min 55 min 35min 55 min 85min
(12.7 mm) (724) (379}
Annealed Over1/2°¢ 85 min 50 min 35min 55 min 85 min
(12.7 mm) (655) (345)
HNF-2474, Rev. 0
24 0916 c-01 Page D-90
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Table 36
Typical Elevated Temperature Mechanical Properties*

=M 2540757 0002859 1838 BE&

{Annealed 3/4” and 1" {19.05 and 25.4 mm] Diameter Bar Stock)

Reduction
‘ Test Temperature UTs 0.2% ¥S Elongation of Area Hardness
F(C) ksi (MPa) ksl (MPa) % in 4XD % Brinell
Room Temperature 106.5 (734) 56.5 {388} 61.7 718 200

200 {934 882 (677} 44.4 (306} 63.3 724 187

300 {149) 89.9 (620} 37 81260) 84.4 737 -

400 {204) 84.4 . (580) 32.81227) 64.0 73.7 168

500 (260} 82.1 (566) 32.1{2224 61.5 730 —

600 (316} 805 ({5585} 28.7 {205} §9.6 731 155

700 (371} 79.5 (548) 28.2{201M) 9.1 726 —

800 {427} 78.3 ({540} 29.0(200) 565 721 148

900 (482} 77.1 (532) 28.3{195) 539 716 —

1000 (538) 754 {520} 28.0(193) 52.2 70.4 145
1100 (583} 716 {494) 28.7{198) 487 700 =
1200 (649} 666 1(459) 28.1 (194} 482 69.6 t4aq
1300 (704) 590 (407) 27.5(189) 414 50.0 -
1400 (760) 49 8°°(344) 253(174) a7t 539 143
1500 (816) 3797 "(285) 238(164) 728 750
1600 (871) 302°°(208) 164(113) 728 . 110
“Triplicate tests of 2 heats and single lests of ‘1 heat
**Sngle tests of 1 heat
Table 37
Elevaied Temperature Tensile Properties
{Cold Swaged 54% to 0.700" [17.8 mm] &)
uTs 0.2% YS Elongation Reduction
Test Temp. F (C) R :
ksi (MPa) ksi {MPa) % in XD of Area, %
RT 230 ({1586) 216 {1489) 12 55
2] 215 11482} 206 {14142 12 54
300 1149 206 (1420} 189 (1372) 1 52
400 (2041 200 (1379} 184 {1338) 1" 51
500 (260} 195 (1344) 181 (1317} AR} 48
600 (3161 193 (1331} 188 {1286} 1 47
700 (371 181 (1317) 176 {1213) 10 47
800 (427) 180 (1310) 184 (1269) L] 46
800 (482) 187 (1289) 177 (1220) 11 44
1000 (538) 179 {1234} 166 {1145} 11 47
1100 (5931 . 162 (1117) 144 {893} 13 52
1200 (649) 112 (7272} 72 14986} n 25
Table 38
Elevated Temperature Stress Rupture Strength
(Annealed Bars 5/8” to 1" [16.0 {0 25.4 mm] Diameter)
ORI Number Stress Rupture Strength, ksi (MPa)

F(C) of Heats 100 br. life 1000 hr. life 10,000 hr. life
1000 {538) 3 72 1496) 52 1359) 3% (241)
1100 {593) 3 48 (338) 31 (214) 20 {138)
1200 {649) 4 28 (200) 17 1117} 10° (89}
1350(732} 1 14 {87) 8 15%) —
1500 (816} 1 6.7 (46} 4 (28} -
*Extrapolated

0917 c-02

G-33-05

HNF-2474, Rev. 0
Page D-91
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- Table 39 G-33-05
: Cryogenic Tensile Properties*

. s Temperature, uTs 0.2% ¥YS  Elongation Reduction
Cenditen = F (€} ksi (MPa)  ksi{MPa) %indXD of Area, % ‘
Annealed 378" (9.5 mm) &| -100 { -73) {155 (1068} 76 (524} 57 69

378" (8.5 mm) &} -200 (-129) | 170 (1172} 87 (600} 56 71
17125.4 mm) & -320 {-196} [213 (1469) 109 (752} 60 67
Cold Swaged | .700"(17.8 mm}d | -320 (-198} | 322 {2220) 272 (18735; 10 53
54% 7007 (17.8 mmi 1 -200 {-129) 1287 (1979) 250 (1724) 13 62
‘Duplicate tests
Table 40
Low Temperature Mechanical Properties of
NITRONIC 60 Stainless Steel Longitudinal Tensile Specirnens*
Elongation Charpy
Test 0.2% %in1” Reduction Fracture N/U**  V-Notch
Temperature uTs Offset ¥YS {254 mm]} of Area Strangth Modulus Tensile Impact
£ (C) ksi (MPa}  ksi(MPea} ordXD % ksi {(MPa) psi (MPa} Ratio  f-Ibs (J)
75 -{24)]109.3 (754} 58.1(400) 66.4 78.0 336.1(2317) 24.0x10%(165.000) 1.44 231(310)
O (-18)[128.1 (883} 67.3(464) 713 797 433.4(2988) 23.7x10%(163.0000 137 216(292)
-100 (-73)} [148.4 (1023} 77.8(537} 705 80.9 447.1(3083) 24 2x10°(167.000) 145 1871(267)
-2001-129) {167.641185) 87241273 5§74 794 SETOA3I51) 24 2}A0S {157,600 148 1701(231)
-3201-196) 1217.9{1502) 101.4(698) 5s.» $3.8 594.0(4095) 24.8x10¢{171.000) 1.26 1381188}
-4231(-253) | 203.8{1405) 125.3(864) 235 266 2776(1914) 24 8x108(171.000} 1.33 - —

*0.250" (6.35 mm) diameter, machined from a 1* {25.4 mm} diameter annealed and straightened bar. Four specimen average.
TtAverage Stress Concantraticn Factor Ky = 7.0
Data taken with permission from NASA TM X-73359, Jan. 1977.

i Table 41 ’
’ impact Properties™
Cre-2y V-Noteh
Condition Size Test Temperaiure, F {C) Impact. ft-lbs {J}

Annealed 1 ¢(25.4 mm) Room Temperature 240" {325)

-100 (-73) 229 (310)

-320 (-196) 144 (185)

Annealed 2-1/4" ¢ (54.2 mm) Room Temperature 240° (325)

<100 {-73}) 240° (325}

-320 {-196) 160 (217}

" cold Swaged 18% 8327 ¢1(23.7 mm) -320°(-196) 67 (91)’
Hardness R 29

Cold Swaged 40%  .7957 ¢(20.2 mm) .320 (-196} 40 {54)
Hardness Rc 37

Cold Swaged 54% 700" 4 (17.8 mm} -320 (-196) 28 (35)
Hardness Rg42

Cold Swaged 18%  .932" ¢ {23.7 mm) -200 (-129) 90 (122)
Hardness RC 29

Cold Swaged 40%  .795" ¢{20.2 mm| <200 {-129} 44 (60)
Hardness R~ 37

Cold Swaged 54%  .700" ¢ (17 .8mm) <200 {-129) 30 {41)

Hardness R 42

*Did not fracture completely
**Data based on duplicate tests

HNF-2474, Rev. 0
26 0918 c~03 Page D-92
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A25

14Y2° PRESSURE ANGLE
(Will not operate with 20° spurs)

’ .. SPURGEARS

4 AND 3 DIAMETRAL PITCH

™, STEEL ano CAST IRON

ALL DIMENSIONS IN INCHES
ORDER BY CATALOG NUMBER OR ITEM CODE

Styl Without Keyway
Hub ore || orsetsorew
- Page || Catalog | Iem
Bore | Dia. | Pro. | AS3 | Mumber | Coce
= e

STEEL
2-17/64 NL11B | 09860
217/64 NL12B | 09862
2.49/64 NL14B | 09864
3-1/64 NLiSB | 09866
U8 | gyes | T8 NL16B | 09868
3-49/64 NL18S | 09870
417/64 NL20B | 09872
4-49/64 NL228 | 09874
HUB T
FACE— [~ ProJ Shs
KEYWAY
PITCH BORE ‘;‘IJE
(L

C T e

STANDARD TOLERANCES

1

HNF-2474, Rev. 0
page D-93

| DIMENSION | TOLERANCE |
BORE All i 0005 T
L E L L i | NO1IBT ’ﬁ‘«),bx
NO128% | 09878
NO148 | 09880
NO15B | 09882
56 ) - N NOEB | 09884
NO188 | 09886
REFERENCE PAGES NO20 09888
Alterations —A92 NO218 | 09890
Horsepower Ratings—A9, A10 CAST IRON
Lubrication—~A92 4112 . NO248 | 10524
Materials —A93 17116 NO30B | 10526
: 51/4 NO368 | 10528
Selection Procedure —A2 1-3/4 NO42 10530 .
NO48B | 10532
1o116 | 514 | 1w4 NOS54 10534 %25
NOBOB | 10536
51/2 NO728 | 10538
11116 gy 194 NO84B | 10540
NOSEB | 10542
115016 | 534 | 1-3/4 NO108B | 10544

= Special Pitch Diameter, used for calculating Center Distance only, not Ratio.
+NO11B and NO128 have 4" Face. ’

BOSTO

INCOM INTERNATIONAL INC.




" A0 | SPUR GEARS

APPROXIMATE HORSEPOWER anp TORQUE™ RATINGS-
~, FORCLASS I SERVICE (Service Factor = 1.0)

4 piameTRAL e CAST IRON 141/2° PRESSURE ANGLE 2" Face REFERENCE PAGE A25.
50 RPM 100RPM | 200RPM | 300RPM | 60GRPM | S00RPM | 1200 RPM | 1800 RPM | 3500 RPM
HP. | Torque| HP. |Torque| HP. [Torque| H.P. fTorque} H.P. {Torque| H.P, {Torque| H.P. | Torque | H.P. | Torque j H.P. | Yorque

3.77 | 4750 |6.75 | 4257 ] 11.19| 3525 § 14.32| 3008 | 19.88| 2089 ] 22.84| 1600
4.54 | 5723 18.02 | 5053} 12.99[ 4094 | 16.38| 3441 | 22.16| 2328
4.87 | 6135 |8.53 | 5378 13.69f 4314 | 17.14| 3601 | 22.82} 2408
5.30 | 6675 19.22 | 5811 14.65) 4616 | 18.22| 3229 } 24.11§ 2534
5.96 | 7514 |10.24| 6454 15.98| 5034 | 19.64] 4126 | 25.49| 2677

6.63 | 8354 |11.24] 7085} 17.24| 5433 | 20.97| 4406 ] 26.77| 2812
6.90 | 8694 |11.63] 7328 17.69| 5575 | 21.42 4499 | 27.12| 2849
7.25 | 9195 {12.22] 7703 | 18.46| 5616 | 22.24| 4672 | 27.97| 2338
7.82 | 9858 |12.95| 8163 | 19.28; 6074 | 23.02] 4637 | 26.58} 3002
8.81 | 11104 | 14.35| 9045 | 20.94] 6588 | 24.72{ 5193

9.05 (11419 | 14.68] 9253 | 21.29( 6708 | 25.04| 5261
8.55 | 12034 |15.32] 9652 | 21.94} 6915 | 25.65( 5388
10.20{ 12852 | 16.20|10209 | 22.95| 7233 | 26.65) 5601
11.11]14005 | 17.33] 10923 1 24.07] 7585 | 27.65] 5610
12.18{ 15350 |18.68} 11772 | 25.48| 8029

12.60 15877 |19.17|12079 { 25.93] 8170
13.001 16387 | 19.63|12372 ] 26.35{ 8304
13.78] 17365 |20.50] 12922 | 27.13) 8548

" 3 piameTrRAL PiTes STEEL 1412° pressuRe £ 3" FacE REFERENCE PAGE A25,
RPM 50 RPM 100RPM_| 200RPM | 300RPM_| 600RPM | 900 RPM | 1200 RPM | 1800 RPM | 3600 RPM
TYorque |H.P. | Torque [H.P. | Torue [H.P. | Yorque! HP. | Torque| H.P. |Torgue [H.P. |Torquel H.P. [Torque |H.P. | Torque [ H.P. | Torque
7421 [5.67 | 7146 [10.56| 6652 |18.55| 5846 | 24.82) 5213 |37.47] 3936 |45.15] 3162 |50.30} 2642
8057 |6.14 | 7743 |11.37| 7167 |19.80f 6239 |26.30] 5524 |39.14] 4111 |46.74] 3273 |51.78) 2719
10462 {7.92 | 9979 [14.49] 9134 {24.79] 7812 | 32.48| 6824 {47.09( 4947 {55.40] 3880
11618 18.76 {11046 [15.96]10056 |27.06| 8528 | 35.24| 7403 |50.43| 5304 |59.01} 4132
12825 [9.64 {12156 [17.47|11008 |29.38| 9259 |38.03 7989 |53.89] 5661 |62.60] 4383
15214 {11.37]14333 [20.38] 12845 |3 6500l 6303 |58.93] 4827
17570 |13.05| 16454 |23.16] 14599 {37.80 65.33] 6863
18795 [13.92{ 17549 |24.59] 15495 |39.64] 12556 | 50.24| 10554 |67.96} 7139

3 piameTRaLRTeH CAST IRON 14 12° PRESSURE ANGLE 3"Face - REFERENCE PAGE A25,

RPM 50 RPM 100 RPM 200 RPM 300 RPM 600 RPM | 900 RPM | 1200 RPM i 1800 RPM | 3600 RPM
Torque |H.P. | Torque |H.P. | Torque |H.P. | Torque| H.P. | Torque| H.P. |Torgue |H.P. | Torque| H.P. | Torgue |H.P. | Torque | H.P. | Torque
13175 {9.67 {12195 [16.84) 10617 126.76( 8433 | 33.30] 6995 }44.05} 4527
17164 |12.40] 15626 121.03| 13251 132.25; 10162 | 39.23 8241 }50.07| 5259
21199 |15.07| 18998 124.96} 15732 |37.15} 11707 | 44.37% 9322 ]55.08| 5786
24721 117.32121828 [28.06] 17687 |40.63|12822 |47.87| 10056
28241 119.50]24586 [30.99] 19530 |43.91]13838 §51.00) 10715

32043 121.83(27523 {34.06121466 {47.30} 14908 | 54.35} 11417
34965 123.52| 29651 |36.08122740 [49.22§15509
41223 127.08)34136 140.30|25402 [53.32| 16803
47203 30.40(38322 144.08(27782 156.87(17923
52300 |32.96(41545 {46.71[29437 [59.02| 18557
57968 |35.87[45212 [49.81}31395 [61.54]19486

Ratings are based on strength calcula(ion.ﬁaﬁc&aﬁc&u@g:i\ng, or for hand operation of above gears is approximately 3 times the 100
RPM rating. !

NOTE: Ratings to right of heavy line are not recommended, as pitch line velocity exceeds 1000 feet per minute.
They should be used for interpolation purposes only.

*Torque Rating (Lb. Ins.). HNF-2474, Rev. 0
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~ WORMS avo WORM GEARS

—. 3 DIAMETRAL PITCH
CAST IRON wonm GeaRs
STEEL worms — UNHARDENED ano HARDENED

RATIO = Gear Teeth =~ Worm Threads
All Worm and Worm Gears stocked RIGHT HAND ONLY

A77

PRESSURE ANGLE-1412°

ALL DIMENSIONS IN INCHES
ORDER BY CATALOG NUMBER OR ITEM CODE

ENGE
“CENTER
END 240K e
DOUBLE Thread || FOUR Thread

Catalog | ltem || Catalog | ltem
Number | Code || Number [Code

o

HUB
DIA.

PITCH

WOR
SGEARS
DIA.

SINGLE Thread

Catalog | ftem
Number | Code

G1110

13248

G111
Gi112

13250
13252

STANDARD TOLERANCES

Gi113

13254 = = - Z #2{0

C |jain4

13256 = = = =

- [ oOmENsIioN [ ToLERANCE | D || Gi115 {13288 — -

{ Bore | A | + 0005 ]
WORM LEAD and LEAD ANGLE

LEAD . 1.0472"
LEAD ANGLE 446"

SINGLE Thread

i
QUAD Thread

Catalog | Hem
Number*| Code

Catalog
"Number

Item
Code

UNHARDENED

G1116K | 12880 = -
L1116 12910

HARDENED

_.l/—KEYWAY

PITCH

014, BORE o

7 H1116 | 12978 -
l""Z\ - l - ”Hunelmms" ‘

RS

—t

* All Worms furnished with 3/8” keyway.
Hardened Worms have ground and polished threads.

