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itle:-kid Dissolution Traaffer Pump Comparative Structural Calculation 
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Date: 7/2t /o  

Identifier: C-08-13 k hecker: priul Dorsh Fw 4- 
1 .O Purpose 

The waste in Tank 241-C-106 is to be transferred to a DST to support Waste Retrieval and Accelerated Closure of the 
tank. Liquid waste was removed in Phase 1 of this retrieval via the Supernate Removal Pump, H-14-104773. The 
next phase of waste retrieval is Acid Dissolution of the tank. 

In the event that the current Supernate Removal Pump (Flygt Pump Assembly, H-14-104773) is incapable of 
transferring acidic waste from (2-106 to AN-106 it will have to be replaced. The replacement pump (an assembly 
containing ,one Gorman-Rupp Pump) is very similar to the pump described by H-14-104773. The pump was specified 
in RPP-16266 and vendor information will be located in CVI-50385 upon receipt of the pump assembly from the 
vendor. This calculation compares the replacement pump assembly to the C-106 Supernate Removal Pump 
Assembly and the structural calculation performed on that pump in RPP-14445, Rev. 0 (See Attachment C). Also, 
the recommended lifting configuration is defined. 

2.0 Method of Analysis 
The weight and center of gravity of the replacement assembly is determined. The weight distribution is compared to 
the weight 'of the pump described by H-14-104773. The loading associated with the two assemblies are compared as 
well. 

3.0 Input Data 
The C-106 Supernate Removal Pump is described by H-14-104773 and was analyzed for structural integrity in 
RPP-14445 The replacement pump is basically the same assembly with the 1 0  SCH 40 shroud cut a bit shorter, only 
one Gorman-Rupp pump is used as opposed to 2 Tandem Flygt Pumps, and the Gorman-Rupp Pump is attached via a 
flexhose. See Attachment A, page 2 and 3 for sketches of the replacement pump. 

4.0 Use of Computer Software 
Mathcad w,as used for these calculations. All calculations are checked and verified using a handheld calculator. 
MathcadTM is a registered trademark of Mathsoft, Inc. One Kendall Square, Cambridge, Massachusetts 

5.0 Results 
_ _  Sec Description Result Allowable 
8.1 Design Weight (Excluding Cradle) 4067 Ibf 
8.1 
8.2 Maximum Stress 61 97 psi 231 00 psi 

Estimated CG from Top of Main Plate (Including Cradle) 14.2 ft 

- DR 

3.7 

6.0 Conclusions/ Recommendations 

The replacement pump assembly described herein will remain structurally sound when lifted from horizontal with 
two cranes It is a requirement that a cradle or similar device be used to hold the Gorrnan-Rupp Pump during the 
lift (Att. A, pg. 6). The pump shall only be lifted horizontally from the two hoist rings located directly on the main 
plate. Do not lift from the horizontal using the hoist rings located on top of the structural tubing (see RPP-14445 
for further explanation). 
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i t l e : m k i d  Dissolution Transfer PumD ComDarative Structural Calculation 
riginator: :jam Pauls 

Identifier: C-08-13 E hecker: Riul Dorsh 

8.0 Calculations 
An approximation of the weight and center of gravity for the pump assembly is determined. The weight for the 
replacement pump assembly is then compared to the weight distribution of the pump assembly described by 
H-14-104773. Once the comparative analysis is CompleteJifling instructions are discussed. 

8.1 System 'Weight and Center of Gravity Calculation 

Representative Sketch of System 
Refer to FLPP-14445 page 5 for similar Sketch, Factors, and Weights of Flygt Pump Assembly 

Top Assembly 
X 
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itle: C-106 Acid Dissolution Transfer Pump Comparative Structural Calculation Identifier: C-08-13 
Date: 7/zq/o& 
Date: ? / 2 4 / 4 5  

WIOin = 20041bf 1 0  SCH 40 Shroud Weight (Mark‘s Handbook, pg. 8-150 B 
Att. A, pg. 3) 

Wjin = 3541bf Weight of 3 SCH 40 Pipe (Mark‘s Handbook, pg. 8-150) Ibf 
A 

W3in := qa,~23.A~10.25- 

, .25,inpst wsup = 7 Ibf Weight of 3 Pipe Support (Att A, pg. 3) 1 [ x.(10.02.i; - 3.5.in) 2 
WSUP := q,.2. 