REFERENCE PAGES

Alterations —=Ag92

Horsepower Ratings —A86, A67
Lubrication —A92

Materials —A93

Selection Procedure —AB5

——BOST
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AG6 ‘WORMS ~o WORMGEARS o ‘
/A66 AND
STEEL-HARDENED, GROUND ano POLISHED WORMS
" ApPROXIMATE HORSEPOWER AND TORQUE * RATINGS
“ ror CLASS | SERVICE (Service Factor = 1.0}
= Worm RPM 1800 600 100 Worm Gear
= Center Input | Output | Input | Output | Input Output Cat. Cat.
= Distance HP Torque HP Torgue HP Torque No. No. DP
e § 1.000 52 50 27 72 .06 83 H1607 QB1212 12
o % 1.500 1.19 109 .66 183 .15 227 H1627 0B812 8
1.167 .78 99 .40 143 .08 166 H1607 QB1218 12
1.425 1.1 142 .61 223 A3 267 H1618 QB1016 10
3 1.750 1.77 216 98 361 .22 454 H1627 QB816 8
: 2,333 3.01 392 1.84 683 .45 933 H1638 QB618 6
. 1.333 68 109 .34 158 07 180 H1607 DB1600 12
) 1.625 1.03 165 &0 257 a2 308 H1618 DB1610 10
5 2.000 1.73 264 .96 441 .22 | 551 H1627 DB1620 8
& 2.667 3.92 39 2.40 1124 .59 1512 H1638 QB620 6
5 3.000 3.82 7486 2.34 1317 .57 1777 H1638 DB1630 6
1.750 1.04 247 53 355 A1 411 H1607 DB1601 12,
2.125 1.59 381 .87 599 .19 714 H1618 DB1611 10
g 2.625 2.65 607 1.47 1016 33 1276 H1627 DB1621 8
3.500 4.80 1174 294 2064 72 2783 H1638 DB1631 6
1.333 44 130 23 189 .05 208 11407 0B1400 12
- 1.625 .87 186 .38 305 .09 366 H1418 DB1410 10
2.000 1.05 318 .83 525 .15 649 H1427 D81420 8
2.167 1.38 441 71 641 .15 756 H1607 D81502 12
2.667 2.01 616 1.26 1071 32 1450 H1438 DB620 6
2.625 2.11 672 1.16 1061 .25 1267 H1618 DB1612 10
3.250 3.54 1082 1.96 1806 .44 2270 H1627 DB1622 8
4.333 6.43 2094 3.84 3685 .96 4980 H1638 DB1632 8
o 2 3.000 2.39 882 1.50 1537 .38 2042 H1438 DB1430 6
. &g o 2.583 1.72 683 87 985 .18 1134 1607 DB1603 12
3.125 2.61 1042 1.44 1543 Do 1361 H1618 DB1613 10 .
3.875 4.40 1681 2.44 2810 R55) 3466 H1627 DB1623 8
1.750 64 284 .33 410 .07 . 483 H1407 DB1401 12
55 678 .13 804 H1418 081411 10
.82 1150 22 1428 H1427 DBi421 8
1.03 1402 .22 1617 H1607 QB1260 12
1.84 2364 47 3120 H1438 DB1431 8
288 2373 Rl 4198 H1116 G1110% 3
15 210 .04 227 | H1056 | GB10S0 | 12
.25 336 .06 391 H1066 GB1060 10 B
41 567 .10 706 H1076 GB1070 8
43 633 .09 - 794 H1407 DB1402 12
80 -j 1156 .22 1550 H1086 GB1077 6
71 1156 ol 1374 H1418 DB1412 10
1.18 1974 .28 2433 H1427 081422 8
1.32 2385 .28, 2773 H1607 DB1604 12
1.99 3025 64 4663 H1108 G81100 4
2.38 4034 .60 5420 H1438 DB1432 1 6 |,
.83 1613 .26 2163 H1086 GB1080 6
1.81 4020 53 7109 H1116 G111t 3
2.32 4235 75 6504 H1106 GB110% 4 -
52 1048 11 1197 H1407 DB1403 12
.85 1730 18 2048 H1418 DB1413 10
1.43 2962 34 3671 H1427 DB1423 8
1.59 3581 .33 4096 H1607 DB1605 12
2.84 6055 72 8035 H1438 DB1433 ©
21 410 .05 473 H1056 GB1051 12
.35 693 .08 831 H1066 DB81061 10
.57 1197 13 1286 H1076 GB1071 8
60 1450 13 1663 H1407 DB1260 12
1.12 2426 31 3233 H1086 GB1081 6 .
.98 2395 22 2836 H1418 DB1414 10
1.65 4128 .39 5105 H1427 DB860 8
253 6002 .76 10683 H1116 G112t 3
2.92 7082 .94 10890 H1108 GB1102 4
1.29 3366 36 4470 H1086 GB1082 ]
1.33 4130 .68 12816 H1116 G11131 3
*Torque in Lb. ins.
+Cast Iron Gear Rating with Hardened Worm shown.
. Al Worm and Worm Gear Ratings are based on a Hardened Steel Worm used with a Bronze Worm Gear.
¥ 1. For a Hardened Steel Worm used with a Cast Iron Gear, multiply the isted Rating by .50.
- 2. For an Unhardened Steel Worm used with a Cast Iron Gear, muttiply the fisted Rating by .25.
BOSTO :
INCOM INTERNATIONAL INC.
HNF-2474, Rev. 0
) Page D-96
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WORMS a0 WORM GEARS

STEEL-HARDENED, GROUND axo POLISHED WORMS
- BRONZE WORM GEARS

APPROXIMATE HORSEPOWER anp TORQUE * RATINGS
For CLASS | SERVICE (Service Factor = 1.0)

m RPM = 1800 600 100 Worm | Gear

Center | Input | Output | Input | Qutput | Input | Output | Cat. Cat,
Distance | HP | Torque | HP |Torque | HP | Torque| No. No. oP
2.167 .48 490 26 672 .06 782 { H1056 | GB1052 | 12

2.625 .72 742 .43 1134 a1 1361 | H1066 | GB1062 | 10
3.250 112 1130 71 1974 18 2420 | H1076 | GB1072 8
3.833 -; 1.43 1680 .74 | 23985 .16 2748 | H1047 | DB1404 | 12
4.333 | 211 2310 1.39 | 4034 .38 5345 | H1086 | GB1078
4625 | 2.18 | 2562 1.22 [ 3991 .28 4790 § H1418 | DB1080
5.750 | 3.42 4130 | 2.05 6807 48 8319 | H1427 | DB1424
3.750 1.26 1614 79 | 2622 .20 3267 | H1076 | GB1073
5.000 } 2.37 | 3110 1.56 | 5445 .43 7260 { H1086 | GB1083
10.0001 | 4.06 5320 1.68 6608 72 17088 | H1116 | G1114t
2583 .55 700 .30 998 .07 1134 1 H1056 | GB1053
3.125 .83 1068 51 1733 N2 1954 & +1066 | GB1063
3.875 1.30 1716 .82 | 2836 .21 3498 | H1076 | GB8SO
5.167 | 2.43 | 3327 1.60 | 5777 .44 7563 { H1086 | GB1079
11.0001 | 4.34 5985 1.79 7434 77 18224 [ H1116 | G1115¢
3.000 .60 924 .33 1323 08 1664 | H1056 [ GB126Q
3.625 .81 1408 54 2142 13 2571 | H1066 | GB1064
4.500 1.42 | 2269 .88 | 3718 .23 4538 | H1076 | GB86O
6.000 ) 266 | 4370 1.7 7625 49 10210 | H1086 | GB1087
7000 | 278 $521 184 | 9605 .51 12705 | Hi086 | GB1084
3.833 64 1288 .35 1849 .08 2118 | H1056 | GB1054
4.625 96 1961 57 3042 14 3630 | H1066 | GB1067
5.750 1.4 | 3165 94 | 5210 .24 85585 | H1076 | GB1074
4.667. 60 1505 .33 | 2208 .08 2458 1 H1056 | GB1055
5.625 .80 2310 54 | 3571 .13 4223 | H1066 | GB1065
7.000 1.40 | 3711 88 | 6092 .22 7563 | H1076 | GB8100

-
wonwon|a|ovon|worwon|jwonloon

HNF-2474, Rev. 0

Page D-98
*Torque in Lb. Ins.
B tCast iron Gear Rating with Hardened Worm showa. .
— Al Worm and Worm Gear Ratings are based on a Hardened Steel Worm used with a Bronze Worm Gear,
1. For a Hardened Steel Worm used with a Cast Iron Gear, muitiply the fisted Rating by .50, .
2. For an Unhardened Stee! Worm used with a Cast tron Gear, multipty the tisted Rating by .25. X
CENTER DISTANCES AND RATIOS AVAILABLE WITH STOCK WORM GEARING
Worm Thread No.of Worm Thread No.of Worm Thread
Single | Double [Quad Teeth {Single[DoublelQuad Teeth [Single[Double[Quad
Ratio in Gear| Ratio in Gear, Ratio _
20 .10 5 100 100 50 |25 4071 40 20 110
30 15 75 50 50 25 12.5 60 60 30 {15
20 10 5 80 80 40 |20 24 24 - -
40 20 10 20 20 10 5 80 80 40 120
20 10 30 30 15 7.5 100 100 - -
5Q 25 125 40 40 20 |10 48 48 - - b
30 15 75 60 60 30 15 18 18 - - =
60 30 15 96 96 48 |24 6 50 50 25 1125
40 20 10 100 100 50 |25 4 32 32 - =
30 15 7.5 50 50 25 12.5 Q 100 100 50 |2s
20 10 5 40 40 20 10 8 80 80 40 20
80 40 (20 30 30 15 75 8 60 60 30 |15
50 25 12,5 20 20 10 5 3 24 24 - =
40 20 10 80 80 40 |20 4 ‘40 40 - = R
60 30 15 80 80 30 15 8 96 96 - - i
100 50 |25 24 24 12 8 100 100 50 |25 i
30 15 7.5 50 50 50 2.5 [} 72 72 36 18 1
50 25 125 40 40 20 10 3 30 30 - -
20 10 5 100 100 80 |25 4 43 48 -— -
80 40 20 30 30 15 7.5 8 80 -8Q 40 {20
60 | 30 |15 60 | 60| 30 {15 3¢ 3@ - |-
40 20 10 48 48 - - 6 96 96 = -
20 10 5 80 80 40 |20 8 100 100 50 |25
N 96 48 |24 50 50 25 128 4 84 |. €4 = ]
72 38 18 36 36 = - 3 48 48 - =
30 15 |75 20 20 - - 3 54 54 - =
o Example: Given a center distance of 2.625", Table lists Worm and Worm Gear Ratios available:
-~/ 10 Pitch, 40 tooth, single =401t 1 & pitch, 30 tooth, single = 3010 1
10 Pitch, 40 tooth, double = 20to 1 8 pitch, 30 tooth, double = 15t0 1

E ' 10 Pitch, 40 tooth, quad = 10to 1 8 pitch, 30 tooth, quad = 7510 1
~— BOSTO 0

INCOM INTERNATIONAL INC.




ENGINEERING INFORMATION A83

SPUR GEARS
LEWIS FORMULA (Barth Revision) TABLE I{—VALUES OF SAFE STATIC STRESS (s)
g Gear failure can occur due to tooth breakage (tooth stress) or ) B
surface failure (surface durability) as a result of fatigue and wear. Material Lb. per Sq. In.
. Strength is determined in terms of tooth-beam stresses for static Bronze - oo 10000
and dynamic conditions, following well established formula and Cast fron 12600
procedures. Satisfactory results may be obtained by the use of . ( .. 20000
Barth's Revision to the Lewis Formula, which considers beam .20 Carbon {Case-hardened) . 25000
strength but not wear. The formula is satisfactory for commercial Steel .40 Carbon (Untreated) . . .. 25000
gears at Pitch Circle velocities of up to 1500 FPM. itis this formuta -40 Carbon {Heat-treated) . e 30000
that is the basis for all Boston Spur Gear ratings. 40 C. Alloy (Heattreated) .. ... .. 40000
METALLIC SPUR GEARS . .
SFY/ 600 Max. allowable torque (T) that should be imposed on a gear wili be
= e f e D WxD
P (600_ + V) the safe tooth load (W) multiplied byE orT = ——

W= jTooth Load, Lbs. (along the Pitch Line)

S ='Safe Material Stress (static) Lbs. per Sq. In. (Table 1Y The safe horsepower capacity of the gear (at a given RPM) canbe

F = Face Width, In. calculated from HP = U directly from (W) and (V);
Y = Tooth Form Factor (Table ) : 63,025
P = Diametral Pitch HP = WV
D = Pitch Diametér 33,000
-V = Pitch Line Velocity, Ft. per Min. = .262 x PD x RPM 63025 x HP

For NON-METALLIC GEARS, the modified Léwis Formula shown  ForaknownHR T = ——0r—
below may be used with (S) values of 6000 PSi for Phenolic
Laminated material.

SFY{ 150
W= (200 v '25)
TABLE 1l Y FACTORS
- ’ 14%2° Full 20° Full
Numbser of Teeth Depth Involute Depth Involute
3 10 0.176 0.201
11 0.192 0.226
12 0.210 0.245 Ly
13 0.223 0.264
14 0.238 c.278
15 0.245 0.289
16 . 0,255 0.295
17 0.264 0.302
18 0.270 £.308
— 19 0.277 0.314 -
20 0.283 0.320
22 0.292 0.330
24 0.302 0.337
26 0.308 -0.344
28 0.314 0.352
30 0.318 0.358 -~
32 0.322 0.364
34 0.325 0.370
36 0.329 0.377
38 0.332 0.383
40 0.336 0.389
N 45 0.340 0.399
50 0.346 0.408
55 0.352 0.415
€0 0.355 0.421
65 0.358 0.425
70 0.360 0.429
75 0.361 0.433
80 0.363 0.436
90 0.366 0.442
100 0.368 0.446
150 0.375 0.458 HNF-2474, Rev. 0
200 0.378 0.463
300 © 0382 0.471 Page D-99
Rack 0.390 0.484

BOSTO :
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SPUR GEARS
BACKLASH

Stock spur gears are cut to operate at standard center distances.

SPUR GEAR FORMULAS
FOR FULL DEPTH INVOLUTE TEETH

The standard center distance being d'efmed by: T ObBm Faving =
Standard Center Distance = inonZDL+ICEaiED 31416
2nce = > Gircular Pitch (p) p-= —‘;—
When mounted at this center distance, stock spur gears will have
: h > b . f Number of Teeth (N) & N
the following average backiash: Diametral Piich (P) | pyyon Diameter (D) P=F
Dk 1 Backlash Dk Backlash Number of Teeth (N) & _ N+ 2(Approx-
Pitch (Inches) Pitch (inches) Outside Diameter (D) -~ D, imate)
3 013 89 005 ) 141
4 010 10-13 004 Circular Pitch {p) Diametral Pitch (P) p= 3—}:6
5 .008 14-32 .003 — . e
6 .007 33-64 .0025 Number of Teeth (N) & D= l
7 006 ! Diametral Pitch (P) =P
- Pitch Diameter (D)
Anincrease or decrease in center distance will cause anincrease Outside Diameter (D)& |y . n _ 2
or decrease in backlash. . Diametral Pitch (P) °~p
Since, in practice, some deviation from the theoretical standard | Base Pitch Diameter And D. = Dcoss
center distance is inevitable and will alter the backlash, such de- | Diameter (D) Pressure Angle i
viation should be as small as possible. For most applications, it Diametral Pitch (F) &
would be acceptable to limit the deviation o an increase over the | Numoer of eeth (N) | by, piameter (D) NePsB
nominal center distance of one half the average backlash. Vary- .
8 = 5 Tooth . " 15708
ing the center distance may afford a practical means of varying the oo Thickness {) | biametral Pitch P} 1
o @Pitch Diameter (D) P
backlash to a limited exient. ;
The approximate relationship between center distance and back- | Addendum (a) Diametral Pitch (P) a=—
tash change of 14%2° and 20° pressure angle gears is shown =
‘below: Qutside Pitch Diameter {D) & D.=D4+2a
o . Diameter (D, A 6=
For 143:°~Change in Center Distance = 1.933 x Change in Backlash iameter 0 goendomi]
- . . - . ' 2.
. For 20° A Fr}ange in Center Distance = 1.374 x Change in Backlash (Vggg]: E;&:g (h) Diametral Pitch (P) h = 22 + 002
) From this, it is apparent that a given change in center distance, . I
-/ 14»2° gears will have a smalier change in backlash than 20° gears. | Whole Depth (h) Diametral Pitch (P h 2157
This fact should be considered in cases where backlashis critical. | (Coarser than 20P) 1ame ch (P) tTop .
Working Depth (h,) | Addendum hy = 2(a)
UNDERCUT £ 2
i . q q . i Whole Depth (h) _
When the number of teeth in a gear is small, the tip of the mating earance (¢) Addendum (a) c=h-2a
gear tooth may interfere with the lower portion of the tooth profile. Whole Depth (n) &
To prevent this, the generating process removes material at this | Pedendum (b) Addendum (a) b=h-a
point. This results in loss of a portion of the involute adjacent to the
tooth base, reducing tooth contact and tooth strength. . Outside Radii, Base
On 1412°PA gearsundércutting occurs where number of teeth is Contactatc Bt :::';;g::\:f; 2':‘?:‘:& 4
less than 32 and for 20°PA less than 18. Since this condition g
becomes more severe as tooth numbers decrease, it is recom- M= RZ = R2 + /12 = 1,27 ~ Csing &
mended that the minimum number of teeth be 16 for 14Y2°PA and P cosé
13 for 20°PA. T
In a similar manner INTERNAL Spur Gear teeth may interfere | Root Diameter (D) 3:2%2?;?:; D,=D-2b
when the pinion gear is too near the size of its mating internal gear. - . S on
The following may be used as a guide to assure proper operation | Center Distance (C) ;nchfl:_)rnameler °;. c-at*t>
of the gear set. For 1472°PA, the difference in tooth numbers o. of Teeth and Pitch 2
between the gear and pinion should not be less than 15, For 20°RA. or N, +N,
the difference in tooth numbers should not be less than 12. 2P
P
. *R, = Outside Radius, Gear
¢ o
7 ro = Outside Radius, Pinion
R, = BaseCircle Radius. Gear
N 1 \ » Addendum r, = Base Circle Radius, Pinion
. \ b = Dedendum
_Line - ¢+ Cleacance
! 1 h b Tk Working Depth
—— t ——] b k Tt - whote Depth
— e = — i .l - p = Circular Pitch

o = Fillet Racius
1 = Circulsr Tooth Thickness
& = Pressure Angle
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331 WIDE INNER RING BEARINGS

"N-KRRB Heavy Series
Relubricatable Type

—e heavy series B-Seal wide inner ring bearings are similar to the stan-
—rd series described on page 141 but are capable of withstanding con-
- uous, heavy or shock loads. The GN-KRRB series utilizes a heavier
_iter ring than the standard series, as well as, a considerably thicker
=aling member in the contact-type dizphragm seal. This design assures 3
Smplete retention of the lubricant and positive exclusion of all @@
~ntaminants. These bearings are especially effective at slow-to- g

oderate speeds under the severest conditions of dirt and corrosion.

o=

>

M
commended shaH tolezances: 1/27-29/1", nomina’ 10 -.00057, -.013 mm;
2T/e" 318187, nominal 10 0017, -,025 mm.
™ ORDER, SPECIFY BEARING NUMBER FOLLOWED BY "AND COLLAR" Example: GN30IKRRB anc Collar,
Bearing Collar  Basic | Bore™ | 0.D. Ring E G H J x N M F ) Bro. & Static | Extended
Number Number OQuter B A Widths Collar WL Load Dynamic
Ring Rating Load
Size | - Co | Rating
Inner  Outer Ce
in, in, in, in. in. in. in, in. in. in. Ibs. - Ibs. fbs.
mm 220} wm mo nm ™ mm mR kg L] K
~1G3KRAB SWOK 605 | 1w | 268% e Sk 4w e v i@ 1Wm 2% @5 1z % | 39 | 7
o » W5 w20 €z w6 00Uz )
~104KRRE SHIK o ; w |
~/105KRRE SwiosK e | s | v me | we o omw o owe 2% we o 0% e 268 408 it | e | em
~V106KRRE SO G |t | @m0 2 | w3 s 5oiE S5 own 0 e 0B | 2w | &
~107KRB SK107K e . 15 ki3
“RRB SNBK  GHB | 1 | 35 | 15 Wt | Am  frm e 2k S R 2% 25 00 2% 2 | s%0 | 0w
. w|sa B | oes oz o @5 %6 @ 52 BE B we | e
NI SALIE I lamm l e 0w | e s owe  ow w2 3zt a8 S g |
AREGED Sk G| Wl Tug | e @ | ws om0 I S T R Y A I
~1112KRRBY SKIK 9 295 13
~112KRRE SNIMK G0 | v | 43 | 1she 1@ | B2 We e 280 h 20 2% a6 125 4B <93 | w0 | 0
~115KRRB SHitsK vy w0 | ea x| as ows w w22 sy s me mes 0 195 ] =0 | e
~I200KRRB SK20K B3 2 45244 23 120 1% e 3 3% o 26 27l 4007 1475 a0 2R 230 18000
~203KRRB sKaK | | w% 0 m | as ze 4 w6 @2 s my B O sz 2 as0 | o
~207KRRB SNATK G2 | e | Sl | e & | e 19m w PR M 2 e 4m2 185 6% 268 | w0 | 24
e ||s I R T T | s |
211KRRB SO G4 | 2vnc] 5NS5 | 2vhe 14w | 1 e w4 Dhe @5 &% 4 10 9% <9 | w0 | 2w
| s F | @ 84 ws @0 6B m9, %H  M% | a0 | e
215KRRE SIS GNS | 2| 6282 | 2% i85 | 19w W & DA 26 3w S0 208 1@ sS4 | e | 7w
wee  » | W 6 121 E8 f6 WM W s T | om0
303KRAB SKRK G | S Ve 6 | 19 v dns ih 2B ds 568 200 W1 T | w0 | e
K% o4 | @ B T BB i% e @R S ww | s
307KRRE SN 63 | e | rewm | s m | o e S% i 32 4w 628 200 2% % | 240 | 3
W | sn s | ar 4 70 wme B 8B w0 wy B8 w0 | 0
315KRRE SKESK GRD | 3| 846 | 3%he 18 | 1 1% e SW Uke 3B 5w 118 27 %9 %aB | 29w | am
s | won 5 | om0 om0 79 s %5 iR wmE W %% a0 | e

397, nominal 1o +.0006”, 015 mm
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“RSAO Heavy Series

Fafnir RSAO units are ideally suited for instaliations where the load is
heavy in proportion to the shaft diameter or where considerable shock
loads exist. Incorporating 2 high capacity GN-KRRB (R-Seal) wide inner
ring bearing, these units have the same base-lo-center height and bolt
hole spacing as Fafnir heavy series SAO pillow blocks.

These pillow blocks are prelubricated and ready for immediate use.
For wet or extremely dirty conditions, a grease fitting installed in place
of the standard Vs pipe plug will provide means of relubrication through

. a groove in the inside surface of the housing. All units are supplied with
* self-locking collars.

Recommended shatt tolerances: 19/3%™-3'%/4”, nominal fo -.0005°, ~.013 mm;
2°-3%/%”, nominal 16 -.0010%, -.625 mm.

Bearing Data
Unit Bearing Number Dimensions and Load Ralings
RSAQ GN...KRRB Page 144

TO ORDER, SPECIFY UNIT AND SHAFT DIAMETER. Exampler RSAD 17/u”,

Unit Shatt A 8 c =} E F G L 4 X N S Bolt Bearing Coltar Housing Unlt
Diam, Size Number Number Number wu
m | m W @ m R R @w W w a W A @ B
= mm o) mm mm mm am mm om £m nm mm nn k5
RSAO. W% | pyy  uw ame A e g% 2% W e 1 i we  wp  CNIOIKRRB Sk taem ta
REAO. Th o lwm me om0 ®m2 w3 zss w3y m2 s m4 62 % gy ONHKRRE s imm o oo
RSAO  1us |. GNIOIKRRE  ‘SMEX 1247
RSAQ 1% §.0% 1L¥% GNIDAKRRE  SKWK T3
RSAO 14w | Dh 4% im  Oh B W Dk wx % W 2% W Y GNIOSKRRB S lzes ¢
oy RSAO LA | BE W2 56 B X6 2§ &3 &5 1) A K6 B3 K5 GNISKRRB  SNOX  Tzus ¢
YRsa0 s GNIOTKRRB  Swwik 124%
RSAO 1% | 3w SW 2% 4v 8w 3% Wk % W 2% 1%z i GNIGKRRB Sk 1z92 | %
RSAO W | m® B 52 w3 mE @y W z0 w0 @6 B8 W3 B9 GNISKRRB WX Tz iw
B =
BSAO B | gy g e s WhPA W W 1w 2% ek, GNIIOKRRS T2
RSAO 1% | o3 w25 x7  wis my e 3 w0 ws &5 ms sy ONITIKRRB T2 ey
RSAO 1 * GN112KRRB 128
TAO MIm semo 2 S 8 ww o om ww % a3 ime s GNIRKRRS TR g
RO MmN mw e mr my oms s me m3 w0 @6 w2 a1 wg  ONIMKRRB YER g
RSAD 1% : 5 GNisKRRE 1252
RSAO 2 ] GNZ00KRRB 1250
RSX0  2vk | s sme 2w Sw Wik 34w h A B 1% %  GN2DIKRRB 1z as
BSAO 2w | ®3 w1 m0 W e B8 %5 22 MS  HE 42 ¥0  GN202KRRB 1z e
RSAD 2w GNZ03KRRE 1250
RSAO 2 GN20XRRE Sk © 1244
RSAO 24w | 4 TMm S BUw MW WA 4 1h W wh 3R 1% GNNSKRRE S 1o L%
BSAO  2us | W CES M4 w5 e wE ¥ 22 m8 BY 4 GNGKRRE St 12
RSAO 2w GN2OTKRRE KXk 12
4] it B
vl S S T A A
Toao Bulum a3 e WS W mS wi aC e xg ws we  go  SNAMERE  smmo law (4
RSAO 2% - - o ’ ’ GN21ZKRRB S0 1242 o
poaO IMlim www 3% 8w mm o oh w1 i e gwe 7 ONIKRRB s lze
oMb lum o oms om0 w2 ) ms i g8 me st mr ope  GNOWKRRE  Sew w0
RSAD 2 i i ) GN21SKRRB  SKk2: T2 B
e | O PR v SUs wM W eh 1ww 1 sk dwe 29w - %2
Rsa0  suw | O * 3 . -
Wm0 4 WS 4 2 aq gy gy ONOUKRRR ERR O lzm o ol
T R o &2
RSAQ 3 {2 > i 4 Ko .24
Pl oms s 26 WE §2  me  x0 wme mp  pe  CNOTKRRB SWE O dms
RSAO  pw | BUE W SVe WM Ww wYs  Bh 29 1 1% S w1 a5 -t &5
Yles w0 ms S w2 @1 me  ws w0 me  xe  CTOWKRRE SER -tz
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\. FLANGE CARTRIDGES/CAST IRON

RQJO Heavy Series

- .RCJO type heavy series flange cartridges are similar in design to
=e standard series. They are for applications where a minimum amount
= machining is to be done and are supplied completely assembled,
wing mounted in place by means of bolts through the flange.

RCJO units are equipped with GN-KRRB (R-Seal) wide inner ring
warings. ” .

A grease fitting provides for relubrication if required. Units are sup-
Tied with seti-locking collars and are dimensionally interchangeable.

mcommended shatt tolerances: 13/14™1%¥34", nominal 10 -.0005", -.013 mmy;
- 28.3%/4", nominat to ~0010", -.025 maL
wearing Data

i— 8 SQUARE —-1

— F
Hole Size

s 2 e

nit Bearing Number Dimensions and Load Ratings TG -
b
€0 GN...KRRB Page 144 E
0 ORDER, SPECIFY UNIT AND SHAFT DIAMETER. Example: RCJO 171",
unit shalt | A B -.¢C D 3 F a H J X Bolt Bearing Coliar _ Houslng Unit
Diam. - {4 reqd) Number Number  Number Wt
i in. i~ in in. in. in. i wo i in. i, e 1bs.
Loy mm mm nm i rm mn fafd mm nm : 3]
Sn 3k - S TR 2w S Mz 1%z 3 1% o W
> 13/ 3, N1 8
e Bl s wm . w3 . %1 82 w3 w3y %0 %8 42 b GBS SN T s
. T Se  ism 24m e s 2% & 2k ! 55
e e y N107K 7
AU e 89 @5 88 M3 w3 B6 0 WE W7 B GNI0TKRRB S0 R 2497
S 4B h Wk 20 Sk % 2k A 2% : 550
A ) 9 RRE - SMI Be
GO M s wmm o ws ae &3 B9 €8 52 mE &5 b S TR
B S % e Zim 20 S W e 4 2% . 7w
W - 8 NTH -4
A Y u5 0 ar o&s B Bt M7 @b 68 LN I UKREE S Ui 15
@oo o LU e L 142
ey s e = 2% W Dz 25 S¥m o 3 § RN [
* 2w HE B B e B e om O CHEETERC W g
. 7 s ww o 2 3 W ww 2R &Yk 3 w15
RCIO  2Y s N203KRRI SHam 2
*lws wm w5 %) ®2  us  us W0 MO &6 v 8 T g
e S, % 2% 3w Ww % U s 3% 52
7} 3y N &
e R T L T R R - i GNZOTKRRB S Tem
T T omw 3% W fm 3% I A 70
RCIO 2 ” ; X
“ | ms  wmm omz  mz wr me ome  wme sy ws b ONAIKRRB WK TEW g
S TW M 8w &R B e 3 19 &% . 1
RGO 2w 3y N: ) sk 19181
| manws w2 ms ows ms @0 w0 Wl b EHEET % T w15
W 8% 1N e 4% Ty e s 9 5a . )
RCO 3 7 :
M me msw w6 g4 w6 @0 Es  ves  as w2 | TSR SR VM
Wk Sk 1% 3% 5% T 14 SUYw W 5 GE)
RCIO 3w " N :
| gas mm oms me  me k2 ws  ms ey L CNOIKRRS SR T g
HNF-2474, Rev, 0
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‘ LM67000 : BORE RANGE

.- ~31.750
SERIES A
- o TE ~1.2500
utslde | naen i
dvbnfal; m;i‘i‘l‘g‘?l width b;ia;;:g
0 radius
) b r [ T
16.784 1 ~3.0 | 59.131 13 11811 |15.875
tHE7048 }o.asoo ’-G.IZ 23280 | 005 l 0.4650 ] 0.6250 ol
" S
** Compound radius—see illustration
’ Cormpourd
Racius
=
|
LM67010 -
— LM67010 (1:2.5 size)
(haif size)
LM67010
— X137 B Jrs KLYy
I8 g 7
THE TIMKEN COMPANY (% | ) :
ke = kom) = basic rating @ 500 rpm
To- \ STE o “J/M Les for 3000 hours L,,
Depr. Phone No. radial 9460 N
- i 2130 Ibf
3 0.
P Nl thrust | 6680 N
> : : 1500 Ibt
) — K [ 142

® COPYRIGHT 1886 BY THE TIMKEN COMPARY - PRINTED IN US.A.
T e, senoe N
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use moditying factors to compare Timken bearing

€apacity-ratings with other

makes of bearings.




TWO-ROW ASSEMBLY =~ buusLe vune; oiNGLE CUPS

-
=

| l

cone cup
[ating at .
width 3650 Woors Lo tactor part numbers
" G “radar | st | TR
T- & & ) K

62.000 33.797 34925 10400 6300 18100 1.53 171160 17244 0.8 355 1.5 540

24409 1.3308 1.3750 2330 1530 4050 0.03 1.40 0.08 213

68.262 36.810 38.100 12200 9260 21200 131 19145D 18268 0.8 425 15 61.0

26875 1.4482 1.5000 2740 2080 | 4780 0.03 1.67 0.06 | 240

71.438 36.810 38.100° | 12200 9260 21200 i.31 19145D 19281 0.8 425 1.0 63.0

28125 1.4482 1.5000 2749 2080 4760 0.03 167 0.04 248

72,000 39.088 32100 12200 -9260 21200 1.2 181480 19283 0.8 425 15 63.0

2.8348 1.5352 158000 2740 2080 4760 0.03 167 0.05 248

85.000 50.257 52375 19500 10300 34200 1.51 358D 354A 1.5 51.0 1.3 7.0

3.3465 1.87%0 20520 4420 2320 76%0 - 0.06 201 005 { 3.03

90.118 54,991 52.375 19600 10300 34200 181 " 358D 352 1.5 510 23 78.0

3.5480 21650 20620 4420 2320 76% 0.08 201 009 | 307

80.952 34.925 31.750 12200 11000 21200 111 13176D 13318 SPCL 50.0 15 720

1.759_0 3.1875 1.3750 12500 ~12740 2480 4770 187 0.06 283

50,800 | 93.264 50.013 53.188 21100 12200 36800 178 8750 374 0.8 57.0 1.3 85.0

20000 1 36718 1.8690 2.0940 4750 2750 8260 . 0.03 224 005 | 335

154.988 | 136.525 66.091 65.989 41100 60900 71500 0.67 782150 78537 23 79.0 3.3 115.0

121649 | 5.5750_{ 2.6020 2.5980 9230 13700 16100 0.08 331 0.13 453
$54.988 | 140.030 66.091 65,989 41100 60300 71500 0.67 78216D 78551 2.3 79.0 2.3 1170 :
121648 | 55130 2.6020 25980 8230 13700 | 16100 0.09 an 009 | 461 B
61.912 | 110.000 55.550 55.550 23700 16300 41300 1.45 399D 394A 0.8 70.0 13 101.0 ' ;

24375 | 43307 21870 21870 5340 3670 9299 0.03 276 005 | 3.8

61.912 | 110,000 | 55.550 §5.550 23700 | 16300 | 41300 | 1.45 " 399 394AS 0.8 700 33 99.0

24375 | 43307 21870 21870 5340 3670 9299 0.03 2.76 033 | 280

63.500 | 112712 [ 60.325 60.325 40100 | 23300 | 69800 | 172 395850 39520 0.8 720 33 | 1010

25000 | 4.4375 2.3750 23750 8010 5230 15700 0.03 283 0.13 3.98

63500 | 112712 60.325 60.325 40100 23300 $9800 172 395850 39521 0.8 720 0.8 103.0

25000 | 4.4375 23750 2.3750 9010 5230 15700 0.03 283 0.03 | 406

63.500 | 136.525 66.091 65.989 41100 60800 71500 0.67 782510 78537 2.3 78.0 3.3 115.0

25000 | 5.3750 2.6020 2.5980 9230 13700 | 16100 ' 0.08 3.10 013 | 453

63.500 § 140.030 | 66.091 65.989 41100 | 60900 | 71500 | 0.67 78251D 78551 2.3 780 23 | 117.0

2.5000 | 5.5130 2.6020 2.5380 8230 13700 | 16100 0.08 3.10 003 | 461

164.988 { 136.525 66.091 £5.989 41100 60900 71500 0.67 78255D 78537 15 78.0 3.3 1150

125586 5.3750 26020 2.5380 8230 .1 13700 | 16100 0.06 311 043 | 453

164988 | 140.030 | 66.091 65.989 41100 | 60300 | 71500 | 0.67 782550 78551 1.5 79.0 23 | 1170

1255861 55130 2.6020 2.5980 8230 18700 | 16100 0.06 an 009 | 481

. 76200 { 115.888 53.975 53975 29900 13800 52100 215 LM114848D 1M114811 08 83.0 1.5 107.0

3.0000 | 45625 21250 21250 6720 3130 11700 0.03 327 006 ¢ 42t

© Thess maximurn filt radh wil be cleared by the bearing comers.

t For standard class ONLY, the maximum metic size is & whole milimetre value,

* Cone Is extended on one side. HNF-2474, Rev. 0 o®
, Rev.
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Date: * June 6, 1995

Teleconference with engineer (Jirn Goedt) at Torrington Bearing Co., 206-455-4466
regarding Safety factor incorporated into their published Static Load Ratings.