wflex = 28 Ibf 

Wpump 

Weight of 3” Flex Hose (Att A, pg. 3 and 5) 

= 4221bf Weight of Gorman Rupp Pump (Att. A, pg. 4) 

Ibf 
Wflex:= q~0~10.A~1.89.- 

A 
Wpump := qm.281.1bf 

Maior ComDonent Weiqht 

W’T := wp -I- w, + WIOin + W3in + wsup + w,,, + Wpump -4 Summed Weight of 
Major Components 

The Centers of Gravity are given for the major components. 

CG, in the y-direction of the Main Plate (RPP-14445. pg 6) 

CG, in the y-direction for the Top Asm (RPP-14445, pg 6) 

CG, in the negative y-direction. of 1 0  SCH 40 Shroud (Att. A, pg. 3) 

Y ’= S.in 

Y, := 13.9.h 

y . 

P ’  

33.A 
Y1oin= 16.5A loin.- 

CG, in negative y-direction of 3” SCH 80 pipe (Att. A, pg. 3) 
23.A 

2 
Y3in := -- Y3in = 11.5 A 

Ysup := Y3in Ysup= 11.5A 

‘pump Ypump := 3’3.A + - 

Yflex = 2 8 A  

Approximate CG, in negative y-direction of 3” pipe supports 

CGy in negative y-direction of Gorman-Rupp Pump (Att. A, pg. 3) 

CG, in negative y-direction of Flex Hose (Att. A, pg. 3) 

= 34.5 A 3.A 
2 

1O.A 
Yflex := 23, A + - 

2 



itle: C-106 AI 
riginator: 

It is recommended that a cradle be used when lifting the replacement pump assembly from horizontal to restrict 
movement of the Gorman-Rupp Pump that would otherwise hang freely. An example of a cradle is defined below 
(see sketch Attachment A, pg. 6). 

Cradle Design Weight (Mark's pg. 8-150) Wcradle = 241 Ibf Ibf 
A 

WCradle := q 0 . 6 ~ f t ~ . 5 ~ 5 3 . 6 2 ~ -  

The actual cradle length can be smaller than 6 feet, but this is used to allow up to a 6 foot cradle. 

Ycr,dle := 33.A Estimated CG, in negative y-direction of 
Cradle (Att. A, pg. 3 and 6) 

'cradle = 33 

System Esiimated CG 

-1 
8.2 Hoisting Reaction Determination and Stress Calculations 

The forces and moments throughout the system, due to horizontal hoisting of the assembly, are determined. 
During the hoisting operation the pump will be picked from horizontal to vertical by lifting on two hoist rings that are 
attached to the main plate of the pump assembly. A spreader bar will be utilized for avoidance of the top 
assembly by the hoisting and rigging apparatus. A second crane will be required to lift on the other end of the 
pump. A sl:rap will be wrapped around the 1 0  SCH 40 shroud and cradle. The system is modeled as a simply 
supported beam at these lifting points (see sketch below). 

Sketch of Loaded System 

R2 

yw:= 360.in Distance to 2nd Crane (RPP-14445. pg. 7) 

The pump, cradle, and flex hose are considered to act at the same center of gravity for simplicity (@ Ymdle). The 3 
inch pipe and support are also considered to act at the same point. A simplification of the weights is defined below. 

w1 := "cradle + Wpump + Wflex 

w2 := W3in + WSUP 

Wl = 691 Ibf 

W2 = 361 Ibf 
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Identifier: C-06-13 
Date: 7&h3 

Dorsh A Date: ;C/z+/a 

R2:= WT - R1 R2 = 19881bf Reaction 2 Resultant Force 

Shear and Mo'ment Determination 

See Attachment A, page 7 for Shear and Moment Diagram. The plate weight is considered to act at the same point as 
reaction 1 for simplicity. The resultant upward force is: 

R = 15391bf UP Rup := R1 - Wp 

From Attachment A page 7 it is clear that the most stress on the assembly is seen at approximately the midpoint of 
the 1 0  SCI-I 40 Shroud. From RPP-14445 it is also apparent that this is the critical analysis point, and is therefore 
the only strsess analysis required. 