Loading less than the Static Load Rating will result in less than 1/10 inch deformation of the
ball, and would correspond to a yield strength. Actual bearing failure (ball fracture or
disintegration) would require 2 to 3 times that force, which would correspond to uitimate
strength. Since we are designing to safety factors of 5 to ultimate and 3 to yield, a
calculated SF of 3 based on the Static Load Rating should be sufficient.

- OK but still require heavy duty bearings, resulting in enlargement of winch box.

New pumps issued - Submersible pump now weighs 3000 Ibs. Three bearings will be -
required.
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E~21-15
{m SWIVEL JOINTS ENGINEERING SPECIFICATIONS

NGRS

Manufactured in eight styles. Sizes from 3/s” through 16” pipe size in steel, and 35" to 4” in
aluminum and stainless steel. The casic components of T-M Union Assembly Joints are as
follows:

Swivel Nipple: Rotates on 2 rows of chrome alloy steel balls to ensure ease of rotation
under severe thrust and radial loads.

Holding Nut: Provides half of bearing race and utility of (1) Providing initial com-
pression on packing (2) Take-up on worn packing (3) Quick disassembly for repack-
ing. Ball races of 6000 PSI and 15,000 PSI series are through hardened to 42 to 58
Rockwell “C” scale, for maximum strength and wear.

. Body: Parts 1 and 3 are changed in configuration to provide eight different styles.

Back-up Ring: Furnished in similar metal to part 1 to back up packing and act as
outboard bearing during severe radial loads. Optional materials: Aluminum, stainless
steel, teflon.

Male Adaptor: Acts as wedge to expand chevron packing and effect seal. Furnished
in Buna N as standard, but may be furnished in aluminum, steel, stainless steel or
aramid fiber.

Lock Bar: Locks assembly of parts 1 and 2 to part 3. Removal of lock bar allows
holding nut to be rotated to (1) Take-up on packing in increments of .005” or (2)
Remove assembly of parts 1 and 2 from body for repacking.

Grease Plug: Hole is tapped to receive Alemite fitting but since T-M joints usually do
not require lubrication until repacked, a flush set screw is inserted at factory.

CRCNCNCICNCXS,

HNF-2474, Rev. 0
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: E-21-15
N ~ Basic Components:

0 Balls; Hardened chrome alloy steel balls are furnished as standard. Optional mate-
rial: stainless steel.

“O” Rings: Act as grease scals to (1) Seal grease in assembly to insure proper
lubrication of bearings (2) Seal against grit and dirt from outside sources (3) Seal
bearings against line contaminants. Standard 6227 and 6230 sizes used. Optional
materials: Silicone, teflon, viton.

Chevron Packing: The most effective packing design known, used in standard JIC
and AN-6225 sizes in Buna N. Optional materials: teflon, aramid fiber, viton.

Ball Plugs: Retain balls in races. Assembly of parts 1 and 2 is made at factory and need
not be disassembled to repack the joint. The T-M joints can be repacked without
handling balls.

When ordering specify Size, Style, Material, e.g.: steel, stainless steel, etc., working pressure,
working temperature, material to be handled, and end connections.

Standard end connections are threaded, (TE), bored for welding, (BR), or flanged (F); see
price list for prices. Other end connections on special order,

Component parts can be ordered to suit individual requirements, e.g.: 2” style 100 1000 PSI
MW, steel with bronze male adaptor (9) teflon packing (D), bronze back-up ring (8), and
stainless steel balls (B).

T-M Swivel Joints Out-perform All Others:

They can be repacked in the line or in the ficld without the handling of balls. Result: Less
down time.

Union Assembly allows for take up on worn packing. Result: Up to 400% longer packing life.
Provides positive pressure on packing to insure against low pressure and low temperature
leaks. Result: No leaks, less maintenance. -

Bearing assembly is protected against outside and inside contaminants, and grease is sealed
in. Result: Longer life, less maintenance.

They will withstand heavier radial loads and thrust loads while maintaining seal due to high
quality bearing races, outboard bearing, and modern engineering design. Result: Lower final
cost.

All packing, “O” rings, used in TM Swivel Joints are standard to JIC and AN sizes.
Commercially available. Relult: Less inventory.

HNF-2474, Rev. 0
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T-M
SWIVEL JOINTS

ESTIMATED WEIGHTS

STYLE 100 200 300 400 500 600 700 800
3" & 12" Alum. 1 1 1 1 2 2 2 2
Steel 2 2 2 3 4 4 5 6
1" &3/s" Alum, 2 2 2 3 4 4 6 8
Steel 4 5 .8 9 9 10 13 13
11/ Alum. 2 3 3 4 5 5 7 7
Steel 5 6 7 10 i1 12 15 16
11/2" Alum. 3 4 4 5 6 6 8 9
Steel 9 11 12 16 18 19 23 24
2" Alum. 6 8 9 12 13 15 18 19
Steel 18 19 23 31 34 38 48 51
15000 PSI Steel 18 21 24 34 39 44 52 57
212" Alum. 8 9 12 15 17 19 23 25
Steel 21 25 31 38 43 47 59 65
3" Alurm. 10 12 15 21 23 26 30 33
Steel 25 29 37 49 57 65 82 90
4” Alum. 19 23 27 31 42 47 58 62
Steel 52 60 72 85 98 110 136 144
6" Steel 95 110 125 205 220 235 315 330
8" Steel 115 146 177 262 292 323 407 438
10” Steel 140 195 250 835 890 445 530 585

12” Steel 165 233 811 388 466 544 621 699

Note: All weights given in pounds for threaded or welded ends. (Flanged weights not included.)

o HNF-2474, Rev. 0
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TERMS AND CONDITIONS CF SALES:

Prices and conditions of sale are subject to change without
notice. Prices of all T-M Products are f. o. b, Sunnyvale,
California. All material for export is subject to a 4% charge
for export boxing. Material will be accepted for credit when
returned with permission, and material returned for credit is
subject to a restocking charge. Orders for products incor-
porating varjations from catalog listed items are special; are
subject to cancellation at extra charge and cannot be
accepted for credit upon return. We insure to the common
carrier but not normally beyond the point of delivery to the
common carrier unless otherwise instructed. We maintain
responsibility to the extent of the insurance carried ... tothe
common carrier . .. or beyond when so irst-voted.

GUARANTEE:

All T-M Products are unconditionally guaranteed for one
year against defective material or workmanship. Materials
returned, f. 0. b, Sunnyvale, if found defective will be

repaired. Material found damaged, but not defective, wiil bz -
repaired at nominal service charge.

WHEN ORDERING SPECIFY:
1. Pipe Size.
2. Style number of joints.
- - 3. Material (aluminum, steel, stainless steel).
Product to be handled
Operating pressure.

Operating temperature.

£ KR P

End connections (threaded, flanged, bored or beveled
for weld).

y
% HNF-2474, Rev. 0
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@ THE FINAL COST OF AN ITEM IS DETERMINED
BY ITS PERFORMANCE

@ T-M SWIVEL JOINTS ARE OUTPERFORMING
ALL OTHERS

@ SPECIFY AND BUY T-M SWIVEL JOINTS FROM

REPRESENTATIVE

T-M _
SWIVEL JOINTS

T-MMFG. CO.. 895 E. ARQUES AVE.. SUNNYVALE. CALIF. 84086 (408) 736-5202 FAX (408) 736-3743

o REV 42 - PRINTEOD IN U.S.A.
kY v
} .

-/
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The “I'-M Swlvel Joints are \he resubt of maxlern enginecring
methela applied to the dealgn and manufactureof Ball- Bear -
Ing Swivel Jalwma, Over 400 different types, atyles, and alzci
have boon developed for presnures and accvices frgur 28”
vacuum to 15,000 p.s.l., and temperatures toS50dcegreea I,

Along with the developrmient of new types ol Swivel Jolita for
many dliferem gervices, V-M alao carries ot continvous
tenenrch for the purpono of developlng and pecfecting Swivel
Jolma which whl snect your perlorimance specilicationa.

AULF-M Dl Beoaring Swivel Joluts employ the harle prin-
clple that'all turhiing movement takes place o double rows
ol Ball-Dearinga. Although each rotating member wrus na
alugle plane, unllmlied {lexibtiity is secnred by comblnling
awlvels Jg the proper sequence.

The T-M Swivel Joint arrangemaint bridgea the gap between
the worklng parta ao that abraslven arc flitered aut, Pack-
ing acals laatTonger,lubiricatlon i aeated ty, which malntatar
the Nle of the Ball-Bearings. 'T-M awivel Johug nre grease
packed wheu aprebled, sudnn further greasing Is required
tnleaa the Joint ls fn conatant rotation,

% 7 7
7 mme,;/;/f';” 57 7
Z‘JJ Aolloly

,
o
0

o /

'

85 1 722

LA
4

i

.

‘¥'-M Swivel Jolnte nre superior because:

They will withatand greater radisl and ¢hrust Joads while
malntaining seal,

‘I'he wilon ssseinbly allows for repacking in minutes, while
in the tine.

Unlon asscnibly allows inke-upfor worh packing, thus extend-
Ing the usable Hife of packing.

Unlon assembiy allows take~up for pressure varlancea and
lor extremely volatile msterlals,

Unlon asgembly permits repacking withowt the handiing of
balls, N

Standard packing s uaed throughout T-M Swivel Jolnts,

- Avallable fromn 'I'-M Monufacturing , thelr Dealers, ov [rom

your local aupplier.,

LS

. SWIVEL JOINTS
, MFG. 00.; 695 E. ARQUES AVE,; SUNNYVALE; CALIF 94085 (408)

4362
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INVERTRON

A-C DRIVES

RELIANCE ELEC. @oos

atin
; 450V &
Ratings -
Qutput Current 180 | 240 | 300 | 330 | 40 480 | 625 | 750 | 875 | sep 1080 1200 {1380
Ouput Overicad Capacity | Upto 150% for 1 minuts 125% | 110% L ECN
Ralings | Output Frequency | 0-200 Herz ) =
Input Power Supply 3-Phase 3E4CO415/580Y
Ratings | Adow. Variaticn Plus or minus 10 percent
Conoevs | VE! Bk begar ,
: VGi: 0.5% of base frequency with slip compensatcn
Speed Regulaton VCI: £0.05% of base frequency
Freq, Regulation 0.1 Herz
. Control oy 3 VGI* Multi-peint V/Hz curve shaping either linear o quadratic. , .. . .. - -
Specs. R YCi: Programmable motor voltage regutation s S0 o o .
Torque Boost VG Up to 30 Voits at & prog ble output I y VCi: Calculated from motor input data
Camier Frequercy | Fullspectrum siitching canie freq y ( 800 Hz and 4 KHz) to lower motor noise
VGi: Thres criticat traqueacy aveidancs bands, D-C braking, Startino 2 rotating motor,
Auxiliary Functions Slip compensation
VGI: 8 selectable preset speeds, Torque Emit, Prog ble for winder appl
OperatingMsthod | Keypad, o harcwired piot devices 1o controt tarminal strip
Speed Reference/ | Up/Down amow keys o3 Yeypad: 0-10 VOC {+/-), 0-20 or 4~20 mA analeg signals wired to
Input Signals terminal strip, Static MOP inputs wired 1o terminal strip, &1 MHz (Pulse Train), and preset spesds -
Aocel and Decel. | VG Linear or *J* curve  to 8277 seconds; acceleration and deceleration set independently
Operating | TiMe VCI: Linear 0.1 to 8277 seconds, leration and icn sat indepsndently
Specs. Extecnal Qutput 0-10 VDC analog outputs proportional to motor voltage, motor current, and motar speed:
Signals {analog) Ogtional 4-20 mA output signals -
Digital Qutputs . Fault contact, 1-N.02 Bun contast, 1-N.O.; 2-Programmable outrd relay contracts each 1-N.O.
Seral RS232C sarial port with optional MMI software provides ability to upload/download drive 5
Communications parameters, and monitor register values
. Run permissive open, heatsink overtemperaturs, Bne dip ride-through time exceeded, Overspeed,
inverter Trip - D-C bus overcurrert, Motoring cvercument, Grourd fault curren, Microprocessor fault, Motor over-
o current )
Protecive = o =
Functions | Fault Warring D-C Bus Voitage less than 85%. plus two programmable input contacts from usec..
Rice Through Six cycles with a programmabie vottage ride-through tevel
Fault Reset Fault raset by contact closure or keypad B
. Mater RPM, Input Speed Relerence, Motor Voltaga, Motor GCurrent, D-C Bus Velhage,
Dispizy Mode Slip Fraquency, and Quiput Frequency, Units are scalabie
Displays the method ol speed reference input such as anatog input. MOP, preset speeds or speed
indicgticn Reference Mode pot .
}a(r:;p ad Control Mode Cisplays the methed of drive cantrol eitrer keypad, o terminai strp
. q Fault codes with English messages are displayed; As sach fault cccurs 1t is stored with an
Oiagrestic Mode occutrence time in NVRAM; If several faults occur at once, they will be shown flashing
Code Mcde Provides the abilty to enter and display the three levels of password protection
Storage Temp. 40* Cto65° C (40" Flo 149° F}
Ambient Temp. ¢* Clo40° C(32° Fto 1C4° F)
Operating Hurmidity Non-condensing, relatve humidity to 85%
Condi- installation Incoor not more than 1000 m (3300 1) above sea level
uSes Enclesura NEMA | force-ventilated .
b (e 560 | 950 | 5e0 [ 5a0 | seo | 80 _|2000 [2000 {2000 [2000 [3000 3000 {3000
eight (kg) Us to 400 P [ 500-800 HP [ 001200 HP
RELIANCE

ELECTRIC
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INVERTROM
A-C DRIVES

RELIANCE ELEC.

250 Wf B Yrive

A multi-function alphanumeric keypad and display provides,
operation, programming, and monitoring of running condition.

The VGI/VCI keypad display is comprised of
two lines and 40 characters. This backlit, LCD,

English message display is eastly visible when
viewing — even from a distance.

CONTROL MODE:

~ Shows the sefection .
and status of the control
source {xeypad, or re~

mole operation) and \ i e
oy faults, alarms or 3
other status indicaticns.

/

REFERENCE MODE:

REGISTER MODE:
Displays values in
registers with proper
address and ability to
modify data (with proper
passwords when nec-
essary.} -

DATA MODE:

— Displays which speed

refersrca sources are

configured and which

one s active. DISPLAY MODE:
— Shows actual system values,
such as voltage, current,
frequency and speed.

OPERATOR KEYS:

Bzl

Reverss Jeg .

NON-STATE KEYS:

[<I[2]

Enter Up Oown

RS232 PROGRAMMING PORT IS
ALSO AVAILABLE — AS STANDARD.
Using Reliance MMI Software all parameters
can be downloaded, uploaded, monitored, and

saved as a file for transfering to future addition-
al drives.

DIAGNOSTIC MODE:

- Clear text Indications of fault, atarm,
and emergency conditions. Keeps an
error fog of taults coinciding with the
working hours countar. .