V,,, := 1297.lbf Shear in 1 0  SCH 40 Pipe (Att. A, pg. 7) 

M,,, := 15436.5,lbf.A Maximum Moment in 1 0  SCH 40 Pipe (Att. A, pg. 7) 

Stress Calculation 

2 AlO:= 11.90.in 

3 Sl0 := 29.9.in 

Cross Sectional Area of 1 0  SCH 40 pipe (Mark's Handbook, pg. 8-150) 

Section Modulus of 1 0  SCH 40 pipe (Mark's Handbook, pg. 8-150) 

"max 
(5 .=__ oY = 109psi Shear Stress 
"' AI0 

Mma, 
Ob := -- 

SI 0 
Ob = 6195psi Bending Stress 



The pipe is considered a compact section per RPP-14445, pg. 10. The shear stress and bending stress are combined 
using Mohr’s circle to determine the maximum bending stress in the material. 

Construct Mohr‘s Circle (Ref. Mechanics of Materials pg. 492-494, see Att. B pg. 2 4 )  

O X 1  := axl = 6195psi 

oyl := 0.psi 

oave = 3098psi 
‘3x1 + ‘3yl 

(save := 
2 

R := 

‘3X 

R = 31OOpsi 

omax := uave + R 

Maximum Bending Stress 

fb := 2.31OO.psi Maximum Allowable Bending Stress (RPP-14445, pg. 10) 

Design Ratio for Bending of replacement pump assembly fb 

=max 
DR:= - 

The pump1 will remain structurally sound during horizontal lifling. 

8.3 Lifting Instructions 

It is recomrnended that a cradle similar to the one shown in Attachment A, pg. 6 is used during the lifting process. 
Other characteristics of the lifl shall be analogous to that described in Section 8.2 of RPP-14445. (See Attachment C) 
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Attachment A: 

Miscellaneous Reference Materials 

and Sketches 

Description 

Sketch of Replacement Pump A2 

Sketch, Comparison of Flygt Pump A m  vs. Goman-Rupp Pump Asm A3 

Gorm;m-Rupp Pump Cut Sheet A4 

Example Flexible Hose A5 

Sketch of Lifting Cradle A6 

Shear and Moment Diagram A7 
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Titan Industries - Concrete 

CHEMICAL 

- 
R PP-  17385, kJ.0 

ATTAC+.PAFM A 1% A ~ O F  A7 

Home Contact Search 

Unique versatile suction and discharge hose that will handle 90% 
of all known chemicals. Our special multi-chem cross linked 
polyethylene tube and Arana manufacturing method allows 
superior chemical resistance and user flexibility. Spiral 
construction provides excellent working pressure. A minimum 4 to 
1 safety factor adds protection against impulse surges which help 
reduce worker injuries and environmental accident. External PVC 
rod provides full vacuum capabilities and superior cover abrasion 
resistance. 

Tube: Modified X-link polyethylene. 
Reinforcement: Multiple plies of polyester, supported by a PVC 
rod helix with static wire. 
Cover: Blue synthetic cover. 
Temperature Rating: -40° to +180° F. 

I.D. 10.. . Bend Radius( Working Pressure P S I  Weight LB/FT Vacuum Rating 

2" I 3" I 10" I 150 I 1.34 I Full 

15" I 150 I 1.89 I Full 
' 1 4 " 1 5 " 1  20" I 150 I 2.45 I Full I 
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Gere and Tomishenko 

- Descr- 

Excerpt from Gere and Tomishenko (Mob’s Circle) B2-4 



7.4 1 - MOHR'S CIRCLE FOR PLANE STRESS 

The transformation equations for plane stress can be represented 
graphical form by a plot known as hlohr's circle.* This graphical rep, 
sentation is extremely useful because it enables you to visualize the re: 
tionships between the normal and shear stresses acting on vario 
inclined planes at a point in a stressed body. It also provides a means I 
calculating principal stresses. maximum shear stresses, and stresses , 
inclined planes. Furthermore. hlohr's circle is valid not only for stress 
but also for other quantities of a similar mathematical nature, includi: 
strains and moments of inertia. 

W Equations of Mohr's Circle 

The equations of Mohr's circle can be derived from the transformati, 
equations for plane stress (Eqs. 7-4a and 7-4b). The two equations 21 

repeated here, but with a slight rearrangement of the first equation: 

(7-29' 

From analytic geometry, we miFht recognize that these nvo eqirations a.  
the equations of a circle in  parametric form. The  angle 28 is the par. 
meter and the stresses ucl and ~,,,,, are the coordinates. However, i t  is os 
necessary to recognize the nature of the equations at this stage-if \I 

eliminate the parameter, the siyificance of the equations will becull: 
apparent. 

To eliminate the parameter 20, we square both sides of each CqU;' 
tion and then add the two equations. The equation that results is 

a, - a, 
1 

= -~ sin 20  + rrY cos 1 8  

This equation can be written in  simpler form by using the following 1'0! 
',< lion from Section 7.3 (see Eqs. 7-27 and 7-12, respectively): 



Fig. 7-14 Two foi-ms of Mohr’s circle: 
(a) T , , ,  is poriti\,e downward and the 
mglc ? a  is positiw counterclockwise. and 
( h i  i,,,, is posilive upward and the angle 
? R  is positive cloclwise. (Nore: This book 
i~ses the first form.) 

which is the equation of a circle in standard algebraic form The coordi- 
nates are q,, and ~ 1 1 ~ 1 ,  the radius is R,  and the center of the circle has 
coordinates 

Mohr’s circle can be plotted from Eqs. (7-29) and (7-32) in two 
different ways. In  the first form of Mohr’s circle, we plot the iiorinal 
stress uxl positive to the right and the shear stress T ~ , ? ~  positive down- 
ward. as shown i n  Fig. 7-142. The advantage of plotting shear stresses 
positive downward is that the angle 20 on Mohr’s circle is positive when 
counterclockwise, which agrees with the positive direction of 20 in the 
derivation of the transformation equations (see Figs. 7-1 and 7-1). In the 
second form of Mohr’s circle, ?t,,, is plotted positive upward but the 
angle 28 is now positive clockwise (Fig. 7 - l lb ) ,  which is opposite to its 
usual positive direction. 

= uavcr and T, , , ,  = 0. 

“a\er -! 1 

(h) 

Th?, i- i- 
(3) 

Both f o r m  of Mohr’s circle are nia~hematically correct. and either 
one can be used. However, i t  is easier to visualize the orientation of the 
stress element if the positive direction of the angle 26’ is the same in 
Mohr’s circle as it  is for the element itself. Furthermore, a counterclock- 
wise rotation agrees with the customary right-hand rule for rotation. 
Therefore. we will opt for the first form of Mohr’s circle (Fig. 7-Ida) in 
which positive shear s t w s s  is plotted dowiiward aiid a positii.e niigle 20 
is plotted coiiiitei-cloclini.re. 

Construction of Mohr‘s Circle 

Mohr’s circle can be constructed in a variety of ways, depending upon 
which stresses are known and which are unknown. Also, personal prefer- 
ences often determine how one proceeds. For our immediate purpose, 
which is to show the basic properties of the circle, let us assume that we 
know the stresses ux, ut, and ?vv acting on the .x and y planes of an 
element in plane stress (Fig. 7-l5a). As we will see, this information is 
sufficient to construct the circle. Then, with the circle drawn, we can 
determine the stresses url,  uv , and TrllI,acting on an inclined element 
(Fig. 7-15b). We can also obtain the principal stresses and maximum 
shear stresses from the circle. 

. I  . 
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F,ig. 7-15 C o n r r m c h  of Mohr's circle 
for plmr SITeSs 

With u,, uv. and T y v  known, the procedure for constructing M ~ h r ' ~  
circle is as follows (see Fig. 7 .15~):  

( I )  Draw a set of coordinate axes with as abscissa (p0Sitivc I(' 'I" 
as ordinate (positive downward). 

(2) Locate the center C of the circle at the point having c o o r d i ~ l : ~ f ~ ~  "11 

I right) and 

- 
- ua>cr and T~~~~ = 0 (see Eqs. 7-31a and 7-32). 

. .of  [he : (3) Locate point A ,  representing the stress conditions on the* faLL. 5 n, 
element shown in Fig. 7-15a. bv Dlotting its coordinates "q _.._ 
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Exerpt from RPP-144. 