DISPLAY . -

FAULT DISPLAYS (Sample List)

CODE MODE:

In this mods, pass+
words and password
tevels can be defined.

" 'DESCRIPTION.
Line Dip Ride Thru
Exceeded

i Bus Overvoltdg

Overtemperature on
Heatsink

- Powar Supply Fay

PROC:A-B_FAULT
R:KPS_OPE

BUS_OVERCURR Bus Overcurrent Trip
-MOT OVERCURR Motor Ovarcufrent
EARTH_CURRNT Ground Fault Trip
LVOLT_TIMOUT - - - Coast Thrutoo'tong” - .
Processor ‘A’ Fault

" Main Contactor .. %"

Auxiliary-Open--

MCR_KPS_CLSD

Main Contactor
Auxiliary Closed

> A5/5V_FAULT - Logic Powst Not Ready
PROC: B_W. DOG Processor Watchdog
Time Out

CBUS ASYM_VLT -

D-C Bus Asym. Charged

HNF-2474, Rev. 0
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AAR N AR A N LAYARS uxx.'.rfn-.. tizWwuvvio LU 210 200 1039 r.uue
SGURREL*CAGE INDUCTION'
ENCLOSURE: TOTALLY ENCLOSED SUSMERSIELE
AME L1258
= FRAME L380TY
<]
ns )
" EXTERNAL i
PIFE THAREAD — !
DN/
———N i
! I
“ ‘-‘— I -O
— g |
o I
AN
e, 1 Il o=
2t ] 04— )
LEF’ DIA,
¢ i ROLES
: U }.L V TT— 1" STD. FIPE THREAD.
: o BE
T e v S L
w ¢_f‘u=:§'\_ﬁ T
g
XT THREADED / l L “L"il -
EXTENSION 78
DIMENS IONS ARE lN INCH"'S
FRAME] € .L.- B T Uy 1w 1 acg | ARIAJ AK 14)] Al o o 0"
360TY | 51.81 | 33.25} 20.38{4.25 |2.45937}3.18]2.12)45.25 |1 6.56118.75[17.500 | 15.28 .t
) - . : .
° LEAD CONNECTION| B.E. KEY
i1
FARAME | BB 85D (21| BE BF. XT X Y X0 0. LoTH,
2807y | .28 20.25 {112 | .88 [ 1-1/2-133 - 8| .28} 10.88 ] 50| 3.00
14 : Q
13 SPECIAL BIMENSIONS APPLYING TO THIS CACZA ON THIS LINE.
27 “80" YARIEYS a2.CI0,
33 U™ YARIES +.0000, ~.000%.
4.) VaX” VAR[ZS ».80Q, =.002
s) L"AD wmz LENGTH AS SPECIFIED QN SALES CRCER, )
633 PE THREAD SUPPLIZ0 WITH
cm.f s‘z:s LIAGER THAX 410 Q HNF-2474, Rev. 0
5 FACE RUNCUT AND ECCENTRlcl?Y 008 NaAX, T.1KR, : Page D-119
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=L 5.0~ P 1780 s.Fo1.15 R0T0R 418141-33-RE
"N SRR YOLTS 460 KERA CESICH B TEST §.6, ==~
.5 anrs 85,5 CODE LETTER G TEST 0ATE --~-
it P cutY CONT ERCLOSURE TEFC-XTSTATOR RES,8 25¢C , 0806

2ASE/HERTZ 3/60 AN3OC/INSUL 40/F /5 592966 0AAS (BETHEEN LIKES)

a0a= fpoocmd] o

o

iy

1788

£0_IN|RPH () :
1704

Vg0’

i

i

sP

1776

s I W SRS

S e O R E T R P = A g TR B D il 1
ANPERES SHOUN FOR CONMECTION, IF OTHER YOLTAGE CONNECTIONS RRE AYATLABLE, THE
ARPERES HILL YARY INYERSELY UITH THE RA TED YOI, TAGE,
RELIANCER: OR. 8Y_ P8, GREENE A-C MOTOR

<x. 8y 0o, BYXD Q-Q_Ooe
ELECTRIC Lo Nk e PERFORMANCE E£3669
- = . P A TYILYrY) ArimvIe o seenc navre  NQ/13/R4
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ok FRANE HP TYPE FrRsE/ RPH voLTs
- boseinct 75 P 3/60 1780 460
s v | SRE | SR | ofior | e | el
85.5 CONT 40/F 1.18 B G TEFC-XT
Rt
592966 . 418141-33-RE - --- .0806
PERFORHANCE
LOAD: - R G RPH. FollER FACTOR | EFFICIENCY
NO LOAD 0 27.5 1800 4.41 0
174 18.8 34,3 1796 55.3 92.8
2/4 37.5% 48.6 1791 76.0 - 95.1
3/4 §6.2 86.1 1787 83.6 95.4
4/4 74.9 85.5 1782 86. 4 95.0
574 93.8 167 1776 .87.0 94,4
— SPEED TORQUE . .
RPH 7 FoREE o T?_‘?’U_EFT‘ ANPERES
LOCKED ROTOR 0 162 357 - 540
PULL UP 700 140 309 501
. BREAKDONN 1718 226 499 290
FULL LOAD 1782 100 221 .85.5
AMPERES SHOWN FOR 460, YOLT CONNECTION. IF OTHER YOLTAGE CONMECTIONS ARE AVAILASLE, THS

AIPERES HILL VARY INVERSELY HITH THE RATED YOLTAGE

XE HOTOR-TYPICAL DATA-NEHA NOM. EFF. 95.0 PCT.

RENMARKS:
) GUARANTEED HIN, EFF. 94.5 PCT.
=] e
RELIANCE o8 Bt B OREENE A-C HOTOR E3669A-A-002
ELECTRICED app, By_Ue . BYRD PERFORMANCE 09/13/84
CLEVELAND, OHIO 44117 U.§.A.j08TE e DATA ISSUE DATE
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BN 2540757 0002857 305 BN

FIGURE 7 G-33-05
1 1 T T 1 T T 1 T
TYPICAL ENGINEERING STRESS-STRAIN uTs
® 110 CURVE OF NITRONIC 60 IN TENSION
34” (9.52 mm)é—Longitudinal  Annealed + Straightened
Direction Condition
D 100
90
6001+ !
|
80 | 1
| 4 /
t i ——
500+ ! l / : J'//
g o : ’ l 7 "1 2% vs
: { £ /o
= L W P /
8 g : / |~ v/
& g 60 : t :
oy 400+ 8 o éQ/ | // ; /
s @ ZN R A i /
: L0 4 !
S0 1 (\‘9 T T +
P ,7/ i :
: & | /
300 ‘ / ! ; / '
40 7 t
! | |
. : L -
/ | 7
4 30 Proportional F S
200 / ! Limit /o .-
4 UTS = 111,000 psi (765 MPa) -
/ / | 0.2%Ys = 70,700 psi (487 MPa)
20 y % Elongation = 69 _
% Reduction of Areax= 71 )
i Developed with Class B Extensometer
100 , |
I
-/
10 i /
‘ O_L 0 4 / 4 :
° o .001 002 .003 .004 .005 .006
Strain, in/in {(mm/mm)
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: P e oty &
Stainless Steel Wire Rope o resistant type 302 stainierd e 302 Stainless St
ire rope Is espocially sulted for frequent, con  Controlled chemistry of Type 302 provides exceptionatly high tx ™ istant fype 302 stainiess steel provides excellent  ma:
mﬁ{,’;ﬂ‘:‘;;:ﬁf.},: 10 D t 3 Stainless i resuning in a’nign performance cable that far ex“"':"éyelqr:;r;"\wéz and elongstlon properties, plus high fatigus
_steel provides high resistance 1o corrosion from marine environ-  the of the 5 ﬁ'l b UL L ;‘S'wj? im‘fniov:ps 1o the latess revision of  dizi
.menls, petrochemicals, oxidizing peids, and food processing, It is  LESS-PLUS SUPER ALLOY WIRE ROPE—See page 48 I‘“ hoslies, This ;i N oart ~W-83420. an¢ MIL-W-67767 10 tha:
_avail bie in the following five grades. TYPE 316—Provides chemical 1o combat spreading crevice COrtosion ang pitting that allacks p e o 9' ’gE ormance cable far ticeeds the brac
"resistance along with low magnelic properties ideal for use around ventional Type 302 anc Type 304 stainless sieel tn & marine o110 oS0 T EE O ;. (’ A
-sensitive instrurnents. TYPE 302 AND TYPE 304—Breaking strength  sphere. TYPE 305 NoyMAGNEtIQ—See page 484, Meets ot emical, 1008 processing, petroleum, ang anc¢
—2onforms 1o the fatest revision o i Federal i Mai-C-36375A and is ideal for applications whi Breaking
RR-W-210 [except 1 x 7 Type 304 construction) or Mil-W-63220,  quire good corrosion resisiance and low magnetic permeabil erLebn‘gm o o5 N’Eoggoo-, 0
. g A -8 99 300-Up
A R t SINGLE STRAND—Miniature sizes are v
Type 316 Stainless Steel Wire Rope pee s unae s @@

= e

a jture Sizes
Breaki Breaking .
Strengin NET'FOOT :§$"' Sttesgtt wevroor | £ SIBTE -S00L S0p soee ®
ia.  Lbs. No, 1.99 100-289 300-Up (x ¥ Dia.  Lbs,  No. -89 100298 g JAoens 06 .05 7
x 18 SINGLE STRAND a3 § tad 7:7STRANDCOAE 0 3455T1¢.
® . 1.780...890BT12...50.68 SC.55  $C.46 :Ex B 60 8508 36587145
8908TI6... 113 091 6.6 36567146
8906T22... 160 128  1.07 1x7

8908T24... 214 172 1ed
OeTat 343 zes 245  Strand Core Sesera)

¢ 3656714
...... 8305T58....56.57 $5.80  S4.86 aseay
3655737

34587171

7x18 15 SINGLE STRAN i
D—Usec for guying. braz-
Strand Core . s 25 stanging rigging. G e
150 ..... 3456721 .
Characteristics Applications
Abzasion Corrosion | Light | Nesvy Smalt Signal
Construstion * Cere | Streagth Flexibitity i Hoisting | Rolsting | Drums and | _end
Sheaves | Control
1x19 Strang | Excellent | Very Good Low Exceent
7x7 Strand | Moderate | Very Good | Mooerate | Excellent 3 X
6x19 WRC Moderaie Good Good Excelient X X X X
7x19 Strang | Moderate Good Goog Excellent 3 3 X 3

Type 304 Stainless Steel—Wire Rope

6 x 15 IWRC
16.300

[ 3¢56T121..85.28  $4.60
22,800 ....3455T122... 6.03  5.26
o NET/FOOT $ Shrergrm NETFOOT
Strength 1 trengtl g
Dis. _Lbs.  No. 185 100289 306-Up $ Pe% Dia  Lbs.  No. -89 100-205 39 . 0D B e 6x421
1x18 SINGLE STRAND 727 STRAND CORE E IWRC—More fiexible thap & ya0 coemd 2s tifler -
g 3861734 50.11 Ing £80.....3861744....80.26  50.21° Rwmnoioh it is not as durable. 6x37 PisvElioy
& - R B S 3008 1115154 s13¢ IWRe  svofeete
23 ' 57 2. Ky
59 1x7 80 3
50 Strand Core 132 7 .
129 510
189 7 x 19 STRAND CORE —
357 5203461764, 50.73 $0.64 . = . Sharacteristics
s21 E ot Abrasion Corrosio
) vetion | Core | Stength | Resistance | Fiexibllity | Resistanc
1.4 B "
szng x7 Stran¢ | Exceffent | Very Good Low Excellen
3 2.57 3
§x37 strand Core 119 Strand | Excelient | very Good Low Excellen
IWRC X7 Hollow | Very Good Good Excelient | Excelen:
Characieristics Applications 13 Hollow | Very Good Good o o
Abresion Corrosion | Light | Heavy Small Signal
Construction | Core | Strength i Flexibility i Hoisting | Hoisting Dé:ms and cand , o7 Strang | Excelient Good Good Excellen:
eaves ontrol
i ix 7 trand | Very Goog | Moderate | very Good | Excellen
1%19 Strang | Excelieni | very Good Low | very Good N
|_$119 IWRC | Excellent | Excellent | Very Good | Excelien:
7x7 Strand | Excetlent | Very Good | Moderate | very Goo¢ X
119 Strang | Excetlent Goog | Excellent | Excellen®
€x19 IWRC | Very Good | Mocerate | Very Gooc | Very Good X X 5y WG
9 Goog Very Good 11 £ 3
7x18 Excellent | Moderste | Good | Very Good X 3 X | £5 g Gredlem || Bl
Fider | Moderzte L 9 :
6 x57 WRC | Good | Moderats | Very Good | Very Goos | X X b G0 || i || G

vey 5% S e e nga e e 1 e 575 e b 3 e T e (L

I Gescriptions of ire rope applications listed on this page are general, and are provided with g it sl STt ions of wire rope applications listed o
you1o saiect the proper wire rope for your individual needs. To select wire rope corectly, be sure to apply sound enginsering practigRine proper wire rope for your incividual nee:
FAA ettt R A S U T SR TP e - & *

n This are general, and ar
a3 To select wite tope ec

&
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. BOSS COUPLINGS
YE6 i N

Wing Nut Thread ~ Famale NPT Male NPT Wwing Nut Thread Male NPT Femgle NPT

"8oss’ Clamp, Stem, Wing Nut Female Spud Pipe Outlet *Boss® Clamp, Stem, Wing Nut Mate Spug Pips Outlet
FEMALE SPUD COUPLING with CLAMP MALE SPUD COUPLING with CLAMP
Wing Nut Thre2d /‘A pLE Cg‘)_f‘) V‘Nq m.z
Z H/UBI"/‘ (RN 53675
n (/CZN sH& ) 0*
S TN
M _) ewv AL &
s B

o 5.

S = n am/.)z [c&F
N (ps3? 3 prss,  (21%
giste (g 845 4“ '3053/\ 5. O
*Boss® Clamp, Stem, Wing Nut Oouble Spud Wing Nut, Stem, *Boss* Ciamp

DOUBLE SPUD COUPLING with CLAMP

*E4-Boss" non-metallic polymer seal is not subject to corrosion and offers rasistancs 10 chemicals and steam found in manufacturing facilities. ¢
precisely machined recass holds the seal firmly in place, allowing it 1o absorb hersh punishment, Recommendad for steam servics up to 450°F;
easy 10 8sal; works with existing "Boss* Ground Joint Stems; Made in the USA. Fittings will be supplied with Polymer seats as stogk is depleled

PLATED STEEL &Jor MALLEABLE IRON
. Wiy Kt Wing Kt
Wing Kwt (334 Woog Nyt yp!
E e [ g | ! R0 et
b
b | d
— " e
Coupling With
Female Spud Stem Wing Nut Female Spud Wale Spud Double Spud
Sizes | Pact#| Price | Part# | Price f’)kt? Part# | Price Zy@ Psrt#| Price gy‘“é Part# | Price | Part# | price
14 | GFI §24.25 | GBA BA2 $6.00 | 100 ] GBC $10.50) 100 | GMB | $10.50
38" | GF3 2225 | GCA ca 6.001 00| 6CC 11.00| 100 | GMC 10.50
e | ars 15.40 | GBY 52 3.75 | 100 | 6B 7.65( 100 { GM3 12.00 | 6083 520.00
V4 | GF26 21.85 | 686 470 | 25 | G688 .7.95| 50 | GM§ 13.00 | GoBta | 2335
1t | Gras 22.20 | GB11 25 | G813 |+ 825 g0 § GmM13 | 1a00 | GoB1s 2345
114" | GFSY 38.80 | GBio 25 | G818 17.801 25 | GMm1g 20.00 | GO8z23 49.00
14/2* } GFé1 37.05 | G821 25 | GB23 17.80| 25 | GM23 | 2830 | GoB23 40.00
| Gray 4380 | aB2s 10 | G828 1780 10 | 6m2s | 30.85 | coB28 41.00
21 ) Grye 12315 | 6GBI1 5 | aB33 ss.00) 5 | 6mM33 | w000 | GoB33 80.00
3 JGF111 | 13200 | 6836 837 3s00! 5 } 6838 61.0D) 8 | GM38 | 8500 | ¢pB3s 90.00
4 | GF141 | 292,00 | GB46 847 s500] 5 | GB4F | 110.00] 5
8 | Gr171 | 76500 | GBSS 857 175004 2 | Gass 250,001 2
& | GF201 | 675.00 | GB68 86y | 17500 2 | G868 | 4o0.00| 2 e

/4%, 38", 5* & 6” come with Copper ssat spuds. Copper seats are available in other sizes - consult ths Faclory for pricing and availability.
AL RN, o S, WAL RR RN, AT ILLAALLALEA AR VAL AR R AR RS,

N "Boss" Couplings And The Steam Quick Disconnects On P. 6§
Ars The Only Dixon Couplings Recommended For Steam Service
hhaEEEE AL AL VAN

AL ALA LA R AL L AR R R AR R L ASSANTNNYY sauRARNY

(222777

\rrass

FINE-2474, Rev. 0
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GATES RUBBER €O Wuz p ®WW 3830b71 0007744 562 WM Eo/y-3]

L A 35496-000
Industrial Hos: REETENER, WEER
- . . Supersedes 39496-000
Products/List Prices January 2, 1990
Steam Hose ' ZOOMB Steam Pile Driver
(Specification 3601)
|7 PP )
Nom. M Nom. fMaximum Min. Bend | Wt Per Stock (X) List
.D. o.D. W.P, \?ucﬁon Radius Ft Standard | or Minimum Gates Price
ftem No, ATy (n) {psi) In. Hg) {in.) (Lbs.) Pack Order Qty. Prod. No. Per Ft.
303500 X 2 295 200 10.0 25.0 3.43 501t 500 ft 3601-0410 | $48.433
303501 218 345 zgo 10.0 30.0 3.88 50t 500 ft 3601-0420 68.209
303502 3 397 200 10.0 36.0 4.47 50 X 3601-0430 77.516
—>>|_303503 4 5.20 200 17 100 48.0 7.47 501t X 36010440 | 125.364

Q RECOMMENDED FOR: Saturatalﬂ%xp to 200 PST and 388" F for pile driver applications.
Scrvice life will begererely shongned if steam without lubricating oil is used.
< mrememe—ees w sote o2 “NOTE: STEAMONLY. o
TEMPERATURE: {Maximum to 388" "Chlcontinuous service.
CONSTRUCTION: Tube: Type A{Neoprene)/ Black.
Reinforcement? Bray igh tensile steel wire. /
Cover: Type A((Neoprene) |Black. All sizes are perforated.
COUPLINGS: or {15]. Refererce Pages 130-141.
PACKAGING: 50 coiled in a carton.
BRANDING: Rubber patch label every 5-10 ft. Example; “€2® 200MB Steam Pile Driver 200 PSI (1.38MPay WP at
. 388 Degrees F Made In U.S.A. Caution: Tighten Clamps Befare Using.”
SPECIAL ORDER
REQUIREMENTS: Special production runs require minimum order quantities of 500 fect per size.
REMNANT LENGTHS: Not Available.