Description e 
Excerpt from FVP-14445, Structural Calc for C-106 Supernate Removal Pump C2-C8 
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ate: - ~ f i  2 2 /z)/o~# 

1.0 Purpose 
The Uquid Removal System. that is to be installed into Riser 13 of W B  Heel Pit. will require Hoisting and Rigging for 
installation. During the lifting operation the syslem will be introduced lo forces end moments throughout. The design will 
be examined lo ensure the lifting procedure doesn? cause damage lo the pumping assembly. 

Furthermore. once the pump Is installed and the W320 sluicing nozzle Is activated lo dislodge the solids In the lank, ll Is 
possible that the sluiang slream could contact the pump assembly. Because the (low rates for b e  sluicing nozzle will be 
as high as 350gpm, the jet stream can translate a significant amount of momentum lo the pump assembly If hit by the 
stream. Weak spots in the LRS pump assembly design will be examined to ensure the sluicer will no1 damage the pump 
assembly. 

2.0 Open Items 
None 

3.0 Method of Analysis 
The methods used in this cakulation are based upon static loading of the system. Stresses are calculated due to these 
loads. The calculated stresses are compared to allowable skess design uiteria (AISC. Manual of Steel Censlruclion). 

Mathcad was used for these calculations. All calculations are conlimed using either a handheld calculalor or an 
alternative form of calculation. MathcadTM Is a registered lrademark of Mathsoft, Inc. One Kendall Square, Cambridge. 
Massachusetls. 

4.0 Input Data 
4.1. Dimensions and other input data are derived from drawing H-14-104773. (See Attachment C for Currenl lnfonnation) 
4.2. Weighls and cenlers of gravity were provided by a computer generated assembly In SolidWorks 200iPlus. 
43. See Calculation Section for additional Input data that Is pertinent lo Individual equations. 

5.0 Results 
HOISTING STRESS ANALYIS 

% Pnalvsis Performed Stress lor Result) ~ I l W b l Q  rn 
8.2.3 10" SCH 40 Pipe (Bending) 5247 psi 23100 psi 3.4 

% finalvsis Performed slress for Resull) P l l ~ b l Q  rn 
8.3.1 Max Angle of Incidence 24 deg - - 
8.3.2 Horizontal Force at Impact 221.1 Ibf - 
8.3.3 Bending Moment @ the Base (i.e. Main Plate) 95503 Ibf-ln - - 
8.3.4 Weld Analysis, 10'Shmud to Main Plate 1052.3 Ibffin 2987 Ibffin 1.82 
8.3.5 10'SCH 40 Pipe (Bending) 3194 psi 23100 psi 6.23 

8.2.2 Weld Analysis, 10.Shroud to Main Plate 70.8 Ibffin 2987 lbffin 41.1 

SLUICING IMPACT STRESS ANALYSIS 

TRANSLATED FORCE CACLULATION 
& Analvsis Performed 
8.4.1 Riser Clearance Angle Calculation 

Stress for Result) PllOWblQ 
3.3 deg - 

8.4.2 Plate to Pit Floorhgle Calculation 8.8 deg - - 
8.4.3 Dowel Clearance Angle Calculation 8.2 deg . - 
8.4.4 Resullant Horizontal Force 704.4 Ibf 9290 Ibf 12.2 

6.0 Conclusions 
The Supernate Removal Pump Assembly, described by Altachment C. will withsland bolh horizontal lifting of the system 

Upon contact of the sluicer stream lo the supemale pump, the pump will rock and strike the Riser Adapler Assembly. Th< 
forces caused by this are not significanl lo the structure. If this Is of concern (not requlred) either a centally balanced 
w n t e r  weight of 2600 Ibf or donut wlset screw placed on the dowel pins could be Implemented. Either of these devices, or 
similarly funclioning device. could be Installed after pump installation to eliminate the concern for pump rocking. 

e effects. The syslem is adequate for the proposed appli ti n 
AUO AlWCUWCUT ssp Z I Z l / 0 3  &&io 

Calc Page 4 of 15 
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t1-2-41295. Rev. 3,1950. hfech. €quip. -SubAs5y - Hcel Jef Adopfcr Ring, The Kellex Corpontion. Richland. WA. 