Due to continual product improvements, Gates reserves the right to alter specs and prices without prior notice.

) €. The world’s most trusted name in belts and hose.
‘ . s HINF-2474, Rev. 0
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Spark  resistant Cenler of
ronze in sizes listed  Wire Pin To
vailable, speclfy Rope Socket

34737998, Prices on Dia. 3
Rag 5

i
Malerial: Drop forged steel. Finishes: Selt-cot-~>> %
ored or X i b2
Speclal Feature: Positive sockel equipped with

"4 Note: Nos, 34737,
3480T,

34747 are for 6 strand
{iber core wire rope,
Fittings for other con-

this page.

BT and

ruction

e top of

alvanized,

Fittings consist of threa parts: A sleeve,
plug end covering sockel To assembls: (1)
Slip sleeve over end of wira rope. {2) Open rope
strands and drive fluted
Close strands over plug and screw on covering
3 sockel. For safety, covering socket on [ittings

has inspaction hole for checking correct - plugs tor other 1ype of wire ropa 3nd e
Iation. Eiulngs are reusable by replacing plug.  for use with exica improved plcy, ,,.m:\:
Recommend use of kit iisted befow for sasi- rope are available. Prices on Requasy

Positive Grip Wire Rope Fitting Information

er, more efficient assembly of fitting,
Hote: All Positize Grlp Fillings car y,

with oll 6 strand fibre core wire ropy, o

tllier and extra improved plow siesl wiye ™%

Fittings equipped with plugs to accomy

6 strand IWRG, 7 7 and 7 x 1 wirg rq®

plug inlo sleeve. (3)

Machined Starldard Clevis End Fittings
Materlat: Machined from bar stock.
Speclal Feature: Posilive grip socket equipped with clevis

pin for easy, quick re,
and changing of end filtings. ™ou

Uses: ideal for all slandard Industrial rigging jobs.
Approx, .
Overall  Jaw  Pin Sell-Colored Cadmlum-Piated Stalntesy
Lenglh  Opening Dla, teel
C -3 F No.  NET EACH
2% W8 38TIT..... $12.76
a 12,

Forged Heavy Duty Clevis End Fittings

Center of Approx.

Wire  PinTo  Overall Jaw  Pin Seli-Colored Galvanled
Rope  Socket Length Opening Dia, Sieel Staal .
A B c F No. NETEACH No. NET

DI
i \2

3480714,

g °

rascive Grip wire Lope it

Machined Standard Stud End Fittings
asl: Machined from bar stock. Speclal Feature: Positive grip socket has
:,,dsum ond. Uses: Ideal for most industrial rigging jobs requiring a quick
o of allaching lines to beams. equipment of 1o various lifting devices,

Threaded  Approx.
Stud Overall  Socket Sell-Colored Cadmium Plated Stalnless Bronze SI
¥ swd  Length  Length  Dia Ste Steel ee tings nvalt
C No, No. No, NET EACH ty = 34757
475 475731 JATSTTY $23.10 on request
3475732 26,

475733

JETSTIS
475T21 47513 for 6 stran
475723 3475739 wlre rope,
8 75724 3475741, other const
Y 347572 475743 10p of page

Forged Heavy Duty Stud End Fittings

sl End Fittings for wire rope diameler up 1o 1% svaliable, specily 34797999
wrs on Request.

Threaded Approx.

Stud Overall Socket Sell-Colored
Lenglh  Length la. Sleel Steel
A C . [ EACH No. NET EACH
$21.50 731 .....$26.88 Msterlal: Drop forged steel. Finls
24, . 30.06 colored and galvanizad. Speclsl Feal

duly for fong dependable service unds
vere operaling condilions. Uses: For m
industrial rigging,

See ¢ wiih No, 3475,

Standard Duty Turnbuckles
4 —0—y i —o0—

96.95

=t e

Double Socket Turnbu

Sockel & Jaw Turnbuckle Josw and Jaw Turnbuckle

chined Turnbuckies made of Bronze sre avallable—Prices on Requesl,

d See 4 with No. 3475,
clevis pin for sasy. quick removal and changing of 67.10 3480235, am Socket & Jow Tornbuch e ,
o Wimgs. S Hicar o and changing of 7845 Jamiy.l na Rated Extended ~ Seit-Cotorad Steinfess Extendes * Soicotorn’ IOV
whith demand maximum strength and durability. 126,48 348073, 14% Tskeup  Lenglh  Altoy Steel o Conain o
< \n See ¢ wilh No, 3473, 181.84 3480730.... 227] c No.  NET EACH N, NET EAGH ¢ N No. ;
U] b TI1., silz.l? 476771, $68.09 3477751
141 347677)... B6.97 3477753
A S . . .
N Machined Standard Duty Hook Assembiics.. 743 areTrs e 3477785
4 Materlat: Machined from bar stock. Avallable In alloy steel. Sockel assembly machrel 7970 3 7:78 3477787
irom alloy steel. Hook forged atloy steel, Finlsh: Sell-colored. N . i Tret Bl 5 A0 serery 47776
spac!lnl Features: Available with rigid or swivel hook, Uses: For hoisling and e P SOCKET TYPE TURNBUGKLES i 477763,
operatlons. S Extended R -Col
Rigld Hook Rigld Hooks Swivel Hooks Satoty Lot B “Longih Takewp Ao ored S fsted] Stal
Wire Hook  Overall Socket Overall Sockst B (8 akeup st
Zinc-plsted finish Is  Rope Opening Length ! No.
available, apecity DI £ A NET EACH  No, NETE‘S
35117995~Prices On W SR T 734.... $48.86 §944T12... 81 ¥
Request, 3 1% 7' . 8178 8944714, N1
See ¢ with No. 3473, 11476 8944T16... 11X

Resistant

Sparl
Bronze in sizes ilsted

avaliabl

kAl

0, spocily
747999—Prices On

Request,

L21-a 9%ed
0 AN “bLyT-INH

See ¢ wilh No, 3473,

Approx.
Wire  Overall
Rope  Lenglh
Dia c

;’lnd flitings for wire tope dlameter up fo 1°

Forged Heavy Duty Eye End Fittings

avallable, specity 34527999

Machined Standard Eye End Fittings Soprosuest. See ¢ with No. 3475,

Materlal: Machined from bar stock: o Overall € Hol -

Speclal Features: Posillve Grip Sockels are ideal for most industrlal applicats by Lengin  Dpar Oln, wEl::h s'"s?ﬂ?md G!'V&Tf'd

especially where & smooth machined linish is dosired for ease of handling and b &' ~'¢ s E No. NITEACH No. NETEACH  Materlsl: Drop forged steel. Flnlahs
appeam]\:e. ;:Z; ;Z ::g:; &;g‘;g g:gg;g; 433.55 colored or galvanized. Special Fe sture: b
o 0 v SR eI Statnloss 2 ¥ . - 2782 thickness of metal at bearing point, Uses:

Socket Yol  \Eve e SI"‘I”‘ ne Plate L DLl 36 482715, 33.88 3482735 4072 rugged rigging operations.
F 3 No.

e
NEY EACH
T34

':f'hlned Standard Duty

Drum Sockets Forged Heavy Duty Oval Eye Fitt

I Alloy steel. Machined 3
b b oy . Ma Materlal: Drop forged stee.
. Special Festure: Special Feature: Oval shaps e [p——
:";:'mva strong ferminal for lopr quick altachment of pneax N
P RO ends, Uses: Used for ot ﬁ hooks. Ovat eye fittings for wire
3474783 el o inch lines 1o slolted _‘ rope diameter up 10 152" and gat-
3earsi SXRGE - — 5 vanized  linish  oce  gvailaple,
Jazavss.. PP No. a47s. speclly 34817905—Prices on | -
K Qrorali ™ hex Selt.Cotored Zinc Pisted Request. Seo ¢ with No, 3475, o o]
toth Size Sieel teel o i
B Insids  inside  Eye A
0 A q A Bo pprox.
Assembly Kits for Use with Positive Grip Wire Rope Fittings g Wire  Eye'  Eya  Thick Overall  Self.Co
Materlal: Extruded alloy sicel. Finlsh: Self-colored, IWRC wite rops. pet Wigh Length ness  Lengin Stee
Special Features: Provide easier, more eflicient assambly of Positive Grip Ty € No.  NE
Wire Rope Fittlngs lisled on this page and on the foflowing pages. Wire Rope T4 -
How It Worke: Steel block holds wire strands firmly so thal piog can be driven  Dla, No. NET g
10 a solid seat. Assembly block prevents wires of the T0pe strands from being  '4.%s" f

nicked by the jaws

of the vise. Note: Holiow tubing is used for terminating




BUSS LLUUPLINGS

STEEL BAR STOCK MALLEABLE IRON 316 STAINLESS STEEL BRASS
ket | purt# | Prica E“,? Size | Part# | Price Z‘;;? Sizo | Fart# | Prico || Size | Part# | Price

w2t AMST $40.00
3/a° AMSE 47.00 3/4° BMSS $13.50
1 RMST1 47.00 1" BMSTY 25.00

V& x 18" | MS4X2
14 x /8" { MSA
14" x 38" | MS8

' x 14' | MSEX4 1 Ut | MS15 114 | AMS16 | 105.00 (| 14t | BMSTS 3109
¥ x %8 | MSC vt | ms2y 112" | RMS21 105.00 | 11/2° | BMS21 42.00
M8 x 12" | M56X3 2 MS26 2 AMS26 | 11000 || 2- 81526 58.00
2 x 14 | MSsx4 21120 | M831 212 | RMS3T | 800.00

12" x 38" | M58xe 3 MS36 & Amsas | 3s0.00 || 3 BMS36 | 145.00
72 x 12 | Mst 4 MS548

2 x Y4 | MSBX12
Y4 xR | MS12X8
Vx| MSS
Y4 xy MST12X16
1" x4 MS18X12
T MS11

Non-porous fubular stesl for volatile materials Plated, Unplated,
Mala NPT End Seveled Eng

Size | Part# | Price | Part# | Price

11/4") LPIE | $35.00
14/2"} LP21 | 35.00
2° LpP26 24.00 | LPB2E | $28.00
i 21/2"} LP31 | 80.00
3" £P36 | 80.00{LPB36Y 8200

wing Nt Wing 3 Wing it
E iy ! ”'r';:‘::‘ u'|” T:Iut“ e
Coupling With o
Female Spud Stem Wing Nut Female Spud Make 5 Double Spud Washer*
Sizes | Part #] Prica | Part #] Price | 29 | part #| Price gy@ Part ¥} Price g‘w‘g Part#| Price | Part#| Price | Part# | Price
g |WF3 (31500 | CA $3.80| 100 WMC | $10.00 WBC | $.35
12 | WFs 122.00] 81 WM3 10.00 | B3 $15.00 | w2 35

34 | wras | 19451 B¢
10 |WFSS | 1970 B17 :
11/ | WF5st | 35501 B16 12507 25
11/2° {WFs1 | 35.00| B27 12.50§ 25
2" |WFe1 | 43.00| Bz 12,507 10

WwMg 11.50 | 0813 | 18.00 W12 4%
wMI3 | 12001 DBI3 | 18001 Wi2 AF
WwMIg | 28.00 | DB23 | 27.00] W17 75
WH23 | 28,00 § DB23 | 27.00) Wr7 T8
WH28 | 82.00 | DB28 | 30.00}) Wz7 85

242 |wres | 00.00| B37 | 30.00( § | B32 | 36500 5 | 832 | 3400| 5 fwm3ss| 6000} D833 | 6000} wsz | 110
3" JWEIfrl42400] B39 | 39001 8 Ba7 13800l 5 | B3¢ | 5000 5 | wmM3si 000} 0828 | 77.001 War | 110
4 {wriar[23200| B4s |10s. 5 | Ba7 | 0500{ 5 | B4s | vz00] 5 wa7 | 626 4.
5 1wrir7|738.00] 228 [340.00| 2 § 867 {ivsoo| 2 | mss 22000 2 wer | 2%
& |Wr2o1)e8000] 866 (26500 2 | B67 |175.00| 2 { 868 [22000]| 2 we7 | 525

* Washar is Kiingsr nylon, Nitrile bonded, Keviar relnforced matorial,

HNF-2474, Rev. 0
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BOSS COUPLINGS

"BOSS” CLAMP
H Plated ShBrasﬁg{n Stalnless Steel
. osa i .
* 1.D. Hossop,  Mallsable lron tacf:;d only. Shipped from factory enly.
Size | From: To: Part# | Price | Qty | Part# | Price | Part# | Price {Torque*
14 | 918 21132 BD - 83.95 | 100 o 8
a8 |[1nne | e co |:-3.95] 100 6
2 |t | sne felo] - 3.85 | 100 6
1”2 15/18° 1y16* B84 385 25 | B84 §$13.00 | RB4 $80.00 12
W | 1st |1yt | 85 25 12
% éﬁ"ﬁé 4 j1sm2r | g 21
WS 4 j1ae | 156 BBUS 18.00 | ABUS | 90.00| 21
4 et 1R 8589 18.00 | AB9 g9.00 | 21
- 2-BOLTTYPE R R 111/16" 21
12 e |11k 3
T 113/32° | 19/16° 21
N 117/82" | 12332 88U14 | 45.00 [ RBU14 | 126.00 [ 21
1 11146" | 1 1518" 5814 43.00 | BB14 | 12600 | 21
iy 118/16" | 218" 21
114" | 1172 12532 40
11/4* | 111118 | 178" 21
11/4* | 125/32 | 23/32° 40
114 | 1778 21/18° 21
114 |28 238" BB19 49,00 [ AB19 | 128.00 | 40
1127 | 11ig | 2 40
Vol Bed 27/32" 40
112 |2 218 21
11 216 | 214 40
112" j2y/16" | 238" BBU24 | 90.00 | RBU24 | 135.00| 40
BOLT TYPE 1y 2 2 ;/1 & B824 90.00 | RB24 | 135.00 2
i [ oI &
RIPPING FINGERS o ey o 0
2 21182 | 21732 60
-4 250 28/4° &
z 212 225/32° 58U29 | 90.00 | REU29 | 20000 60
z 23/4 3118 5829 £0.00 | RB29 | 200.00{ 60
z 23/ 3 1/16° 60
z 33/32" | 37/18" 60
212 |38 | 312 5 60
21/2" 332 {3718 | BU34 | 4000 S 60
21/ | 312 315/16" | B34 4000 | 5 150
3 312 334 375¢ 3550 | 5 - N 60
3 31/ 318/16" | BU35 | 63.00 | 5 150
3 32/4° & 401° 57.00 | 5 150
g 31316° | 446" | B3 4500 | 5 150
3 5 4316° | 418* 7650 | 4 200
4-BOLT TYPE 3 41/16° | aThe" | B39 7000 | 5 200
*4 GRIPPING FINGERS 3 416" | 412" 450° 70.00 | 2 200
Plated
Hose 0.D. Malleable iron
From: To: Part # Price | Qty {Torque’™ * 4 Gripping Fingers
41/8" 413/16* | BS39 | $130.00 | 2 150 *"Recommended torque
458" | 5t B45 140,00 | 2 150 rating in FT. LBS,
47/8" | 514 | BS49 | 19000 2 | 200 (for malieable Iron &
51/ §19/32* | BU4S 200.00 ] 2 200 stainisss steel clamps only)
517/32* | 515/16° | B49 20000 | 2 200 .
& e/ 738" 750 240,00 ] 1 200 e
E*;g&%gg e {7/ 8 - | 850 240.00{ 1 200

HNF-2474, Rev. 0
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How To Use The Coupling Section

Couplings are designated by Block Numbers, and are described as 1o construction and
source. Adapters and fitings are available for special applications.