11-241297, Rev. 2, 1950, Lfcch. Equip. -SrrbAssy - Adapfer Ring.The Kellcx Corporation. Richland. WA. 

11-241345. Rev. 3. 195O.Sfnrcftrrol Concrcfc Plan &Sections - flcel Pif,Thc Kellex Corpontion, Richland, WA. 

11-24 1367. Rev. 0. 1950. Afcch. €qtrip. - Dcfoil - Long Dowels, The Kcllex Corpontion. Richland. WA 

11-2-818549. Rev. I ,  1995.PipingSluicerf~fallafion.W-320Tank 2 4 1 6 1 0 6  Sluicing. US. Dept. olEncrgy.Richland, \VA 

H-14-101140. Rev. 1.20W.S~~bmersiblcP1rm~AsscntblyLfodijca~io~, US. Dept. 0fEnergy. Richland. WA. 

11-1 4-1 04773, Rev. 0.2003, C-106 Rcfricvol Supcrnolc Removal Pump Assy and Derails. US. Dept. oCEnergy. Richland, WA 

11-14-105651. Rev. 0.2002.Ilydroulie RamJorllcelJcf Rcnioval.241-CO6D tlccl Pit, US. Dept. ofEnergy, Richland. WA. 

I MF-2477, Y997. Pmjccr IY-320 24l-C-lO6 Sluicing Piping Calculofionr Vol. 7. Rev. 0. Flour Daniel Northwest, Richland. WA 

HNF-IP-0842.2W2. Vol. 1. Scc. 3.6, Engineering Calcularions, Rev. 16. Cll2M llill Hanford Group, Richland, WA 

RPP-8360.2002, Li/ling Poinf Evaluation ProcesJ, Rev. 2, Ct12ht Hill tlanford Group, Richland. WA 

8.0 Calculations 
8.1 Calculation Input Data 

Representative Sketch of System 

Sub Assembly 
(Inside Shroud 

Top Assembly 

%ub - 
\ p- XI,, - 10. Shioud 

L - 

1' - XI .- 

-- 
Main Plale L A  

Wl 

.I 
* W  

w w b  "4- T 
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ANALYTICAL CALCULATIONS 
RPP-14445, RCV. 0 

'lo:= 15 
Wp:= qo.521.lbf Wp - 781.51bf 

W, :n r),.314.1bf 

Wloin:ar),.I4$5.4.lbf Wloin * 21681bf 

w,,b :r r)o.507.8.1bf \vsub = 761.71bf 

WT > wp + Wt + WlOin + \v,,b 

Factor of Safety Multiplier for Weight. for conservatism. 

Plate Weighl (Altachment A, pg. 3) 
System Above Plate (Top Asm) Weight (Aliachmenl A. pg. 4) 

1W SCH 40 Shroud Weight (Attachmenl A, pg. 5) 

flygt Pump and Piping Sub Assembly Weight (Altachment A 
Pg. 6) 

\VT P 41823 IbC Summed Weight of Major Components 

Wt = 471 Ibf 

All weights were derived from Solid Works. The weights of individual componenls and systems were checked and 
verified wilh hand calculations for accuracy (see Attachment D. pg. 2). Because of the system complexity a factor 
of safety, 1.. of 50% Is added lo each reported weight for conservatism in the stress calculations below. To 
account for residual waste aRer removal from the tank an extra 25% is added, also another facior of 25% Is applied 
lo account for dynamic loading during the crane lifting process (RPP-8360, pg. 4). 

The Centers of Gravity are given for the major ccmponents. The CGs were derived from Sdid Works. unless 
olhelwise slated. The CGs were checked and verified via hand calculations lo ensure accuracy (See Attachment 
D, pg. 2). (See Attachment 6. pg. 2 for Coordinate System) 

X - 5 i n  

X,:= 13.9.h 

Center of Gravity in the ydireclion of the Main Plate (Allachment A. pg. 3) 

Center of Gravity In the y-direction for the Top Asm (Attachment A, pg. 4) 

P '  

XI Oin :a 2075. in Cenler of Gravigy In Ihe negative ydirection, of 10. SCH 40 Shroud 
(Attachment A. pg. 5) 

Xsub:=2S7.in Center of Gravlty. in the negative ydirection. of Sub Assembly 
(Attachmenl A. pg. 6) 