Each coupling has a pressure rating of Low, Medium or High. These terms have a general
meaning as lollows

Coupling ratings apply only where the recomimended clamips or bunds are used. Use this
infornation as a guide since different tube stucks atfect coupling ratension.

Common skank couplings or nipples with bands or clamps should be used only on straight
or plain end water o material handlmg hoses up to the following rated working pressures:

R o Ny

TERTTIRTDEI ISR e e e n
2-3"1.D. — 100 psi 61D, - 30 psi
) 471D, — 75 psi §7 LD, — 40 psi
571D. — 60 psi 10”1.0. — 30 psi

A F 2T AT

Listed are all of the clamps, bands and femules nsed to secure the covplings o the hose. The
proper clamp size should be selected carefully, since many clamps will it only one hose
size or a narrow range of sizes.

For certain critical fluids, specific couplings are used. as follows:
Critical Applications

b, Use only the couplings recommended in this catzlog for conveying:
Steam
LP Gas
Corrosive Chemicals
— Petroleum Praducts

(&)

oh temperature application, use only interlocking type couplings— (12}

3. For conveying flammable fluids, 056 couplings mude of nonsparking materials, such
as brass or aluminum,
4. Fox ground fueling of aircraft, use centified ﬁ.uupled awzmbhes only.

o @g&fﬂc R
.. N

Wind proeealie g
_m;tr;z{m%saﬁigi{ Sk

Il;-.

A. If more than one coupling is recommended, make a final selection for type of coupling
on basis of cost, sizes available, thread type avaitable and application.

B. Determine how the coupling is ta be fastened L the hese-—ferrule, band ar clamp.

‘ Due 1o continual product improvements, Gates reserves the right W aker specs and prices without prior notice.
Page 130 £, The Gules Rubber Company
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Coupling Instaliation
Before making any hose assembly, check over these general instructons and precautions:

1. Square Ends—Before attaching a coupling to the hose, make sure the end is cut
square. This will help prevent leakage of the coupling.

2. Proper Fit of Ferrules and Clamps—This is important. Make sure you are using
the correct sizes for the hose being coupled. Never buff the cover, except when
specified for centain hydraulic hose couplings, and you should not enjarge the hose
tube in any way to make the coupling insert fit. Occasionally, a nipple pusher 100l wil)
be helpful in pushing the insert into the hose.

w

Installation Lubricants—Use of lubricants on coupling ‘inseris and ferrules will
simplify coupling installation aad reduce possibility of damage 1o the hose. Some
lubricants to use are water, soap solution or lactol. Or. you can use a solution of glycerin
and acohol made up ¢ of one (1) part glycerin and 15 pasts wood aleohol by \olumc

4. iAppcarance of thc Ilme Assembly—A properdy installed coupling significanty
improves customer acceptance of the product. It also provides added assurunce of
satisfactory service und safety of assembly.

5. Seal the Ends—Where the hose is intended for use in petroleum transfer applications
and hose ends will be exposed after couplings ase atached. .Appl\‘ asufficient amount
of quality Neoprene cement or shellac to seal the ends.

o

Critical Applications.

() Use only the couplings recommended on puges 134-140 for conveying:

+ Steam. +  Petoleum Producis
+ LPGas > Edible Products

+  Corrosive Chemicals
&) Forunyrt
or

(¢) For conveying flanvnable fluids, usc couplings made of nonsparking materials;
i.e., brass or aluminum.

emperature applications, use only interlocking type couplings—
¥ f g phng

(d) For aircraft ground fueling huse, use factory coupled assemblies only.

Due to continual product improvemenss, Gates reserves the right 1o alter specs and prices without prior notice.
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Description: Cast brass, serrated shank, set has hex male and hex
swivel female couplings, with a washer seal. Threads are GHT or NPSM.
Sources: Dixon Valve & Coupling Co.

John W. Moon, Inc.

H.8. Sherman ttg: Co.

Seal-Fast Bobo, inc.

Lightweight Water Hose

Description: Spun of wrought brass sewated shank, round swivel
female and solid male, both GHT, washer seal.
Sources: American Coupling Co. -

L.R. Nelson Corp.

H.B. Shemman Mig. Co.

[3) Cast Brass Short Shank

Description: Castbrass, serrated shank, hex swivel female with washer,
solid mate, GHT threads, ¥s-11%2.
Sources: J.C. Gadd Go.

John W. Moon, Inc.

H.B. Sherman Mig. Co.

Seal-Fast Bebo, Inc.

Stayput Clamp & Coupling Co.

(@] Machined Brass Short Shank

Description: Machined brass, serrated shank. Each set has round
swivel lemale and solid male, GHT, washer seal. Octagon nut male and
female.
Sources: American Coupling Co.
Anchor-Lenz Div.
Royal Brass, Inc.

H.B. Sherman Mig. Co.

(5] Brass Pin-kug -

Description: Cast brass shank and swivel, shank is serrated. NPSM
threads in female and male, with washer seal. Sizes under 3” have iugs
on female only.
Sources: John W. Moon, Inc,

Dixon Valve & Coupling Co.

6! Malleable Iron Pin Lug

Description: Malleable iron shank and swivel with serraled shank,
cadmium plaied, NPSM threads in male and femate, washer seal. Pin
lugs on female only.
Sources: Dixon Valve & Coupling Co.

H.B. Sherman Mig. Co.

Seal-Fast Bobs, Inc.

Couplings for Gates Hoses Eﬁ{f/(fi/;
[i) Long Shank [71 Combination Nipple E-14-41- 1

Victaulic Nipple

Description: Swaged sieel with scored or serrated shank, NPT threads
sarme nominal size as 1.0. of hose. Special plastic matenals availzble.
Sources: Bang-it
Dixon Valve & Coupling Co.
Marin Brass Works, Inc.
Screw Maching Products Co.
Seal-Fast Bobo,Inc.
Stayput Clamp & Coupling Co.

Tri-Lokt

Description: Machined stea! insert, male NPT threads only. Held in
place with steel yoke and Band-lt Jr. clamps. Inser: is reussble—can be
reinstalled with new yoke and clamps.

Source: Banc-it

[0} Single or Double Bolt Malleable lron Clamp
(\//)/ +#

o O
Pg 6> clanf

pir 4

Description: Cast maileable iron, cadmiym plaled.
Source: Dixon Valve & Coupling Co. - 3"

W
[33) interfocking, Ground Joint

& N
W

Description: Malleable icon swivel. Inserts and spud may be either steet
or mallesble iron. All parts are cagmium plated. Male and female threads
both NPT with sarme nominal size as hose 1.D. Ground joint between
spud and lemale insen. Avatlable with 2- and 4-bolt clamps.
Sources: Dixon Valve & Coupling Co.

Seal-Fast Bobo, Inc,

Interlocking, Washer Joint

Description: Mallcadle iron swivel. Insert and spud may be either
malieable iron or steel. Ali parts are cadmium plated. Female thread in
spud is NPT with same nominal size as hose 1.D. Washer joint between
insert and spud. Availaple with 2- and 4-bol: clamps.

Source: Dixon Valve & Coupling Co.

Due to continual praduct improvements, Gates reserves the right to alter spees and prices without prior notice.
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BOSS COUPLINGS

Plated

2N

““BOSS” CLAMP

Hose 3 Sh(pped from
. 1’ o e @R Mslleable Iron " oty oty
Size | Frome To Part # | Price er : Part & Price
4 [ 9ne 21732 BD $3.95 3%
| 1ie | e fele] 13.85
2 et 15/16°
12 [ieet | 1116
y2r |t | 1316 5
SRR Y-S I Ry .30,
[ZSNE R T R O .30,
4 J1eter |1 .30
¥4 ) 1uz 111187 | 810 6.00
127 | 29532 1172327 | 968 6.00
1 113/32° | 1018 | 156% 9,45,
+ 117327 | 123327 | BUI4 |+ 9.45
N +* 114/16° { 115118 | B4 9.65:
: i 11606 | 2178 B15 11.00
IRV R R~ 125/32° | BUIS | 18.00
194 [ 113716° | 178" 187* 12.50
11/4° | 125/22° | 23%2° | BUIS | 18.00
1340 |17 216" | 206° 13.00
Y4t | 218" 288 B19 14.00
11/2° {11318 | 2 | BUzz | 1750
1R | g 27320 | B22 18.00
1120 | 2 218 212¢ 15.00
132" {2118 {214 225* 16.50 -3
112t {238 | 238 BU24 |:15.00 | 10 | 8BU24
e R E e 2ane |2a | 655 | ase| i o
_\ 2 GRIPPING FINGERS S s AR
230 u2 EUZ3 | ...
2y2 z75° 21.50
212 2esee | BU2g [117.30
284 3VieT | Big B
23/4° 311" | 306" 3,00 | 10
3we2t | 3718 | B3O 35500 6
3118 | 312 350* 2500 | S
3202 {3Ine | BU34 | 40001 5
2 312 315/16" | 834 40.00 | 5
3 3z 3504 375° 3550 | 5
3 [ RYy 31816* | BU35S | 6300 | 5
3 32/ & 401* 57.00 | 5
- 3 31316" | 41/16" | B35 4500 | 5
3 & 4318 | 418* 76.50 | 4
4-BOLT TYPE 3 41/16° | 4718 | B39 7000 | 5
4 GRIPPING FINGERS 3 4316° | 4120 450* 70.00 | 2 .
Hese Plated
1.D. Hose Q.0 Malleable Iron .
Size | From: To: Part# | Price | Qty iTorque': * 4 Gripping Fingers
3 |4 14" 413/16° | 8839 | $130.00 [ 2 150 “rRecommendediorgue
o legmgr | s Bi5 12000 | 2.} 150 rating in £T, LBS.
4 ez | s BS54 190.00 | 2. 200 - (for malleablelifon &
4 |5 1/4” 5 183" @ %06.00 | 2 200 siainiess steé} amps only)
4" | 617/82° | 5145016 | B4 200.00 [ 2:7f 200
8" 167/8° 7 3/8° 750 240,00 phrmbmartmnidais
THREE-PIECE . b o
6-BOLT TYPE & {712 B 850 240008 I«%ﬁ::"FAX Y EM c’
v oire 7 /o rn ;
v — gp (L(; #ma;s ATE
~ 1yl (Y
» wf - ! .

. HNF-2474, Rev. 0
{d Page D-133

oL

SYLLTA-3S0H-N30TH3aNY

AMERICAN | HOSE & FITHNGS

5

1O

PHE' (208) 872-8060

FAX# ("08) 395- 3410

Hd  LEB:ST  SEET-S@-TN0



P 74E WE 12L0570 0001924 730 mm

A Compression Springs

Materiai

Music wire

ASTM-A228 or AMS 5112
Stainless steel

Commercial Type 302, ASTM-A313 or

AMS 5688 spring temper. (chemical & physical only)
No charge for certificate of compliance when requested;
certificateof chemical analysis available, see price book.
Music wire will be furnished unless stainless steel is
specified. When inquiring or ordering, use letter “M" or
letter “S™ as suffix on catalog numbers to designate music
wire or stainless steel wire, respectively.
Music wire springs are not recommended for applications
where the temperature exceeds 250 deg F (121 deg C).
Stainless steel springs are not recommended for applica-
tions where the temperature exceeds 500 deg F (260 deg

Direction of Helix
Right hand.

Ends

ngared and ground. Ends to be square within 3° with axis
0O.D. sizes 0.057-0.088 in (1.45-2.24 mm) squared ends
not ground. :

_ Freelength L is for reference use only. Load P is attained

el iee A e

at length L;. For stainless steel multiply P by 0.833.
Load values shown are for music wire.

T A Tt A YR g

HNF-2474, Rev. 0
Page D-134

J-25-05

Stock sizas in
music wire and
stainiess steel

Associated Spring offers a broad variet¥ of helical com-
pression springs in the SPEC selection. They are reliable,
inexpensive and efficient — the right combination for
general-purpose use throughout industry.

For normal service, springs should not be compressed
below Li.

To determine load P at any length other than L., multiply
the proposed deflection by the rate R. *[P + (L-Lx) x R]
When stainless steel is used the value for rate R must
be corrected by multiplying R by 0.833.

.
gl

Finishes

Standard finish is that of the normal wire. Shot-peened and
plated finishes furnished on request. Allow sufficient
additional time for special finishes.

Tolerances

0.0. (English)
0.057 10 0.118 in = 0.003 in 1.45
01201002401 = 0005 in 308

0.D. {Metric)

0.241 10 0.500 in = 0.008 in to 12.70 mm = 0.20 mm
0.501 10 1.000 in = 0.015in 12.73 10 25.40 mm = 0.38 mm
1.001 t0 1.225 in = 0.020 in 25.43 to0 31.12 mm = 0.51 mm
1.226 0 1.460 in = 0.030 in 31.14 t0 37.08 mm = 0.76 mm
1.461 10 2.000 in = 0.040 in 37.11 to 50.80 mm = 1.02 mm
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STOCK COMPRESSION SPRINGS s Assoclsted Spring
_ Music Wire and Stainless Steel SHEE Raymond A&\ BARRES
Outside Wire Free Length Load, P Length, Solid Height, Spring Rate,
O Diameter Diameter L, Approx. at L, L, Approx. R
BER in mm in mm in mm 1bt Nt in mm in mm | Ibfint |N/mm?

C0600-063-2000 2.00 | 50.80 1.059 | 26.90 | 0.700 | 17.78 18.0 | 3.15
C0600-063-2250 2.25 | 5715 o 30.07 | 0.768 | 19.51 159 § 278
C0600-063-2500 0.063 | 1.60 2.50 63.50 | 18.00 | 80.07 | 1.308 | 33.22 | 0.836 | 21.23 142 | 249
C0600-063-2750 275 | 69.85 1.433 | 36.40 | 0.863 | 21.92 137 | 240
C0600-063-3000 3.00 76.20 1.558 | 39.57 | 0.927 | 23.55 125 | 2
C0600-063-3500 3.50 88.90 1.807 | 4590 | 1.055 | 26.80 10.6 1.856
C0600-067-0625 0.62 | 1575 0.360 9, 0.300 7.62 | 80.0 (14.01
C0600-067-0750 0.75 | 19.05 0.430 | 10.92 { 0.338 8.53 | 66.0 |11.56
C0600-067-0880 0.88 | 22.35 0.455 | 11.56 | 0401 { 10.19 } 50.0 | 876
C0600-067-1000 1.00 { 2540 0.530 | 13.46 | 0430 | 1092 § 450 | 7.88
C0600-067-1250 1.25 | 31.75 16.89 | 0.505 36.0 | 6.30
C0600-067-1500 0.067 1.70 150 | 3810 | 21.00 93.41 | 0.780 | 19.81 | 0.594 | 15.09 | 28.0 | 508
C0600-067-1750 175 | 44.45 0.830 | 21.08 | 0.715 | 1816 | 23.0 | 4.03
C0600-067-2000 2.00 | 50.80 1.106 | 28.09 | 0.771 | 19.58 | 225 | 3.94
C0600-067-2250 225 | 57.15 1.236 | 31.39 | 0.847 | 2151 19.8 | 347
C0600-067-2500 2.50 | 63.50 1.366 | 34.70 | 0.923 | 2344 17.7 | 3.10
C0600-067-2750 2.75 | 69.85 1496 | 38.00 | 0.966 | 24.54 167 | 2.92
C0600-067-3000 3.00 | 76.20 1.626 | 41.30 | 1.040 | 26.42 153 | 2.68
C0600-072-0620 062 | 1575 0.405 1 10.29 | 0.381 9.68 |114.5 120.05
C0600-072-0750 0.75 | 19.05 0445 | 11.30 | 0.396 | 10.06 | 78.0 |13.66
C0600-072-08° 0.88 | 22.35 0.520 | 18.21 | 0.433 | 11.00 | 68.0 |11.91
joid Gideav. . 1.00 | 2540 0.565 | 14.35 1 0.502 |.12.75 t 55.0 | 9.63
C0600-072-1250 | 1.25 | 3175 0.710 | 18.03 | 0.581 | 1476 | 450 | 7.88
C0600-072-1500 0.072 | 183 150 | 38.10 | 24.00 | 206.76 | 0.830 | 21.08 | 0.691 | 17.55 | 36.0 | 6.30
C0600-072-1750 175 | 4445 0.950 | 24,13 § 0.801 } 20.35 30.0 | 525
C0600-072-2000 2.00 | 5080 1.140 | 28.96 | 0.848 | 21.5¢ | 28.0 | 4.90
C0800-072-2250 225 | 57.15 1.301 | 33.05 | 0.946 | 24.03 | 259 | 4.54
COEi0-672-2800 2.50 63.50 1.438 { 36,563 | 1.033 | 2624 | 231 { 4.05
C0600-072-2750 275 | 69.85 1.601 | 4067 | 1.119 | 2842 { 209 | 3.66
C0500-072-3020 | 0.600 | 15.24 3.00 76.20 1.742 | 44.25 | 1.206 | 30.63 191 | 3.3¢
00600-08i~0620 0.62 15.75 0.466 | 11.84 | 0.412 | 1046 |212.6 [37.23
C0600-081-0750 0.75 | 18.05 0553 1 14.05 | 0.459 | 11.66 {1656 129.00
C0600-081-0880 0.88 | 22.35 0.639 | 16.23 | 0.507 135.6 123.74
€C0600-081-1000 1.00 25.40 0.719 | 18.26 | 0.552 | 14.02 {1162 [20.35
C0600-081-1250 1.25 31.75 0.885 | 22.48 | 0.644 | 16.36 89.5 |[15.67
€0600-081-1500 150 | 38.10 1.051 | 26.70 | 0.736 | 18.69 | 728 {1275
€0600-081-1750 175 | 44.45 1.217 | 30.91 | 0.828 { 21.03 | 613 {10.73
€0600-081-2000 2.00 | 50.80 1.383 | 35.13 | 0.920 { 23.37 | 53.0 | 9.28
€0600-081-2250 0.081 2.06 225 | 5715 | 32.69 | 14541 | 1.549 | 39.34 | 1.012 | 2570 | 46.6 | 816
C0600-0812500 250 | 63.50 1715 | 43.56 |-1.104 {-28.04 { 417 7.30
€0600-081-2750 2.75 | 658.85 1,881 | 47.78 | 1.196 | 30.38 | 376 | 6.58
€0600-081-3000 3.00 | 76.20 2.047 | 51.99 | 1.288 | 3272 | 34.3 | 6.01
C0600-081-3250 3.25 | 8255 2.213 | 56.21 | 1.380 | 35.05 | 315 | 552
C0600-081-3500 350 | 83.90 2.379 | 60.43 | 1472 | 37.39 | 2902 | 511
C0600-081-3750 375 | 9525 2.545 | 64.64 | 1.564 | 39.73 | 27.1 | 4.75
C0600-081-4000 4.00 |101.60 2711 | 6886 | 1.656 | 42.06 | 254 | 445
€0600-085-0620 0.62 15.75 0477 { 1212 | 0433 | 11.00 {26256 (4596
C0600-085-0750 095 | 19.05 0565 | 14.35 | 0.484 | 1229 | 2036 |3565
€0600-085-0880 0.88 | 22.35 16.61 | 0.536 | 13.61 {1664 [29.14
€0600-085-1000 1.00 | 2540 0.736 | 18.69 | 0.583 | 1481 |142.3 }24.92
C0600-085-1250 1.25 | 3175 0.906 | 23.01 | 0.682 | 17.32 } 1094 [I19.16
C0600-085-1500 150 | 3810 1.076 | 27.33 | 0.781 88.8 [15.55
C0600-085-1750 1.75 | 44456 1.247 | 31.67 | 0.880 | 2235 | 74.8 |13.10
C0600-085-2000 2.00 | 50.80. 1417 | 3599 | 0.978 | 24.84 | 64.5 |11.29
C0600-085-2250 0.085 | 216 225 | 5715 | 37.62 |167.33 | 1.588 | 40.34 } 1.077 | 27.36 | 56.8 | 8.95
C0600-085-2500 250 | 6350 1.758 | 44.65 | 1.176 | 29.87 | 50.7 | 8.88
C0600-085-2750 2.75 69.85 1.928 | 4897 | 1.275 | 3239 | 45.8 | 8.02
C€0600-085-3000 3.00 76.20 2.099 | 53.31 | 1.374 | 3490 | 41.7 | 7.30
€0600-085-3250 825 | 8255 2.269 | 57.63 | 1473 | 37.41 38.3 | 6.71
C0600-085-3500 3.50 | 88.90 2.439 | 61.95 | 1.572 | 39.93 | 355 | 6.22
C0600-085-3750 375 § 9525 2.610 | 66.29 | 1.670 | 4242 | 33.0 | 5.78
C0600-085-4000 4.00 }101.60 2.780 | 70.61 | 1.769 | 44.93 | 30.8 | 539
€0600-092-0750 0.75 19.05 0.591 | 156.01 | 0.524 | 13.31 |291.5 |51.04
C0600-092-0880 0.092 | 2.34 0.88 | 2235 | 46.46 {20665 | 0.684 | 17.37 | 0.581 | 14.76 {237.0 [41.50
C0600-092-1000 . . 1.00 | 2540 0.770 | 19.56 | 0.633 | 16.08 }202.2 3541

+For stainless steel, multiply values by 0.833.
*When Inquiring or ordering, use letter ‘M’ or letter *'S" as suffix on log b to designate music wire or
i teel wire, pectively.
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QUALITY

SWIVEL JOINTS

T-M MFG. CO. ot ARQU/SSAVE., SUNNYVALE, CALIF. 94086-3832
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SWIVEL JOINTS

© ASSEMBLY

 NO LEAK
PERFORMANCE

SEALED
BALL BEARING
UNIT

QUALITY
BEARING
DESIGN

RUGGED STANDARD
OUTBOARD PACKING
BEARING THROUGHOUT
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T-M MANUFRCTURING CO

COMPLETE UNION ASSEMBLY
Repack anywhere, anytime, without handling ball bearings, even when welded into the line, Re-
duces service and maintenance to an absolute minimum.

PACKING TAKE-UP

Chevron packing compensates for normal wear, varying temperatures, extremely volatile
materials. Extends packing life as much as 400 ¢,

NO-LEAK PERFORMANCE

Superior engineering design enable guaranteed, no-leak performance from gases to acids 10
drilling cement.

SEALED BALL BEARING UNIT :
Factory assembled rotating unit sealed from outside contaminants and line fluids by “o” rings.
Lubricants are sealed in and foreign matter sealed out. Reduces maintenance costs by elimi-
nating daily lubrication. Quality design will cut costs, extend life of joints.

QUALITY BEARING DESIGN :
The finest alloy steels used in manufacture of T-M Joints. Through hardened ball races in
6000 and 15,000 stee! series couplsl with hardencd chrome alloy stee) balls essure longer
life, lower maintenance costs and fewer replacements.

RUGGED OUTBOARD BEARING
‘The packing backup ring acts as a solid bearing during severe or shock loads. Protects the ball
races from brinnelling. Eliminates misalignment leaks. Guarantees top performance undex all

_..conditions.

STANDARD PACKING THROUGHOUT

No special packing worries with T-M. Packing for all services is available in standard sizes and
materials.

HNF-2474, Rev. 0
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E-21-15
STYLES

No.
STRAIGHT SINGLE SWIVEL

ips

No. 200
ELL SINGLE SWIVEL

=

No. 300
2 ELL SINGLE SWIVEL

(D

\ Ell DOUmW:YEL

e

MATERIALS

125 PSI Aluminum Alloy
Color Code: Aluminum

1000 PSI Steel
Color Code: Blue

6000 PSI Steel
Color Code: Red

15,000 PSI Steel
Color Code: Yeliow

SWIVEL JOINTS

125 PSI Type 316 Stainless Steel

Color Code: #316

. Special Alloys

Color Code by Tyrs

PSI = Maximum Working Pressure

TEMPERATURES

225° Hycar Packing
450° Aramid Fiber
550° Aramid Fiber
300° Teflon

400° Viton

SIZES

3/s” ~Thru 16” Pipe Size
Larger on request

END CONRNECTIONS

Threaded Ends (TE) (Female)
Beveled for Weld (BV) (Beveled)
Bored for Weld (BR) (Bored)
Flanged

Special ~--On Order

SPECIAL ORDERS

‘We will be pleased to submit prices on your special requirements. Manufactured on

Order.

No. 500
2 EtL DOUBLE SWIVEL

No. 600
3 £t DOUBLE SWIVEL

No. 700
2 ELL TRIPLE SWIVEL

No. 800
3 ELL YRIPLE SWiVEL

T-M HMANUFACTURING CO

HNF-2474, Rev. 0
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THREADED AND BORED FOR WELDING

SIZES B [3 B

%k | 3% | 2 3%

%E1 | 4% | 2% | 4%

1% & | 2% | 4%
i 5% | 3 6

2 6% | 3 | 6%

2% 6% | 4 %

3 % | % | %

4 5% | 5% | 10%

All dimensions given in inches ==!/3"”

For sizes largor than 4” refor 4o
section on fabricated joints,

HNF-2474, Rev. 0
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T=M ' FLANGED (SERIES 15)

SWIVEL JOINTS

L e
STYLE 100

STYLE 500 STYLE 600 STYLE 700 STYLE 800
JOINT DIMENSIONS FLANGE DIMENSIONS
Mo. Belt

SZES | B c b £ M N P R ¥ Hales BC H Size 0 Q X SKZES
2 6% 14 6% | 4% | 6% |.6% | 7% | 7% | 6% 4 4% % % 6 % ] 3% 2
2% | Ve | 4% | 73 { 4% | 676 7 8% | 8% |7 4 %2 | % % 7 % | 4% 22
3 8% | 5% | 9% | 44| 8% | 7% | 8% |10% | 7% 4 6 % % R AR R 3
4 9% | 6% |10% | 6% |10% |10 10% [11%; | 9% 8 %2 % % 9 AN 4

Al dimensions given in inches =V/p*

For sizes larger than 4~ refer to
section on fabricated joints.

For dimensions of other series flanged
joints consult factory,

HNF-2474, Rev. 0
T-rt MANUFACTURING CO Page D-141



T-M MANUFACTURING €O

53t 7 W&

4822969 0000L05 5049 =

E-21-15

FABRICATED

stre 800 sryie 600

sTvLe 700 . srrie 800

DI MENSII ONS
Suks [ B jc |0 |E Je [K [ W [ N] o Pl R TV s

aQ o ] 13% | 6 s | 6 — | %% | 19% | 13| — | 1% | 13% ]
Euég 8 i 8 28% | 8 — |12 4% [ 18 — 7% | 4% | 16

K1 g 10 18 10 28% | 10 — |14 28% | 18 — | 7% | 28% | 18 10

12 20 12 1| 324 |12 — |18 32% | 20 — 7% | 2% | 20 12

8 16 8% | 19 8% | 7% | 9% | 19% | 6% [ — 12% | 19% | 16% [}

fp 19 11 28% | 11 9 |12 28% |19 — 3% | 4% | 19 8

- [ 7% 1 9% | 19% | 9% | —~ [ 9% | 19% | 17 3 W% | 19% | 7% 8

§§ 8 0V | 12% | 4% | 12% | — [12 4% | 20v | 13% | 16% | 24w | 20% 8

=% 10 22 14% | 2% | 14% | — [14 28% | 22% | 16 6% | 28% | 2% 10

- 12 4% | 16% | 3% {16 | — [16 2% | 24% | 19 7% | 2% | 8% 12

All dimensions given in inches ==13”

For dimensions of other series
flanged joints comsult factory.

g HNF-2474, Rev. 0
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T=RA  REPLACEMENT PARTS
} SWIVEL JOINTS

Part 1 Poct 2 Port 3 Part 4
STRAIGRT SWIVEL NIPPLE HOLDING NUT STRAIGHT ONE SWIVEL ELL SWIVEL NIPPLE
300Y

i

Pon 5 - . Port & Port 7
ELL TWO SWIVEL 3ODY ElL ONE SWIVEL BODY ELL TWO SWIVEL NIPPLE : ACCESSORIES:
Ball Bearings
Lock Bor
O-Ring = V-Ring
Adoptrees (Upper ond
@ g ower
z z Cnunvubclence tvg

Geitgnated by "X~ afrer
port number.

SERVICING

(1) T-M Swivel Joints are greascd at the factory zad require only occasional greasing unless
joint is in constant rotation or high temperature service. When greasing, remove slotted
plug on outside of body, and insert alemite fitting.

(2) Provision hasbeenmade for take-up onthe packing. After packing wears, remove lock bar,
turn nut clockwise to next locking slotand reinstall lock bar. Process may be repeated un-
til packing has worn too badly to effect seal.

REPACKING

(1) Remove lock bar.

(2) Remove nut and nipple assembly from body by turning nut counter clockwise.

(3) Remove back-up ring from body.

(4) Remove 2 packing rings,

(5) Remove male adaptor.

(6) Clean packing chamber and reinstall (1) male adaptor (2) new packing and (3) back-up ring.
Grease all parts thoroughly.

(7) Insert nut and nipple assembly in body and reassemble. Rotate nipple occasionally as the
nipple passes through the packing.

(8) Screw nut clockwise until compression on packing causes nipple to rotate with a mild
amount of torque.

(9) You do not need to handle the balls or disagsemble the nut and nipple to repack the T-M
Swivel Joint.

% :
HNF-2474, Rev. 0
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=M LOADING RACKS
SWIVEL JOINTS

L - -

>
S—STYLE 500 X4

S-STYLE 300

SYYLE 30077

&
STYLE 200

STYLE 200

+_,__.

T-M Swivel Joints assembled into the 4 basic tank car and tank truck designs will enable you to transfer your product with
economy and safety. o

Even when welded into the line T-M Swivel Joints can be taken up to compensate for packing wear or separated for
repacking. Overhung loads do not cause leaks on T-M loading arms due 1o the rugged design.

Furnished in aluminum, steel and stainless steel and packed to fit your individual requirements. Other designs on
© request.

COUNTER BALANCE DESIGN

Since counterbalance design necessarily varies with each installation, we have shown no standard design.

Please consult the factory for prices and furnish the following information (1) Clearance restrictions and
(2) Overhung loading.

) HNF-2474, Rev. 0
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E-21-18

PACKING AND COMPONENT PARTS

SWIVEL JOINT SIZE |3/8" &|3/4~ &|1 174 |1 1/2+] 2+ la1/2q 3+ | 4 | & | & |10 | 12
Ve | 1
SIZE 6225 _

CHEVEON packing] 20 | 28 | =30 {-32 | -39 | -a3 | -as | -5 | -63 | -e8 | -72 | -78
6229

AR S oR 20 | 28 | 30 |32 | -39 | -4a | -a9 | -54 | <63 | -68 | 72 | -76
D

FEMALE BDAFTOR | 50-8 | 100-8] 125-8 | 150-8 | 200-8 | 250-8 {300-8 |400-8 [600-8 [ 800-8 [1000-8 1200-8

-s%.g:g;z.z;z}\'nbllszso 7-15 | 7-25 ] 0-01 | 0-03 | 0-09 | 0-14 | 0-18 | 6-28 | 0-40 {30-47] 7-71 ] 7-81

~SIZE 6227 AND 6230

vor BING /a2 7-19 | 0-01 | 0-03 | 0-05 | 0-11 [ 0-16 | 0-20 | 0-30 | 0-41 |30-49 7-79 | 7-83

BALL SIZE 3/16) 1/4 | 174 | 5/16 | 5/16 | 3/8 | 3/8 | i/16 | 9/16 | 9/16 | 9/16 | 9/16

NUMBER OF BALLS '

PER ROTATING 32 | 40 | 46 | a2 | s6 | s8 | es 74 | 8o [ 104 | 126 | 148

ELEMENT

ek DA I N 1/a | wa | 1/a |38 | ais |3 {3 |ass | w2 | e |2 |

SIZE DESIGNATION ,
BALL PLUGS 1/4 | 5/16 | s/16{ 3/8 | 3/8 | /16y 7/16 | 1/2 | 5/8 | 5/8 | 5/8 | s5/8

* ALL "O" RINGS PRECEDED BY 7 INDICATES 6227 SERIES; PRECEDED BY C INDICATES 6230 SERIES.

— STANDARD AND OPTIONAL MATERIALS -

CHEVRON PACKING FEMALE ADAPTOR
Standard Hycar: To 225°F working temperature Standard Steel: To 550°F working temperature
Optional Teflon: To + 300°F Acid Services Optional Aluminum: Acid and corrosive services
Optional Aramid Fiber: To 450°F working temp. Optional Stainless Steel: Alloy to suit application
Optional Aramid Fiber: To 550°F working temp. .
Optional Viton: To 400°F working temperature ALL O’ RINGS

| Standard Buna-N: To 225°F working temperature
MALE ADAPTOR Optional Teflon: Acid Services
Standard Buna N: To 225°F working temperature Optional Silicon: To 450°F working temperature
Optional Aluminum: Acid and corrosive services - Optional Viton: To 450°F working temperature

Optional Teflon: Acid Services
Optional Stainless Steel: Alloy to suit application
Optional Hi-Temp: To 550°F working temperature

HNF-2474, Rev. 0
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