The forces and moments throughout the syslem, due lo horizontal hoisting of the assembly, are determined. 
During the hoisting operation the pump will be picked from Horizontal lo Vertical by lifting on two hoist rings that 
are attached lo the main plate of the pump assembly (Attachment C) A spreader bar will be utiliied for avoidance 
of the top assembly by the hoisting and rigging apparatus (use ilem 29). A second crane will be required lo lift on 
the other end of the pump. A s h p  will be wrapped amnd the 1O'SCH 40 shroud. The system is modeled as a 
simply supported beam at these lifting points (see sketches below). 

Hoisting on Item 29 (Altachment C) shall be used for lifting from horizonlal. The distance from the bottom of the 
pump plate lo the second lifting localion shall be 30'2 6. (not critical). Item 19 (Altachment C) shall be used for 
vertical lifting only. For more detail see Attachment C. 

8.2 Holsting Reaction Determination and Stress Calculations 

AlTACzEO T b M O Q u ~ ~ X U G  FLANGE sfl 2hfh3 # z/.tby 

30'26' d 
I item 29 

(wilh Spreader Bar) 

* Representative 
Sketch 

Item 19 
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'Rl 
xR2 

Wiub WlOh 

Substitute Force equation into Moment equation and solve for R, and R2 

Lloin.WS"b + X1Oin.WIOin - xfw, - %WD - Xm"i  

+ Y  
4- 

-- 

~~ . .  R. .=- 

T 

w, 

--I ' 

- w, 
v 

* 'RI) 
R, = 20322 Ibr Reaction I Resultant Force 
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R2 := WT - RI 
R2 ~21501bf Reaction 2 

Resullanl Force 



ANALYTICAL CALCULATIONS 
RPP-14445. Rcv.0 

Subject- ofC-I06 S 
Originator: Sam Psulrrn 
Checker: \Vavne Ad amek 

8.2.1 Shear and Moment Diagram 

dl t" d2 

d4 

d3 

I '  

v4 

"3 
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ANALYTICAL CALCULATIONS 
RPP-14445. Rev. 0 

Distance Shear Moment 

dl:=LIOin-Xm d l  =72in VI := !vs"b VI = 761.71bf Mi := VI *dl hl I = 54842 I b f h  

d2 :=Xu -- Xl0in d2 = 152.5in Vz :=VI - Rz V2 = -1388.4lbf M2 :I. M I  + V ~ d 2  hl2 = -1568861bf.in 

d3>X10in+Xp d3=208in V3:=V2+ Wl0in V3-779.71bf h13 :I M2 + V 3 . d ~  hl3 = 52951bf.in 

d4:-XRI - X p  d4 -0.5in v, :n v3 + \vp V4 = 1561.2ibf M4 :=M3 + V4.d4 h14 E 60761bf.in 

d5:=Xt- XRl d5 = 12.9in V5:=V4 - RI Vs = -471 Ibf M5 := hl4 + V5.d5 

8 2 2  Analysis of Weld, 10" Shroud to Main Plate 
The weld that joins the I O "  SCH 4 0  Pipe to lhe Main Plate must be examined. No welds In the sub assembly require 
examination because It is considered that all of the sub assembly weight is transferred to the 1O'shroud. This Is a 
reasonable consideration based upon the clearance between sub assembly and IO. Shroud 1.D (Attachment €3. pg. 3). 

dlOb:= 10.75.in 

A,:= lt.dlOb 

n'dlOb 
4 

2 
S,*- 

I := 25.h 

Shear Load 

v3 v .=- 
y' A, 

Bending Load 

M4 $:=- 
sv4 

Combined Load 

L,I := J..y', 

Weld diameter (Anachment C. pg. 2) 

Weld Area (Ref. Mark's Handbook, pg. 13-39) 

Weld Section Modulus 

Weld Leg (Attachment C, pg. 3) 

Ibf V -23.1- 
Y -  in 

Ibf 
in 

5.669- 

lbf 
in 

LIl I 70.8 - 

M, used as bending moment for consewatism. 

The weld Is analyzed as a fillet weld. 
Fy:= 35OOO.psi 

FSl := .4.Fy.sin(45dcg).1 

Yield Strength for ASTM A53 CS. (Attachment D. pg. 4)  

Allowable Stress for an 114' Fillet Weld (Ref. AlCS Manual of Steel 
Ccnslruction Table J2.5. pg. 570  and Sect. J2a pg. 5-67) Note: 40 percent 
of the material strenglh Is conservative vs. 30% of weld material strength. Ibf 

in 
Fal = 2475 - 

I DMi z 33.9 Design Margin for Weld FBI 

LI I 
DXli := - - 

The 114'fiilet weld bat joins the IO' Shroud to the Main Plate assures structural integrity. 
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ANALYTICAL CALCULATIONS 

le Removal PumD Arrv fLRS) 
RPP-I444S, Rev. 0 

Subject: 
Originator: ,%~&~~lrrn 

82.3 Analysls of 10" SCH 40 Pipe 

Datc: Checker: Yavne Ad . Datc:3%2iT 
hl,, := -M2 M,, .) IS68861bf.in Maximum Bending Stress in 10. Pipe 

3 S z 29.941 

dlOb- 10.8in 

tIo:= 365.in 

F --35OOO.psi Y .- 

Section Modulus for 1O'SCH 40 Pipe (Ref. Mark's Handbook pg. 8-150) 

10. SCH 40 Pipe Diamler (Ref. Mark's Handbook. pg. 8-150) 

1O'SCH 40 Pipemickness (Ref. Mark's Handbmk. pg. 8-150) 

Yield Strength for ASTM A53 CS (Attachment D. pg. 4) 

This is considered a gomatt section (Ref. AlSC Manual of Steel 
Constudion, pL 5-36. Table B5.1) dlOb 3300.ksi - 529.5  - ~ 9 4 . 3  

110 FY 

fb E 23 100 psi Allowable Bending Stress based upon above GornDact seclion criteria 
(Ref. AlSC Manual of Steel Construction. pg. 5-48. F3-1) Y fb := .66F 

Ub 5247psi Bending Slress h'mm 
= b : ' S  

DM2 P 3.4 Design Margin for 3' pipe fb 

"b 
D!Jz :r - - I 

The lo' pipe will effectively resist the bending moment associated with hoisting the pump assembly horizontally. 

8.3 Sluicing Reaction Determination and Stress Cnlculations 
During the Liquid Retrieval phase of waste retrieval for Tank 241-C-106, It is highly probable that the W320 
Sluicer stream will Impact upon the Flygt Pump Assembly (Uquid Retrieval Assembly). Therefore, the assembly 
Is checked to see if i t  will withstand the forces associated with the maximum M o w  ate, 350 GPM. hilling the 
bottom of the Flygl Pump. This situation Is worst case and will result in the most conservative analysis. (Vortex 
Shedding is not considered an issue for tMs application because the pump will not be fully submersed In the 
fluid stream.) 
Input Data: 

F,I :=242.1bf 

Lp :r 36.R 

L:= 36441 

h := 393.in 

Ls := 1.54 + 9.in 

Fr:= 3SOoO.psi 

fb := .66. Fy 

3 Sp :- 29.941 

Sluicer Nozzle Force (Ref. HNF-2477, pg. A5) 
Pump Length Eslimated Long for Conservatism (Ref. H-14-104773, sht 2 8 
Attachment C. w. 3) 
Distance from Top of Sluicer to Bottom of Tank (Ref. H-2818549. sht 1) 

Distance from Centerline of Sluicer to Centerline of Tank (Ref. W-72743. Altachment D, pg. 3) 

Length of Sluicer Without Nozzle (Top of Sluicer lo Rolational Joinl). (Ref. H-2-818549, shl 1) 

Yield Strength for ASTM A53 CS, (Altachment D. pg. 4) 

Allowable Bending Slress (Ref. AISC Manual of Steel Construction, pg. 5-48. F3-1. 
Also See above tornoact section determination) 

Section Modulus for 10'SCH 40 Pipe (Ref. Mark's Handbook, pg. 8-150) 
- Horizontal Force Exerted by the Sluicer at impact 

Angle of Incidence for Sluicer. from Horizontal, (Thedore. If the sluicerwas pointing down at 
Fh 
0 - 

the ground il would be at 90 deg.) 
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